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THE PAL^EONTOGRAPHICAL SOCIETY was established in the year

1847, for the purpose of figuring and describing British Fossils.

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

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

price of the Volume to No n-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 latter form

are requested to communicate with the Secretary.

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

already published can be obtained, apart from the annual volumes, 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 Woodward, British Museum (Nat. Hist.), South Kensington, London, S.W.

The following Monographs are in course of publication :

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

The Graptolites, by Prof. Lapworth, Miss Elles, and Miss Wood.

The Cambrian Trilobites, by Mr. Philip Lake.

The Cretaceous Lamellibranchia, by Mr. H. Woods.

The Palaeoniscid Fishes of the Carboniferous Formation, and the Fishes of the Old

Red Sandstone, by Dr. E. H. Traquair.

The Pleistocene Mammalia, by Prof. S. H. Reynolds.
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Council and Officers elected March, 1911.

|) resident.

HENRY WOODWARD, Esq., LL.D., F.R.S., F.G.S.

tfio-Jgwstiicnts,

Rev. Canon Bonnet, D.Sc, F.R.S.

Sir Archibald Geikie, K.C.B., P.R.S.

G. J. Hinde, Esq., Ph.D., P.R.S.

E. T. Newton, Esq., F.R.S.

oLouiuil.

H. A. Allen, Esq., F.G.S.

F. A. Bather, Esq., M.A., D.Sc, F.R.S.

Rev. R. Ashington Bullen, B.A., F.G.S.

H. Dewey, Esq., F.G.S.

Upfield Grekn, Esq., F.G.S.

William Hill, Esq., F.G.S.

John Hopkinson, Esq., F.L.S., F.G.S.

Miss M. S. Johnston.

F. L. Kitchin, Esq., M.A.. Ph.D.. F.G.S.

Mrs. G. B. Longstaff.

A. W. Ore, Esq., LL.M., F.G.S.
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ANNUAL REPORT OF THE COUNCIL
FOR THE YEAR ENDING 31st DECEMBER, 1910.

READ AND ADOPTED AT THE

ANNUAL GENERAL MEETING,

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

24th MARCH, 1911.

Dr. HENRY WOODWARD, F.R.S., President,

IN THE CHAIR.

The Council, in presenting their Sixty-fourth Annual Report, have pleasure in

recording another year's successful work. The volume for 1910 comprises instal-

ments of the monographs of " Carboniferous Ganoid Fishes," by Dr. Traquair

;

" English Chalk Fishes," by Dr. A. S.Woodward; "Cretaceous Lamellibranchia,"

by Mr. H. Woods ; and " British Graptolites," by Miss Elles and Miss Wood

(Mrs. Shakespear). It also includes a small complete monograph of " British

Carboniferous Araclmida," by Mr. R. I. Pocock, which the Council think will prove

acceptable as a valuable contribution to our knowledge of these rare fossils. All

the large monographs of which parts are included in this volume, are now

approaching completion, and the Council hope soon to begin the publication of

other works which have been in preparation for some time.

Owing to unforeseen delay in the completion of some of the contributions, the

volume for 1910 was not issued until the end of January, 1911, and as a con-

sequence the expense of binding and some of the printing (amounting to about

£100) could not be included in the balance-sheet for the year, which, as usual, has

been brought down to the end of December. The total expenditure on the volume,

however, as now ascertained, only slightly exceeds the actual income, though it
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must be added that this result is due to the generosity of the Carnegie Trust for

the Universities of Scotland, which gave to the Society the five plates illustrating

Carboniferous Fishes, and to the gratuitous services of Mrs. Shakespear, who

prepared all the original drawings for the text-figures of Graptolites.

The Council are still much concerned about the difficulty of obtaining new

personal subscribers to replace the losses sustained each year, and have published

various advertisements without much success. They would welcome the help and

personal influence of the members in making the work and needs of the Society

more widely known among those who
r
are interested in the study of fossils.

Among losses during the past year the Society mourns the death of a distin-

guished conchologist, the Rev. R. Boog Watson, F.R.S.E.

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 Prof.

Garwood, Mr. Lang, Mr. Clement Reid, and Prof. Watts ; that the new members

be Mr. H. Dewey, Mr. Upfield Green, Dr. Rowe, and Dr. Strahan ; that the

President be Dr. Henry Woodward ; the Treasurer, Dr. G. J. Hinde ; and the

Secretary, Dr. A. Smith Woodward.

Annexed is the Balance-sheet.
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LIST OF MEMBERS.*

CORRECTED TO 1st NOVEMBER, 1911.

Aberdeen, University Library.

Adelaide (Australia) Public Library.

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

Allen, Messrs. E. G. & Son, King Edward Mansions, 14, Grape Street, Shaftesbury

Avenue. W.C.
Allen, H. A., Esq., E.G.S., 28, Jermyn Street. S.W.

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

Amsterdam, Royal Academy of Sciences.

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

Andrews, C. W., Esq., D.Sc., E.R.S., British Museum (Nat. Hist,), South Kensington. S.W.
Arlecdon and Frizington Public Library, Fri/ington, 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., Ksq., 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, Manchester.

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. Howard, 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 t lie transmission of the Yearly Volumes.
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Birmingham Free Public Library, Rateliff Place, Birmingham.

Birmingham Library, Margaret Street, Birmingham.

Birmingham University Library.

Blackburn Public Library, Blackburn.

Blackmore, Humphrey P., Esq., M.D., E.G.S., Salisbury.

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

Blundell, Harold, Esq., Fairlawn, Ha'rpenden, Herts.

Bolton, Chadwick Museum.
Bonn (Germany), Geological-Paloeontological Institute of the University.

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

Bootle-cum-Linacre 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 (France), Bibliotheque Communale.

Bournemouth Natural Science Society.

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

Brighton and Hove Natural History Society, Brighton.

Bristol Naturalists' Society, Geological Section, fer B. A. Baker, Esq., Henbury House,

Henbury, near Bristol.

Bristol Central Public Library.

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

Bristol University Library.

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

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

Brydone, R. M., Esq., F.G.S., The Stock Exchange, London.

Buchan-Hepburn, Sir Archibald, Bart., Smeaton-Hepburn, Preston Kirk, East Lothian. N.B.

Bullen, Rev. R. Ashington, 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.

Calcutta, Geological Survey of India.

Cambridge Philosophical Society's Library, New Museums, Cambridge.

Cambridge, St. John's College.

Cambridge, Sidney Sussex College.

Cambridge, Trinity College.

Cambridge, University Library.

Cambridge, Sedgwick Museum.
Canadian Geological Survey, Sussex Street, Ottawa, Canada.

Capetown Geological Commission, South African Museum.
Cardiff Public Library, Cardiff.

Cardiff, University College of South Wales and Monmouthshire.

Carlisle Public Library, Carlisle.

Carruthers, R. G., Esq., 33, George Square, Edinburgh.

Chelsea Public Library, Manresa Road. S.W.

Cheltenham College, Cheltenham.
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Cheltenham Natural Science Society, Cheltenham.

Chester Society of Natural Science, Chester.

Chicago (U.S.A.), Newberry Library.

Chicago (U.S.A.) Public Library.

Chicago (U.S.A.), University Library.

Chiswick Public Library, Chiswick. W.
Christiania (Norway), University Library.

Cincinnati (U.S.A.) Public Library.

Clarke, Mrs. Stephenson, Brook House, Haywards Heath, Sussex.

Clermont-Ferrand (France), University Library.

Clifton College, Clifton, Bristol.

Clough, C. T., Esq., F.G.S., 28, Jermyn Street. S.W.

Cobbold, E. S., Esq., F.G.S., All Stretton, Church Stretton, R.S.O., Shropshire.

Codd, J. Alfred, Esq., F.G.S., 7, Tettenhall Road, Wolverhampton.

Coombs, J. Ash ton, Esq., F.G.S., Albion Lodge, Gloucester Road, Cheltenham.

Cooper, C. Forster, Esq., M.A., 14, Orsett Terrace, Hyde Park. W.
Cornell University, Ithaca, U.S.A.

Coventry Free Public Library, Coventry.

Crosfield, Miss Margaret, Undercroft, Reigate.

Crosse, Miss, The Yew House, Caterham Valley, Surrey.

Croydon Central Public Library, Town Hall, Croydon.

Darwin, W. E., Esq., F.G.S., 11, Egerton Place. S.W.
Dawkins, Prof. W. Boyd, D.Sc, F.R.S., F.G.S., Fallowfield House, Fallowfield, Manchester.

Dawson, Messrs. W., and Sons, St. Dunstan's House, Fetter Lane. E.C.

Dearie, Henry, Esq., F.L.S., Commercial Bank Chambers, George and Margaret Streets..

Sydney.' N.S.W.
Derby Free Library and Museum, Derby.

Devonport: Free Public Library, Devonport.

Devonshire, His Grace the Duke of, Chatsworth House, Derbyshire.

Dewey, Henry, Esq., F.G.S., 28, Jermyn Street. S.W.
Dijon (France), University Libraiy.

Dixon, E., Esq., B.Sc, F.G.S., 28, Jermyn Street. S.W.
Dorset County Museum Library, Dorchester.

Drake, Henry C, Esq., F.G.S., 30, Highfield, Scarborough.

Drew, Dr. J., F.G.S., Montrose, Battledown, Cheltenham.

Dublin, National Library.

Dublin, Royal College of Science for Ireland, Stephen's Green.

Dublin, Royal Irish Academy, 19, Dawson Street.

Dublin, Trinity College.

Ducie, Right Hon. Earl of, F.R.S., Tortworth Court, Gloucestershire.

Dundee Free Library, Dundee.

Durham, the Dean and Chapter of (by C. Rowlandson, Esq., The College, Durham).

Edinburgh Geological Society, India Buildings, George IV Bridge, Edinburgh.

Edinburgh, Royal Scottish Museum, Argyle Square, Edinburgh.

Edinburgh Public Library, Edinburgh.
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Edinburgh, Royal Society.

Edinburgh, University Library.

Epsom College, Epsom.

Erlangen (Germany), IW in oral ogieal- Geological Institute of the University

Eton College, Windsor, per M. D. Hill, Esq., M.A.

Exeter, Royal Albert Memorial Public Library, Queen Street.

Fleure, Prof. II. J., D.Sc, University College, Aberystwyth.

Folkestone Public Library and Museum, Folkestone.

Foulerton, Dr. J., 44, Pembridge Villas, Bayswater. W.
Friedlander, Messrs., Local Secretaries, 11, Carlstrasse, Berlin.

Fuller, Rev. A., M.A., The Lodge, 7, Sydenham Hill. S.E.

Galashiels, N.B., Public Library.

Gal way, University College.

Garwood, Prof. E. J., M.A., F.G.S., University College, Gower Street. W.C.

Gateshead-on-Tyne Public Library, Gateshead-on-Tyne.

Geikie, Sir Archibald, K.C.B., LL.D., Pres.R.S., Vice-President, Shepherd's Down,

Haslemere, Surrey.

Gibson, Miss, Hill House, Saffron Walden.

Gibson, Walcot, Esq., D.Sc, F.G.S., 10, Kingdon Road, W. Hampstead. N.W.

Gilmour, M., Esq., F.Z.S., Saffronhall House, 1, Windmill Road, Hamilton. N.B.

Glasgow, Geological Society, 150, Hope Street.

Glasgow, Mitchell Library, 21, Miller Street.

Glasgow, Royal Philosophical Society, 207, Bath Street.

Glasgow, Kelvingrove Museum.
Glasgow, University Library.

Gloucester Free Public Library.

Gotha (Germany), Herzogliche Bibliothek.

Great Yarmouth Public Library.

Green, Upheld, Esq., F.G.S., 8, Bramshill Road, Harlesden. N.W.

Greenly, Edward, Esq., F.G.S., Achnashean, near Bangor.

Gregory, Prof. J. W., D.Sc, F.R.S., The University, Glasgow.

Haileybury College, near Hertford.

Halifax Free Public Library, Halifax.

Halle (Germany), University Library.

Hammersmith Carnegie (Central) Libraiy, Hammersmith. W.
Hampstead Public Library, Finchley Road, Hampstead. N.W.
Harker, Alfred, Esq., M.A., F.R.S., St. John's College, Cambridge.

Harley, Dr. John, F.L.S., Beeclings, Pulborough, Sussex.

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.
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Hill, Rev. Edwin, M.A., F.G.S., The Rectory, Cockfield, Bury St. Edmunds.

Hill, Wm, Esq., F.G.S., The Maples, Hitchin.

Hind, Wheelton, Esq., M.D.Lond., F.R.C.S., F.G.S., Local Secretary, Roxeth House, Stoke-

on-Trent.

Hinde, Geo. J., Esq., Ph.D., F.R.S., Treasurer and Vice-President, 24, Avondale Road,

South Croydon.

Hodges, Isaac, Esq., F.G.S., Eshald House, Woodlesford, near Leeds.

Hodges, Figgis, and Co., 104, Grafton Street, Dublin.

Holcroft, Sir Charles, The Shrubbery, Summerhill, Kingswinford, near Dudley.

Hooley, R. W., Esq., F.G.S., Earlescroft, St. Giles' Hill, Winchester.

Hopkinson, John, Esq., F.L.S., F.G.S., Local Secretary, Weetwood, Watford.

Hove Public Library, Hove, Brighton.

Howse, Sir Henry G., M.S., F.R.C.S., The Tower House, Cudham, near Sevenoaks, Kent.

Hughes, Prof. T. M'Kenny, M.A., F.R.S., Sedgwick Museum, Cambridge.

Hull Public Library, Hull

Hutchinson, Rev. H. N., F.G.S., 17, St. John's Wood Park, Finchley Road. N.W.
Hutton, Miss Mary, Putney Park, Putney Park Lane. S.W.

Ipswich Museum, Ipswich. (F. Woolnough, Esq., Secretary.

Isle of Man Natural History Society, Ramsey, Isle of Man.

Johnes, Lady E. Hills, Dolau Cothy, Llandeilo, R.S.O., South Wales.

Johns Hopkins University, Baltimore, U.S.A.

Johnson, E., Esq., 6°, Bickenhall Mansions, Gloucester Place. W.
Johnston, Miss Mary S., Hazlewood, Wimbledon Hill. S.W.

Jukes-Browne, A. J., Esq., B.A., F.R.S, F.G.S., Westleigh, Torquay.

Kettering Public Library, Kettering.

Kilmarnock Public Library, Kilmarnock. N.B.

Kirkcaldy Naturalists' Society; John G. Low, Esq., 228, High Street, Kirkcaldy. N.B.
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Lausanne (Switzerland) Cantonal Library.
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Leeds, University Library.

Leek, Staffordshire, Nicholson Institute.

Leicester Town Museum, Leicester.

Leipzig (Germany), University Library.



13

Lcyton Public Library, Leyton. N.E.

Liege (Belgium), Geological Laboratory of the University.

Lille (France), Geological Laboratory of the University, 159, Rue Brule-Maison.

Lisbon, Geological Survey of Portugal.

Lissajous, Mons. M., 10, Quai des Marans, Macon, France.

Liveing, Professor G. D., M.A., F.R.S., Cambridge.

Liverpool, Athenamm Library.

Liverpool, free Public Library.

Liverpool, Geological Society of.

London, Board of Education, Science Library, South Kensington. S.W.

London, British Museum, Bloomsbury. W.C.
London, British Museum (Nat. Hist.), Cromwell Road. S.W.

London, Corporation of, Library Committee of, Guildhall. F.C.

London, Geological Society, Burlington House. W.
London Institution, Finsbury Circus. E.G.

London, King's College, Strand. W.C.
London, Linnean Society, Burlington House, Piccadilly. W.
London, Museum of Practical Geology, Jennyn Street. S.W.

London, Royal College of Surgeons, Lincoln's Inn Fields. W.C.
London, Royal Institution of Great Britain, Albemarle Street. W.
London, Royal Society of, Burlington House. W.
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Sheppard, Thomas, Esq., F.G.S., Municipal Museum, Hull.

Sherborne, King's School, Library of.

Shrewsbury Free Public Library.
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Tunbridge, E. W., Esq., F.G.S., Rocklands, Woodbourne Road, Edgbaston, Birmingham.

Upsala (Sweden), University Library.

Vienna, Royal Natural History Court Museum, Geological Department.

Walker, Sir B. E., C.V.O., LL.D., Canadian Bank of Commerce, Toronto, Canada.

Wandsworth Public Library, West Hill, Wandsworth. S.W.

Warren, S. Hazzledine, Esq., F.G.S., Sherwood, Loughton, Essex.
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t ,i v iqciM The Fossil Corals, Part II, Oolitic, by Messrs. Milne Edwards and Jules Haime
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xxvii).
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pis. xxiii—xxxvi).
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49—80. pis. ix—xvi).

The Reptilia of the Cretaceous Formations (Supplement No. 1), by Prof. Owen (pp.
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Edwards (pp. 241—330, pis. xxviii—xxxiii).

The Reptilia of the Cretaceous Formations (Supplements No. 2, No. 3), by Prof. Owen
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The Reptilia of the Oolitic Formations, No. 1, Lower Lias, by Prof. Owen (pp. 1—14,
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„ [XII. Issued March,1861
for the Year 1858\<
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lor the Year 1859

1 This Volume is marked on the outside 1855.
" This Volume is marked on the outside 1856.
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The Fossil Crustacea. Part II. Gault and Greensand, by Prof. Bell (pp. i—vii, 1—40,
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XV Is«ued Mav 1863 f
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I. Supplement to the Great Oolite Mollusca, by Dr. Lycett (pp. 1—129, pis. xxxi—xlv).
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i

—
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Title-pages, &c , to the Monographs on the Reptilia of the London Clay, Cretaceous,
and Wealden Formations.

' The Crag Foraminifera, Part 1, by Messrs. T. Rupert Jones, W. K. Parker, and
H. B. Brady (pp. i— vi, 1—72, pis. i—iv).

Supplement to the Fossil Corals, Part I, Tertiary, by Dr. Duncan (pp. i—iii, 1—66,
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x).

The Fossil Merostomata, Part I, Pterygotus, by Mr. H. Woodward
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pp. 1—44, pis. i—ix).

The Fossil Brachiopoda, Vol. Ill, Part VII, No. 1, Silurian, by Mr. Davidson (pp. 1—88,
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xii).

f
Supplement to the Fossil Corals, Part IV, No. 1, Liassic, by Dr. Duncan (pp. i—iii,
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viii—xx).

' Flora of the Carboniferous Strata, Part I, by Mr. E. W. Binney (pp. 1—32, pis. i—vi).
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enclosed in one cover; secondly, with each of the Monographs separate, and the whole of the separate parts placed in an
envelope. The previous Volumes are not in separate parts.
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XIX. 1 Issued Dec, 1866
for the Tear 1865

'

XX. Issued June, 1867,

for the Tear 1866 \

XXI. Issued June, 1868,
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Vol. XXII. Issued Feb.. 1809,
for the Year 1868 *\

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

The Fossil Merostomata, Part II, Pterygotus, by Mr. H. Woodward (pp. -15—70, pis.

x—xv).

The Fossil Brachiopoda, Vol. Ill, Part VII, No. 3, Silurian, by Mr. Davidson (pp.
169—248, pis. xxiii

—

xxxvii).

The Belenmitidaj, Part IV, Liassie and Oolitic Belemnites, 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 III, Felis spelaea, concluded, with F. lynx, by
Messrs W. Boyd Dawkins and W. A. Sanford (pp. 125—176, pis. xx—xxii,

xxii a, xxii li, xxiii).

XXIII. Issued Jan., 1870,
fr>r *l.o Yooi. lSRO~\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 Dr. Wright (pp. 113—136,
pis. xxii—xxix, xxix a, xxix b).

The Belemnitidse, 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 Liassie 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. E. W. Binuey (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, 1872,

for the Year 1871

I
The Flora of the Carboniferous Strata, Part III, by Mr. E. W. Binuey (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.
Hariner (pp. i—xxxi, 1—98, pis. i

—

vii, and map).
Supplement to the Reptilia of the Wealden (Iguanodon), 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. 1—30, pis. i— v).

,. XXVI. Issued Oct., 1872,

' Supplement to the Fossil Corals, Part III (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).

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

The Fossil Trigoniae, No. I, by Dr. Lycett (pp. 1—52, pis. i— ix).
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Vol. XXVII. IssuedFeb.,1874,
for the Year 1873

^

' The Fossil Echinodermata, Cretaceous, Vol. I, Part VI, by Dr. Wright (pp. 185—224,
pis. xlv—lii).

Supplement to the Fossil Brachiopoda, Vol. IV, Part I (Tertiary and Cretaceous), by
Mr. Davidson (pp. 1— 72, pis. i

—

viii).

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

Supplement to the Reptilia of the Wealden (Iguanodon), No. V, by Prof. Owen
(pp. 1—18, pis. i. ii).

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

The Fossil Reptilia of the Mesozoic Formations, Part I, by Prof. Owen (pp. 1—14,

pis. i, ii).

f The Post-Tertiary Entomostraca. by Mr. G. S. Brady, Rev. H. W. Crosskey, and Mr.

XXVIII Issued Tulv 1S'"4 ^' Robertson (pp. i—v, 1— 232, pis. i—xvi).
'

for the Y ar 1874 I

^ie Carboniferous Entomostraca, Part I (Cypridinidai), by Prof. T. Rupert Jones
and Messrs. J. W. Kirliby and G. S. Brady (pp. 1—56, pis. i—v).

The Fossil Trigonise, No. II, by Dr. Lycett (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).

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

The Fossil Trigonise, No. III. by Dr. Lycett (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.,1876,
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 Brachiopoda, Vol. IV, Part II, No. 1 (Jurassic and Triassic),

by Mr. Davidson (pp. 73— 144, pis. ix—xvi).

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

XXXI. Issued Feb.,1877, ,

for the Year 1877 ^

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

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

The Carboniferous Ganoid Fishes, Part I (Palseoniscidse), by Dr. Traquair (pp. 1—60,

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. Leitb Adams (pp.1—68, pis. i—v).

XXXII. Issued Mar.,1878,
for the Year 1878

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

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

The Fossil Merostomata, Part V (Neoliinulus, &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 Prof. Miall (pp. 1—32, pis. i, i A,

ii— v).

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

The Pleistocene Mammalia, Part A (Preliminary Treatise), by Prof. Boyd Dawkins
(pp. i

—

xxxviii).
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Vol. XXXIII. Issued May.1879,
for the Year 1879

^

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

Second Supplement to the Crag Mollusca I
Univalves and Bivalves), by Mr. S. V. Wood

(pp. i, ii, 1—58, pis. i—vi, and title-page).

The Fossil Trigohise, 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 iGoniopholis, Brachydectes, Nannosuchus,
Theriosuehus. and Nuthetes), No. IX, by Prof. Owen (pp. 1— 19, pis. i— iv).

The Fossil Elephants, Part 11 (E. primigenius), by Prof. Leith Adams (pp. 09— 140,

pis. vi—xv).

XXXIV. IssuedMay,1880,
for the year 1880

( The Eocene Flora, Vol. I. Part II, by Mr. J. S. Gardner and Baron Ettingshausen
(pp. 39—5S, pis. vi—xi).

The Fossil Eehinodermata, Oolitic, Vol. II, Part III (Asteroidea and Ophiuroidea),
by Dr. Wright (pp. 155—'103. 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 —310, pis. xxx

—

xxxvii).

The Lias Ammonites, Part III, by Dr. Wright (pp. 105 -204, pis. xix—xl).

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

4

pis. i, ii).

XXXV. Issued May,1881,
for the Year 1881 <

( The Fossil Eehinodermata, Cretaceous, Vol. I, Part IX, by Dr. Wright (pp. 301—324,
pis. lxx—lxxv).

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

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

xxxviii— xlii I.

The Fossil Trigoniae ^Supplement No. 1), by Dr. Lycett (pp. 1—4).
The Lias Ammonites, Part IV, by Dr. Wright (pp. 265—328, pis. xxii A, xxiiB,

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 — 205, pis. xvi— xxviii, and title-page).

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

(pp. 59—80, 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 Eehinodermata, Cret., Vol. I, Part X, by Dr. Wright (pp. 325-371, pis.

lsxvi—lxxx. and title-page).XXX V 1. issued June, LBH-, I Supplement to the Fossil Brachiopoda, Vol. IV, Part V, by Dr. Davidson (pp. 309-38:1,
for the Year 1882

and title-page).

Do., Vol. V, Part I (Devonian and Silurian), by Dr. Davidson (pp, 1—134, pis.

i

—

vii).

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

liii— lxix).

XXXVII. Issued Oct. ,1883

for the Year 1883
i<

The Eocene Flora, Vol. II, Part I, by Mr. J. S. Gardner (pp. 1-00, pis. i—ix)

The Trilobites of the Silurian, Devonian, &c, Formations, Part V, by the late Mr. J. W.
Salter (pp. 215—224. an 1 title-page).

The Carboniferous Trilobites, Part I, by Dr. H. Woodward (pp. 1—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 TrigonisB (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. lxx—hxvii).

The Eocene Flora., Vol. II, Part II, by Mr. J. S. Gardner (pp. 01—90, pis. x— xx).

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

XXXVIII. IssuedDec.,1884. J
The Carboniferous Trilobites, Part II, by Dr. H. Woodward (pp. 39—86, pis. vii—x,

for the Year 1884 and title-page).

Supplement to the Fossil Brachiopoda, Vol. V, Part III, by Dr. Davidson (pp. 243—470

'

pis. xviii— xxi, and title-page).

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

for the Year 1885

' The Eocene Flora, Vol. II, Part III, by Mr. J. S. Gardner (pp. 91-159, pis.
xxi— xxvii, and title-page).

The Stromatoporoids, Part I, by Prof. Alleyne Nicholson (pp. i— iii, 1—130. pis. i—xi).
The Fossil BiMchiopoda (Bibliography), Vol. VI (pp. 1—163), by the late Dr. Davidson

and Mr. W. H. Dalton.
The Lias Ammonites, Part VIII. by the late Dr. Wright (pp. 481—503, pi. lxxxviii, and

title-page).

The Morphology and Histology of Stiguiaria Ficoides, by Prof. W. C. Williamson
(pp. i— iv, 1—62, pis. i— xv).

XL. Issued Mar.,1887, I The Fossil Sponges, Part I, by Dr. G. J. Hinde (pp. 1—92, pis. i—viii).
for the Tear 1886 I The Jurassic Gasteropoda, Part I. No. 1, by Mr. W. H. Hudleston (pp. 1—56).

The Inferior Oolite Ammonites. Part I, by Mr. S. S. Buckman (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

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

The Palaeozoic Phyllopoda, Part I, by Prof. T. R. 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).

XL! L Issued Mar.,1889,
for the Year 1888

The 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—nib

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

vii—xi).

The Inferior Oolite Ammonites, Part III, by Mr. S. S. Buckman (pp. 57—144, pis. xv,

xxiii A).

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 Prefaces to the Monographs on the Reptilia of the Wealden and
Purbeck (Supplements), Kimmeridge Clay, and Mesozoic Formations, and
on the Cetacea ol the Red Cra".

XLI1I. 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 Gasteiopoda, 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).

XL1V. Issued Apr, 1891,

for the Year 1890

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

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

—

viii).

The Inferior Oolite Ammonites, Part V, by Mr. S. S. Buckman (pp. 225 — 256, pis.

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.

for the Year 1891

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—lvi).

The Devonian Fauna of the South of England, Part IV (Conclusion of Vol. I)

(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. XL VI. Issued Nov.,1892,
for the Year 1892

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

—

234, pis. xxvi—xxix, and title-page).

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

—

xvii).

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

xxi—xxvi).

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

lvii—lxxvi).

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. [ssued Dec, 1893,

for the Year 1893

The Fossil Sponges, Part III, by Dr. G. J. Hinde (pp. 189—251, pis. x-xix).
The Fossil Eehinodermata, Cretaceous, Vol. II, Part II (Asteroidea), by Mr. W. Percy

Sladen (pp. 29— 60, pis. ix—xvi).

The Inferior Oolite Ammonites, Part VIII, by Mr. S. S. Buckman (pp. 345— 37ti, pis.

lxxvii—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).

„XLVI1I. Issued Nov., 1894,
for the Year 1894

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

f
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

rThe 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 Lamellibranehiata, Part I, by Dr. W. Hind (pp. 1—80, pis. i, ii).

The Devonian Fauna of the South of England, Vol. Ill, Part 1, 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 Prof. T. R. Jones (pp. vii—xv, 315—402, and
title-page).

The Carboniferous Lamellibranehiata, 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 Lamellibranehiata, 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).

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

Whidborne (pp. 179—236, pis. xxii—xxxviii).

d
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Vol. LIII. Issued Dec, 1899
for the Year 1899 ]

' The Palaeozoic Phyllopoda, Part IV, by Prof. T. R. Jones and Dr. Woodward
(pp. i—xv, 175, 176, 177—211, pis. xxvi—xxxi, and title-page).

The Cretaceous Lamellibranchia, Part I, by Mr. H. Woods (pp. 1—72, pis. i— xiv).

The Carboniferous Lamellibranchiata, Part IV, by Dr. W. Hind (pp. 277—360, pis.

xxvi—xxxix).

The Inferior Oolite Ammonites, Part XI, by Mr. S. S. Bucknian (pp. xxxiii— lxiv, pis.

v—xiv).

f The Cretaceous Lamellibranchia, Part II, by Mr. H. Woods (pp. 73—112. pis. xv— xix).

The Carboniferous Lamellibranchiata, Part V, by Dr. W. Hind (pp. 361—476, pis. xl

-liv).
LIV. Issued Dec, 1900, I The Carboniferous Cephalopoda of Ireland, Part III, by Dr. A H. Foord (pp. 19—126,

for the Year 1900
|
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OF THE

1'LEISTOI'EXK PEK1

THE MUSTELIDiE.

Order-CARNIVORA.

Family—MUSTELID^.

I. INTRODUCTION.

The Pleistocene Musfcelidae,
1

Avliicli form the subject of the present memoir, are

an easier group to deal with than either the Ursidae or Canidse, not showing the

variability and inconstancy of character which render it so difficult to come to a

satisfactory conclusion about the mutual relationship of the members of the above

groups. Including, as the group does, the glutton, badger, and otter, in addition

to the Mustelines (marten, polecat, stoat, weasel, etc.), it is somewhat too extensive

and diverse to be conveniently treated from the historical aspect as a single entity.

In the following paragraphs only the literature of a more general character will

be referred to, each species being subsequently considered separately.

As was the case with the bears and hyaenas, the remains from the great

Continental caves attracted attention at an earlier date than those of Britain,

Goldfuss 3 recording bones of the glutton from the caves of Gailenreuth in 1818

1 As in a previous memoir dealing with the Pleistocene Canidse, the classification and nomencla-

ture adopted are those of Flower and Lydekker, 'An Introduction to the Study of Mammalia, Living

and Extinct' (1891). The generic name Mustela is employed in a wider sense than is now usual,

most zoologists adopting Nilsson's name Putorius for the polecat, stoat and weasel.

2
' Nova Acta Acad. Caes. Leop.,' ix, 1818, p. 318, and ' Saugethiere der Vorwelt,' p. 468.

1
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and Sundvig in 1 823, and Schmerling1 those of the badger, marten, and polecat,

from the caves of Liege in 1833. Marcel de Serres, Dubrueil and Jeanjean2

figured an otter's mandible from Lunel Viel in 1839, while Croizet and Jobert :i

recorded the same species from the Puy-de-D6me deposits in 1 828. The remains

of the smaller Mustelidre were naturally not as a rule recognised at so early a date

as those of the larger species, but Buckland,4 as early as 1822, figured musteline

teeth from Kirkdale, which he attributed to the weasel, and Goldfuss 5 figured a

mandible from Grailenreuth, which he attributed to a Viverra. Schmerling,

however, pointed out that the latter bone was musteline.

The records to the date of writing were summarised by H. v. Meyer7
(1832),

F. Holl 8 (1829—1831), de Blainville (1844), and Giebel10
(1847), while Owen, in

1842,u and subsequently in 1846, I2 gave a full account of the available information

regarding British occurrences. Gervais 13
(1859) dealt fully with all French records.

Five species of Mustelidae were recorded by Falconer14 (18G8) from the various

caves of Gower, and other records were given by Dawkins 1 "'

(1869) in his paper on

the " Distribution of British Post-glacial Mammals."

Very little has been written concerning Musteline remains from Ireland, though

Adams, 10
in 1881, recorded the marten and badger from Ballynamintra, co. Water-

ford, and Scharff the badger, otter and stoat from the caves of co. Clare, 17 and

the stoat from Kesh, ls
co. Sligo.

The most important records of quite recent date in England are those of the

Ightham 19
fissure, in which, in addition to Mustela robusto, the polecat, weasel and

badger were met with.

During comparatively recent times a number of important papers dealing with

the Pleistocene Mustelidae have been published on the Continent. E. Cornalia, in

his ' Mammiferes fossiles de Lombardie ' 20 (1858—1871), described remains of the

badger, marten, and polecat, some of the polecat skulls being very large. This

1 ' Rechercbes Oss. foss. Caverues de Liege,' i, pp. 158—166 ; n, pp. 5—15.

2 ' Recberebes Oss. humatiles Caverues de Luuel Viel,' p. 70, pi. ii, figs. 14 and 15.

3
' Recherihes Oss. foss. Dept. Puy-de-D6me,' p. 89.

* ' Phil. Trans.,' cxii, p. 182, pi. xx.

3 ' Die Umgebungen von Muggendorf,' p. 282, pi. v, fig. 3.

fi ' Recherches Oss. foss. Caverues de Liege,' ii, p. 5. 7 ' Palaeologica,' p. 47.

* ' Handbueh der Petrefactenkunde,' p. 36. 9 ' Osteograpbie,' fasc. 4.

10 ' Fauna der Vorwelt,' i, pp. 55—64.

11 " Brit. Foss. Mammals," ' Eep. Brit. Assoc' (Mancbester, 1842), pp. 70—72.

!2 ' Brit. Foss. Mamni. and Birds,' pp. 109—122.

13 ' Zoologie et Pab'ontologie Francaises,' pp. 243—253. u
' Pal. Mem.,' p. 525.

15 ' Quart. Journ. Oeol. Soc.,' xxv, p. 192. 10 ' Trans. Boy. Dublin Soc.,' (2) i, p. 205.

]
"
'Trans. 'Roy. Irish Acad.,' xxxiii, B, pt. i, pp. 40—43. 18 Ibid., xxxii, B, pt. 4, p. 205.

19 ' Quart. Journ. Geol. Soc," 1, p. 200, and lv, p. 425. -° ' Pal. Loinb.,' ed. Stoppani, ser. 2.
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paper was followed in 187!> by Liebe's 1 account of the caves at Vypustek, in

Moravia, where glutton, marten, stoat, and polecat were met with. In WoldrichV

three beautifully illustrated (tapers (1880, 1882, 1884), on the fauna of Zuzlawitz,

near Winterberg, in the Bohmerwald, remains of polecat, stoat and weasel are

figured, and in particular some very large skulls, which are attributed to the

polecat, closely resemble the form afterwards described by Newton as Mustela

robusta. Lastly, in 1886 appeared an important paper by Winterfeld,3 giving a

general account of the Quaternary Musteline remains of Germany.

II. GENERAL ACCOUNT OF THE VARIOUS BRITISH MUSTELID^E.

Mustela martes, 'ihe Pine Marten.

Two British species of marten, the pine marten [Mustela martes, Linn., or

abietum, Fleming) and the beech marten (Mustela foina, Erxl.), have commonly

been recognised as members of the British fauna. Alston,'1
' however, shows good

reason for believing that Mustela martes is identical with Mustela sylvatica of

Nilsson, and that Mustela foina is not really an inhabitant of the British Isles.

He mentions among others the following points of difference between the skulls

of M. martes and M. foina, though many of them appear to be inconstant or

inappreciable.

M. martes. M. foina.

1. The breadth of the skull across the zygomatic 1. The breadth of the skull across the zygomatic

arches is rather more than half the length. arches is much more than half the length.

2. The arches are highest posteriorly, whence 2. The arches are regularly curved, and broadest

they slope rather suddenly downwards and and highest in the middle,

forwards.

3. The sides of the muzzle are nearly parallel. 3. The sides of the muzzle are converging.

4. The anterior narial opening is oval. 4. The anterior narial opening is heart-shaped.

5. The palate is comparatively narrow. 5. The palate is comparatively broad.

6. The upper premolars are placed regularly in 6. The upper premolars are crowded, and often

the line of the series ; the fourth has the inner placed diagonally, their anterior extremities

cusp large and placed nearly at right angles being directed inwards ; the inner cusp is

to the axis of the tooth. small and placed somewhat diagonally.

7. m. 1 has a slightly develojted inner tubercle. 7. m. 1 has a well- develop;jd inner tubercle.

The marten was not mentioned by Owen in his 'British Fossil Mammals and

1
' Sitzb. k. Akad. Wiss. Wien,' lxxix, pt. i, p. 472.

2 Ibid., Ixxxii, pt. i, p. 32 ; lxxxiv, pt. 1, p. 194 ; and lxxxviii, pt. i, p. 993.

3
' Ueber quartiire Mustelidenreste Deutschlands,' Berlin.

1
' Proc. Zool. Soc.,' 1879, pp. 463—174, and ' Zoologist,' iii, 1879, pp. 441—448.
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Birds,' and was not included by Dawkins in his list
1 of preglacial mammals, but part

of a right mandibular ramus found in the Upper Freshwater Bed at West Eunton

was described by Newton. 2

Records of the remains of the marten in British Pleistocene deposits are scanty.

Dawkins and Sanford3 mentioned a skull and lower jaw imbedded in breccia in the

"Williams collection from Bleadon. Falconer 1 detected marten remains which he

attributed with hesitation to Mv.stela foina in three of the Gower caves, viz. Long

Hole, Ravenscliff, and Spritsail Tor. Adams 5 recorded it from Ballynamintra,

co. Waterford.

Scharff6 mentioned that while abundant remains of martens were found in the

Newhall and Barntick caves, co. Clare, these were all in the upper strata, and

hence, it may be concluded, were probably not Pleistocene. A (probably)

Prehistoric skull from Edenvale, co. Clare, and a mandibular ramus from the

Langwith cave are figured on PL II, figs. 4, 5, of the present memoir. Cuvier7

and Krtiffer
8 have alluded to the occurrence of bones of marten at Gailenreuth.

Mustela robusta, the Giant Polecat.

This name was applied by Newton 9 to the remains of a large Musteline found

in England, as yet only in the Ighthain fissure. In the first instance only a left

humerus, a right ulna and certain bones of the extremities were found, and as a

result of a careful comparison with the corresponding bones of the marten and pole-

cat, Newton arrived at the conclusion that thej r were distinct. A further series of

limb-bones with part of a skull and mandible was described and figured by the

same author10
in 1899, and their affinities to the polecat rather than to the marten

were pointed out.

Though the Ighthain specimens were the first remains of the giant polecat

which had been found in Britain, such had long been known on the Continent.

Cornalia 11
(1 S7< >) had figured large fossil skulls of polecat from Lombardy.

Woldrich12 (1881—188:3), others from Zuzlawitz, near Winterberg, in Bohemia,

1 ' Quart. Journ. Geol. Soc.,' xxv (1869), p. 210.

- -Mem. Geol. Surv.,' "Vert, of Forest Bed," p. 25.

:; " British Pleistocene Mammalia : Felidae," ' Pal. Soc' (1866), p. xxii.

I Pal. Mem.,' ii, 1868, p. 525. 5 ' Trans. Roy. Dublin Soc.,' (2), i, 1881, p. 208.

(i ' Trans. Roy. Irish Acad.,' xxxiii (1906), B, pt. 1, p. 41.

"> ' Oss. Foss.,' ed. 2 (1823), iv, p. 467. 8 ' Gescliiclite der Unvelt,' ii, p. 851.

9 ' Quart. Joum. Geol. Soc.,' 1 (1894), p. 200. 10 Ibid., It (1899), p. 425.

II "Mon. Mamm. foss. de Lombardie," ' Pal. Lomb.,' ii (1870), p. 33, pi. xi.

'2 ' Sitzb. k. Akad. Wiss. Wien,' lxxxii, pt, 1 (1880), pi. ii, figs. 24—26, and ibid, lxxxviii, pt. 1

(1883), pi. ii, figs. 1, 2.
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while Hensel 1 (1881) gave full figures and measurements of large recent skulls.

Boule and Chauvet3
(1899) alluded to the occurrence of the remains of a large

polecat among an Arctic fauna described by them from the Charente.

All these authors agree in referring the large skulls to the recent species of

polecat, Mustela putorius.

Xewton was the first to propose a distinctive name for this large form. lie,

however, thought it possible that the Ightham form might be the same as that

to which Meyer' gave the name Mustela antifjua. The latter author's use of

the name is, however, unaccompanied by any description, and he does not

indicate that he intended to apply it to large forms of the polecat.

The splendidly preserved cranium figured in the present memoir (PI. 1, figs.

7—9) was obtained by Mr. A\
r

. J. Lewis Abbott from the Ightham fissure in 1907.

A comparison of this skull with skulls of Mustela marten in the British Museum
and Bristol University collection shows that there are a number of obvious points

of difference. Mustela robusta differs from Mustela martes in (1) the width and

shortness of the palate
; (2) the shortness antero-posteriorly of m. 1

; (3) the

absence of pm. 1
; (4) the less inflated character of the auditory bulla ; and (5)

the somewhat more flattened character of the cranial roof. The skull is clearly

that of a polecat, the only appreciable difference from Mustela putorius being

in point of size.

Mustela putorius, the Polecat.

The records of the occurrence of the polecat in British Pleistocene deposits are

very scanty. Owen 1 figured a skull from Berry Head, and mentioned that an

almost entire skull had been found in a raised beach near Plymouth. Falconer5

recorded it from Bacon Hole, Long Hole, and Spritsail Tor, Grower, and Newton

from the Ightham fissure. The British Museum contains a considerable number

of bones from the Brixham cave, and a few have been obtained by the Rev. E. H.

Mullins at Langwith.

Of the continental records the following may be alluded to : Cuvier described7

some musteline bones which de Blainville 8 referred to the polecat. Schmerling9

figured a good cranium and mandible from Liege. Kri'iger
1" referred to polecat

1 " Craniologisehe Studien," 'Nova Acta Acad. Caes. Leop.,' xlii (1881), pi. vi, figs. 1, 2.

- ' Comptes Eendus,' cxxviii (1899), p. 1188. 3
' Palaeologica,' 1832, pp. 54, 130.

4 ' Brit. Foss. Mamm. and Birds,' p. 112. 5 ' Pal. Mem.,' ii, p. 525.

c -Quart, Journ. G-eol. Soc./ lv (1899), p. 425.

7 ' Ann. Mus.,' xx, p. 437, and subsecpiently ' Oss. Foss.,' ed. 2 (1823), p. 467.

8 ' Osteographie—Mustela,' p. 57. y ' Eecherclies Oss. Foss. Caverues de Liege,' ii, pi. i.

1,1
' Gescliichte der Urwelt,' p. 851.
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remains from Grailenreuth. The descriptions of the bones of polecats by Cornalia

(1870), Woldrich (1880 and 1883), Hensel (1.881), Bonle and Chauvet (1899), have

been sufficiently dealt with under the head of Mustela vobusta, and need not be

repeated here.

Mast, -In erminea, the Stoat or Ehmine.

The fact of the stoat being a member of the British Pleistocene cave-fauna was

established by Owen, 1 who figured a skull from Berry Head, near Brixham. The

teeth and larger of the jaAvs figured by Buckland 2 from the Kirkdale cave as weasel,

were shown by Owen 1
to be those of the stoat. It was obtained by McEnery 3 from

Kent's Hole, Torquay, and by Falconer4 from Bacon Hole, Gower, while Scharff

recorded it from the Kesh 5 caves, co. Sligo, and the Xewhall and Edenvale6 caves,

co. Clare.

Early continental records of the occurrence of Mustela erminea are, to say the

least, very scanty. Neither Cuvier, de Blainville, nor Schmerling refer to it.

Liebe 7 (1879) records it from Vypustek, Woldrich8 (1882, 1884, 1888) from

Zuzlawitz, Wmterfeld9 (1886) from O. Ruzsin, in Hungary.

Mustela vulgaris, the Weasel.

Though it cannot be doubted that the remains of the weasel have occurred in

many British Pleistocene deposits, the records are very scanty. Buckland 10

recorded it from the Kirkdale cave, but, as Owen 11 pointed out, the teeth and jaws

figured by him are in the main too large for the weasel, and should be attributed to

the stoat. The smallest mandible figured ('Rel. Div.,' pi. xxiii, fig. 12) may belong-

to the Aveasel. McEnery 12 figured a skull from Kent's cave, which he attributed to

the weasel, and de Blainville13 assented as to the correctness of this determination
;

Owen, 11 however, attributed McEnery 's specimen to the stoat, and in this was

1
' Brit, Foss. Mammals and Birds ' (1846), p. 116 et. se<p

2
• Reliq. Diluv. ' (1824), pi. vi, figs. 28, 29, and pi. xxiii, figs. 11, 13.

3 ' Cavern Researches ' (1859), pi. E, fig. 17. 4
' Pal. Mem. ' (1868), p. 525.

5
' Trans. Roy. Irish Acad.,' xxxii, B, pt. 4, p. 205. c Ibid., xxxiii, B, pt. 1, p. 40.

1 ' Sitzb. k. Akad. Wiss. Wien," lxxix, pt. 1, p. 477.

b Ibid., Ixxxii, pt. 1, p. 35 ; lxxxiv, pt. 1, p. 199 ; and lxxxviii, pt. 1, p. 997.

'•' ' Ueber qnartiire Mustelidenreste Deutschlands " (1886), p. 25.

111 ' Reliq. Diluv.,' table facing p. 1 and description of pis. vi and xxiii (1824).

u ' Brit, Foss. Mamm. and Birds' (1846), p. 117.

12 ' Cavern Researches' ( 1859). pi. E, fig. 17. 13 ' Osteographie—Carnassiers, Mustek,' p. 59.

i' ' Brit. Foss. Mamm. and Birds ' (1846), p. 117.
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followed by Woodward and Sherborn. 1 Owen gives no special account of the

weasel in his ' British Fossil Mammals and Birds,' and it is not included by

Dawkins in his list of British post-glacial Mammalia. Passing to the continental

records : Schmerling2 figured a musteline cranium and mandible which he did not

venture to name, but which agreed in point of size with the weasel. Woldrich,
3

in

each of his three papers on the ' Diluvial Fauna of Zuzlawitz,' described bones of

the weasel, referring very small specimens to a new species under the name of

Foetorius minutus.

Newton 1 recorded skulls and limb-bones from the Ightham fissure both of the

common weasel and of a smaller variety, which he, following- Woldrich,5 referred

to under the specific name of minuta. It is represented in the Manchester Museum
by an imperfect mandible from Creswell Crags, and by other remains from Dog
Holes, Warton Crag, Lancashire.

Gulo luscus, the Glutton.

The earliest recognition of the glutton as a member of the Pleistocene fauna

is due to Goldfuss6 who in 1818 gave a good figure of an almost perfect skull from

Gailenreuth, seeking to make of it a new species under the name of Gido spelteu*.

At a later date he obtained a specimen from Sundwig to which he referred in his

' Siiugethiere der Vorwelt,' 1823 (p. 481). Soemmering also procured a very

well-preserved skull from Gailenreuth, which he submitted to Cuvier, who gave a

reduced figure of it.
7 Schmerling8 obtained only teeth, a femur and part of a

pelvis from the caverns of Liege.

The remains of the glutton found in Britain are rare and fragmentary. They
are first met with in the Forest Bed, part of a left mandibular ramus having been

described by Newton9 from Mundesley. It has been recorded from a considerable

number of Pleistocene caves. The earliest record is that of Bellamy 10 from Yealm
Bridge, Devon, confirmed by Pengelly 11

in 1871.

1 ' Catal. Brit, Foss. Vertebrata' (1890), p. 368.

3 ' Recherches Oss. Foss. Caverues cle Liege,' ii, pi. i, figs. 4—6.

3 ' Sitzb. k. Akad. Wiss. Wieu,' lxxxviii (1884), pt, i, p. 1000.

4 ' Quart. Journ. Geol. Soc.,' lv (1899), p. 425. 5 Ibid., 1 (1894), p. 201.

6 'Nova Acta Acad. Caes. Leop.,' ix (1818), p. 311, pi. viii. The mandibular ramus attributed

by Goldfuss to a Viverra and figured by him (' Die Umgebungeu von Muggendorf,' v, 1810, 3) is

assigned by Schmerling to a marten or polecat (' Caverues de Liege,' ii, p. 5) and bv de Blainville

(' Ostt'ographie—Carnassiers, Mustela,' p. 53) to the glutton.

7 ' Oss. Foss.,' ed. 2, 1825, pi. xxxi, figs. 23—25.
8 ' Recherches Oss. Foss. Cavernes de Liege,' i, p. 167.

9 'Geol. Mag.' [2] vii, 1880, p. 424, pi. xv, and " Vert. Forest Bed" ('Mem. Geol. Surv.,' 1882),

p. 17, pi. vi.

10 'Nat. Hist, S. Devon.,' pp. 89, 94, 102. n 'Trans. Devon. Assoc.,' iv, 1871, pp. 98, 102.
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Dawkins and Sanford1

(1866) include it in their list of Pleistocene mammals on

the evidence of the crowns of three canine teeth obtained from the caves of Bleadon

and Banwell, Somerset, and from one of the Gower caves (see Text-fig. 1 , o, d, and b,

for the Somerset specimens). It is not, however, mentioned by Falconer- in his

list of the Gower cave-fauna, and Woodward and Sherborn3 do not include Gower as

one of the localities where its remains have been met with. Dawkins4 in 1871

described a left mandibular ramus from the Plas Heaton cave, Cefn, near S. Asaph,

this fine specimen, which is shown in Text-fig. J, a, being now preserved in the

Grosvenor Museum, Chester. Finally, in 1875 Busk 5 added Creswell Crags to the

list of localities, though the determination was based only on two fragments of

pelvis (see Text- fig. 2).

A comparatively recent continental reeord of the occurrence of the glutton is

by Liebec (1879) from Vypustek in Moravia. Winterfeld 7 (1880) discussed its

distribution, and gave some German records of its occurrence in loess and other

deposits.

Meles taxus, the Badger.

The remains of the badger were discovered in Pleistocene caves at an early

date, and have been recorded from a very large number, though, perhaps, not

from so many as the habits of the animal would lead one to expect.

The earliest records of the badger from Pleistocene deposits are by Schmerling8

(1833), who gave good figures of the skull and limb-bones from the caves of

Lieo-e, and by Minister 1

(1836), who described it from the neighbourhood of

Baireuth.

Both these authors regarded their species as distinct from the modern

species, Schmerling referring to his as Meles antediluoianus and Miinster to his

as Meles antiquus.

M. de Serres, Dubrueil and Jeanjean10
in 1839 figured a skull and other bones

from Lunel Viel, and affirmed the identity of the badger of the caves with

the recent species, a point concerning which subsequent writers have been

unanimous.

1 " British Pleistocene Mammalia " (' Pal. Soc.,' 1866), pt. 1, p. 21.

2 ' Pal. Mem.,' ii, 1868, p. 525. 3 ' Catal. Brit. Foss. Vertebrata,' 1890, p. 350.

4 ' Quart. Jouru. Geol. Soc.,' xxvii, 1871, p. 406. 5 Ibid., xxxi, 1875, p. 687.

c ' Sitzb. k. Akad. Wiss. Wien.,' lxxix, 1879, pt, 1, p. 476.

7 ' Ueber quartiire Mustelidenreste Deutschlands,' 1886, p. 40.

8 ' Rechercbes Oss. loss. Cavemes de Liege,' i, 1833, p. 158.

9 > Verzeichniss der Versteinerungen . . . zu B.iireuth,' 1836, p. 87.

1° ' Rechercbes Oss. humatiles Cavernes de Lunel Viel,' 1839, pi. i.
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Nordmann 1

in 1847 recorded it from Odessa, and McEnery, as reported by

de Blainville
2 (1844) from Kent's Cave, Torquay. Owen'' (1846) figured

Fig. 1.—Glutton [Gulo luscus). A- Left mandibular ramus seen from the outer side. Q. The same
seen from the inner side. From the Pleistocene of the Plas Heaton Cave, Cefn, near St. Asaph
(Grosvenor Museum, Chester). C- Crown of left upper canine. From the Pleistocene of the Hleadon
Cave, Somerset (Taunton Museum). D. and £. Crowns of left lower canines. From the Pleistocene
of Banwell Cave, Somerset (Taunton Museum). All three teeth seen from the outer side. Nat. size.

Fig. 2.—Glutton (Gulo luscus). Busk's figure of a fragmentary innominate bone from the Pleistocene

of Creswell Crags. Reproduced by permission of the Council of the Geological Society. Nat. size.

1
' Decouv. Gites riches en Oss. foss. Odessa,' p. 4.

2 ' Osteographie,' fasc. 4.

3 ' Brit. Foss. Mamm. and Birds,' p. 109.
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McEnery's specimen—a well-preserved mandible, now in the British Museum.

He also recorded the badger from Berry Head.

H. von Meyer1

(1859) described remains of the badger from the neighbourhood

of Weimar, giving a number of references to French and other records.

Dawkins and Sanford2
(1866) recorded it from Banwell and Wookey Hole, and

Falconer3
(1868) from a number of the Gower caves. Other records are from

the caves or fissures of Durdham Down, 1 Uphill, 5 Ightham,6 Cefn 7 (near St. Asaph),

and Hoe Grange. 8

Pleistocene deposits other than caves have yielded bones of the badger at

Newbury, Berkshire, and Grovehurst, Kent, though the age of the latter deposit is

somewhat doubtful.

Adams9 records it from Ballynamintra, co Waterford, and Scharff10 from the

Edenvale, Newhall and Barntick caves, co. Clare.

The remains of the badger were remarkably abundant in the Langwith cave,

near Mansfield, and included the remarkably elongated skull figured in PL V.

Liitra vulgaris, the Otter.

Owen 11 referred to a mandible of this animal as having been found in the

Norwich Crag at Southwold, and to a humerus found in the same beds at

Aldborough, but Newton12 was unable to see the specimens and verify the record.

He, however, recorded 13
it from the Forest Bed of East Runton. He further

believed that an otter occurred in Britain in Red Crag times, referring 11
to

de Blainville's species Lutra dubia, a specimen from the Red Crag of Foxhall,

near Woodbridge, which differed from Lutra vulgaris in having the carnassial

tooth longer from before backwards, and narrower than in the recent species, while

1 ' Palaeontographica,' vii, 1859, pp. 41—45.

2 " British Pleistocene Mammalia'' (' Pal. Soc.,' 1866), pt. 1, p. xxii.

3 ' Pal. Mem.,' ii, p. 525.

4 ' Proc. Bristol Nat. Soc.,' n.s., v, 1885—88, p. 44.

5 Ibid., n.s., ix, 1898—1900, p. 159.

c ' Quart. Journ. Geol. Soc,,' lv, 1899, p. 428.

7 ' Geol. Mag.' [3] iii, 1886, p. 571.

8 ' Quart. Journ. Geol. Soc.,' lxi, 1905, p. 50.

n ' Trans. Roy. Dublin Soc' [2] i, 1881, p. 208.

10 ' Trans. Roy. Irish Acad.,' xxxiii, B., pt. 1, p. 42.

11 'Brit. Foss. Mamra. and Birds,' p. 119.

12 < Geol. Mag.' [3] iv, 1887, p. 145.

13 ' Quart. Journ. Geol. Soc.,' xlvi, 1890, p. 444.

11 "Vert. Pliocene Deposits " ('Mem. Geol. Surv.,') p. 12.
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the inner tubercle is also smaller. The specimen further differs from Lutra

vulgaris in that each of the premolars has the posterior root much longer in

proportion than the anterior. In the same memoir (p. 13) Newton described a new

1. Table showing the Distribution of Mustelid.k in the Pleistocene Deposits

OF THE BuiTISH ISLES.

Pliocene deposits

a 2

s2

-P 8

Ss
O o
ft *-

*s

+

Bacoii Hole, Gower
Ballynamiutra, co. Waterford . . .

.

Banwell
Barntick, co. Clare

Bench
Berry Head
Bleadon
Brixham
Cefn, near St. Asaph
Creswell Crags
Dog Holes, Warton Crag
Durdham Down . .... . ....

Edenvale, co. Clare
Grays Thurrock, Essex
Happaway, Torquay
Hoe Grange, near Matlock
Ightham
Ipswich
Kent's Cave, Torquay
Kesh, co. Sligo

Kirkdale
Langwith Bassett, near Mansfield

Long Hole, Gower .

Newhall, co. Clare
Oreston
Plymouth (raised beach) ....

Ravenscliff , Gower ...

Shandon
Spritsail Tor, Gower
Teesdale ......

Uphill

Wookey
Yealm Bridge, Devon ..........

+

+

+

+
+
+

+

+

Pleistocene Caves and Fissur

+

+

+

+

+
+ 'i

+
+ ?

X

+ ?

+

o

+

+

+
+

+

+
+

+

+
+
+

+
+
-t-

+

+
+
+•

4-

+
+

+
+

+
+

+
+
+

+

Note.—Some of the records from co. Clare are probably Prehistoric rather than Pleistocene.
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species (Lutra reevesi), founding it on a right lower carnassial tooth which had

not cut the jaw, from the Norwich Crag of Branierton.

As is natural from the habits of the animal, the remains of the otter are

scanty in caves, but more abundant in river-gravels and similar deposits. Marcel

de Serres, Dubrueil and Jeanjean 1 described and figured a lower jaw from

Lunel Viel, which they referred to a new species, and Croizet and Jobert2

described bones from the Puy-de-Dome district.

The only Post-Pliocene specimens referred to by Owen in his ' British

Fossil Mammals and Birds ' are from the peat and its associated marls of

Cambridgeshire, and belong to the Prehistoric rather than to the Pleistocene

fauna. Dawkins and Sanford 3 (18GG) stated that the only Pleistocene remains of

the otter with which they were acquainted were from Kent's Hole, Torquay, and

Banwell Cave, and from the brick-earth of Gray's Thnrrock, Essex. In Dawkins'

paper 1 on the "Distribution of the British Post-glacial Mammals" (1869) the

additional cave-localities of Durdham Down and Long Hole, Cower, were given,

with Ipswich, as a river deposit. The otter occurs rarely in the Langwith Cave.

Scharff5 recorded the otter from the Newhall Cave, co. Clare, this being the

first notice of its occurrence in Ireland in Pleistocene strata.

111. DESCRIPTION OF THE SKELETON.

The Mustelidae form a large and somewhat heterogeneous group of Carnivores,

and are grouped with the Ursidse and Procyonidas in the section Arctoidea.

The cranial part of the skull tends to be considerably elongated and somewhat

sharply marked off from the facial portion. The glenoid cavity is relatively far

forward. The Mustelidse agree with the Felidae and Hysenidae, and differ from the

great majority of the Ursidse, Viverridae, and Canidae, in having no alisphenoid

canal. The auditory bulla is not as a rule much inflated. The palate is generally

considerably produced behind the last molars. The hamular process of the

pterygoid is prominent. The infra-orbital foramen is generally very large, and

the orbit communicates widely with the temporal fossa. The post-glenoid process

tends to curve over the mandibular condyle, and sometimes holds the mandible

attached to the cranium.

The dental formula in the great majority of cases is i. f , c. -}-, pm. fz^, m. ^. In

1 ' Pecherches Oss. humatiles Oavernes de Lunel Viel,' p. 70, pi. ii, figs. 14. 15.

2 ' Oss. foss. Dept. Puy-de-D6me,' p. 89.

:5 ' British Pleistocene Mammalia" (' Pal. Six-.,' 1866), pt. 1, p. xxii.

1
' Quart. Journ. Geol. Soc.,' xxv, 1869, p. 198.

5 ' Trans. Roy. Irish Acad.,' xxxiii, B. pt. 1, p. 41.
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rare cases the molars mav number \ or §. The upper carnassial, pm. 4, differs

from that in Ursidae and resembles that in Felidse, Hysenidae, and Canidse, in

possessing- a more or less antero-mternally placed inner tubercle supported by a

distinct root.

a. The Skull.

Mustela.—The cranial portion of the skull is not so sharply marked off from

the facial as in Meles and Lntra. The sagittal and superciliary crests arc less

developed than in Meles; the occipital crest on the other hand is commonly very

strong. The post-orbital processes of the frontal and jugal are fairly prominent,

and sometimes approach one another, especially in Mustela erminea. The foramen

magnum is of relatively large size. The auditory bulla is considerably inflated.

The infra-orbital foramen is smaller in proportion to the size of the cranium than

in Lntra and Meles, and the post-glenoid process is not sufficiently recurved to

hold the mandible attached to the cranium.

Gulo.—The cranial portion of the skull is more strongly marked off from the

facial than in Mustela, but less so than in Lutra. There is a greater development

of ridges, especially of the sagittal crest, than in any other British member of the

Mustelidas, except Meles. The jaws are very powerful. The foramen magnum
is of relatively smaller size than in Mustela, and the auditory bulla, though

variable, is less inflated. The paroccipital process of the exoccipital is prominent,

while the post-orbital process of the jugal is very slightly developed. The post-

glenoid process is much incurved, and holds the mandible firmly attached to the

cranium.

Meles.—The skull of the common badger bears a very close resemblance to that

of the glutton in general form, development of ridges, strength of jaAvs, and

relative size of the foramen magnum. Also in the development of the paroccipital

process of the exoccipital and of the post-glenoid process, which attaches the

mandible to the cranium perhaps even more firmly than in Gulo. The superciliary

ridges are somewhat stronger than in Gulo, and the zygomatic arch is rather

stouter.

Lutra.—The skull of the otter is of a peculiar character, broad and depressed,

with the cranial portion, which is much expanded posteriorly, sharply marked off

from the facial portion by a strong constriction behind the orbits. The sagittal

and superciliary ridges are but slightly developed. The infra-orbital foramen is

very large, and the post-glenoid process is not so much recurved as in Meles. The

ventral surface of the cranial portion of the skull is notably broad and flattened,

and the auditory bulla is very little inflated. The mandible is small and weak in

comparison with that of Meles.
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b. The Dentition.

Must i« la.— Dental formula— i. f, c. \, pm. |-f, m. !.

Permanent Dentition of the Upper Jaw.— L 1 and 2 are very small, one-rooted,

simple teeth, i. 3 is a larger and caniniform tooth. The canine is a relatively

very large tooth with a long slightly recurved crown. I'm. 1 is a very small one-

rooted tooth which, while present in Mustela martes and other representatives of

the genus Martes of Nilsson, is absent in M. putorius, M. vobusta, M. erminea and

M. vulgaris, representatives of the genus Putorius of Nilsson. Pm. 2 and 3 are

simple conical teeth with two roots and a rather well-marked cingulum. Pm. 4,

the carnassial, is a large tooth with a prominent blade consisting of a larger

anterior and a smaller posterior lobe. The cingulum is well developed, and there

is a prominent inner tubercle near the anterior border of the tooth. ]\I. 1, which

is as large a tooth as pm. 4, is short, but very wide, with a raised outer portion

bearing several small, ill-defined cusps, and a depressed and more flattened inner

portion terminated by a raised semicircular inner border.

Permanent Dentition of the Lower Jaw.—I. 1, 2 and 3 are all very small teeth,

their crowns being only from a quarter to a third as long as that of the canine,

which is somewhat sharply recurved. Pm. 1 is a small, simple, one-rooted tooth,

and like pm. 1, is absent in Putorius. Pm. 2, 3 and 4 are all very similar teeth

with two roots and conical crowns. In pm. 3, and still more in pm. 4, there are

indications of a slight additional cusp on the posterior edge of the main cusp.

M. 1 is a large tooth with a bilobed trenchant blade and a depressed posterior

portion or talon only half the length of the blade. M. 2 is a small one-rooted

tooth with a rounded crown.

GrULO.—Dental formula—i. f, c. \. pm 45 m. t-

Permanent Dentition of the Upper Jaw.— I. 1 and 2 are relatively powerful

teeth, rather sharply curved downwards, with edges of a somewhat chisel-shaped

character and indications of slight lateral cusps. I. 3 is a large caniniform tooth with

a strongly marked cingulum, which passes obliquely along the inner face of the tooth,

ending in a slight cusp not far from the point. C. is of the usual character, and

powerful, but not specially large. Pm. 1 is a simple, conical, one-rooted tooth.

Pm. 2 is two-rooted, and has the apex of the crown placed far forward. Pm. 3

is a very powerful two-rooted tooth with a rather low conical crown. Pm. 4, the

carnassial, is a large tooth with a prominent bilobed blade supported by two

roots, the anterior lobe being the larger. The inner tubercle, which is supported

by a third root, is small and depressed, but very sharply marked off from the rest

of the tooth. There is a fairly prominent cingulum which is raised into a slight-

cusp at the anterior end of the tooth. M. 1 is a rather large tooth transversely

placed. A depression divides it into an outer portion supported by two roots and
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raised into three ill-defined cusps, and an inner somewhat larger portion with a

low cusp and a raised inner border.

Permanent Dentition of the Loiver Jaw.—I. 1, 2 and 3 are relatively powerful

teeth not differing greatly in size, though i. 3 has the crown somen hat expanded
;

i. 2 arises from the jaw at a point behind i. 1 and i. 3. C. is a powerful tooth

with a somewhat prominent cingulum, which often gives off a ridge running along

the inner face of the tooth to the apex. Pin. 1 is a small one-rooted tooth with a

circular crown. Pm. 2, 3 and 4 are powerful two-rooted teeth increasing pro-

gressively in size. The crown is conical, and the apex, central in pm. 4, is further

forward in pm. 3 and still further forward in pm. 2. M. 1 is a powerful tooth

with a large blade, consisting of two equal-sized trenchant lobes and a small

depressed talon. M. 2 is a small tooth with an oval crown not raised into any

prominent cusps.

Meles.— Dental formula—i. f , c. \, pm. f, m. ^.

Permanent Dentition of the Upper Jaw.-— I. 1 and i. 2 are simple teeth with

somewhat chisel-shaped blades, i. 3 is more caniniform. The contrast in size

between i. 3 and c. is not so great as in Lutra. Pm. 1 is a very small tooth which

almost always falls out at an early period. As a rule its alveolus is completely

closed in old animals. Pm. 2 and 3 are simple, conical, two-rooted teeth. Pm. 4,

the carnassial, has a prominent blade with a large conical anterior lobe and an ill-

defined and often scarcely recognisable posterior lobe. The inner tubercle is

large and depressed and not so much anteriorly placed as in Mustela, or so sharply

marked off as in Chdo. M. 1 is a very large tooth with a broad surface covered by

a series of small tubercles, which rise to form two rather prominent cusps at the

antero-external border. This tooth has three roots.

Permanent Dentition of the Lower Jaw.—The lower incisors are simple teeth of

the same character as those in the upper jaw. The canine has a thickened base

to the crown, which is somewhat sharply recurved. Pm. 1 is very small, and early

falls out
;
pm. 2, 3, and 4, are simple conical two-rooted teeth. M. 1 is a long and

relatively very large tooth. The anterior half has a rather ill-defined bilobed blade,

with a cusp placed internal to the posterior lobe. The posterior half has a soine-

what depressed middle portion surrounded by a series of low cusps. M. 2 is a

small one-rooted tooth, bearing several slight elevations on the crown.

Lutra.—Dental formula— i. f , c. \, pm.
-f,

m. \.

Permanent Dentition of the Upper Jaw.— I. 1 and i. 2 are small cylindrical teeth;

i. 3 is somewhat larger and more caniniform, but the canine, which is a rather

long and slender tooth, contrasts strongly in point of size with the incisors. Pm. 1

is a very small simple tooth, and often falls out early. Pm. 2 and 3 are simple

conical two-rooted teeth. Pm. 4, the upper carnassial, has a trenchant blade, with

one very prominent principal lobe and a somewhat smaller posterior lobe. The
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inner tubercle is large and depressed, with a sharp raised edge. M. 1 is a largo,

somewhat irregular tooth, broader than long, with two cusps on the outer edge,

divided by a depression from two on the inner border.

Permanent Dentition of the Lotrer Jaw.—I. 1 is very small; i. 2 and .3 are

slightly larger, but are very simple one-rooted teeth. The canine, as in the upper

jaw, is greatly larger than the incisors. Pm. 2, 3 and 4 are simple, conical, two-

rooted teeth, the cone in pm. 2 being obliquely truncated in front. M. 1, the

carnassial, is a relatively large tooth, somewhat variable in character. The posterior

half, or talon, is depressed ; the anterior half bears two trenchant lobes, with a

large tubercle internal to the posterior lobe. The cingulum is prominent in m. 1

and all the lower premolars. M. 2 is a rather small square tooth, with a flattened

crown and a single root.

c. The Vertebral Column.

The numbers of the vertebrae are as follows

:

Cervical. Thoracic. Lumbar. Sacral. Caudal.

Mustela 7 14 6 3 18—33
Gulo 7 15 5 3 14 or 15

Metes . 7 15 5 3 18

Lutra 7 . 14—15 . 5—6 . 3 25—26
There is little in the vertebral column of the Mustelidas which demands special

comment, but allusion may be made to the following points :

(1) The length of the tail in Lutra.

(2) The relatively large size of the atlas vertebra in Lutra and Mustela.

(3) The length of the spines of the anterior thoracic vertebras of Gulo.

(4) The elongated character and shortness of the neural spines of the lumbar

and posterior thoracic vertebras of Mustela.

(5) The expanded character of the transverse processes of the lumbar vertebras

of Lutra.

d. The Limb Girdles.

The Pectoral Girdle.—The scapula shows a considerable amount of variation in

shape and in the character of the acromion, which is always strongly developed,

while the coracoid process is scarcely defined. In Mustela, Gulo, and Lutra there

is a very large pre-scapular fossa and the coracoid border is gently curved. The

supra-scapular border in Gulo and Lutra forms an angle not much less than a right

angle with the spine. In Mustela the supra-scapular border is very short, and the

3
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\

Fig. 3.—The left scapula seen from the outer side. J\ Polecat (Mustela putorius), from the Pleisto-

cene of Ightham (Corner Coll.). Q Badger (Meles taxus), from the Pleistocene of the Langwith Cave
(Mullins Coll.). O Otter (Lutra vulgaris), from the Prehistoric peat of Burwell fen (Sedgwick Mus.).
Natural size. 1, glenoid cavity; 2, spine; 3, acromion; 4, coracoid process; 5, pre-scapular fossa;

6, post-scapular fossa ; 7, supra-scapular border ; 8, corncoid border.

6-

Pig. k—A Left innominate bone of a weasel (Mustela vulgaris). B left innominate bone of a

stoat (Mustela erminea). Both from the Pleistocene of Ightham near Maidstone and preserved in

Dr. F. Corner's collection. Q right innominate bone of a giant polecat (Mustela robusta) from the

Pleistocene of Ightham (Lewis Abbott Coll.). D right innominate bone of a marten (Mustela martes)

from the ? Prehistoric deposit of the Edenvale Cave, co. Clare (National Mus., Dublin). Natural
size. All bones seen from the ventro-external aspect. 1, acetabulum ; 2, obturator foramen

;

3, ischium ; 4, sacral surface of ilium : 5, iliac surface of ilium ; 6, tuberosity of ischium ; 7, pubis.
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post-scapular fossa is only about half as wide as the pre-scapular fossa al its widest.

The scapula in Meles differs considerably in shape from those of the other

members of the group, especially as regards the post-scapular fossa, which is about

equal in size to the pre-scapular. The supra-scapular border forms an angle of

about 60° with the spine, and the coracoid border is sharply angular. The

development of the spine is greatest in Meles and Lutra, less in Gulo, and slight in

6

Fig. 5.—A right innominate hone of a badger (Meles taxus), from the Pleistocene of the Langwith
Cave (Corner Coll.). B left innominate bone of an otter (Lutra vulgaris), from the Prehistoric peat of

Koach Fen (Sedgwick Mus.). Both bones seen from the ventro-external aspect. Natural size.

Lettering as in Fig 4.

Mustela. The acromion is prominent and sharply recurved in all four genera, but

less in Gulo than in the others.

The Pelvic Girdle.—In Mustela and Lutra the pelvis is relatively weak and the

ilium is little expanded. In Gulo, and still more in Meles, the ilium is considerably

expanded. In Gulo the junction between the supra-iliac and acetabular borders of

the ilium is gently rounded, while in Meles, it forms a prominent projection. The

ischial tuberosity is more prominent in Meles than in Gulo.
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(2) Tables of Comparative Measurements of tiie Limb Girdles.

Scapula.

1. Length from coracoid process to end of

spine
2. Length measured along glenoid border . .

.

3. Maximum diameter of neck

Meles taxus,
Pleistocene, Lang

with (Mullins
(.'oil. .

9'45

7'55

20

Lutra vulgaris,

Prehistoric, Burwell
fen (Sedgwick

Mus.).

7-7

6-0

1-8

Mustela iiiavtrs,

? Prehistoric,
Newhall, Co,
Clare (Nat.

Mus. Dublin).

Mustela robusta,
Pleistocene,
Ightham, nr.
Maidstone

(Lewis Abbott
Coll.;.

Mustela p/ifu-

riiis, Pleisto-
cene, Ightham,
nr. Maidstone
(Corner Coll, .

Mustela vul-

garis, Pleisto-

cene, Ightham,
nr. Maidstone
(Corner Coll.).

Meles faxus,

Pleistocene,
Langwith

(Corner Coll. .

Luira vulgarit,

Prehistoric,
Reach fen,

Caml.s. (Sedg-
wick Mus.
Camb.).

Pelvic Girdle.

1

.

Maximum length
2. Length from acetabulum to

supra-iliac border of ilium . .

.

3. Dorso-ventral measurement
of ilium at widest point

4. Antero-posterior diameter of

acetabulum

61

32

1-2

95

2-05

1-7

5'35

2-8

11

•8

1-8

1-35

39

2'2

•9

•65

1-35

1-0

1-8

1-1

•35

•25

'5

"5

110

(505

2-8

1-7

3-0

2-2

10-4

4-8

1-95

1-3

43

2-3

5. Length from acetabulum to

posterior border of ischium ...

(3. Maximum diameter of obtu-
rator foramen

e. The Limbs.

These show a progressive decrease in relative length from Gulo, in which they

are longest, through Meles, Lutra, and the larger members of the genus Mustela

to Mustela erminea and vulgaris, in which they are very short. The limbs are

sub-plantigrade in Gulo, Meles and Lutra, digitigrade in Mustela. The claws are

strong (except sometimes in Lutra), and in Mustela are semi-retractile.

Anterior Limb.—The humerus in Meles and Lutra is a very powerful bone with

strong deltoid and supinator ridges. An ent-epicondylar foramen is present in

Meles, Gulo and Mustela, and may or may not be present in Lutra. In Meles the

radius and ulna are also very short powerful bones, the lower end of the ulna

bearing a prominent ridge on its inner side. The metacarpals tend to be shorter

than the metatarsals, especially in Lutra.

Posterior Limb.—In Mustela this is considerably longer than the anterior, but

the difference is less marked in the other genera. In Meles and Lutra the femur

does not show such conspicuous ridges for the attachment of muscles as does the

humerus of these animals. The fibula is slender, and stands somewhat widely

away from the tibia except at the extremities. The metatarsals and digits are of

greater relative length in Gulo than in Meles.
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Pig. 6.—Limb bones of a polecat (Mustela putorius). A right femur
; B left tibia; C right fibula

(anterior view); D right humerus; £ right radius (antero-external view); F right ulna (inner
aspect). All from the Pleistocene of the ISrixham Cave and preserved in the British Museum.
In Text-figs. 6 to 10 the anterior aspect of the femur and tibia is shown, the posterior aspect of the
humerus. Lettering of Text-figs. 6 to 10. I , head of femur ; 2, great trochanter ; 3, third trochanter

;

4, internal condyle of femur ; 5, external condyle of femur; 0, cnemial crest; 7, head of humerus;
8, trochlea ; 9, internal condyle of humerus; 10, external condyle of humerus; 11, ent-epicondylar
foramen ; 12, humeral articulating surface of radius ; 13, carpal articulating surface of radius ; 14,

sigmoid notch ; 15, olecranon. All figures of the natural size.

/0--;

Fig. 7.—Limb bones of a giant polecat (Mustela robusta). A right femur; Q right tibia; C right

fibula (posterior aspect) ; D left humerus
; F right ulna (inner aspect). All from the Pleistocene of

the Ightham Fissure. The femur, tibia and humerus are preserved in the collection of Dr. F. ('inner,

the fibula and ulna in that of Mr. W. J Lewis Abbott.

15

14-4

Fig. 8.—Limb bones of a weasel (Mustela vulgaris). J\ right femur; B right tibia; D left

humerus
; F left ulna (outer aspect). All from the Pleistocene of the Ightham fissure. The femur,

humerus and ulna are preserved in the collection of Dr. F. Corner, the tibia in that of Mr. W. J. Lewis
Abbott.
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(3) Tables of Comparative Measurements of the Bones of the Anterior Limb.

Mustela robusta.
Pleistocene,
Ightham, nr.
Maidstone

(Corner Coll.).

Mustela puforius,

Pleistocene,
Brixham, No.

48919 (Brit. Mus. .

Mustela vulgaris,

var. minuta,
Pleistocene,
Ightham, nr.
Maidstone

(Corner Coll.).

2-0

4

life!en taxus,

Pleistocene,
Happaway, No.
M. 5811 (Brit.

Mus. .

Lufra vulgaris,

Prehistoric,
Burwell Fen,

Camb. Sedgwick
Mus., Camb.).

Humerus.

1

.

Length
2. Maximum diameter at distal

end

5-7

1-5

4-2

105

11-5

33

9-4

315

MusteJa puforius, Meles faxus,
Pleistocene, Pleistocene,

Brixham, No. Happaway
18920 (Brit. Mus.). (Brit. Mus.).

Lutra vulgaris.

Prehistoric
Burwell Fen,

Camb. (Sedgwick
Mus., Cambs.).

Radius.

1

.

Length
2. Longer diameter at carpal articula-

tions

3-0 91

•6 19

64

1-35

Ulna.

Length

Mustela rolmsfa,

Pleistocene,
Ightham, nr.

Maidstone (Lewis
Abbott Coll.).

5-05

Mustela puforius,
Pleistocene,
Brixham, No.

18897 (Brit. Mus.)

395

Mustela vulgaris,

Pleistocene,
Ightham, nr.

Maidstone
(Corner Coll.).

1-7

Meles tarus,

Pleistocene,
Happaway \.i.

M. 5808 (Brit.

Mus.).

Lutra vulgaris,

Prehistoric,
Burwell Fen

(Sedgwick Mus.).

1005 8-75

(4) Tables of Comparative Measurements of Bones of Posterior Limb.

Femue.

1

.

Length
2. Longer (right to left) diameter
at condyles

Mustela robutfa,
Pleistocene,
Ightham, nr.

Maidstone (Corner
Coll.).

Mustela puforius,
Pleistocene,

Brixham, No.
48921 (Brit. Mus. ),

64

1-3

4-7

1-0

Mustela vulgaris,

var. minuta,
Pleistocene,
Ightham, nr.
Maidstone

(Comer Coll.)

2 -05

•4

Meles taxus,

Pleistocene,
Happaway, No.
M. 5808 (Brit.

Mus.).

12-3

2-7

Lutra vulgaris,

Prehistoric,
Burwell Fen

i Sedgwick Mus.).

945

235
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Table of Comparative Measurements—continued.

Aitcsfchi fobmfit,
Pleistocene,
Ightham, m\
Maidstone

(Corner Coll.).

Sfuttela pittcriut,

Pleistocene,
Brixham, No.

18922 (Brit. Mus. .

Miutela vulgaris
Pleistocene,
Ightham, nr.

Maidstone (Lewis
Abbott Coll. .

Miles taxut, T ,

Pleistocene /:»''",",""'"''

n.mnnw.iv No Prehistoric,

M t'"V Brit
Burwe11 '''''"

Mus.).
(Sedgwick .Mus. .

Tibia.

2. Eight to left diameter at proxi-
67

1-25

475

•95

185

35

10-95 104

2-9 2-25

ilustela robutta,
Pleistocene,
Ightham, nr.

Maidstone [Lewis
Abbott Coll.).

Muttela putoriut,
Pleistocene,

Brixham (Brit.

Mus.).

Lufra vulgarit,

Prehistoric,
Burwell Fen

Sedgwick Mus.).

Fibula.

Length 52 465 9-4

IV. CONCLUSIONS.

The present memoir has afforded, little scope for critical treatment and is

almost purely descriptive in character. No novel conclusions have been reached.

Of the eight species of Mustelidas described, only the marten, glutton and

badger appear in British Pliocene deposits, and only Ilustela robusta and the

glutton are no longer found in Britain. No Musteline remains are recorded from

Scottish Pleistocene deposits, and only the marten, stoat, badger, and otter from

those of Ireland.

Sincere thanks are tendered to Mr. W. J. Lewis Abbott, Dr. F. Corner, and the

Rev. E. H. Mullins for kindly placing their large collections of Musteline bones from

Ightham and Langwith at my disposal for examination and figuring. I am further

indebted to Mr. H. St. George Gray, Mr. A. Newstead, Professor T. McKenny
Hughes, Dr. R. F. Scharff and Dr. A. Smith Woodward for the loan of specimens

preserved respectively in the Taunton Museum, Sedgwick Museum (Cambridge),

Grosvenor Museum (Chester), the National Museum of Ireland and the British

Museum. I further wish to thank Dr. C. W. Andrews, Mr. Oldfield Thomas and

Mr. H. Woods for help and information, and Mr. J. Green for the care he has

taken with the illustrations.
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PLATE I.

Pleistocene Mustelid^:.

Cranium and Mandible.

Polecat (Mustela putorius), and Giant Polecat (Mustela robusta).

(Natural size.)

Mustela putorius.

Fia.

1. Dorsal "jview of a ? Prehistoric cranium from Iglitham, near Maidstone

2. Ventral! (Corner Coll.).

3. Lateral view of a cranium from Brixliam (Brit. Mus.).

4. Palatal view of the corresponding mandible (Brit. Mus.).

5- Outer1

T [aspect ot the same mandible.
<>. InnerJ

Mustela robusta.

7. Dorsal ) . . T ., .

^ XT .view ot a cranium from Jghtham, near Maidstone (Lewis Abbott
8. Ventral

\

9. Lateral] ^
10. Palatal view of the corresponding mandible (Lewis Abbott Coll.).

11. Outer 1 . , ,.,

.

[aspect ot the same mamuble.
12. Inner J

a. Occipital condyle

b. Auditory bulla

d. Post-orbital process of frontal yPlates I to VI.

e. Infra-orbital foramen

/. Mandibular condyle
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POLECAT: MUSTELA PUT0R1US.& GIANT POLECAT: M.ROBUSTA
Cranium &. mandible

.
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J. Green del.lvth.et imp.







PLATE II.

Pleistocene Mustelidve.

Cranium and Mandible.

Marten (Mustela martes), Stoat (Mustela erminea), and Weasel (Mustela vulgaris).

(All except fig. 12ev natural size.)

Mustela martes.

view of a ? Prehistoric cranium from the Edenvale Cave, co. Clare

(National Mns., Dublin).

Fig.

1

.

Dorsal

2. Ventral

3. Lateral^

4. Inner] view of a left mandibular ramus from the Pleistocene of the Langwith

5. Outer} Cave, near Mansfield (Mullins Coll.).

Mustela erminea.

, vieAv of a cranium from the Pleistocene of Berry Head (Brit. Mus.).
7. LateralJ

l v ;

8. Outer aspect of the right ramus of the corresponding mandible (Brit. Mus.).

9. Ventral view of an imperfect cranium from the Pleistocene of Kent's Hole,

Torquay (Brit. Mus.).

Mustela vulgaris.

10. Dorsal "| view of a cranium from the Pleistocene of the Ightham Fissure, near

11. LateralJ Maidstone (Lewis Abbott Coll.).

12. Left mandibular ramus seen from the outer side, from the Pleistocene of

the Brixham Cave (Brit. Mus.).

12 a. The same two and a half times natural size.

Lettering as in Plate 1.
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Cranium &. mandible

.







PLATE III.

Pleistocene Mustelim:.

Cranium and Mandible.

Weasel {Mustela vulgaris, var. minuta), and Badger (Meles taxus).

(Natural size except figs. 2 a and 4 a.)

Mustela vulgaris (var. minuta).

view of a cranium from the Pleistocene of Ightham, near Maidstone

(Corner Coll.).

Fig.

1. Dorsal

2. Ventral

3. Lateral,

2 a. Anterior part of fig. 2 two and a half times natural size.

4. Associated right mandibular ramus seen from the inner side (Corner Coll.).

4 a. The same nearly three times natural size.

Meles taxus.

5. Left mandibular ramus of a young individual seen from the inner side.

6. Left mandibular ramus of a young individual seen from the outer side.

Both the above specimens are from the Pleistocene of the Happaway Cave

;

5 is preserved in Dr. F. Corner's Collection; 6 in the British Museum.

7. Left side view] of a cranium and mandible from the Langwith Cave, Mans-

8. Anterior view/ field (Mullins Coll.).

9. Inner view of a left mandibular ramus from the same locality (Corner Coll.).

Lettering as in Plate I.
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WEASEL :MU STELA VULGARIS (var. minuta), & BADGER: MELES TAXUS.
Cranium & "mandible.







PLATE IV.

Pleistocene MustelidjE.

Grcmmm.

Badger {Meles taxua).

(Natural size.)

Fig.

'

TT J view of a cranium from the Pleistocene of Grovelmrst, Sitting-bourne
2. Ventrall ._ . __ ,

b

„ _ . (Brit. Mus.).
3. Lateral]

v ;

Lettering as in Plate I.
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BADGER :MELES TAX US
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J.Green. del.liLK.et imp.







PLATE V.

Pleistocene Mustelil\e.

Cranium.

Badger (Meles taxus), var.

Fig.

1. Dorsal ^

2. Ventral

3. Lateral

(Natural size.)

view of a remarkably elongated cranium from the Pleistocene of the

Langwith Cave, near Mansfield (Corner Coll.).

Lettering as in Plate I.
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BADGER: MELES TAXUS . ( var.)

Cranium.

J.Green del. lith.et imp.







PLATE VI.

Pleistocene Musiellixe.

Cranium and Mandible.

Otter (Lutra vulgaris).

(Natural size.)

Fig.

1. Dorsal ]view of a cranium from the Prehistoric peat of Burwell Fen

2. Ventral/ (Sedgwick Mus., Cambridge).

3. The same cranium with the associated mandible seen from the right side.

4. Inner view of the left ramus of the above mandible.

Lettering as in Plate I.
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OTTER: LUTRA VULGARIS.
Cranium &. mandible

J. Green. del.lrth.et imp.







PLATE VII.

Pleistocene Mustelioe.

Vertebra.'.

Fig

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Badger (Metes taxus).

(Natural size.)

'-From the British Museum Collection.

From the collection of Dr. F. Corner, F.G S
of Poplar.

From the British Museum Collection.

Atlas, dorsal view

Axis, left side view

Third cervical, posterior view]

Fourth cervical, posterior view'

The same bone, left side view

Fifth cervical, posterior view

First thoracic, left side view

Dorso-anterior view of the same bone

Fifth thoracic, left side view

Dorso-anterior view of the same bone I

Thirteenth thoracic, posterior view] From the collection of Dr
Fifteenth thoracic, left side view J F.G.S.

First lumbar, left side view

Third lumbar, posterior view

The same bone seen from above

Sacrum, ventral view

All these vertebras are from the Pleistocene of the Happaway Cave, Devon.

a. Neural spine

F. Corner

-From the British Museum Collection.

h. Neural canal

c. Pre-zygapophysis

d. Post-zygapophysis

Vertebrarterial canal

Transverse process

Anapophysis

Metapophysis

-Plates VII and VIII.
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PLATE VIII.

Pleestockne Musteline.

Vertebrae.

Polecat {Miistela jputorlus) , and Otter {Lutra vulgaris).

(Natural size.)

Miistela pvtorius.

Fig.

1. Atlas, dorsal view

2. Axis, left side view

3. Fourth cervical, left side view

4. The same bone, anterior view

5. Sacrum, dorsal view

6. Sixth lumbar, dorsal view

All from the Pleistocene of the Brixham Cave,

and preserved in the British Museum.

Lutra niltj<ii' i*.

7. Atlas, ventral view.

8. Axis, seen from the right side.

9. Third cervical, posterior view.

10. Fifth cervical, anterior view.

11. Sixth cervical, seen from the left side.

12. Seventh cervical, anterior view.

13. First thoracic, anterior view.

14. Ninth thoracic, seen from the left side.

15. Twelfth thoracic, posterior view.

16. Thirteenth thoracic, seen from the left side.

1 7. Fourth lumbar, posterior view.

18. Fourth lumbar, seen from the right side.

1
(
.*. Sacrum, dorsal view.

All the Otter vertebrae figured are from the Prehistoric peat of Burwell

Feu, and are preserved in the Sedgwick Museum, Cambridge.

Lettering as in Plate VII.
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maxilla is of the usual Palseoniscoid shape and has its broad postorbital portion

covered with wavy and contorted ridges, which in most instances pass into a narrow

band of irregularly-shaped tubercles stretching along the dentary margin. The mandible

is very stout, its depth behind equalling two-sevenths of its length ; in shape it rapidly

tapers towards the symphysis. Externally it is covered with closely set, slightly wavy

ridges, which, running from behind forwards, diverge from each other along a longi-

tudinal line placed rather below the middle of the bone, on whose upper and lower

margin they obliquely impinge, but the stricc forming the lower side of this somewhat

feather-like pattern are much more horizontal in direction than those on the upper side.

The jaws are armed with conical teeth of two sizes, large ones being placed at short

intervals inside a row of minute external ones.

The bones of the shoulder-girdle are striated with tolerably coarse wavy ridges,

which, on the upper or vertical part of the clavicle, are again fretted with minute

transverse indentations.

The scales of the body are of moderate size, rhomboidal and tolerably thick. On

the front part of the flank (figs. 6, 7) they are tolerably equilateral, with slightly concave

upper and convex lower margin; the covered area is very narrow; the articular peg

moderate in size, and the keel of the attached surface only slightly developed. Towards

the tail (fig. 9) and along the back the scales become smaller and more oblique, and

in front of the dorsal fin there are four or five imbricating median scales of a larger

size. Along the belly (fig. 8) they become very low and narrow, and on the caudal

body-prolongation they are, as usual, small, and acutely lozenge-shaped, while imbri-

cating V-scales clothe the upper margin of this part. The scales are marked externally

bv a very ornate and easily recognised sculpture, though it is excessively difficult by

means of words to give anything like an adequate idea of its peculiarities. It

consists of sharp furrows or grooves, sometimes interrupted and intercalated, some of

which run parallel with the anterior and inferior margins, while others run more or less

diagonally across the remaining portion of the sculptured area. According to the

elevation or flatness of the interspaces between these furrows, a greater or less appear-

ance of ridging is produced in different specimens (compare figs. 6 and 7), and in all

the ridged appearance is pretty strongly developed in the scales of the back between

the dorsal fin and the occiput. The ornament becomes less sharp posteriorly, but

nevertheless it is developed to a greater or less extent even on the scales of the

caudal body-prolongation. Some amount of a tolerably coarse denticulation is also

observable, especially on the flank-scales, and, as very commonly happens, it disappears

towards the margins of the body and the tail.

As regards the pectoral tin, I stated in my first notice of this species that so far as

can be made out by careful examination with a good lens its principal rays seem to be

articulated up to very near their origins—a feature which would certainly beat variance

with the characters of Ehadinichthys, and hence I appended a "?" to its position in

23
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that genus. Re-examination of the case, however, makes me doubtful if my former

interpretation of it be correct. The specimen is distorted and fragmentary, and

though the fin in question is near the head, its connection with the shoulder-girdle is

not seen, and it has accordingly struck me that we have here to do, not with the

pectoral, but with the ventral fin. At all events, in the specimen represented in

PI. XXXV, fig. 5, we have distinct remains of the pectoral fin in the form of several

rays which are still unarticulated, though of considerable length. I may say, however,

that in no specimen which I have as yet seen, is there a satisfactory demonstration of the

structure of the pectoral fin.

The ventral fin is also seldom well seen ; an exception to this rule is, however, met

with in the specimen represented in fig. 4, in which a well-developed ventral is seen,

with rays which are moderately closely articulated. The dorsal is placed far back, its

anterior commencement being only very slightly in front of that of the nearly opposed

anal. Both fins are of good size and expanse, triangular-acuminate, their rays delicate

with rather distant articulations, the joints being smooth or with one longitudinal

furrow. The caudal is powerful, deeply cleft, and inequilobate, the upper lobe being

nearly twice as long as the lower; its rays are delicate, smooth, dichotomising towards

their extremities, and divided by tolerably distant transverse articulations. The anterior

margins of all the fins are minutely fulcrated.

Observations.—The characteristic features of the above-described interesting

Pal&eoniscid are so distinct and striking that we are fortunately free from any troublesome

doubts and questions as to species, for even although the scale-markings may show some

amount of individual variation as to their strength and sharpness, it is easy to pick out

even fragmentary remains of fusiformis and place them together as belonging to one

well-defined form. And after what I have said above regarding the pectoral fin, I con-

sider myself justified in removing the query with which I formerly qualified its position

in the genus Rhadinichthys.

Geological Position and Locality.— Common in the fish-beds of Calciferous

Sandstone age near Glencartholm, Eskdale.

18. Rhadinichthys (?) angustulus, Traquair. Plate XXXVI, figs. 1, 2.

HuADiNicuTHYS (?) anoustulus, Traquair. Tnius. Koy. Soc. Edinb., vol. xxx,

1881, p. 33, pi. ii, figs. 10, 11.

— A. 8. Woodward. Cat. Foss. Fishes Brit. Mus.,

pt. ii, 1891, p. 4G8.

Specific Characters.—A fish of very small size; head proportionately large; tail-

pedicle deep ; scale-sculpture consisting of a few delicate, straight, non-bifurcating

transverse ridges.
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Description.—The following description is taken from two specimens in the collection

of the Geological Survey of Scotland, one of which, the larger and less perfect, measures

2| inches in length, while the other and more perfect example (PI. XXXVI, fig. I)

attains a length of only 1£ inches. The length of the head is equal to about one-quarter

of the total ; the greatest depth of the body is at the shoulder, and is contained about

six times in the entire length of the fish, while it is not so much as twice the depth

of the tail-pedicle, the dorsal and ventral margins being nearlv straight. The general

contour is therefore peculiarly short and straight, and wanting in the usual more or less

fusiform outline, while the tail-pedicle is of great proportional depth.

All that can be said of the head is that it is typically Pala^oniscoid in structure, with

oblique suspensorium, etc., and that some traces of a minute ridged ornament are seen on

some of its delicate bones, e.g. the mandible. The body-scales (fig. 2) are of moderate

dimensions in proportion to the size of the fish, and are marked each with three or four

delicate, yet sharply defined, and somewhat distant ridges, which run right across the

outer surface of the scale from before backwards, parallel with the superior and inferior

margins; on the minute lozenge-shaped scales of the caudal body-prolongation these

ridges, now excessively fine, are diagonal in position. The V-scales of the tail are

proportionally largely developed.

The pectoral and ventral fins are small, the dorsal and anal nearly opposite, though

the former arises a little in advance of the latter. The two last-named fins resemble

each other in their triangular-acuminate contour; the caudal is not completely preserved,

but its appearance seems to indicate that it was bifurcated in the usual manner. The

tins are preserved only in the smaller of the two specimens, and their rays are so

excessively delicate that, it is impossible to describe their articulations, but they are closely

set, and appear to bifurcate towards their extremities.

Observations.—On account of its general structure, so far as can be made out, along

with the form and position of the fins, though the condition of the rays of the pectoral

cannot be established, this strange little fish may be placed, at least provisionally, in the

genus Rhadinichthys. As regards the scales, a somewhat similar sculpture may be seen

on those of various other Carboniferous Palaeoniscidse, such as Elonichthys microlepidotiis

and E. striatulus, Rhadinichthys Grossarti and Styracopterus fulcratus, but the present

species is distinguished from all these by obvious details of form. It seems to be

somewhat rare; two specimens are in the collection of the Geological Survey of Scotland,

while another is noted by Dr. A. Smith Woodward as belonging to the British Museum.

Geological Position and Locality.— Only known as yet from the fish-bearing shales

of Calciferous Sandstone age exposed in the banks of the Kiver Esk near

Glcncartholm.
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Genus—Myriolepis, Egerton, 18G4.

Generic Character*.—Fusiform; suspensorium obliqne; g<ipe wide; teeth conical;

dorsal fin placed nearly opposite the interval between the ventrals and the anal ; caudal

completely heterocercal, ineqnilobate ; scales minute, rhombic and striated; fulcra,

when visible, very minute.

This genus was founded by Sir Philip Grey Egerton 1 on two specimens from the

Kemper of Xew South Wales—one without fins, while the other was represented

by a photograph, showing the head of the fish with the pectoral, ventral, and

dorsal fins, the anal and caudal being wanting. The affinities of the fish, which was,

moreover, remarkable for the minuteness of its scales, were supposed to he with Aero-

lepis, which according to modern ideas implied that they were Palaeoniscid.

Twenty-six years afterwards 2 Dr. A. Smith Woodward published descriptions and

figures of the same species from the same locality and horizon, as well as of a second

species (M. latun), which clearly showed that, except in the sniallness of the scales, the

genus was typically Palaeoniscid, with the fins shaped and placed much as in Elonichthyg

and Acrolepis. The condition of the rays of the pectoral fin, as regards transverse

articulation, remains, however, still doubtful in the type species of the genus.

In 1893 I published a description of a new Palaeoniscid fish from the Coal

.Measures of Co. Kilkenny, Ireland, contained in the Museum of the Owens College,

Manchester, which I referred to this genus under the name of Myrioleph Hibernicus

on account of the sniallness of the scales and other resemblances which it bore to the

Australian M. Ciarkei, and with it I also identified another specimen from the same

locality in the Geological .Museum in Jermvn Street. London. In both of these

specimens the tail is wanting, but that deficiency in the Carboniferous species has now

been remedied by specimens figured by II. Bolton and by Smith Woodward, to which

reference will be made in their proper places.

1. Mtriolepis Hibernica, Traquair. Plate XXXVI, fig. 3; Plate XXXVII, figs.

Mtriolepis hibebnicus, Traquair. Geol. Mag. [3],vol.x, 1893, pp. 51—56, pi. iii.

— Herbert Bolton. Trans. Geol. Soc. Manchester, vol. ixii,

1894, pp. 1

—

i. pis. i, ii.

— A. S. Woodward. Ann. and Mug. Xat. Hist. [7], vol. xviii,

pp. 416—419, pi. x.

1 " On .Some Icbthyolites from New South Wales," in ' Quart. Journ. Geol. SoC.,' vol. is, 18U4,

pp. 1—5, pi. i.

2 "Fossil Fishes of the Hawkesburv Series at Grosford, jST. S. Wales," 'Mem. Geol. Surv. N.S.

Wales' No. i (Sydney, 1890), pp. 7—11, pi. ii, figs. 3, 4, pi. iii, figs. 1—3.
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Description.—In Plate XXXVI, fig. 3, is represented the specimen in the Jermyn

Street Museum, in which we have a good genera] indication of Llie contour of the fish,

thougli it is deficient in the caudal region, being cut off just behind the dorsal and

anal fins. The head is a little twisted upwards on the shoulder; making allowance for

that and for the lost tail-end, the original length may be estimated at about thirteen

inches, of which three may be allotted to the head, t lie length of which will therefore

he contained a little over four times in the total.

In the head the cranial roof-bones appear to have been finely tuberculated. The sus-

pensorium is very oblique, impressions of the operculum and branchiostegal plates are

feebly visible, and in the mouth are indications of the presence of conical teeth.

So far as the internal skeleton is visible it conforms to the Palaeoniscoid type, hut it

is not well shown.

The pectoral fin is of moderate size for the fish; in its contour it, is rounded

distally; iis first ray seems to he unarticulated, but the rest are jointed up to their

origins. The ventral fin is rather long-based and iv placed right between the pectoral

and the anal.

The dorsal and anal, also moderate in size, are triangular-acuminate in contour;

the dorsal is situated partly opposite the anal and partly opposite the space between that

fin and the ventral. The rays of all these tins are numerous, fine; and closely articu-

lated, hut, I have not detected any fulcra. Nor are the markings on the fin-rays

here observable.

The scales are very small, being about -,'„- inch across ; as regards their markings,

these are like those- of the fin-rays, namely, invisible in this specimen.

So far we have a fish whose configuration reminds us of E/onic/il/igs, except that

perhaps the dorsal fin looks a huh- further back than is usually the ease in that genus;

now, to complete the figure, we want, the tail and the caudal fin. This part, is supplied

in another specimen described and figured by Mr. Herbert Bolton in 1894, and Mr.

Bolton's remarks, not being lengthy, may be quoted in full : "The additional informa-

tion of Myriolepi% Hibernian supplied by this specimen may he summarised by saying

that the species possessed a powerful heterocercal tail of the Palaeoniscid type, and that

the head-bones were thin and covered by a ganoine layer of fine raised ridges. Tin;

opercular apparatus was continued underneath the jaw by a numerous series of branchio-

stegal rays."

Dr. Smith Woodward has, however, described and figured a remarkable specimen,

which not only shows all the fins, but, raises some interesting points regarding the

specific characters of the fish itself, and to the kindness and complaisance of iis

describer I enjoy the privilege of refiguring the specimen and of making some comments

thereon.

The specimen (Brit. Mus., P. 9604), PI. XXXVII, fig. 1, is comparatively small, its

length being equal to about ij\ inches as it lies, wanting a good piece of the upper lobe
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of the caudal fin. It yields us in the first place a view of the external markings of the

scales and of the fin-rays. The scales resemble those of the Jermyn Street specimen in

size and in form, the ornament which is seen on their outer surfaces (tig. 2) consisting

of fine flexuous ridges passing into tubercles and mainly horizontal in direction. The

pectoral fin has, as in the other specimen, a broad rounded contour, but its termination

extends as far as to opposite the commeneement of the ventral, the contour of which is

well preserved and shows some minute fulcra along the anterior margin ; the dorsal fin

commences opposite the origin of the ventrals ; the anal fin is of the usual triangular

acuminate form; the tail-pedicle seems unusually deep for the size of the fish; the

sculpture of the joints of the fin-rays consists of fine longitudinal striations (fig. 3).

The British Museum specimen, as it lies on the stone before us, differs obviously

from the Jermyn Street one in the following particulars :

(1) The fins on the ventral aspect of the body and the intervals between them are

smaller. For example the pectoral fin, as has been already remarked, has its apex reach-

ing to opposite the commencement of the ventral.

(2) The dorsal fin is situated further forwards, the front of it being opposite the

beginning of the ventral.

(3) The caudal pedicle is proportionately deeper than in the Jermyn Street speci-

men, at least it is so calculating from the contour of the hinder extremity of the body

in that specimen.

Now, of these discrepancies, only two explanations are possible—either we are dealing

with a distinct species, or the British Museum specimen has been, as is so common

with the Palaeozoic " Ganoids," subjected to deformation by irregular pressure during

the process of fossilisation. The latter explanation seems to me to be the more readily

acceptable, and Dr. Smith Woodward has already in his description of the specimen in

question noticed " the crushing of the head a little downwards and backwards upon the

anterior part of the abdominal region." I would refer the apparent anterior position of

the dorsal fin and the appearance of the tail-pedicle to the same cause.

Geological Position and Locality.—From the Coal Measures (Upper Carboniferous) of

Co. Kilkenny, Ireland.

Genus—Phanerostkon, Traquair, 1881.

Generic Characters.—Fusiform; completely heterocercal ; dorsal fin acuminate, but

not, strictly speaking, triangular ; anal fin commencing opposite the middle of the

dorsal; caudal inequilobate, bifurcated; rays of all the fins delicate, bifurcating once;

fulcra absent
;
principal rays of pectoral articulated. Head typically Palaeoniscoid in

structure, with oblique suspensorium, and anteriorly-placed orbit ; maxillary and

mandibular teeth conical, sharp, enamel-capped, and of different sizes, the smaller ones
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being more externally placed than the Larger. Scales wanting over by far the greater

part of the body, but present as follows :

(1) A row of median seales in front of the dorsal fin.

(2) A set of scales median and lateral, clothing the prolongation of the body-axis

along the caudal fin.

(3) A few median scales in front of the lower lobe of the caudal.

(4) A few rows of small thin scales on the flank, immediately behind the shoulder-

girdle.

1. Phankrosteon mirabilk, Traquair. PI. XXX.V11, figs. 4— 7.

1881. Phanerosteon miuabile, E. H. Traquair. Trans. Koy. Soc. Ediub., vol.

xxx, p. 39, pi. iii, figs. 6—8.

1891. A. S. Woodward. Cat. Fobs. Fishes Brit. Mus.,

pt. ii, p. 47G.

Description.—As only one speeies of Pkanerosteon can be accurately defined, it is

hardly necessary to give a specific diagnosis.

The entire length of the most perfect specimen (PI. XXXVII, fig. 4) is four inches,

but one in the private collection of the writer measures nearly four inches and a

quarter ; the usual proportion of the head to the total length is as one in four, or four

and a half. The cranial roof-bones (fig. 6) are granulated with minute tubercles,

which occasionally are confluent. The suspensoriurn is oblique, the operculum (o/;.)

oblong with rounded off postero-superior angle, and showing traces of fine ridges

corresponding with the lines of growth ; the suboperculum (s.op.) is somewhat quadrate-

rhomboidal with convex posterior margin. The maxilla (mx.), of the typical Palseonis-

coid shape, has its postorbital portion marked with fine ridges running parallel with

the posterior and superior margins; the dentary margin and infraorbital process are

finely tuberculatecl ; the slender mandible displays on its outer surface numerous

delicate ridges obliquely impinging on its upper margin. Teeth were not observable on

the original specimens, but they are very distinctly seen on two of those now before me,

and are smooth, conical and sharp, with distinct enamel-cap, besides being of two sizes,

large and small, the large ones being more internally placed. A few branchiostegal

plates (6r.) may be seen under the mandible in most heads, but in no case is the entire

series exhibited. The orbit is large, but is, as usual, anteriorly placed, and the ethmoid

forms a rounded prominence above the mouth. The bones of the shoulder-girdle

present nothing peculiar in their configuration and arrangement.

On the front part of the flank immediately behind the clavicle are several dorso-

ventral bands of scales; the exact number of these bands is difficult to ascertain, though

there cannot be less, 1 think, than five. These scales are small, thin, quadrangular,
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higher than broad
;
ganoid externally, though I see no very distinct sculpture, while

internally they show traces of the well-known "peg and socket" articulation. Then, in

the middle line of the hack just in front of the dorsal fin, is a row of scales, oval in

shape, slightly imbricating in arrangement, and distinctly sculptured with ridges, which

are approximately concentric in disposition. The next scales we meet with are those

clothing the prolongation of the body-axis along the upper lobe of the caudal fin,

which are exactly as in any other Palceoniscoid fish, and as solid and well-preserved as in

any other "ganoid " of similar size from Carboniferous beds. Along the upper margin

of this part we find the usual median row of pointed imbricating V-scales, and simul-

taneously with this median row there commences, on each side, a band of lateral ones

covering the right and left aspect of the prolonged body-axis, these being minute, acutely

lozenge-shaped, and, like the median scales, delicately sculptured with ridges and

grooves; this band of lateral scales does not, however, extend to the origin of the

caudal fin-rays until the base of the lower lobe is passed. A few imbricating, similarly

s. cl. p.i.

Fig. 9.—Re^oration of Lhe skeleton of Phanerosleon miralile, Traquiiir. Sliglitlv t-nlinged. b.»., body-scales;

b>\, branchiostegal rais; i.cl., iufraclavicle ; inn., mandible ; mx,, maxilla; op., operculum; or., orbit; /'.</.,

postclavicle ; p.i., {ost-temporal ;
pop., preoperculuin ; s.cl., supraelaviclc ; s.op., subopcreuhun.

pointed and sculptured median scales may also be seen just in front of the commencement

of the lower lobe of the caudal fin.

The almost complete absence of body-scales reveals the internal skeleton in a manner

unusually distinct for fishes of this family. There is no trace of vertebral centra, the

position of the persistent notochord being indicated by an empty space. This is

succeeded on the neural aspect of the anterior part of the body by a series of neura-

pophyses forming the neural arches, each of which is surmounted by a slender

backwardly-inclined neural spine. Posteriorly the neural arches and spines are united

into one piece, bifurcated proximally, corresponding haemal pieces being seen on the

opposite aspect. Behind the anal fin, where the haemal spines are seen supporting

the lower lobe of the caudal, they are laterally flattened and dilated at their extremities
;

further on they are concealed from view by the scales of the caudal body-prolongation.

There are no ribs in the abdominal region, nor have I seen with certainty any haemal

pieces or htemapophyses in this region, though I once supposed I had done so.

The contour of the pectoral fin is not seen in any specimen, as its rays are always
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in ore or less crumpled, but it is very clear that the principal rays were articulated up to

their origins. From the same cause the shape of the ventral is also undefinable, but the

presence of a triangular-shaped pelvic bone is proved in more than one specimen.

The dorsal fin is elevated and pointed, but has not exactly the same triangular-

acuminate form as in such typical genera as Elonichthys, etc. ; but that is simply due to

the longest rays which form the apex of the fin being further back, and those in front,

about eight in number, becoming gradually elongated. The exact number of rays

cannot be ascertained, but I think there cannot be less than nineteen or twenty. This

fin is supported on two sets of interspinous bones, proximal and distal. Those of the

proximal set (axonosts) are directly superimposed on the extremities of the neural

spines, but they are more numerous and consequently more closely placed ; their exact

number is not ascertainable. Their distal extremities articulate with the proximal ends

of the second set (baseosts), with which they correspond in number; the latter are

rather shorter and have both extremities somewhat dilated.

The anal fin has the same form and size as the dorsal, and is supported by inter-

spinous bones of which I can only see one set. These are proportionally longer than

the corresponding elements of either of the upper sets, and are slender, enlarged at each

extremity, and diminish in length posteriorly, the last being only about half as long as

the first. As before it is difficult to determine the exact number of these ossicles.

The caudal is not so deeply bifurcated as in the more typical representatives of the

family, or rather we may say that its lower lobe is proportionately not so long. It is,

however, very heterocercal and inequilobate, with a very strong upper lobe; its rays,

similar in general appearance to those of the dorsal, are, however, finely and minutely

dichotomised towards their extremities.

The joints of the rays of all the fins are ganoid, and frequently show longitudinal

striations, but I have not, after most careful examination, been able to detect any fulcra

on the anterior fin-margins, unless we designate as such the median row of imbricating

V-scales which run along the upper margin of the caudal body-prolongation, as in other

Palaeoniscidse.

Observations.—So many more or less perfect specimens of this most interesting little

fish have been now obtained from the Eskdale fish-beds, that there can be no doubt that

the above-described condition of the squamation is normal for the genus and species, and

that the condition in question is but one of the many forms of abnormal squamation

which we may see arising in this family of Palseoniscidae, in which the body is usually

completely covered witli the "regulation " array of rhombic and angular scales. Specia-

lisation has, in fact, produced many variations of form and condition of the scales in the

Palseoniscidae, such as

—

(1) The scales may become thin, rounded, deeply imbricating : Coccolepis, Agassiz
;

Thrissolepis, A. Fritsch ; Cryphiolepis, Traquair.

(2) Body may become naked except for a few isolated patches of scales, e.g. behind

24
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the shoulder-girdle, in front of the dorsal fin, on the caudal body-prolongation : Phane-

rosteon, Traquair.

(3) Scales may also disappear, except a patch on each side of the abdominal region

and a row of >-shaped scales supporting the lateral line canal: Elpisopholis, Smith

Woodward.

Other Acipenseroid families include genera in which the body-scales are degenerate

u]) to total disappearance, e.g. Chondrosteus (fam. Chondrosteidae), Potyodon, Crossopholis

(fam. Polyodontidae). Or, as we find in Acipenser itself, the typical rhombic ganoid

scales may be displaced by scutes. But whatever may be the condition of the scales on

the body of the fish, those which clothe the termination of the prolongation of the body-

axis are always present and of the same contour. (See the arrangement in Cryphiolepis,

p. 105, text-figure 4 of this work.)

Geological Position and Locality.—Not uncommon in the fish-beds of Lower Carboni-

ferous age (Calciferous Sandstone Series) exposed in the banks of the River Esk at

Glencartholra, near Langholm.

The small, apparently scaleless fish described by A. Fritsch as Phanerosteon pauper

from the Lower Permian Gas-coal of Bohemia, is not proved to belong to this genus.

Certainly the "restored" figure which accompanies his description runs very wide of

the mark—the details of the head, vertebral axis and fins not resemblino; to any sufficient

extent the details of the corresponding structures in Ph. mirabile.

Genus—Holurus, Traquair, 18S1.

Generic Characters.—Fusiform : dorsal fin arising behind the middle of the back,

not acuminate in front, long-based, extending almost to the commencement of the tail-

pedicle ; anal fin with a shorter base than the dorsal ; caudal strongly heterocercal but

not bilobate, triangular, its rays gradually diminishing posteriorly; pectorals unknown
;

ventrals small, arising slightly in front of the dorsal. Fin-rays in no case dichotomised
;

fulcra absent. Scales rhomboidal, sculptured; a prominent row of median scales

between the occiput and the commencement of the dorsal fin. Teeth small, cylindro-

conical.

The structure of the head is decidedly Palseoniscoid, with oblique suspensorium and

wide gape; superethmoidal prominence not largely developed.

1. Holurus Parki, Traquair. Plate XXXVIII, figs. 1— 6.

Holuiujs Parki, Traquair. Trans. Eoy. Soc. Edinb., vol. xxx, p. 43, pi. iii,

figs. 9—12.

— —A. S. Woodward. Cat. Foss. Fishes Brit. Mus., pt. ii, 1891,

p. 520.
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Length 2| inches to about 5 inches; greatest depth of body contained about 3^
times, and the length of the head a little over 4 times in the total.

Of the cranial roof-bones, the parietals, squamosals, and frontals may be readily

identified, and these are ornamented externally by sharp and delicate tubercles, which
sometimes assume an elongated contour. The suspensorium is oblique, the opercular

bones seem rather small, and, from defective preservation, their external ornament is not

well shown, though on the operculum a few raised striae similar to those on the other

head-plates may be observed. The maxilla has its upper margin as usual cut away in

front for the orbit; its broad postorbital portion is ornamented with delicate ridges

running parallel with the posterior and superior margins. The mandible is of medium
stoutness

;
its outer surface shows traces of delicate striation. Only very few teeth can,

with considerable difficulty, be detected ; they are minute and cylindro-conical in shape.

So far as exhibited, the bones of the shoulder-girdle are in every respect conformed

Fig. 10.

—

Holurux Parli, Traquair, outline-restoration. Nat. size, br., branchiosfcegal vays; cl., clavicular arch;
mi/., mandible; mx., maxilla; op., operculum; or., orbit; pop., preoperculum ; s.op., suboperculum.

according to the usual Pateoniscoid type, and are ornamented with ridges similar to

those of the head-bones.

The body-scales (figs. 4, 5), rather small for the size of the fish, are rhomboidal in

form, and very ornately sculptured externally with minute and delicate, yet very

distinctly marked, ridges and furrows, whose general pattern on the flank-scales (fig. 4)

may be described as follows : Below a diagonal running between the antero-superior

and postero-inferior angles of the scale, these ridges have a nearly horizontal direction,

parallel with the lower margin, some of the lowest also turning up along the anterior

margin; while immediately above this diagonal some ridges are seen running downwards

and backwards parallel with it, while the uppermost pass backwards parallel with the

upper margin and then turn down parallel with the upper part of the posterior one ; a

few denticulations of the posterior margin are usually seen about the middle. Further

back the denticulations disappear, the pattern becomes less marked, the ridges tend to

fuse together, and the intervening furrows to degenerate into streaks and punctures, till

at last the minute lozenge-shaped scales on the sides of the powerful caudal body-

prolongation are nearly smooth. Along the middle line of the back, commencing near
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the occiput and extending to the dorsal fin, is a row of large and conspicuous median

imbricating scales (fig. 6), each emarginate in front, pointed behind, and becoming

more and more acute as the dorsal fin is approached; externally these scales are

sculptured with prominent longitudinal ridges. Behind the dorsal fin, acutely pointed

scales run along the upper margin of the caudal body-prolongation in the usual manner.

1 have not seen the pectoral fin, and only in one specimen are some imperfect remains

of a ventral discoverable, this being placed slightly in front of the commencement of the

dorsal. The dorsal fin commences behind the top of the arch of the back and extends

to the commencement of the tail-pedicle; its longest rays have only about half the length

of the base of the fin, and as they become very gradually elongated in front, and remain

pretty long behind, a peculiarly rounded and proportionally somewhat long-based form

of dorsal is here produced, which is very different from the high triangular-acuminate

contour which is prevalent in this family. The anal is somewhat similarly shaped, but

has a shorter base, for although the termination of its base is opposite that of the dorsal,

it commences a little further behind. The caudal fin, arising from the lower margin

of a powerful body-prolongation, is not bifurcated, but assumes a somewhat triangular

shape, with the posterior margin only gently concave; its anterior rays being com-

paratively short, and then gradually diminishing posteriorly. The rays of these fins are

nowhere seen to dichotomise, but become simply attenuated distally ; they are divided

by transverse articulations, which are distant enough to leave the joints longer than

broad; externally they are ganoid and distinctly striated in the direction of their length.

No fulcral scales are observable on the anterior margin of any of the fins.

Observations. — In its non-bifurcate caudal and rounded, non-acuminated and

proportionally long-based dorsal fin, this remarkable fish, which in 1SS1 I adopted as

the type of a new genus, Holurus, contradicts the definition of the Palseoniscidse given

by me at the commencement of this monograph; and in the want of dichotomisation

of the fin-rays it also differs from hitherto described genera belonging to this family

(with the exception of Eanjlepis, Newberry). Nevertheless, the structure of the fish

being in other respects so decidedly Palseoniscoid, I feel constrained to retain it in the

Palseoniscidse.

The specific name is after the late Mr. Walter Park of Langholm, to whose zeal as

a collector the finding of many interesting specimens of the Eskdale fishes was due.

Geological Position and Locality.—Near Glencartholm, Eskdale, in the fish-beds of

Lower Carboniferous age (Calciferous Sandstone Series).
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Genus—Canobius, Traquair, 1881.

Mesopoma (pars), Traquair.

Generic Characters.—Body fusiform ; caudal fin very heterocercal, deeply cleft,

inequilobate, the upper lobe elongated ; dorsal and anal fins short-based, triangular-

acuminate, nearly opposite each other, the former commencing oidy very slightly ill

front of the latter; pectorals and ventrals obscure. Suspensorium nearly vertical;

snout rounded, slightly projecting over the mouth; orbit large; gape moderate ; denti-

tion unknown. Scaies rhomboidal ; in some cases there is a median row of large imbri-

cating scales between the occiput and the origin of the dorsal fin.

The type species of this genus of small fishes is Canobius Ramsayi, a form which to

the general configuration of a Palaeoniscid unites a disposition of the suspensorial and

opercular apparatus which is almost identical with the condition of these parts in the

Platysomid Eurynotus. Here again we have a fish which contradicts what I once con-

sidered to be an essential character of the Palaeoniscidae—namely the oblique direction of

the suspensorium—but which according to its other points of structure it would be hard

to exclude from that family.

It will also be convenient to include under Canobius several other species of small

Palaeoniscidae which resemble the species " Ramsayi" in external form as well as in the

direction of the suspensorium, although in certain other points of cranial osteology, they

differ from that species as well as from each other. Two of these species, viz. C.pulchellus

and C. politus, I accordingly, in 1890, separated under the generic name of Mesopoma,

adding to the proposed new genus the small species from the West Lothian Oil Shales,

which I had previously described as Rhadinichtliys macrocephalus. However, seeing

the difficulty in establishing a satisfactory generic diagnosis for Mesopoma, I have come

to the conclusion that it is better to withdraw it for the present, and to merge its species

in the genus Canobius.

Outside the boundaries of the United Kingdom a small Palaeoniscid occurs which by

Mr. Lawrence M. Lambe is referred to this genus. This is the Palaeoniscus (Rhadi-

niclithys) modulus of Sir J. W. Dawson from the Albert Shales (Lower Carboniferous)

of New Brunswick, which was referred also to Palaeoniscus by Newberry, but to

Rhadinichtliys by Smith Woodward and by Eastman. It is said to be about the same

length as Canobius Ramsayi, and its backwardly placed dorsal fin, with a nearly vertical

suspensorium, gives great probability to Mr. Lambe's idea of its generic position.
1

1 See J.W.Dawson, ' Canad. Naturalist' (n. ser.), vol. xii, 1878, text-fig., and in 'Arcadian

Geology,' Suppl. p. 100, text-Eg. 1. A. S. Woodward, 'Cat. Foss. Fishes Brit. Mus.,' pt. ii, 1891,

p. 460. C.R.Eastman, 'Geol. Surv. Iowa,' vol. xviii, p. 292. L. A. Lambe, 'Mem. Geol. Surv.

Canada,' " Palaeozoic Fishes from the Albert Shales of New Bruuswick," p. 31, pi. xi, figs. 1—7.
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The generic name is taken from Canobie, the district in which the fish-bearing beds

of Glencartholm are situated.

1. Canobius Ramsati, Traquair. Plate XXXIX, figs. 1—3.

Specific Characters.—Suspensorium nearly vertical, preoperculuin simulating that

of Eurynotus in being pointed above and below; body-scales comparatively smooth,

being marked only with faint ridges and furrows, posterior margins of the scales rarely

showing any denticles ; a row of especially large median scales runs along the back from

the occiput to the dorsal fin.

Description.—Length 2^ to 3 inches ; shape shortly fusiform, deep in front and

tapering rapidly towards the tail. The length of the head is contained five times, and the

greatest depth of the body little more than three times in the total.

The head is short and deep, with a very obtusely rounded snout in front, behind

which and nearly right over the mouth is a circular orbit of considerable size. As far

Fig. 11.—Outline-sketch of the principal external head-plates in Canobius Ramsayi, Traq. br., brancluostegal
rajs; d., dentary ; other letters as in Fig. 12.

as can be made out, the bones of the cranial roof seem quite Palaeoniscoid in their

arrangement; their external surfaces are marked with comparatively coarse flattened

corrugations. The suspensorium is nearly vertical, being only very slightly inclined

backwards; the posterior margin of the opercular flap has a regularly curved semilunar

contour. The operculum is small, its anterior margin is nearly vertical, but its inferior

one is so oblique as to look as much backwards as downwards, and consequently the

posterior margin is considerably shorter than the anterior one, the superior being

the shortest of all. It is succeeded below by a suboperculum of a somewhat rhomboidal

shape, the acute angles being the postero-superior and the anteroinferior; its vertical

depth is fully as great as that of the operculum, and its anterior and posterior margins

continue uninterruptedly into the gentle curvature of those of that plate. The

preoperculuin simulates that of Eurynotus and other Platysomidae, being a narrow plate,

with acute superior and inferior angles and a very obtuse anterior one; its long posterior

margin, which fits on to the anterior margins of the operculum and suboperculum, is

gently convex and nearly vertical in position ; the other two short margins are gently

concave, the antero-superior being the longer, and fitting on to the posterior margin

of an elongated suborbital, while the shorter antero-inferior one is in contact with the
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hinder margin of the maxilla. The maxilla forms posteriorly a rather broad and
somewhat rhombic-shaped plate, whose anterior angle passes into a narrow process

extending on below the orbit. The mandible is small, straight, and slender; below it

are seen a few branchiostegal rays or plates. Immediately in front of the antero-superior

margin of the preoperculum, and touching the maxilla below, is a narrow and slightly

curved suborbital, and again in front of this is a circlet of narrow ossicles, whose number
cannot be ascertained, surrounding the entire orbit, The orbit is large, and is situated

immediately behind the rounded snout, and above the anterior part of the maxilla.

Like the bones of the cranial roof, those of the face are ornamented externally with

tortuous flattened rugae, except the mandible, which is marked with finer and nearly

parallel ridges running from behind forwards with a slight obliquity towards the superior

margin.

No teeth are visible on either jaw.

Fig. 12.—Restored outline of Canobius Ramsay i, Traqunir. Slightly enlarged. <?., supercthmoid
; /., frontal •

!««., mandible; m.r., maxilla; op,, operculum; or., orbit; p., parietal; p.t., post-temporal; pop., preopcr-
culura; s.op., suboperculum.

The bones of the shoulder-girdle are constructed on the usual Palseoniscid type, and

are ornamented with flattened ridges like those of the head.

The scales of the body are arranged as usual in dorso-ventral bands, of which 34 may
be counted between the shoulder-girdle and the commencement of the lower lobe of the

caudal fin. They are of moderate size, largest on the anterior part of the flank, smaller

dorsally and posteriorly, and low and narrow on the belly. A row of especially large,

median, imbricating scales runs along the back from the occiput to the commencement

of the dorsal fin. These median scales are marked each with a few tolerably well-

pronounced longitudinal ridges, as are also the imbricating V-scales of the upper caudal

lobe ; but the body-scales in general are comparatively smooth, being marked only with

faint ridges and furrows, proceeding somewhat diagonally from before backwards and

downwards, and which usually stop short before they arrive at the posterior margin of the

scale ; in many specimens these striae are nearly entirely obsolete on the scales below

the lateral line. There may also often be observed on the flank-scales a number of very

delicate vertical grooves close to and parallel with the anterior margin of the ganoid
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area. For the most part the posterior margins of all the scales are even and entire,

denticulations being only occasionally, and indeed rarely visible.

The pectoral fin is shown in one specimen ; it is small and composed of numerous

delicate rays which seem to be jointed for a considerable part of their length. I have

not seen the ventral in any specimen which I have examined. The dorsal is situated far

back so as to be situated nearly opposite the anal; both tins are short-based, triangular-

acuminate in shape, and are composed of delicate, brilliantly ganoid and distantly

articulated rays. The caudal is very heterocercal, deeply cleft and inequilobate, the

upper lobe being about twice the length of the lower, and nearly equalling one-third

of the entire length of the fish ; its delicate rays are similar in character to those of the

dorsal and anal. Delicate fulcra are visible on the anterior margins of all the fins.

Geological Position and Locality.—Not uncommon in the fish-bearing beds of

Calciferous Sandstone age (Lower Carboniferous) exposed in the banks of the River Esk

near Glencartholm.

2. Canobius elegantulus, Traquair. Plate XXXIX, figs. 4— 6.

Canobius elegantulus, Traquair. Trans. Boy. Soc. Ediub., vol. xxx, 1881, p. 47,

pi. v, figs. 1—4.

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

1891, p. 431.

Specif'c Characters.—Like C. Ranisayi in general form and dimensions ; flank-scales

having the greater part of the exposed surface sculptured with five or six prominent

straight ridges running across the scale in a direction nearly parallel with the upper and

lower margins, and ending in sharp points on the posterior margin. A median row of

specially large imbricating scales extends from the occiput to the origin of the dorsal fin.

Description.—Length from 2 to 2| inches ; length of head contained nearly five

times, the greatest depth of the body about three and a half times in the total. Shape

shortly fusiform, rapidly tapering towards the tail, the upper lobe of the caudal fin being

elongated. The head is short and deep.

The cranial roof-bones, which are Palaeoniscid in form and arrangement, are marked

externally with tolerably sharp, tortuous, and often reticulating ridges. The direction

of the suspensorium is nearly vertical, the posterior margin of the opercular flap evenly

rounded. The operculum is a quadrate plate with rounded-off postero-superior angle,

but its lower margin is not quite so oblique as in the last-described species ; it is

succeeded below by a suboperculum of nearly the same size, but having its postero-

inferior angle correspondingly rounded off. The preoperculum is very difficult of

detection, but seems to me to be represented by a very narrow plate in front of the

operculum and suboperculum. In front of this there is, instead of the one long vertical

suborbital, which we saw in C. Ranisayi, a chain of three or four short ones, in front
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of vvhicli again there appears to be a circle of long, narrow, curved ossicles, whose
number is uncertain, apparently surrounding the entire orbit, which is proportionally

very large, and seems indeed to occupy almost the entire space between the snout and

the opercular bones. There is considerable difficulty in making out the exact form of

the jaw-bones. One thing is, however, certain— viz., that the maxilla has not the shape

usually found in the Palaeoniscidae, but has a somewhat triangular form more resembling

that in certain Platysomidae, such as Mesokpis, etc. The gape seems to be small, and

the mandible delicate ; no teeth can be seen on either jaw. The bones of the face are,

like those of the cranial roof, sculptured externally with tolerably fine and occasionally

flattened tortuous rugae.

The bones of the shoulder-girdle present nothing calling for special remark ; their

external surfaces are sculptured in a manner similar to the bones of the head.

The scales are moderate in size and mostly of the usual rhomboidal form all over the

body
;
but there is a median row of specially large imbricating scales of a more or less

oval shape extending from the occiput to the origin of the dorsal fin, besides the

Fig. 13.—Outline-sketch of tlie principal external head-plates in Canobius elegantulus, Traq. The sub- and
circum-orbital plates have been omitted owing to their not being preserved with sufficient distinctness, af.,
anterior frontal or dermal ectoethinoid ; other letters as iu Fig. 12.

usual V-scales along the upper margin of the tail. There are about thirty oblique

dorso-ventral bands of scales from the shoulder-girdle to the commencement of the

lower lobe of the caudal fin. The ganoid area of the flank-scales shows, in the first

place, a few delicate yet sharp vertical grooves close to and parallel with the anterior

margin, succeeding which the greater part of the exposed surface is sculptured with five

or six prominent straight ridges running across the scale, nearly parallel with the upper

and lower margins, ending in sharp points on the posterior margin. A very similar

sculpture pervades the entire squamation, though the corresponding ridges on the median

scales of the back are somewhat convergent, and the minute lozenge-shaped scales of the

caudal body-prolongation are nearly smooth.

I have not seen either the pectoral or the ventral fins. The dorsal and anal are

nearly opposite each other, the former commencing only a little more anteriorly; both

fins are very similar in shape, being short-based and triangular-acuminate; each contains

about twenty rays, which are delicate, smooth, distantly articulated, and dichotomising

towards their extremities. The caudal is very heterocercal, deeply cleft, and inequilobate,

the upper lobe being elongated; the rays are delicate, smooth, and distantly articulated;
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the lower lobe contains about fourteen rays, but the number of those in the upper one

cannot be accurately ascertained.

Observations.—This very decidedly marked species closely resembles the foregoing

in the general form of the body and fins, in the shortness of the head with its large

orbit, and in the direction of the suspensorium ; but it may at the first glance be

distinguished by the bold and peculiar sculpture of the scales ; the ridges on the

head-bones are likewise different in character, and the dorsal and anal fins seem to be

somewhat more anteriorly placed. In addition to these diagnostic characters, an

examination of the head reveals certain osteological differences, which might easily be

considered to be of generic importance. Of these differences the most striking is the

form of the maxilla, which here (see Text-fig. 12) assumes a somewhat triangular form,

reminding us of that bone in the Platysomid Mesolepis, while in Canobius TLamsayi it is

not so much modified from the ordinary Palaeoniscid type. Our knowledge of the

osteology of the head of C. eler/antulus being still by no means complete, it will, I think,

be at present more convenient to be satisfied with the more obvious resemblances of

general configuration, and to leave this very pretty species, provisionally at least, in the

same genus with Canobius Mamsayi.

Geological Position and Locality.—Not uncommon in the Lowrer Carboniferous

(Calciferous Sandstone) fish-beds at Glencartholm, Eskdale.

3. Canobius pulciiellus, Traquair. Plate XXXIX, figs. 7— 11.

Cakobius ruicuELLts, Traquair. Trans. Boy. Soc. Eclirib., vol. xxx, 1881, p. 51,

pi. v, figs. 9—13.
— — A. S. Woodward. Cat. Foss. Fishes Brit. Mus., pt. ii, 1891,

p. 432.

Mksopoma pulciiellum, Traquair. Arm. Mag. Nat. Hist. [6], vol. vi, 1S90, p. 493.

Specific Characters.—Varying in length from 2\ to nearly 4 inches ; cranial

osteology more typically Palasoniscid than in the two previously described species.

Outer surfaces of cranial plates tuberculated, facial plates striated externally. Scales

highly ornate, there being first a band of ridges and furrows parallel with and close to

the anterior margin, then flexed below so as to become parallel with the lower margin

and with the set of transverse ridges and furrows which fill up the space above them on

the inferior, posterior and superior parts of the exposed surface of the scale (see figs. 8,

9, and 11 on PI. XXXIX). A median row of conspicuous scales extends from the

occiput to the commencement of the dorsal fin.

Description.—The length of one absolutely entire specimen is 21 inches ; that of

a larger specimen deficient in the extremity of the upper lobe of the caudal fin is Sc-

inches. The length of the latter specimen when entire would probably amount to

5 inch more.
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The length of the head is pretty nearly equal to the greatest depth of the body and

is contained slightly more than 4^ times in the total. The shape is fusiform, the

body being deepest midway between the head and the commencement of the dorsal I'm,

and thence tapering rapidly and elegantly towards the tail-pedicle.

The cranial roof-bones are ornamented with small rounded tubercles, which some-

times tend to become elongated, especially on the posterior or parietal region. The
ethmoidal region forms a rounded projection over the mouth ; the orbit is large and

anteriorly placed. The suspensorium is more oblique than in Canobius Bamsayi or in

C. elegantuius, but less so than in the typical Palaeoniscidac ; the posterior margins of

the opercular and subopercular plates pass into each other so as to form a continuous

gently curved line. The operculum is a small oblong plate with rounded inferior

margin and postero-inferior angle; the suboperculum, nearly equalling the operculum

in size, has its upper margin correspondingly concave, and its postero-superior angle

slightly produced upwards. The preoperculuin cannot be very distinctly made out, but I

rather suspect that it more resembles that bone in typical Palreoniscidas than in

Canobius Ramsayi. The maxilla is elongated and its shape is decidedly Palaeoniscid,

though its broad posterior part is not so suddenly cut away from the orbit as in more

typical forms ; the mandible is slender and tapering, but neither in it nor in the maxilla

are any teeth discernible. All the facial bones are ornamented with delicate ridges.

usually fiexuous, though on the mandible they are pretty straight, parallel with the

inferior margin and touching the superior one at acute angles, owing to the tapering

shape of the bone. On the narrow infraorbital part of the maxilla the ridges pass into

rows of tubercles, which pass obliquely downwards and backwards or, conversely, upwards

and forwards.

The scales are moderate in size; the median row of scales between the head and

dorsal fin is rather conspicuous, but not so much as in C. Ramsayi and C. elegantulus.

Taking a flank-scale as an example, the covered area is narrow, the exposed one is

ganoid and sculptured with closely-set bold ridges and furrows, forming a pattern,

which in its main features is characteristic of a large number of Palaeoniscidas. First,

we have a few vertical ridges running close to and parallel with the anterior margin, and

then turning round below to run backwards parallel with the inferior one, the rest of the

area being occupied with ridges which run parallel with the superior and inferior

margins, but of course directed against the vertical portions of the first-mentioned set.

Some amount of waviness is frequently observed in these ridges, and, where they come

to the posterior margin of the scale, they end in sharp denticulations. On other parts

of the body, such as the back, belly and tail, the ridges tend to pass into one set, which

traverse the scales somewhat diagonally from before backwards.

I have not observed the pectoral fins ; the ventral is preserved in one specimen, but

shows nothing peculiar in its structure. The dorsal and anal are nearly opposite each

other, the former commencing an almost inappreciable distance in advance of the latter;
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both fins are well developed, triangular-acuminate, composed of rather stout smooth

rays which dichotomise towards their extremities and are divided by tolerably distant

articulations. The caudal is deeply cleft, very heterocercal and inequilobote, the upper

lobe appearing produced ; its rays are similar in character to those of the dorsal and anal.

Very distinct fulcra are seen along the anterior margins of all the fins described.

Several examples have occurred of what seems to me to be only a variety of the

above described form, the only appreciable difference being the more delicate markings

on the scales (PI. XXXIX, figs. 10, 11).

Observations.—I know of no previously-described fish with which the present species

can be confounded. In general contour it resembles Canobius Ramsayi and

C. eleyantulus, but it may at once be distinguished from both by its scale-markings as

well as by the more typically Palasoniscoid configuration of its facial bones. In the

form of the opercular bones and the direction of the suspensoiium, a condition is

presented which is somewhat intermediate between that in Canoblus Ramsayi and in

ordinary Palaeoniscidse, and which did induce me to make a separate genus " Mesopomd"

for this and the three following species. Rut considering that so much still remains to

be learned concerning the more minute characters of these small fishes, it is perhaps

better to avoid premature multiplication of genera by including them provisionally in

Canobius, to which they certainly bear a greater general resemblance than to any other

generic form.

Geological Position and Locality.—Near Glencartholm, Eskdale, in the fish-bearing

beds of Lower Carboniferous age exposed in the banks of the River Esk.

k Canobius politus, Traquair. Plate XXXIX, figs. 12— 10.

Canoisius I'OLItus, Traquair. Trans. Roy. Soe. Ediub., vol. xxx, 1881, p. S3, pi. v,

figs. 14—10.

Mesopoma politum, Traquair. Ann. Mag. Nat. Hist. [6], vol. vi, 1890, p. 493.

Canobius politus, A. S. Woodward. Cat. Eoss. Fishes Brit. Mus., pt. ii, p. 433.

Specific Characters.—Attaining a length of 3 inches, sometimes a little more, the

general proportions being those of the genus. Flank-scales mostly smooth and sharply

denticulated along the posterior border ; sometimes showing traces of transverse

striation ; median scales of the back, between the head and the origin of the dorsal fin,

not specially large and prominent, excepting a few just in front of that fin.

Description.—The type specimen, deficient in the caudal extremity, is represented

in PI. XXXIX, fig. 1.2. Subsequent work by various collectors has, however, provided

a good many with tails, of which two belonging to the British Museum are shown in

figs. 13 and 14 of the same plate.
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The shape is fusiform, the dorsal and ventral margins being pretty evenly and

elegantly curved. The length of the head is contained approximately twice in the

distance between the tip of the snout and the commencement of the dorsal tin and tin ice

up to the origin of the caudal.

The cranial roof-bones are ornamented with comparatively coarse ridges, frequently,

and in some specimens more than others, becoming broken up into round or elongated

tubercles. The snout forms a rounded prominence over the mouth, and behind it is

placed the orbit, of considerable size. The suspensorium is only very slightly oblique

in its direction; the operculum and suboperculum are nearly of equal size, and when

their external ornament is seen it is more or less of a striated character. The maxilla

apparently resembles that of the preceding species in form, having a short, broad

posterior portion passing into a narrow tapering process which runs forwards below the

orbit. The mandible is short, stout, and straight, and ornamented with longitudinal

and oblique ridges, which are somewhat finer than those on most of the other bones of

the head; on its margin several minute sharp conical teeth may be distinguished.

The scales (figs. 15, 16) are of moderate size, largest and least oblique on the front

of the flank, and diminishing in size posteriorly and towards the dorsal and ventral

margins. Along the belly, between the pectoral and anal fins, the scales are also low

and narrow ; but those along the middle line of the back are not specially large or

prominent, excepting a few just in front of the dorsal fin. Over nearly the whole of

the body the scales are almost smooth on their exposed surfaces—only on the back

near the middle line do we observe a few grooved striations, while on the flank-

scales of some specimens we also observe some faint indications of obsolete ridges passing

with some slight obliquity from before backwards and downwards. The posterior

margins of the scales of the side of the body are, as far back as the tail-pedicle, marked

with tolerably well-marked denticulations.

In the type specimen (fig. 12) a small pectoral fin is visible, but unfortunately its

state of preservation is not such as to render a minute description warrantable : remains

of the ventral are also seen midway between the pectoral and anal. The dorsal fin

commences only very sliijhtlv in front of the anal; both are of the usual acuminate

form, with tolerably delicate rays, which are smooth, distantly articulated and dichoto-

mising towards their terminations; well-developed fulcra are seen along their anterior

margins. The caudal fin is well seen in figs. 13 and 14 ; it is of the usual heterocercal

deeply divided contour, and its rays are similar in character to those of the dorsal and

anal.

Observations.—This species is evidently very closely allied to the preceding, from

which it may, however, at once be distinguished by the smoothness of its scales and by

the greater coarseness of the ornament on the cranial roof-bones, which, moreover,

always partakes more or less cf a ridged character; the suspensorium seems also more

nearly vertical in its direction.
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Geological Position and Locality.—Near Glencartholm, Eskdale, in the fish-bearing

shales of Calciferous Sandstone (Lower Carboniferous) age. The original specimens

were collected by the Geological Survey of Scotland.

5. Canobius macrocephalus, Traquair, sp. Plate XL, figs. 1— i.

Khadinichthys macrocephalus, Traquair. Proc. Roy. Soc. Edinb., vol. xvii,

1890, p. 398.

Mesopoma macrocephalujj, Traquair. Ann. Mag. Nat. Hist. [6], 1890, vol.

vi, p. 493.

Canobius macrocephalus, A. 8. Woodward. Cat. Fobs. Fishes Brit. Mus., pt. ii,

p. 433.

Specific Characters.—Attaining a length of 4 inches; length of head, which is

proportionally short and deep, contained a little over four times in the total ; depth

of body at shoulder equal to twice that of tail-pedicle, so that the form of the fish

tapers conspicuously from before backwards; scales mostly smooth, with very minute

denticulations ; no specially large scale in the middle line of the back; cranial roof-

bones tuberculo-striate ; suspensorium nearly vertical in direction.

Description.—Owing to the frequent distortions to which these fishes have been

subjected in the process of fossilisation, it is difficult to lay down their proportions with

perfect accuracy ; however, we may specially note the large size of the head and the

tapering form of the body from the shoulder to the tail-pedicle.

The cranial roof-bones have a tuberculo-striated ornament ; the orbit is large; the

suspensorium nearly vertical. No good view is to be had of the facial bones in spite

of the large number of specimens which have been collected ; nevertheless the form

of the maxilla and the presence of branchiostegal rays or plates may be noted in some

examples.

The dorsal fin commences at or about twice the length of the head from the tip

of the snout, and is of the usual acuminate shape ; as is also the anal, the commence-

ment of which is only a very small distance behind it. The rays of both fins are rather

distantly articulated, the joints being either perfectly smooth or having at most a single

fine longitudinal furrow. The caudal is small, but completely heterocercal, and deeply

cleft ; its rays are like those of the dorsal and anal.

The pectoral is seen in one specimen ; it is small, with very few rays, the careful

examination of which leads to the conclusion that, as in Rhadinichthys, the principal

rays were unarticulated till towards their distal extremities. Traces of the ventral are

seen just in the middle between the pectoral and the anal.

The scales are of moderate size, largest on the flank, and becoming smaller on the

belly, the caudal extremity, and the back, although there is no median row of enlarged





PLATE XXXVI.

(The cost of this plate lias been defrayed by the Carnegie Trust for the Universities

of Scotland.)

Fig.

1. Mliadinichthys (?) angustulus> Traquair; natural size. From the Lower Carboni-

ferous (Calciferous Sandstone Series), Gleucartholm, Eskdale. Specimen in the

Collection of the Geological Survey of Scotland.

2. Scales from another specimen of the same species, from the same horizon and locality,

magnified six diameters. Also in the Collection of the Geological Survey of

Scotland.

3. Myriolepis Ilibeniica, Traquair. Specimen deficient posteriorly, but showing all

the fins except the caudal, natural size. B. pect., right pectoral ; r. vent., right

ventral; d., dorsal; a., anal. From the Coal Measures, Jarrow Colliery, Co.

Kilkenny, Ireland. In the Museum of Practical Geology, Jermyn Street,

London.
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PLATE XXXVII.

(The cost of this plate has been defrayed by the Carnegie Trust for the Universities

of Scotland.)

Pig.

1. Myriolepis Hibernica, Traquair. Entire specimen showing head and all the fins.

Natural size. From the Coal Measures of Co. Kilkenny, Ireland. Specimen in the

British Museum (P. 9604).

2. Scale-ornament of the same specimen, magnified five diameters. After Smith

Woodward.

3. Fin-rays of the same specimen, magnified five diameters. After Smith Woodward.

4. P/ianerosteon mirabile, Traquair. A fine entire specimen from the Lower Car-

boniferous of Glencartholm, Eskdale. Natural size. In the Collection of the

Geological Survey of Scotland.

5. One of the original type specimens from the same horizon and locality. Natural

size. Collection of the Geological Survey of Scotland.

6. Head of another of the original specimens from the same horizon and locality, in

the Collection of the Geological Survey of Scotland. Magnified two-and-a-half

times. dr., branchiostegal rays; cl., clavicle ; i.cl., infraclavicle ; mm., maxilla
;

o., orbit; op., operculum
;
pt., post-temporal; s.op., suboperculum.

7. Tail deficient in the extremity of the lower lobe of the caudal fin, also in the

Collection of the Geological Survey of Scotland. Magnified two-and-a-half times.
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PLATE XXXVI11.

(The cost of this plate has been defrayed by the Carnegie Trust for the Universities

of Scotland.)

Fig.

1. Holurus Parki, Traquair. Entire specimen, natural size; showing especially the

head and the dorsal and caudal fins. From the Lower Carboniferous (Calciferous

Sandstone Series), Glencartholm, Eskdale. Royal Scottish Museum, Edinburgh.

2. Another and somewhat larger specimen of the same species, also represented of the

natural size. From the same horizon and locality. In the Royal Scottish

Museum.

3. One of the type specimens, previously figured by the author in 'Trans. Roy. Soc.

Edinburgh,' vol. xxx, pi. iii, fig. 9. Natural size. In the Collection of the Geo-

logical Survey of Scotland. Same horizon and locality.

4. Flank-scale, magnified six diameters.

5. Scale further back, also magnified six diameters.

6. Median dorsal scales, also magnified six diameters.
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PLATE XL.

(The cost of this plate has been defrayed by the Carnegie Trust for the Universities

of Scotland.)

Fig.

1. Canobius macrocephalus, Traquair ; type specimen, natural size. From the Pum-

pherston Oil-shale, " Curly Seam," worked in the Broxburn District, West Lothian.

Specimen in the Collection of the Author.

'2. Another specimen from the same horizon and locality, natural size. In the Royal

Scottish Museum, Edinburgh.

3. Specimen showing well the bands of scales on the body, natural size. From the

same horizon and locality. In the Royal Scottish Museum.

4. Young specimen, natural size. Same horizon and locality; also in the Royal

Scottish Museum.

5. Canobius crassus, Traquair ; counterpart, or imprint, of unique specimen, natural

size. From Glencartholm, Eskdale, in the Collection of the Author.
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Family Myliobatidj;.

Genus PTYCHODUS, Agassiz.

Ptychodus, L. Agassiz, Poiss. Foss., Feuill., 1835, p. 54 (name only), and vol. iii, 1839, p. 150.

Avlodus, F. Dixon, Geol. Sussex, 1850, p. 366.

Sporetodus, E. D. Cope, Bull. "U.S. Geol. Surv. Territ., i, no. 2, 1874, p. 47.

Hemiptychodus, O. Jaekel, Eocanen Selaehier Monte Bolca, 1894, p. 137.

Generic Characters.—Teeth quadrate in shape, with more or less elevated

crown, which overhangs to some extent and is separated from the root by a

H&,

I 5 ? wr V^

^3 Wljho

Fig. 69. Ptychodus ; diagram of arrangement of teeth in upper (A) and lower (B) jaws, o, middle row

;

i—vi, paired lateral rows.

constriction ; crown enamelled, and marked with transverse or radiating ridges,

surrounded by a more finely marked marginal area of variable width ; attached

surface of root smooth, not grooved. Teeth arranged as a close pavement in

longitudinal rows on the symphysial portion of the jaws (Text-fig. 69) ; a

median row in one jaw (probably upper) of relatively small teeth, flanked by

several symmetrical pairs of rows which diminish in size laterally ; the median

row in the opposing jaw (probably lower) comprising the largest teeth, and the

flanking paired rows gradually diminishing in size laterally. Vertebral centra in

the form of well-calcified, short, biconcave discs, each strengthened by delicate

concentric laminae.

29
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Type Species.—Ptychodus mammillaris, from the English Chalk.

Remarks.—This is an exclusively Upper Cretaceous genus, of which most

of the species are known only by scattered teeth. The plan of arrangement of

the dentition has been discovered in P. decurrens (PI. LI, figs. 4-0, 9-12; text-

figs. 70, 71, 76, 77), and in P. mortoni; while the jaw-cartilages and vertebral

centra have hitherto been observed only in the former species.

The number of teeth in each jaw is very great, and the new teeth from behind

increase only slowly in size. Williston 1 has counted about 550 teeth in a well-

preserved upper dentition of P. mortoni, where they are arranged in seventeen

antero-posterior rows; and he estimates that the total number cannot have been

Fig. 70. Ptychodus decurrens, Agassiz; remains of jaws with dentition in small block of chalk, slightly reduced
in size.—Zone of Holaster subglobosus ; Glynde, Sussex. Willett Collection, Brighton Museum. A. Upper
aspect, showing extent of decayed symphysis ; B. lower aspect, without symphysis ; C. part of upper
dentition, oral aspect ; D. posterior end-view of middle upper teeth ; E, F. posterior and anterior teeth

respectively of the left upper inner paired row. md., mandible
;
piq., pieces of cartilage of upper jaw

(pterygo-quadrate) ; o'., i'., teeth of upper middle and inner paired rows ; o., I., teeth of lower middle and
inner paired rows. From Quart. Journ. Geol. Soc, vol. lx (1904).

less than 600. They are fewer in P. decurrens, where there is no evidence of more

than thirteen or fifteen rows. In two specimens referable to the latter species

(Text-figs. 70, 76), some teeth of both jaws are actually seen in their natural

position; Avhile in one of the specimens (Text-fig. 70), the dentition is shown to

be restricted to the long symphysial portion of the jaw, as represented in the

restored sketch, Text-fig. 71. The rami of the jaw meet in an acute angle at

their elongated symphysis, and the cartilages resemble those of existing Elasmo-

branchs in being only superficially calcified.

1 S. W. Willistou, "Cretaceous Fishes," Univ. Geol. Surv. Kansas, vol. vi (1900), p. 239,

jils. xxv-xxvii.
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The microscopic structure of the teeth has already been described by Agassi/'

and Owen. 2 They always consist of vaso-dentine, with a moderately thick layer

of gano-dentine on the coronal surface ; and they have no internal cavity (Text-

fig. 72). The vaso-dentine of the root is of very open texture, with the medullary

canals irregularly verrniculating ; while that of the crown is traversed by canals

which rise towards the surface, diverging from each other and branching

dichotomously, so as to maintain a direction vertical to the surface towards which

they proceed. From each medullary canal minute calcigerous tubules radiate

Fig. 71. Ptychodus decurrens, Agassiz ; diagram of mandible, oral aspect, showing arrangement of teeth on
symphysis, based on specimen shown in Text-fig. 70. From Quart. Journ. Geol. Soc, vol. lx (1904).

outwards, those near the base at right-angles, those nearer the surface at more and

more acute angles, until the canal itself terminates just below the translucent gano-

dentine in a tuft of such tubules. The calcigerous tubules are more wavy than

the medullary canals, rapidly branch and subdivide to extreme minuteness, and

finally terminate by anastomosing with each other. A transverse section (Text-

fig. 72 B) shows that the medullary canals do not form the centres of well-

separated prismatic denticles, such as are always distinct in the teeth of the

existing Myliobatis, Bhinoptera, and lEtobatix.

Teeth occasionally occur in which the enamel-layer has been destroyed either

1 L. Agassiz, Poiss. Foss., vol. iii (1843), p. 162, pi. K, figs. 1, 2.

2 R. Owen, Odontography (1840), p. 57, pis. xviii, xix.
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before or during fossilisation. One such specimen in the Brighton Museum has

been described under the name of Aulodus agassizi}

The vertebral centra have hitherto been found in direct association with the

teeth of Ptychodus only in one specimen of P. decurrens, now in the British

Museum (PI. LII, fig. 6). They are biconcave discs of approximately circular

shape, remarkable for their very short antero-posterior measurement. The crushed

and broken example shown in PL LII, fig. 6, exhibits a fragment of the nearly

Fig. 72. Ptychodus mammillaris, Agassiz ; vertical transverse section (A) and horizontal section (B) of tooth,

highly magnified. After Agassiz.

smooth outer face of the primitive double-cone (a.), and also a portion of its

inner layer (/>.), which is marked by numerous fine radiating ridges. Within the

double-cone the centrum is strengthened by closely arranged concentric laminae

(c), which are so delicate that they are often distorted or even partially destroyed

in the fossils (PI. LII, fig. 16). These laminae are pierced by a few rounded pores

in irregular order, but they are never united by cross-bars. The thin middle part

of the centrum is solid (seen in fig. 10, but broken away in fig. 6). Where each
1 F. Dixon, Geol. Sussex (1850), p. 366, pi. xxxii, fig. 6. See also so-called " incipient teeth of

Ptychodus" op. cit., pi. xxx, figs. 4, 5.



PTYCHODUS. 229

pedicle of the neural and haemal arches was attached, the concentric laminae of

the centrum are penetrated by a deep cavity ('/.), which is filled by matrix in the

fossils, but must have been occupied originally by uncalcified cartilage.

It is interesting- to observe that nearly similar vertebral centra occur in the

Lamnid shark, Gorax {supra, p. 1
(.*~), and one specimen has been referred to

SelacheJ which is the existing genus most closely related to Gorax. It is, there-

fore, now uncertain whether the Selachian vertebras from the Cretaceous of

Antarctica which have been referred to Ptychodus,2 really pertain to this genus.

Ptychodus is widely distributed in Upper Cretaceous formations in Europe

and North America, but it appears and disappears suddenly in both regions. It

begins with the low-crowned and simply ridged teeth of P. decurrens, which at

first seem to represent a comparatively small variety ; and it ends with teeth

which are either very high-crowned {P. rvgosus) or marked with gyrate ridges

(P. polygyrus). Its predecessors have not hitherto been recognised, but the teeth

Fig. 73. Apocopodon sericeus, Cope ; teeth of type specimen, nat. size.— Upper Cretaceous ; Maria Farinha,
State of PeiTiamhuco, Brazil. A. Median tooth, coronal view, nat. size, with (B) part of its superficial

gano-dentine, much magnified ; C. side view of the same tooth ; D. teeth of first and second inner paired
lows, anterior view; E. same teeth, lower or attached surface.

of Ptychodus seem to be connected with those of the Tertiary Myliobatidas

by the dentition named Ajpocojpodon, which occurs at the top of the Cretaceous

series in South America. 3 In this genus (Text-fig. 73) the teeth are more or less

distinctly quadrangular (a), with ends bevelled as irregularly as those of Ptychodus.

The coronal surface is flattened and invested with a thin layer of gano-dentine,

which is marked with fine antero-posteriorly-directed wrinkles (u). The root is

sharply constricted from the crown (c), and differs from that of the teeth of

Ptychodus in being very slightly marked on its lower face with a few shallow,

broad, antero-posterior grooves (n, e), which become deeper and more numerous in

1 Selache davisi, C. Hasse, " Eiuige seltene palaontologische Funde," Palseontogr., vol. xxxi (1884),

p. 9, pi. ii, figs. 16, 17.

2 A. S. Woodward, " On Fossil Fish-remains from Snow Hill and Seymour Islands," Wissensch.

Ergeb. Suhwed. Sudpolar-Exped., 1901-03 (1908), vol. iii, pt. 4, with plate.

3 E. D. Cope, " A Contribution to the Vertebrate Palaeontology of Brazil," Proc. Amer. Phil. Soc,

vol. xxiii (1886), p. 2.—A. S. Woodward, " Notes on Some Upper Cretaceous Fish-remains from

Sergipe and Pernambuco, Brazil," Geol. Mag. [5], vol. iv (1907), p. 194, pi. vii, figs. 4, 5.
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the typical Myliobatidse of the Tertiary period. Flanking- the median row there

are at least three paired rows of teeth, which rapidly diminish in size outwards.

1. Ptychodus mammillaris, Agassiz. Plate XLVII, figs, lo—27; Text-figure 72.

1822. Teeth allied to Biodon, G. A. Mantell, Foss. S. Downs, p. 231, pi. xxxii, figs. 17, 18, 20, 21,

25, 27, 29.

1835-39. Ptychodus mammillaris, L. Agassiz, Poiss. Foss., Feuill., p. 54 (name only), and vol. iii,

p. 151, pi. xxvb, figs. 12—20 (? fig. 11).

1835-39. Ptychodus altior, L. Agassiz, op. cit., Feuill., p. 54 (name only), and vol. iii, p. 155,

pi. xxvfc, figs. 9, 10.

1839. Ptychodus decurrens, L. Agassiz (errore), op. cit., vol. iii, p. 154, pi. xxvfr, figs. 3, 5.

1850. Ptychodus mammillaris, F. Dixon, G-eol. Sussex, p. 361, pi. xxx, fig. 6, pi. xxxi, fig. 4.

1850. Ptychodus latissimus, F. Dixon (errore), op. cit., pi. xxxi, fig. 3.

1889. Ptychodus mammillaris, A. S. Woodward, Catal. Foss. Fishes B.M., pt. i, p. 133.

1890. Ptychodus mammillaris, A. S. Woodward, Ann. Rep. Yorks. Phil. Soc, 1889, p. 39, pi. i,

figs. 3—14.

1911. Ptychodus mammillaris, G. E. Dibley, Quart. Journ. G-eol. Soc, vol. lxvii, p. 271, pi. xxii,

figs. 3—5.

Type.—Detached teeth ; British Museum, and National Museum of Natural

History, Paris.

Specific Characters.—The type species, of which the largest known teeth

measure about 4"5 cm. in transverse diameter. Median portion of tooth much
raised, and more or less sharply defined from the granulated marginal area; its

upper surface flattened and crossed by regular, prominent, transverse ridges, which

pass down the sides and are often continued gradually into the concentric lines of

well-marked marginal granulations. Marginal area relatively wide, covered with

granulations which are mostly elongated and arranged in lines concentric with the

border of the crown ; this area also often crossed by a few shallow radiating grooves.

Description of Specimens,—In the more typical teeth of this species the

median raised portion gradually passes into the marginal area without any

nterposed groove, while its regular transverse ridges usually end in coarse

tubercles which soon become finer and tend to be arranged in lines continuous

with the concentric rows of granulations on the marginal area. The granulations

are often so fine that they give the border of the tooth a silken aspect, and this is

heightened by the shallow radiating grooves which cross it. Good illustrations

of such teeth from a large specimen are given in PI. XLVII, figs. 13—18. One

tooth of this series (fig. 13) is evidently from the lower middle row, while another

(fig. 14), shoAving especially well the passage of the median transverse ridges into

the marginal granulation, probably represents the inner paired row of the upper

jaw. The lateral teeth (figs. 15—18) are obliquely distorted, their middle portion

is comparatively small and low, and the marginal area is widest on the outer side.
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In another typical specimen, the teeth are considerably smaller and exhibit a

more pronounced elevation of their median portion, at least in the upper jaw

(PI. XLVII, figs. 19, 20). A small tooth of the upper middle row (fig. 19, o') is

nearly heart-shaped, and its conspicuous median raised portion, though now worn,

must have been crossed originally by four or five well-marked ridges. A tooth

which seems to be referable to the inner or second paired row of the upper jaw

(fig. 20) is clearly unsymmetrical, and the outer paired teeth (fig. 19) show the

usual oblique distortion and the predominance of the marginal area in their outer

half. In other specimens the lateral extension or widening of the outer paired

teeth is still more marked than in those now described.

In a few teeth with the marginal granulation still fine and typical, the median

portion is less elevated and more coarsely ridged (PI. XLVII, figs. 21, 22). This

condition, however, is commoner in teeth with a coarsely granulated marginal

area, which are known from several localities but cannot yet be recognised as

characterising any particular zone. A tooth from Brighton figured by Dixon

(<>p. cif., pi. xxx, fig. 6) is normal in all respects except this coarseness of the

surface-markings. In some associated teeth from the Mantell Collection

(PI. XLVII, figs. 23—27), the median raised portion is less elevated, and is

marked off from the marginal area by a more or less well-defined groove.

In the teeth of P. mammillaris the transverse ridges are scarcely ever sub-

divided or irregular. One specimen in the Coombe Collection (B.M. no. P. o -391)

exhibits a few tubercles intercalated between some of the ridges.

Horizons and Localities.—Turonian zones: near Lewes and Brighton, Sussex.

Zone of Bhynchonella cuvieri: Burham, Kent; Betchworth and Dorking, Surrey;

Culver Cliff, Isle of Wight; Pinhay Cliff, Dorset. Zone of Terebratulina gracilis

:

Hailing, Kent. Zone of H<Haster planus .- Cuxton, Kent; Clothall, Hertfordshire;

Luton, Bedfordshire; Culver Cliff, Isle of Wight; Heytesbury, Wiltshire. Zone of

Mi<'faxter cor-testudinarium : Beer, Devon. Undetermined zones: Guildford,

Surrey; West Harnham,Wiltshire.

2. Ptychodus rugosus, Dixon. Plate XLVIII, figs. 1—11.

1850. Ptychodus rugosus, F. Dixon, G-eol. Sussex, p. 362, pi. xxxi, fig. 5.

1850. Ptychodus alitor, F. Dixon (en-ore), oj>. cit., p. 362, pi. xxx, fig. 10.

1889. Ptychodus rugosus, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 136, pi. v, figs. 1—3.

1911. Ptychodus rugosus, Gr. E. Dibley, Quart. Journ. Geol. Soc, vol. lxvii, p. 272, pi. xxii, fig. 6.

Type.— Detached tooth.

Specific Characters.—Teeth as in P. mammilla ris, but the summit usually more

rounded, all the surface-markings less well-defined, and the transverse ridges

more or less irregular or interrupted.



2:52 FOSSIL FISHES OF THE ENGLISH CHALK.

Description of Specimens.—The close resemblance of the ordinary teeth of this

form to those of the type species is well illustrated by the associated series shown

in PI. XLVIII, figs. 1— 5. These five specimens are from a group of about fifty

teeth, all apparently belonging to the upper jaw. A median upper tooth (fig. 1

)

is remarkably smooth and very small. In the comparatively large teeth of the

inner paired row (figs. 2, 3), two or three of the transverse ridges are uninter-

rupted, but they end suddenly, leaving the sides of the coronal eminence nearly

smooth. There are slight traces of radiating grooves crossing the feebly-granu-

lated marginal area. The lateral teeth (figs. 4, 5) exhibit the usual oblique

distortion and relatively wide outer margin.

Some smaller teeth evidently belonging to the same species (figs. C>, 7) are

characterised by an extremely elevated and laterally compressed central portion,

of which the whole periphery is smooth. Those of the inner paired row also

exhibit a comparatively narrow granulated marginal area. There are distinct

gradations between these and the more normal teeth, and they may belong to

immature individuals.

An apparently associated set of comparatively large teeth (figs. 8—11) may

be regarded as representing a very old individual. In these teeth the median

raised portion is much rounded, and the coarse though feeble surface-markings

extend over its sides. Sometimes there is a slight constriction between the raised

portion and the marginal area; while in one case (fig. 11) a curious malformation

is observable.

Horizons and Localities.—Zone of Micraster coranguinum : Purley, Surrey;

Charlton, Strood, Grillingham, Northfleet, and Greenhithe, Kent. Zone of Micras-

ter cor-testudinanum: Croydon, Surrey. Undetermined zones: Guildford, Surrey;

Houghton Pit, Arundel, Sussex; Dover, Kent.

3. Ptychodus polygyrus, Agassiz. Plate XLVIIT, figs. 12—16; Plate XLIX.

1822. Teeth allied to Biodon, G. A. Mantel], Foss. S. Downs, p. 231, pi. xxxii, figs. 23, 24.

1835-39. Ptychodus polygyrus, L. Agassiz, Poiss. Foss., Feuill., p. 55 (name only), and vol. iii,

p. 156, pi. xxv, figs. 4—11, pi. xxvb, figs. 21-23.

1837-43. Ptychodus latissimus, L. Agassiz (errore), op. cit., vol. iii, p. 157, pi. xxva, fig. 8.

1837. PIychodus polygyrus, W. Backland, Geol. and Mineral., ed. 2, vol. ii, p. 48, pi. xxvii/.

1850. Ptychodus polygyrus, F. Dixon, Geol. Sussex, p. 363, pi. xxx, fig. 9, pi. xxxi, fig. 10.

1850. Ptychodus latissimus, F. Dixon (errore), op. cit., pi. xxx, figs. 1, 2.

1863. Ptychodus polygyrus, S. J. Mackie, Geologist, vol. vi, p. 161, pi. ix.

1887. Ptychodus polygyrus, A. S. Woodward, Quart. Journ. Geol. Soc, vol. xliii, p. 127, pi. x, fig. 11.

1889-90. Ptychodus polygyrus, A. S. Woodward, Catal. Foss. Fishes B. M., pt, i, p. 143 (non pi. v,

fig. 7) ; and Ann. Rep. Yorks. Phil. Soc, 1889, p. 40, pi. i, figs. 15—20.

1908. Ptychodus polygyrus, G. Sheppard, Naturalist, p. 189, pi. xvi, fig. 14.

1911. Ptychodus polygyrus, G. E. Dibley, Quart. Journ. Geol. Soc, vol. lxvii, p. 268, pi. xxi, pi. xxii,

figs. 1, 2, 9.
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Type.—Detached teeth ; some in British Museum.

Specific Characters.—The largest known species, of which the lower median

teeth sometimes measure 8 cm. in transverse diameter. Median portion of tooth

not much raised, but flattened and crossed by coarse transverse ridges, which

often curve round at the lateral ends and sometimes form loops. Marginal area

of variable width, more or less coarsely granulated, often showing some concentric

arrangement but never crossed by radiating grooves. Transverse ridges of lower

median teeth from 11 to 14 in number.

Description of Specimens.—The teeth commonly referred to this species are

so varied in shape and markings that it may be doubted Avhether they are

rightly grouped together. Agassiz, indeed, originally recognised, besides the

typical form, three varieties which he named concentricus, sulcatus and marginalis

respectively. Of these, the single tooth figured as var. concentricus is most

probably an abnormal example of P. rnammillaris, while the two teeth named var.

sulcatus seem to be referable to P. decurrens. Between the typical P. polygyrus

and the variety marginalis, however, there appear to be all gradations; and as

the two forms have been proved by Mr. Dibley to occur in two successive

horizons, it is probable that the one is a mutation of the other.

The typical form of P. polygyrus is found in the higher horizon, and is best

known by an associated set of teeth discovered by Mr. W. Murton Holmes in the

zone of Micraster coranguinum in Surrey. These teeth were scattered in a block

of chalk, not arranged in natural order ; but the selection shown in PI. XLIX
probably illustrates the principal rows of both jaws correctly identified. The

small upper median teeth (fig. 1, o') are considerably longer than broad, with

truncated anterior and posterior ends, and a remarkably deep root. Their coronal

face is occupied chiefly by the finely granulated marginal area, the middle trans-

versely-ridged portion, though variable, being always Arery small and not much

raised. The transverse ridges are from four to six in number, and variously

irregular or interrupted. The large upper teeth of the inner paired row (V)

agree closely in size, shape, and markings with the original typical teeth figured

by Agassiz (loc. cit., pi. xxv, figs. 10, 11, pi. xxv b, fig. 23). They bear nine or ten

transverse ridges, which are more or less irregular, but always tend to converge in

gyrations at the lateral borders. Their narrow granulated area is widest at the

anterior and external margins. The teeth which seem to belong to the upper

second paired row (n') are much smaller, and are crossed by seven to nine

transverse ridges, which leave space for scarcely any granulation except at the

anterior margin. The internal margin is sharply truncated, while the outer

margin slopes gradually downwards to the plane of the next outer row. Some

of these teeth exhibit a tendency to oblique distortion, which is still more marked

in those of the next row (in'). Here the teeth are much smaller, with only six

or seven transverse ridges, but their internal margin is again more sharply
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truncated than the outer margin. The large lower median teeth (fig. 2, o) corre-

spond exactly with a tooth erroneously referred to P. latissimus by Agassiz (loc. cit.,

pi. xxv a, fig. 8). Their median portion is gently raised (more elevated than in

any of the other teeth), and crossed by eleven or twelve transverse ridges, which

are often irregular, sometimes with intercalated tubercles, and always con-

spicuously gyrate at the ends. The marginal area is narrow, especially behind,

and coarsely granulated. The teeth ascribed to the lower inner paired row (l)

are rather larger than those of the upper second row (n') and scarcely more

sharply truncated at the internal than at the external margin. They are crossed

by eight or nine transverse ridges, which tend to converge in the usual gyrations

at the lateral borders, and leave very little space for marginal granulations except

anteriorly. The teeth provisionally referred to the lower second paired row (n)

are intermediate in size between those already described as belonging to the upper

second and third paired rows, and are closely similar to the latter in shape.

They bear seven or eight transverse ridges. The small lateral teeth of both jaws

(fig. 3) are much wider than long, somewhat obliquely distorted, with from five to

seven transverse ridges, which are usually regular and tend to converge at the

ends. In most of these teeth the granulated marginal area is conspicuous.

Some of the teeth of the typical form of P. polygyms are longer in proportion

to their width than those just described, with one or two additional transverse

ridges ; and a few are less flattened. Through these every gradation appears to

be traceable to the variety marginal ix, which is smaller, and is sometimes not

readily distinguishable from P. mammillaris. The type specimens of this

variety are not accurately figured by Agassiz (lor. cit., pi. xxv, figs. 6— 8), and one

of them, still in the Mantell Collection, is re-drawn in PI. XLYI1I, figs. 12, 12 a.

This tooth evidently belongs to the first inner paired row, either upper or lower,

and is peculiar in having the wide, flattened median area sharply raised above the

marginal area. The marginal granulations are not coarse beads without order as

shown by Agassiz; but those interno-laterally are arranged in concentric lines

continuing the convergent transverse ridffes, while those at the extreme border

are much finer though also elongated in generally concentric lines.

The finest known associated set of teeth of the variety marginalis was

discovered by Mr. G. E. Dibley in a Turonian zone at Wouldham, Kent, and a

selection is shown, artificially arranged, but probably in natural order, in PI.

XLVIII, figs. 13, 14. Here the transverse ridges exhibit scarcely any irregu-

larities, and their terminal gyration is well marked in the principal teeth. In the

small upper median teeth (fig. 13, o') the middle area is relatively larger and the

anterior border more rounded than in the typical P. polygyrus. In the large

upper teeth of the inner paired row (i') the median portion is gently raised,

though flattened ; and it is crossed by eleven regular transverse ridges, of which

the gyrate ends often pass into lines of granules on the marginal area. The teeth
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ascribed to the upper second paired row (u') are nearly similar, but smaller, with

ten to twelve transverse ridges. The more lateral teeth (in'-vi') begin to exhibit

transverse elongation and slight oblique distortion, while their median portion is

relatively smaller and their transverse ridges are less conspicuously gyrate at the

ends. The large lower median teeth (fig. 11, o) are raised as in the typical

P. polygyrus, but Avith more regularly gyrate transverse ridges, which are twelve

to fourteen in number. The only teeth which seem referable to the lower inner

paired row (r) are essentially similar to those of the upper second paired row
;

while those of the lower second paired row (n) are either a little wider or a

little narrower than those of the third upper paired row.

A tooth wrongly ascribed to P. latissimus by Dixon (op. cit., pi. xxx, fig. 2) is

remarkable for the unusually great and sharp elevation of its median portion. It

is crossed by nine transverse ridges and probably belongs to the inner paired row

of either the upper or lower jaw. The same appearance of lateral compression,

but with a more gently raised crown, is seen in the lower median teeth of an

associated set which seems to be referable to var. marginalis (PI. XLVIII, fig. 15).

Each of these teeth is deeply impressed at the lateral border with smooth facettes

for the adjacent teeth (fig. 15 a) ; and their gently rounded crown is crossed by

about thirteen transverse ridges, which extend almost from edge to edge. The

teeth of the inner paired row (fig. 16), either upper or lower, are flatter and

crossed by eleven transverse ridges, which gyrate into the marginal granulation

in the usual manner. The smaller lateral teeth do not exhibit any features worthy

of note.

Horizons ami Localities.—Turonian zones: near Lewes, Sussex; Wantage,

Berkshire. Zone of BJwnchonella cuvieri : Dover and Dunton Green, Kent

;

Beachy Head, Sussex. Zone of Terebratulina gracilis : Hailing, Blue Bell Hill,

Wouldham, Charing, and Lenham, Kent. Zone of Micraster cor-testudiriarium :

Dover. Zone of Micraster coranguinum : Banstead and Croydon, Surrey ; Grays,

Essex ; Charlton, Bromley, Northfleet, and Gravesend, Kent ; Horsebridge

and Micheklever, Hampshire; Amesbury, Wiltshire. Zone of Actinocamax

quadratus : Salisbury. Uintacrinus - zone : Salisbury. Undetermined zones:

Guildford ; Winchester.

4. Ptychodus latissimus, Agassiz. Plate L; Text-figures 74, 75.

1811. Palate of Unknown Fish, J. Parkinson, Organic Remains, vol. iii, p. 262, pi. xix, fig. 18.

1822. Tooth allied to Diodon, O. A. Mantell, Foss. S. Downs, p. 231, pi. xxxii, fig. 19.

1835-43. Ptychodus latissimus, L. Agassiz, Poiss. Foss., Fenill., p. 54 (name only), and vol. iii, p. 157,

pi. xxv a, figs. 1— 7.

1839—40. Ptychodus latissimus, E. Owen, Eep. Brit. Assoc, 1838, p. 140; and Odontogr., descr. to

pi. xvii, figs. 1, 2.

1850. Ptychodus paucisulcatus, F. Dixon, Geol. Sussex, p. 363, pi. xxx, fig. 3.
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1873. Ptychodus laLissimus, O. Eees, Proc. G-eol. Assoc, vol. iii, p. 117.

1887-89. Ptychodus latissimus, A. S. Woodward, Quart. Journ. Geol. Soc, vol. xliii, p. 127, pi. x,

fig. 12 ; and Catal. Foss. Fishes B. M., pt, i, p. 147.

1889. Ptychodus polygyrus, A. S. Woodward (errore), Catal. Foss. Fishes B. M., pt. i, pi. v, tig. 7.

1902. Ptychodus latissimus, M. Leriehe, Ann. Soc. Geol. Nord, vol. xxxi, p. 91, pi. ii, tigs. 1—7.

1906. Ptychodus latissimus, M. Leriehe, Mum. Soc. Grc'ol. Nord, vol. v, pp. 66, 73, pi. v.

1911. Ptychodus latissimus, G. E. Dibley, Quart. Journ. Geol. Soc, vol. lxvii, p. 270, pi. xx, figs 3— 5.

1911. Ptychodus dixoni, G. E. Dibley, loc. cit., vol. lxvii, p. 270, pi. xx, figs. 1, 2.

Type.—Detached teeth ; British Museum.

Specific Characters. —A large species, of which the lower median teeth some-

times measure G cm. in transverse diameter. Median portion of tooth flattened

or gently raised and crossed by very coarse transverse ridges, with little or no

Fig. 74. Ptijchodus latissimus, Agussiz ; teeth of lower jaw, about one half nat. size.—Zone of Terebratulina
gracilis; Conde (Nord), France. Geological Museum, University of Lille. After M. Leriehe.

curvature at the lateral ends and never forming loops. Marginal area usually

narrow, but often wide in the lower median teeth ; more or less coarsely granu-

lated, the granules sometimes in curved rows continuing the ends of the transverse

ridges, but never crossed by radiating grooves. Transverse ridges of lower

median teeth from 6 to 8 in number.

Description of Specimens.—The type specimens of this species in the Mantell

Collection include three isolated lower median teeth, of which the least-coarsely

marked is re-drawn in PI. L, fig. 1. It is much wider than long, and its gently

raised median portion is crossed by seven complete transverse ridges, of which the

hinder three are sinuous in the middle and curve at their lateral ends into rows of

granulations on the wide marginal area, while the anterior three ridges nearly

converge into a gyration. The whole of the marginal granulation is coarse.
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Another form of lower median tootli, with a narrow granulated marginal area and

somewhat more marked gyration of the eight transverse ridges, has been wrongly

referred to P. polygyrus (A. S. Woodward, op. cit., 1889, pi. v, fig. 7). Except

that it is a little wider in proportion to its length and sometimes has the hinder

ridges more bent, this closely resembles the corresponding teeth in part of a lower

dentition described by Leriche from the Turonian of France (Text-fig. 7-4-).

Similar lower median teeth also occur in an associated series in the Mnsenm of

Practical Geology from a Turonian zone at Wantage, Berkshire ; and a larger

specimen, with the ends of the seven transverse ridges less curved, is shown in

PI. L, fig. 4. Still another form of lower median tooth shown by Agassiz (turn.

Fig. 75. Ptychodus latissimus, Agassiz ; teeth of tipper jaw, found associated with tl.ose shown in Text-fig. 74,

about one half nat. size. After M. Leriche.

cit., pi. xxvf?, figs. 5, G), and again in PI. L, fig. G, is crossed by only six very

coarse ridges, of which the foremost or hindmost tends to be broken ; and in this

form the marginal area is sometimes as finely granulated as in P. mammillaris (PI. L,

fig. 5). The elevation of the middle portion in the latter tootli is unusually sharp.

The teeth of the lower paired lateral rows are not satisfactorily known, but

their arrangement is doubtless approximately correct in the original of Text-fig. 74,

in a specimen described by Dibley {Joe. cit., 1911), and in the associated set from

Wantage already mentioned in the Museum of Practical Geology. Some of these

teeth also occur in association with the lower median tootli figured in PL L. fig. 1,

and two are shown in figs. 2, 3. A tootli which seems to belong to the inner or

first paired row (fig. 2) is slightly wider than long, and its total width equals

about two thirds that of the median tooth. It is crossed by five complete ridges,.
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with a sixth beaded ridge behind, and all but the foremost curve forwards at the

ends. As in the median tooth, its granulated margin is of considerable width.

It is wider in proportion to its length than any of the three inner teeth shown in

Text-fig. 74, though it agrees in relative size with the latter. The teeth regarded

as belonging to the inner paired row in the Wantage specimen, however, are

much smaller. An outer lateral tooth (fig. 3) exhibits oblique distortion, and is

crossed by only five ridges. Other typical lateral teeth, either upper or lower,

are figured by Agassiz, /"///. clt., pi. xxva, figs. 1-4.

As shown by an associated set from Lewes in the Mantell Collection, the small

upper median teeth are oblong in shape, with a truncated hinder border and a

rounded anterior border (LI. L, fig. i»). Their gently tumid coronal face is for

the most part rugose or granulated, the raised portion being very small, confined

to the middle of the anterior half and crossed by three or four coarse ridges.

The posterior granulation forms faint ridges and grooves radiating from this

raised portion to the truncated border. The teeth ascribed to the first or inner

paired row are usually nearly square, and very variable in the coarseness and

number of their transverse ridges. One small specimen (PI. L, fig. 10) has the

hinder three of its six transverse ridges sharply curved forwards at the ends.

A larger specimen with only five transverse ridges (fig. 7) occurs associated with

the coarsely-ridged lower median tooth shown in fig. G. A shorter tooth of the

same width as the latter, also with five transverse ridges, is the type specimen

of the so-called V. paucisulcatus. Still larger teeth, probably of the same row,

are sometimes very coarsely marked with only six transverse ridges (fig. 11),

while others are more finely marked with nine or even ten ridges (fig. 12). The

teeth of the other paired rows in the upper jaw are considerably smaller, and are

not really distinguishable from those of the lower jaw. One found with the

originals of figs. G, 7, is shown in fig. 8.

The principal teeth of V. latissimus resemble those of other species in some-

times exhibiting considerable variations in their length compared with their

width. This is especially well shown in the upper inner paired row of Text-

fig. 75, where the shortest tooth is wider than long and only three quarters as

long as the longest tooth. It is therefore justifiable to regard as belonging to

a variety of this species the associated set of upper teeth, of which four are shown

in PI. L, figs. 13— 1G. The tooth of the inner paired row (fig. 13) is about two

thirds as long as wide, and crossed by seven transverse ridges, of which the ends

curve forwards in rows of granules over the narrow granulated area. Its deter-

mination as an upper inner tooth is confirmed by the presence of a well-marked

facette of wear at one end, with no trace of wearing at the other end. The outer

lateral teeth (figs. 14— 1G) progressively decrease in size and are crossed by six

ridges.

Horizons and Localities.—Turonian zones : neighbourhood of Lewes and East-
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bourne, Sussex; Wantage, Berkshire. Zone of Terebratvlina gracilis: Cuxton,

Kent; AVhyteleafe, Surre}'. Zone of Holaster planus : Blue Bell Hill, Burham,

Kent; Luton, Bedfordshire; Heytesbury, Wiltshire. Zone of Micraster coran-

guinum : Gravesend, Kent; Grays, Essex; Brighton, Sussex; Brandon, Suffolk.

Undetermined zones : Guildford and Croydon, Surrey; Hertford; Orford, Suffolk.

5. Ptychodus decurrens, Agassiz. Plates LI, LII; Text-figures 70, 71, 70, 77.

1752. Dens piscis Ostracionis, F. E. Bruckmann, Acta Phys. Med., vol. ix, p. 116, pi. v, fig. 4.

1811. Palate of Unknown Fish, J. Parkinson, Organic Remains, vol. iii, pi. xviii, fig. 12.

1835-39. Ptychodus decurrens, L. Agassiz, Poiss. Foss., Feuill., p. 54 (name only), and vol. iii, p. 154,

pi. xxv b, figs. 1, 2, 4, 6—8 (non figs. 3, 5).

1840-45. Ptychodus decurrens, R. Owen, Odontogr., vol. ii, pis. xviii, xix.

1850. Ptychodus decurrens, F. Dixon, Geol. Sussex, p. 362, pi. xxx, figs. 7, 8, pi. xxxi, fig. 1, pi. xxxii,

fig. 5.

1850. Ptychodus depressus, F. Dixon, op. cit., p. 363, pi. xxxi, fig. 9.

1850. Ptychodus oweni, F. Dixon, op. cit., p. 364, pi. xxxi, fig. 2.

1887. Ptychodus decurrens, A. S. Woodward, Quart. Journ. Geol. Soc, vol. xliii, pp. 123— 130, pi. x,

figs. 1—10, 13.

1889. Ptychodus decurrens, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 138.

1889. Ptychodus oweni, A. S. Woodward, torn, cit., p. 138, pi. v, fig. 8.

1889. Ptychodus multistriatus, A. S. Woodward, torn, cit., p. 146, pi. v, figs. 4-- -6.

1894. Ptychodus levis, A. S. Woodward, Proc Geol. Assoc, vol. xiii, p. 192, pi. v, figs. 5, 6.

1904. Ptychodus decurrens, A S. Woodward, Quart. Journ. Geol. Soc, vol. Ix, p. 133, pi. xv.

1911. Ptychodus decurrens, G. E. Dibley, Quart. Journ. Geol. Soc, vol. lxvii, p. 264, pis. xvii— xix.

Type.—Detached teeth; one in British Museum.

Specific Characters.—A species usually of small or moderate size, but the lower

median teeth occasionally measuring 6 cm. in transverse diameter. Median

portion of tooth flattened or gently raised and crossed by numerous, regular, fine

transverse ridges, which usually pass directly and merge into the finely-marked

marginal area, but are occasionally recurved into loops in some of the principal

teeth (var. multistriatus), and sometimes become irregular (var. oweni). Marginal

area generally narrow, and its fine markings more or less radiating or directed at

right-angles to the border, rarely in part concentric. Transverse ridges in lower

median teeth from 10 to 1G (rarely more) in number.

Description of Specimens.—The type specimens are detached teeth from the

English Chalk, of which only one (the original of Agassiz, pi. xxv b, fig. 8) can

now be identified in the Mantell Collection. The species, however, is known In-

numerous groups of associated teeth, of which a few are arranged in the matrix

in their natural order. These groups exhibit considerable variations not only in

different parts of the mouth but also in different individuals ; and some forms of

the teeth appear to be worthy of varietal names.

The typical form of the dentition is shown of the natural size in Text-fig. 70,
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which represents several teeth of both jaws cemented together in their natural

position by iron pyrites. The rows of teeth of the upper jaw (marked i' to m')

are exposed from their oral face, while some middle teeth of the lower jaw

(marked o, 1) are seen still in position opposed to them, and a few detached teeth

are drawn separately. The upper median row of small teeth is nearly covered by

pyrites, but one partially free example (o') is shown in upper and anterior view.

This tooth is tumid, longer than broad, and narrowed in front, its bluntly rounded

anterior end fitting into the slightly hollowed posterior end of its predecessor.

Its finely granulated marginal area is wider than in the other teeth, its few regular

transverse ridges being confined to a small central portion. The teeth of the

upper inner paired row (V) are a little broader than long, with the crown raised

into a gently arched dome. They are crossed by about ten regular transverse

ridges, passing gradually at their ends into the narrow marginal area, in which the

fine granulations distinctly tend to an arrangement in lines at right-angles to the

margin. The teeth of the upper second paired row (n') are scarcely more than

half as broad as those of the first, while those of the third and fourth rows (in', iv')

are still much smaller. The latter teeth are a little obliquely distorted, sometimes

with an extension or expansion of the postero-internal angle. There were probably

one or two more external rows, but these are not preserved. The lower dentition

resembles the upper dentition in being marked with regular transverse ridges

passing into radiating rows of marginal granulations ; but the middle portion of

the crown in all the teeth is more sharply raised than in those of the upper jaw.

This elevation is specially marked in the symmetrical teeth of the lower median

row (o), which are the largest teeth in the mouth and are crossed by about twelve

transverse ridges. In the teeth of the lower inner paired row (i) the elevation is

nearer to the outer than to the inner margin, and the whole crown is very

unsymmetrical, often with the postero-internal angle irregularly produced. All

these teeth are much broader than long, but those of the lower second paired row

are more nearly equilateral, and their crown is both less elevated and less uniform

in shape. The teeth of the more external lower rows are not identifiable. The

average transverse measurements (in millimetres) of the teeth of the several rows

are as follows: o', 9; i', 25; n', 16; in', 14; iv', 10; o, 32 to 36; I, 26; if, 16.

The small specimen already described as showing the cartilage of the jaws

(Text-fig. 70, p. 226) also displays teeth of the typical form of P. decurrens ; but

the relative proportions of the teeth of the several rows are somewhat different

from those above mentioned, as indicated by the following average trans-

verse measurements (in millimetres) : o', 4; i', 6*5 ; n', 5; in', 4; iv' 3'5; v', 3;

o, 8; i, 6*5; n, 5; nr, 4; iv, 8; v, 2. This fossil may represent a young indivi-

dual, but it is noteworthy that in the lowest zones of the Chalk some of the teeth

are exceptionally small, smooth, and feebly marked. Such specimens (PI. LI,

figs. 13, 14) have been described under the name of P. levis (A. S. Woodward,
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loc. cit., 1894), but, as suggested by Dibley {Joe. eit., 1911), they may best be

regarded as representing a variety of P. decurrens.

Tig. 76. Ptychodvs decurrens, Agassiz ; associated set of teeth of both jaws, mostly in original order, nat.

size.—Chalk j near Brighton. Sussex. Willett Collection, Brighton Museum, no. 210a. o, Teeth of lower

middle row; i, n, teeth of lower first and second paired rows; o', tooth of upper middle row; i'-iv',

teeth of upper first to fourth paired rows. From Quart. Journ. Geol. Soc, vol. xliii (1887).

Other teeth with typical coronal markings, such as the lower median tooth

shown in PL LI, fig. 7, have the marginal area relatively wide, especially in front.

31
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Others, such as the tooth of the upper inner paired row shown in fig. 8, are

remarkable for their large size and some irregularity.

A comparatively depressed and flattened tooth, apparently of the upper inner

paired row, was named P. depressux by Dixon (op. clt., 1850). Similar teeth occur

in natural order in a portion of the upper dentition discovered by Mr. Dibley

(PI. LI, figs. 9-12), and they all exhibit the characteristic markings of P. decurrens,

with a very narrow granulated marginal area, except in the small median teeth.

The latter (fig. 10), which closely resemble the median tooth shown in Text-fig.

70, are partly obscured in the fossil by the squeezing together of the inner paired

row (\'). The teeth of this row are slightly broader than long, and a detached

example, drawn from several aspects in figs. 11-llc, shows all their characteristic

features. Their transverse ridges are from nine to eleven in number, while those

in the anterior half of each tooth curve forwards at the ends, which often diverge

to admit short intercalated ridges. The teeth of the second paired row (n') are

similarly marked, but are much smaller and a little longer in proportion to their

breadth. The smaller teeth of the third and fourth rows (in', iv') are also long in

proportion to their breadth, but obliquely distorted. The average transverse

measurements (in millimetres) of the teeth of the several rows are as follows : o', 8 ;

i', 25; ii', 17; m', 13; iv', 11.

Part of a small lower dentition Avhich seems to be referable to the depressed-

toothed variety of P. decurrens is shown of the natural size in Text-fig. 77. The

transverse ridges of the crown are fine and numerous, from 13 to 14 in number

in the teeth of the middle row, and reaching the extreme margin, frequently with

intercalations at the ends, in all the teeth. The average transverse measurements

(in millimetres) of the several rows preserved are as follows:— o, 21; i, 14; n,

10; in, 9.

The irregularities observable in the arrangement of the transverse ridges of

the teeth just described are still more conspicuous in some other teeth of the

depressed variety. Five such specimens from an associated set are shown in

PL LIT, figs. 1-5, and appear to be referable chiefty to the upper jaw. In a tooth

of the inner paired row (fig. 2), the anterior ridges begin to be irregularly

branched, with two or three intercalated tubercles. In the teeth apparently of

the upper second and lower first paired rows (figs. 3, 1) the ridges are more

regular, but in those perhaps of the upper third paired row (fig. 4) and outer

rows (fig. 5) they are very irregular, again with intercalated tubercles. Vermi-

culating ridges and more numerous intercalated tubercles are also seen in

the two small associated teeth represented in PL LII, figs. 7, 8 ; and the extreme

of this type of irregularity is reached in the larger teeth which have received the

name of P. oiveni (Dixon, op. cit., 1850). Dixon's type specimen seems to belong

to the upper inner paired row, and two other teeth of the same row, which were

probably found with it, are shown in PL LII, figs. 9, 10. Here there is scarcely
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a continuous transverse ridge; but in a lower median tooth (fig. 11), evidently

of the same set, a few of the regular transverse ridges are again distinct.

Of the typically marked teeth of P. drearreus there are thus three varieties,

namely: (1) diminutive smooth teeth, to be known as var. levin
; (2) depressed

teeth with more or less regular transverse ridges, to be named var. depressus ; and

(3) depressed teeth with very irregular transverse ridges, to be named var. otveni.

It only remains to add that there is still a fourth variety in which the transverse

ridges are more or less recurved into loops at the ends.

Teeth of this form exhibit sometimes a normally raised, sometimes a depressed

Fig. 77. Ptychodus decurrens, Agassiz ; teeth of lower jaw in original order, nat. size.—Chalk; Kent.
B. M. no. 40056.

crown, and there is every gradation between the tapering ends and the complete

loops of the transverse ridges. The well-preserved portion of upper dentition

shown in PL LI, figs. 4-6, indeed, exhibits teeth with transverse ridges which end

in concentric loops at the outer border while tapering in the normal manner at the

inner border. In the small median teeth (o') the central area is much raised and

the ridges are directly transverse, without curvature at the ends (fig. 5). In the

inner paired series (l') the crown of each tooth is considerably raised, and the

concentric looping of the ten transverse ridges at the outer border is especially

conspicuous, while their tapering inner ends are merely inclined forwards. The

granulated marginal area is very narrow, and is almost lacking at the lateral

borders of the teeth in the more external rows, which are low and more or less
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obliquely distorted. The average transverse measurements (in millimetres) of the

several rows preserved are as follows: o', 7; l', 17; n', 12; in', 9; iv', 7.

In another set of scattered but associated teeth a lower median tooth is

normal (PI. LI, fig. 3), while the lateral teetli (figs. 1, 2) exhibit more or less

distinct gyrations surrounded by an area of granulations which form concentric

rather than radiating lines. In a third set discovered and described by Mr.

Dibley {Joe. cit., 1911), the ridges on the lower median teeth are partly gyrate,

partly irregular (PI. LII, figs. 12, 13), while those of the lower paired rows are

normal (fig. 14), and a tooth of the upper inner paired row (fig. 15) begins to

make some approach to the corresponding tooth of var. oweni.

The extreme gyration of the transverse ridges occurs in the depressed teeth

which have been described under the name of P. multistriatus (A. S. Woodward,

he. cit., 1889). A lower median tooth of the type set, which shows well-marked

gyrations in its hinder half, is crossed by no less than 20 ridges. In an associated

short and broad tooth the ridges are nearly normal, while in a smaller lateral

tooth gyrations are again conspicuous. Another tooth of the same set, which

seems to belong to the upper jaw, exhibits a gyration anteriorly.

P. decurrens is the only species of which teeth have been found in the English

Chalk in their natural order. It is also the only species of which the jaw-

cartilages and vertebral centra have been discovered in association with the teeth.

These skeletal parts have already been described above, pp. 226, 228.

Horizons and Localities.— Turonian zones : neighbourhood of Lewes and

Brighton, Sussex. Zone of Holaster subglohosus: Hailing, Holborough, Wouldham,

Blue Bell Hill, and Dover, Kent; Oxted, Merstham, and Dorking, Surrey; Tring,

Hertfordshire; Cherry Hinton, Cambridgeshire; Wnittington, Norfolk; Win-

chester. Zone of Bhynchonella cuvieri: Betchworth, Surrey. Zone of Holaster

planus: S waffham, Norfolk. Undetermined zone : Guildford, Surrey.

6. Ptychodus aff. mortoni, Mantell. PI. LIV, fig. 1.

(?) 1850. Ptyclwdus mortoni, F. Dixon, Geol. Sussex, p. 364, pi. xxxi, figs. 6, 7.

1894. Ptychodus mortoni, A. S. Woodward, Proc. G-eol. Assoc, vol. xiii, p. 191, pi. v, fig. 4.

1911. Ptychodus mortoni, G. E. Dibley, Quart. Journ. Geol. Soc, vol. Ixvii, p. 272, pi. xxii, fig. 8.

Type (of Ptychodus mortoni, Mantell, in S. G. Morton, Journ. Acad. Nat. Sci.

Philad., vol. viii, 1842, p. 215, pi. xi, fig. 7).—Detached tooth from the Upper

Cretaceous of Alabama, U.S.A.; British Museum.

Description of Specimen.—A tooth from the Chalk of Shoreham, which appears

to have been lost, was referred to P. mortoni by Dixon, op. cit., but his determina-

tion is doubtful. The only other known specimen from the English Chalk which

nearly resembles the teeth of the American species, is shown of the natural size

from the upper and anterior aspects in PI. LIV, figs. 1, la. It is merely the
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middle raised portion of a dental crown, and was obtained from an undetermined

horizon near Winchester. It rises to an obtusely pointed apex, from which two

antero-posterior, and two lateral ridges radiate at right angles to each other.

Small irregular branches from these ridges, with other intercalated branching ridges,

fill the sectors between them. All these ridges end below in vermiculations, which

gradually pass into the fine granulation of the marginal area, of which only a

fragment is seen in the fossil. So far as preserved, therefore, the specimen

cannot be distinguished from a tooth of P. morUmi, but its specific determination

must remain provisional until complete teeth of the same form are discovered.

P. mortoni has been regarded as the type of a sub-genus, Hemvptychodus, by

Jaekel1

; but the discovery of the nearly complete dentition of this species in the

Chalk of Kansas, 2 and the frequent tendency to radiation of the tooth-ridges in

P. decurrens, suggest that such complication of nomenclature is hardly necessary.

SUPPLEMENT.

Berycopsis elegans, Dixon (p. 5) Plate LIII, fig. 1.

The new specimen shown of twTo thirds the natural size in PI. LIII, fig. 1, is

interesting as exhibiting the shape and proportions of the caudal region. It was

obtained by Mr. W. E. Balston from the zone of Hulaster subglobosiis at Hailing,

Kent, and was presented by him to the British Museum. The head is displaced

forwards and upwards, while the greater part of the jaws and the opercular bones

are wanting. The anterior region of the trunk is somewhat depressed by

crushing, as shown by the displacement of the scales; and its ventral portion

is partly destroyed. The tail, however, seems to exhibit very little distortion.

It is thus clear that the caudal region between the dorsal and anal fins is less

tapering than it is represented to be in the restored figure of the species on

p. 7 (Text-fig. 2) ; that it is, in fact, shaped as in Platj/cormus germanus, from the

Senonian of Westphalia. The narrow caudal pedicle is also longer than it was

supposed to be. The well-preserved equalisation extends over the bases of the

dorsal and anal fins, as already observed in other specimens; and it is also seen to

pass gradually into small scales which cover the basal part of the caudal fin. The

caudal fin-rays are much broken and their distal portions are destroyed. Only

parts of the anterior spines and the undivided proximal ends of the other rays of

the dorsal and anal fins are preserved, so that the shape of these fins still remains

unknown.

1 O. Jaekel, Die eociineu Selachier vom Monte Bolca (1894), p. 137.

2 S. W. Willistou, " Cretaceous Fishes," Univ. Geol. Surv. Kansas, vol. vi (1900), p. 238, pis. xxv-

xxvii.
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Hoplopteryx, Agassiz (p. 13).

In Ann. Mag. Nat. Hist. [8] vol. vii (1911), p. 5, pi. i, Mr. C. Tate Regan has

pointed out that three known species of Berycoids existing in the seas off South

Australia and New Zealand are referable to Hoplopteryx. He publishes a figure

of the Australian II. affinis.

Hoplopteryx superbus (Dixon) (p. 20).

The group of specimens in a block of chalk shown in PI. V is noticed and
figured in a newspaper, " The Illustrated Times," 24th November, 185-5, p. 405.

It is stated to have been obtained from the neighbourhood of Rochester, Kent.

Hoplopteryx simus, A. S. Woodward (p. 23).

Dr. Arthur W. Rowe has obtained a specimen of this species from the base of

the zone of Micraster cor-testadinorium at Dover.

Apateodus striatus, A. S. Woodward (p. 38). Plate LIV, fig. 4.

A nearly complete large skull and mandible of this species, recently acquired

by the Museum of Practical Geology, confirms the published description in

several respects and makes some additions to our knowledge of the osteology of

Apateodus. The occipital region of the cranium, especially, is more clearly shown

ban in the specimens previously studied. The greater portion of the cranial roof

(PI. LIY, fig. 4^) is formed by the frontal bones (/>'.), which expand above the

orbits into large supraorbital flanges, and taper forwards to overlap, in an uncertain

degree, the attenuated and bluntly pointed mesethinoid (eth.). They are without

ornament even on their radiating ridges. Behind the left frontal, the small

parietal ([><<.) is sufficiently well preserved to show that it meets its fellow in the

median line in a wavy suture ; and this pair of bones is clearly crossed at the

hinder margin by a transverse slime-canal. Posterior to the parietals the occipital

border evidently consists of the supraoccipital bone (soce.) flanked by the pair of

epiotics (<
Jpo.), and must have been covered by a forward extension of the body-

muscles. The supraoccipital bears a large posterior crest, which does not rise

above the plane of the flattened cranial roof ; but its anterior portion does not

appear to extend forwards beneath the parietals to the frontals, and it seems

likely that the bone interpreted as supraoccipital in the small skull already

described (p. 39, PI. XT, fig. 16) is really the left parietal displaced by crushing.

A fragment of the ossified sclerotic (PI. LIV, fig. 4, scl.) is seen in the orbit

;
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while of the jaws the characteristic palatopterygoid and mandible are shown,

lacking the maxillary arcade. The hinder part of the cheek is completely

covered by three large postorbital plates (po.), which are smooth and only marked

by the usual slime-canal near their anterior margin. Beneath the orbit there is a

long and narrow suborbital (so.), which is much attenuated forwards. The slime-

canal traversing it gives rise to a few branches which are inclined downwards and

backwards. The antorbital cheek-plate (no.) is also low and elongated, its hinder

end being produced into a very long extension beneath the suborbital. It is

smooth and only marked by its conspicuous slime-canal. A long and narrow

supraorbital plate is seen above the anterior half of the orbit on the right side of

the specimen. The opercular bones are not well preserved ; but the preoperculum

is shown on the right side to be marked by a few coarse radiating ridges on its

expanded angle, while the suboperculum (sop.) on both sides is proved to have

been comparatively large. There appears to be also a small separate inter-

operculum (iop.).

A side-view of the skull, opercular bones, and pectoral arch of an allied existing

genus, Alepidosauru*, has been published by C. Tate Regan, Ann. Mag. Nat. Hist.

[8] vol. vii (1911), p. 131, fig. 0.

Ctenothrissa radians (Agassiz) (p. 78).

Dr. Malcolm Burr has obtained a specimen of this species from the middle of

the zone of Rhynchonella cuvieri at Guilford Colliery, Kent.

Aulolepis typus, Agassiz (p. 85). Plate LIII, fig. 2.

The nearly complete fish shown of the natural size in PI. LIII, fig. 2, displays

a large part of the dorsal and anal fins, and is also interesting in other respects.

The typical jaws are seen, but the maxilla is broken across and its hinder portion

is displaced. Thin smooth scales occur on the cheek, but in addition to the large

antorbital plate already seen in other specimens, there are long and narrow plates

of the circumorbital ring posteriorly, each traversed by the deep groove of the

slime-canal. The operculum, which exhibits traces of at least a partial covering

of thin smooth scales, is narrowed above, and the length of its anterior margin is

nearly twice as great as its maximum width. The suboperculum is elongate-

triangular in shape, while the interoperculum is relatively large and extended.

All these bones are smooth. In the pectoral arch the small elongate-triangular

post-clavicle is distinctly overlapped by the widest part of the clavicle. The pelvic

fins (plv.) are well shown, each with about nine rays, which are all articulated

distally for somewhat less than half of their length. The dorsal fin (do.), though
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imperfect, is seen to occupy about half the length of the back of the trunk, and
its anterior rays are very long and stout, the length of the longest considerably
exceeding the depth of the trunk at its insertion. All the rays preserved have
a long undivided basal portion, above which they are crossed by well-spaced
articulations. Their total number cannot be ascertained, on account of the

destruction of the middle of the fin. The anal fin (a.) arises opposite the hinder
termination of the dorsal fin, and, so far as preserved, exhibits ten or eleven

slender rays, which are divided and crossed by well-spaced articulations in their

distal portion for more than half their length. The caudal fin (c.) is fragmentary,
but its rays are comparatively stout. The characteristic smooth ridge which marks
the course of the lateral line is conspicuous along the whole length of the trunk.

Portheus sp. (p. 102). Text-figure 78.

The shape of the maxilla in the type species of Portheus is known to have been

so variable, 1 that the specific determination of detached examples of this bone

proves to be uncertain. The fine large specimen shown of one half the natural

size in Text-fig. 78 cannot, therefore, receive a definite name, though it probably

belongs to the same species as the fragments of a large fish provisionally referred

to P. mantelli on p. 102. The oral border of this new specimen is sufficiently

well preserved to show that it is much less arched than in the typical maxilla

of P. mantelli. Its upper border is also evidently straighter; but its posterior end

is broken both above and behind, so that this part does not admit of comparison.

Several of the smooth teeth are seen, and those in the deep anterior third of the

bone are especially large. The outer face of the bone, where well preserved, is

nearly smooth.

Portheus sp. (p. 103). Text-figure 79.

The imperfect mandible shown of two thirds the natural size in Text-fig. 79,

is peculiar on account of the regular concavity of its oral border and the sharp

angulation of its symphysial end. The outer face of the anterior part of the

dentary (d.) is smooth and gently convex ; and its symphysial border slopes

rapidly downwards and backwards. The bone ends behind in a slight coronoid

process, and the posterior quarter of the ramus is formed by the relatively small

articulo-angular element (ag.), which is produced forwards as a tapering plate

beneath the posterior half of the dentary. The teeth are narrow, high, and

1 A. Stewart, "Teleosts of the Upper Cretaceous," Univ. Geol. Surv. Kansas, vol. vi, Paleont.,

pt. ii, 1900, p. 269, pis. xxxvii—xxxix.
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straight, largest in the anterior third, and smallest in the middle of the dentary

border.

The shape of the dentary readily distinguishes this mandible from that of

Pig. 78. Portheus sp. ; right maxilla, outer view, one half nat. size.—Zone of Holaster sxibglobosus ; Dover.
B. M. no. P. 10813.

P. gaultinus, and also seems to separate it specifically from the other known

mandibles of Portheus. It may perhaps prove to be the mandible of P. daviesi,

though the teeth are relatively high and narrow.

Fig. 79. Portheus, sp. ; imperfect mandible, two thirds nat. size.—Zone of Holaster subglobosus ; Cherry Hinton,
Cambridgeshire. B. M. no. P. 10731. arj., articulo-angular ; d., dentary.

Pachyrhizodus sp. (p. 132). Plate LIV, fig. 2.

Part of a small head of Pachyrhizodus discovered by Mr. Henry C. Drake,

F.G-.S., in the zone of Holaster subglobosus at South Ferriby, Lincolnshire, is

interesting on account of the deepened shape of its premaxilla and the feebleness

of its'dentition. It displays the lower part of the left side, and is shown of the

32
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natural size in PI. LIV, fig. 2. Part of a postorbital cheek-plate (po.) is very thin

and smooth, marked only by the circumorbital slime-canal and its few radiating

branches. The large fan-shaped quadrate (qu.) is exposed beneath, in direct

articulation with the mandible. The premaxilla (pni.r.) is small, short, and deep ;

and in front end-view its oral thickening seems to bear the broken hollow base of

one or perhaps two relatively large inner teeth. The length of the maxilla (mx.)

equals about six times its maximum depth ; its oral border is nearly straight, but

the hinder half of the bone tapers a little to the rounded end. In the mandible,

the articulo-angular is produced into a thick upturned postarticular process,

and the outer face is longitudinally ridged. The dentary (d.) exhibits the

characteristic smooth longitudinal bulging of the outer face and the thickening of

the tapering symphysis. The teeth are comparatively small, with smooth curved

crowns, those of the front of the mandible not much larger than those of the

premaxilla. The lower end of the preopercumm (pop.) is much expanded

and marked by radiating grooves. The interoperculum (iop.) is equally wide,

nearly four times as wide as deep, and marked with fine downwardly-directed

grooves. The upper branchiostegal rays (J>r.) are comparatively wide, but

gradually pass downwards into narrow rays supported by the ceratohyal.

Two of the anterior vertebral centra are shown to be shorter than dee}), and

the scales resemble those of PacJujrJiizodus subulidens.

This fossil is distinguished from the corresponding part of P. subulidens by the

shape of the maxilla and apparently by the relatively smaller size of the

mandibular teeth; but it evidently represents a closely allied species.

Elopine or Albulid. Plate LIV, fig. 3.

The imperfect ovoid dental plate shown of the natural size in PI. LIV, fig. 3,.

appears to belong to the parasphenoid of some Elopine or Albulid fish not

hitherto found in the Chalk. The bone, which is of loose texture, is a flat plate,

easily distinguished from the vomer of a Pycnodont. Its oral face is irregularly

undulating, and is completely covered with stout, bluntly-conical or rounded teeth,

which are very variable in size and have no regular arrangement. The teeth are

covered with dull ganoine, and most of them are of the blunt shape shown in the

enlarged drawing, fig. 3a ; but some, which appear to be unworn, exhibit a

minute tubercle or point at the summit of the crown. They are hollow, with a

large pulp cavity, and there are no traces of successional teeth.

A dentition very similar to that of the parasphenoid in the existing Albula, has

already been found in the Cenomanian of France (Pisodus foucardi,H. E. Sauvage,

Bull. Soc. Sci. Nat. Yonne, vol. xxxiii, pt. ii, 1879, p. 50, pi. i, fig. 2), perhaps also

in the Upper Cretaceous of southern Italy (Glossodus hecJieli, 0. Gr. Costa, Atti

Accad. Pontan., vol. viii, 18G4, p. 100, pi. ix, figs. 12, 13). The teeth in Albula,
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however, and apparently in these fossils, are less elevated and more brightly
enamelled than those of the new specimen now described. In shape the new
teeth agree more closely with those observed within the month of the Gono-
rhynchid, Oharitosomvs major, from the Upper Cretaceous of Mount Lebanon
(A. S. Woodward, Cat.il. Foss. Fishes Brit. Mus., pt. iv, 1901, p. 273, pi. xv, fig. 3).

Frotosphyraena, Leidy (p. 1-15).

Part of a notochordal tail, certainly of this genus, from the Chalk of Kansas,
U.S.A., has been described and figured by C. E. McClung, Kansas Univ. Science

Bull., vol. iv (1908), p. 2-1.5, pi. xiii.

Protosphyraena stebbingi, A. S. Woodward (p. 15:3).

Mr. Thomas Sheppard has obtained for the Hull Museum a large part of the

rostrum of this species from the zone of Holaster subglobosus at South Ferriby,

Lincolnshire. The new specimen, showing part of the rostrum which is missing

between the two fragments of the type specimen, curves slightly upwards in front.

All the ridges on its upper face are more or less tuberculated. A description and

figure will appear in The Naturalist.

Gyrodus (?) cretaceus, Agassiz (p. 1G7). Plate LTV, fig. 5.

The nearly complete lower dentition of this species, discovered by Mr. George

Hutchings, is shown of the natural size in PI. LIV, fig. 5. It is proved to cover

the splenial element on each side to its outer margin, and the bone is seen to rise

into a small coronoid elevation behind. The teeth are crowded and remarkably

irregular iu size, arrangement, and amount of wearing; but the principal

longitudinal row of comparatively large teeth is distinguishable, and a regular

marginal series in front seems to belong to the dentary bones. The supposed

dentary teeth, of which four occur on the right side of the fossil, are round and

considerably elevated, each in the form of a blunt cone with a wide cingulum

encircling its base (fig. 5(f). A similar dental crown was obtained by Mr. F.

Harford from a Turonian zone at Upper Hailing, Kent (B.M. no. P. 5G17). The

teeth of the principal longitudinal row on the splenial are very variable in size and

shape, but most of them are slightly longer than broad, with a bluntly conical

crown passing down into a wide basal cingulum (fig. 5c) ; only a few of the

hinder teeth exhibit the lateral compression and forward displacement of the

coronal apex already described in the fragment shown in PI. XXXV, fig. G. The

irregular manner in which they are worn by the opposing teeth is curious. Most
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of the marginal teeth of the splenial resemble those ascribed to the dentary,

though their central cone is relatively smaller and less elevated ; but a few of

these teeth just within the coronoid elevation tend to lose the cingulum on the

outer face (fig. ob), and extend downwards and forwards on their inner face, while

their apex is inclined forwards (fig. 5«). The small intermediate teeth are

especially irregular, largest and most distinctly ovoid along the inner margin of

the splenial, most definitely mammillated in the two rows external to the principal

row.

Acrotemnus faba, Agassiz (p. 169).

An associated set of teeth of an allied species, A. splendens, from the Upper

Senonian of Harmignies, near Mons, Belgium, has been described by M. Leriche,

Bull. Soc. Beige Geol., vol. xxv (1911), Proc. Verb., p. 162, pi. A. The anterior

teeth are hooked and prehensile, resembling the specimen shown in PI. XXXV,
fig. 8.

The Jurassic Pycnodont teeth most closely similar to the molars of Acrotemnus

are those of Mesturus (A. S. Woodward, Ann. Mag. Nat, Hist. [0], vol. xvii, 1890,

p. 1, pis. i— iii).

Notidanus pectinatus, Agassiz.

1843. Notidanus pectinatus, L. Agassiz, Poiss. Foss., vol. iii, p. 221, pi. xxxvi, fig. 3.

This name was given to a tooth, originally in the Mantell Collection, which

differed from V. microdon (see p. 222) in having distinct denticles instead of mere

serrations at the base of the principal cusp anteriorly. No other specimen has

been discovered.

SUMMAUY AND CONCLUSION.

So large a proportion of the fishes from the English Chalk are still known only

by fragments that this Monograph is necessarily disappointing. It is merely a

pioneer work, which shows how much remains to be discovered concerning even

some of the commonest fossils. It is, however, interesting in at least three respects,

and leads to results which are not without value. The detailed descriptions of the

cranial osteology of the bony fishes indicate closer resemblances between the

Cretaceous genera and their existing representatives than have hitherto been

suspected. The highly specialised skull of Hoplopteryx, for example, is shown to

have remained unchanged from the Cretaceous period to the present day. At the
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same time, it appears that certain Cretaceous genera are distinctly synthetic types,

combining features which are characteristic even of separate families in the existing

fauna. The skull of Ichthyodecten, for example, is mainly similar to that of the

surviving Clriroceutnts, which belongs to the same or a closely-related family ; but

it differs in exhibiting a pit in the side of the otic region, which is now found, not

in the Chirocentridae, but in the Elopidas and Clupeida?. Finally, although some

of the Cretaceous fishes are survivors of groups which particularly characterise

the Jurassic period, these later forms are proved to be more highly specialised, and

most of them are easily distinguished from their predecessors.

The highest types represented, although Acanthopterygians, belong only to

families of Berycoids and generalised Scombroids, which are always placed lowest

in the spiny-finned series; but it must be remembered that the English Chalk

fails to provide any record of the latest phase of the Cretaceous period. The

Danian deposits of Southern Scandinavia, which are referable to this phase, just

before the beginning of the Tertiary, yield Acanthopterygians of the same groups, 1

but one of them, Bathysoma lutheni, is very curiously specialised. The Danian of

Persia furnishes numerous imperfect specimens, which have been provisionally

interpreted as Cottoids, Grobioids, and Blennioids, 2 but they are so much crushed

in fissile limestone that their precise determination is impossible. The still later

Montian Chalk of northern France 3 and the Lameta Beds of India 4 seem to contain

true Percoids ; and there is a very late Cretaceous fish-bearing deposit in northern

Brazil 5 which may yield interesting material when exhaustively explored. None

of the Acanthopterygian fishes, hoAvever, hitherto obtained from these uppermost

Cretaceous formations reveal the initial stages in the differentiation of the modern

specialised groups, which appeared in the Lower Eocene and were as well defined

in the Upper Eocene as they are at the present day. These ancestral types

still remain to be discovered.

The generalised Acanthopterygians, which are best known from the English

Chalk and from the Upper Senonian of the Lebanon and Westphalia, evidently

originated at the beginning of the Cretaceous period ; for both Aipichthys and a

true Berycoitl have been found at the base of the Cenomanian in Austria. 6 They are
1 J. W. Davis, " On the Fossil Fish of the Cretaceous Formations of Scandinavia,"' Trans. Roy.

Dublin Soc. [2], vol. iv (1890), pp. 417—427, pis. xliii-xlvi.

2 F. Priem, " Poissons Fossiles tie Perse," Mission de Morgan (Paris, 1908), pp. 15— 18, pi. ii,

fig. 9. pi. iii, figs. 2-11.

3 F. Priem, " Sur la Faune Ichthyologique des Assises Montiennes du Bassin de Paris," Bull. Soc.

Gk'ol. France [3], vol. xxvi (1898), pp. 399—412, pis. x, xi.

4 A. S. Woodward, " On some Fish-remains from the Lameta Beds at Dongargaon, Central

Provinces," Pal. Indica, n.s., vol. iii, No. 3 (190-<).

5 A. S. Woodward, " Notes on some Upper Cretaceous Fish-remains from the Provinces of Sergipe

and Pernambuco, Brazil," Geol. Mag. [5], vol. iv (1907), pp. 193—197, pi. vii.

6 F. Bassani, " Descrizione dei Pesci Fossili di Lesina, etc.," Denkschr. matli.-naturw. CI. k. Akad.

Wiss. Wieu, vol. xlv (1882), p. 262.
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linked with the highest Jurassic fishes by the Scopeloids, which occur throughout

Cretaceous formations in great abundance and variety. Next to the Elopines and

Clupeoids, in fact, the Scopeloids are the most characteristic fishes of the Creta-

ceous fauna. Some of them are almost identical with genera which still live in

the deep sea, but nearly all have the bones so stout and well calcified that they

must have been surface-dwellers. They, like many other Cretaceous types of fishes,

have, therefore, probably migrated to the ocean depths during the Tertiary period

as the competition from newer types of fishes has increased. 1

The Cretaceous Dercetidae are also primitive teleosteans whose surviving

relatives live in the deep sea. They, again, have a well-hardened skeleton, but it is

interesting to note that one known specimen exhibits traces of the distensible

stomach which is so common a feature in abyssal types (see p. G9). They seem to

have become extinct at the end of the Cretaceous period, but the Llalosauridae,

which lived with them, are still well represented in the ocean depths, and the

skeleton of the typical existing genus Halosaurus can scarcely be distinguished

from that of Echidnocephalus found in the Upper Senonian of Westphalia.

The gradations between the Cretaceous groups already mentioned and the

highest Jurassic fishes are not difficult to perceive; but the connection between

the Apodes, or eels, and their predecessors, is not yet evident. That these fishes

are the degenerate latest members of an old group is shown, among other features,

by their long-bodied shape, the continuous extension of their median fins, and the

absence of pelvic fins; but the LTpper Cretaceous Urenchelys? only makes a slight

approach towards its normally fish-shaped ancestors in still exhibiting a separate

caudal fin, while the contemporaneous Anguillavus3 merely adds to this primitive

character the retention of the pelvic fins. Below the Upper Cretaceous no fishes

have hitherto been discovered tracing the line of eels further back; and the fact that

some of the generalised forms, even in the existing fauna, have more than five basal

bones in their pectoral fins, suggests that the direct ancestors are to be found, not

amonp- the so-called teleosteans, but in some of the Jurassic " ganoids." It might

be profitable to make a detailed study of the Macrosemiidae in this connection.

The Cretaceous Clupeoids are chiefly of interest on account of their precocious

development. They do not differ much from some of the Jurassic Leptolepidse,

but it is remarkable that so far back as the Lower Cretaceous, both in Switzerland4

1 A. S. Woodward, " The Antiquity of the Deep-Sea Fish-Fauna," Natural Science, vol. xii (1898),

pp. 257—260, pi. x.

2 See especially A. S. Woodward, Catal. Foss. Fishes Brit. Mus., pt. iv (1901), pp. 337—339, pi.

xviii, figs. 1— 3.

3 O. P. Hay, " On a Collection of Upper Cretaceous Fishes from Mount Lebanon, Syria," Bull.

Amer. Mus. Nat. Hist., vol. xix (1903), pp. 437—441, pi. xxxvi, figs. 2, 3, pi. xxxvii, fig. 1.

1 Chqjea antiqua and C. voirone/isis, F. J. Pictet, "Foss. Terrain Neocom. Voirons " (Palcont.

Suisse, 1858), pp. 31, 37, pi. iv, figs. 7—13, pi. v, figs. 1—10.
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and in Brazil, 1 some of them had already acquired the row of sharp ventral ridge-

scales which are so peculiar a feature of the surviving Ghvpea and allied genera.

These fishes have not hitherto been found in the English Chalk, but individuals of

at least one species are extremely abundant in the Upper Senonian of the Lebanon.

An extinct family, that of the Ctenothrissidse, confined to Upper Cretaceous

formations, is precocious in another respect. The two known genera exhibit the

pelvic fins so far forwards that their supports are in contact with the pectoral

arch—a specialisation which is otherwise met with only in the highest fishes of

the Acanthopterygian groups.

With these specialised Clupeoids there are others of a more generalised grade,

beginning with Crossognathus from the Neocomian of Switzerland 2 and Hanover,3

and represented in the English Chalk by Si/llasmus. There are also, as might be

expected, numerous Chirocentrids and Elopines, the former best known from the

North American Chalk (see p. 99), the latter from the English Chalk and the

Upper Cretaceous of the Lebanon and Brazil, 1 but both occurring also in

Australia. 5 They, again, are very little higher in type than some of the highest

Jurassic fishes ; but very few Lower Cretaceous forms have been discovered, and

until these are better known, possible origins can scarcely be discussed. With the

Elopines in the Upper Cretaceous, there are specialised offshoots more or less

closely related to the Albulidag and Osteoglossidae. These are represented only by

fragments in the English Chalk, but the Albulid Istieus is known by numerous

complete fishes from the Upper Senonian of Westphalia, while Anogmius is well

preserved in the Chalk of Kansas, U.S.A. (see p. 106).

Istieus is essentially identical with the surviving deep-sea genus Bathythrissa ; and

it is interesting to add that the imperfectly known Tomognathus from the English

Chalk (see p. lo9) also bears much resemblance to some of the low-grade teleosteans

which are now confined to ocean depths. In fact, the more the Cretaceous

bony fishes are examined, the more evident are their relationships to members

of the existing abyssal fauna, rather than to fishes surviving in shallower depths.

Of the Cretaceous "ganoids," all the families become extinct before the
1 Diplomystus longicostatus, E. D. Cope, Proc. Auier. Phil. Soc, vol. xxiii (1886), p. 3 ; A. S.

Woodward, Aim. Mag. Nat. Hist. [6], vol. xv (1895), p. 2, pi. i, fig. 1.

2 F. J Pictet, oj). cit. (1858), p. 18, pi. ii, and pi. iv, figs. 1—6.
3 A. S. Woodward, Catal. Poss. Fishes Brit. Mus., pt, iv (1901), p. 350.

4 A. S. Woodward, " On the Fossil Teleostean Genus Ehacolejns, Agass.," Proc. Zool. Soc, 1887,

pp. 535—541, pis. xlvi, xlvii ; also Catal. Fuss. Fishes Brit, Mus., pt. iv (1901), pp. 27—32.—D. S.

Jordan and J. C. Branner, " The Cretaceous Fishes of Ceani, Brazil," Smithson. Miscell. Coll., vol. Hi

(1908), pp. 15-25, pis. iii—vii.

5 Icldhyodectea mavuthonensis, B. Etheridge, jun., Rec. Australian Mus., vol. vi (1905), pp. 5— 8,

pis. i, ii.

—

Portheus australis, A. S. Woodward, Ann. Mag. Nat. Hist, [6], vol. xiv(1894),p. 444, pi. x,

fig. 1.

6 W. von der Marck, Palaeontographica, vol. xi (1863), pp.37— 40, pis. iv, v; and foe. cit., vol. xxii

(1873), p. 59, pi. ii, fig. 2.
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Tertiary period, except that of the Pycnodonts, which is occasionally found until

the Upper Eocene, and possibly that of the Polyodontidse, which is only doubtfully

represented in the Chalk. They are, indeed, essentially Jurassic groups whose

last specialised members are lingering- just before their extinction. Belonostomus

attains its maximum size, most powerful dentition, and most extensively ossified

vertebras. It also has a very wide distribution, being found not only from the

Neocomian to the Senonian in Europe, but also occurring in North America, 1

Brazil, 2 and Australia. 3 Protosphyraena is the largest and latest Pachycormid,

with the longest and most powerful rostrum, and the largest and strongest teeth
;

as common in the Upper Cretaceous of North America as in that of Europe,

and known also by teeth from Patagonia. 1 Lophiostomus is a Eugnathid, but the

bony prominences on its skull indicate that it has reached the climax of its

race. Neorhomholepis from England, and Otomitla from Mexico, 5 have the

vertebrae unusually well ossified, while the fulcra have disappeared from the fins, at

least in the first-mentioned genus. Fishes of this type have a wide range both in

time and space, for Nem^hombolepls occurs in the Wealden of England as well as in

the Chalk ; while scales and vertebras similar to those of this genus were found by

Mr. Joseph Mawson and myself in 1907 in the Lower Cretaceous rocks of a railway

cutting near Santa Amara, in the State of Bahia, Brazil. Of the Pycnodonts, the

Cretaceous Anomceodus is unique in having the splenial incompletely covered with

teeth; the dentition of Gyrodus {?) cretacem exhibits a lack of orderly arrangement

which suggests senility ; while the skull and pectoral arch of Coccodns from the

Lebanon bear bony spinous prominences. Even Macroponui, which is the last of

the race of Ccelacanths, is unusually specialised in the skull and in the scale-

armature, and has lost the fringe of fin-rays at the end of the tail.

Apart from the relatively large size of most species, there is nothing worthy of

remark in the Cretaceous Chimaeroids. The Elasmobranchs, however, are more

interesting, and some need special notice. Nearly complete skeletons are

abundant in the Upper Senonian of the Lebanon,7 and they occasionally occur in

1 Belonostomus ornatus, J. Felix, Palaeontographica. vol. xxxvii (1891), p. 192, pi. xxviii, figs.

14—18, pi. xxx, fig. 8.

'

2 Belonostomus comptoni, A. S. Woodward, Proc. Zool. Soc, 1890, p. 629, pis. liv, lv.

3 Belonostomus siveeti, Etheridge and Woodward, Trans. Roy. Soc. Victoria, vol. ii (1892), pt, ii,

p. 3, pi. i.

i A. S. Woodward, Geol. Mag. [4], vol. iv (1897), p. 22.

5 J. Felix, loc. elt. (1891), p. 189, pi. xxix, fig. 3, pi. xxx, figs. 3—5.

c A. S. Woodward, Catal. Foss. Fishes Brit. Mus., pt. iii (1895), p. 266 • J. W. Davis, Quart, Journ.

Geol. Soc, vol. xlvi (1890), p. 565, pi. xxii.

7 See especially F. J. Pictet, Description de quelques Poissons Fossiles du Mont Libau

(Geneva, 1850) ; F. J. Pictet and A. Humbert, Nouvelles Recherclies sur les Poissons Fossiles du

Mont Liban (Geneva, 1866) ; J. W. Davis, " The Fossil Fishes of the Chalk of Mount Lebanon in

Syria." Trans. Roy. Dublin Soc. [2], vol. iii (1887), p. 457; O P. Hay, Bull. Amer. Mus. Nat. Hist.,

vol. xix (1903), art. x; also Catal. Foss. Fishes Brit, Mus., pt. i (1889).
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corresponding formations in Westphalia and elsewhere. Most of the Scylliidas

and Lamnidae are evidently referable to genera which survive in existing seas,

though one of these, Scapanorhynchus, is now rare and restricted in its range.

The extinct genus Oorax is especially noteworthy, because its vertebral centra are

very similar to those of the existing basking shark, Selache, while the teeth of one

of the latest species, Oorax affinis, approach those of Selache in shape and might

easily be modified into the latter. Gorax may indeed be the Cretaceous ancestor

of the Tertiary Selache. Gestracion seems to have undergone no essential change

during its long existence from the Upper Jurassic to the present day ; but the

typically Cretaceous Hybodont, Synechodu.s, survived only until the Eocene.

PtycJwdus is a primitive skate, represented for the most part by gigantic species,

which occur only in the Upper Cretaceous, and seem to have become extinct

before the end of the period. Though common in the Chalk of England and

North iVmerica, its remains have not hitherto been found in the prolific fish-beds

of Westphalia, the Lebanon, or Persia. Its Lower Cretaceous predecessors remain

unknown, but certain Upper Cretaceous fossils suggest that some descendants may

be found among the Tertiary and Recent Myliobatidee.

As a whole, therefore, the Cretaceous fish-fauna is much more modern in

aspect than the contemporaneous reptile-fauna and mammal-fauna; and in its

latest phase the Acanthopterygians at least must have undergone remarkably

rapid evolution.





INDEX.
Numerals in italics indicate casual references.

PAGE PAGE

Acantliopterygii 3 Aspidopleurus 42

Acrodontosaurus . 123 Aspidorliynchidse 142

gardneri 125 Aspidorhynchus acutirostris 142

Acrodus cretaceus 214 Asterospondyli 193

— illingworthi 220 Astronesthes niger ... 138

Acrognatlius ... 36 Aulodus 225

boops ... 36 — agassizi 228

— libanicus 36 Aulolepis 85

Acrotemnus faba 169,252 — typus ... 85, 118, 247

splendens 252 Aulopus ... 33

Actinistia 171

Actinopterygii 3 Balistes 214

TEtheospondjli 142 Batliysoma lutkeni ... 253

Aipichthys 3 Bathytkrissa ... ... 255

nuchalis ... 4 Belonostomus ... 142

pretiosus 4 attenuat us 143

velifer 3 cinctus 143

Albulid 250 comptoni 256

Alepidosaurus 247 dorsetensis ... 143

Alepisauridae ... 37 ornatus ... 256

Amia (?) lewesiensis .. ... 172 sphyraenoides 142

Anguillavus ... 254 sweeti ... 256

Anogmius 105 Berycidse 13

aratus .. 106 Berycopsis 5

zitteli ... 108 — elegans 5, 245

Anomoeodus ... ... 162 major ... 11

augustus 163 pulchella 13

subclavatus ... 162 Beryx ... 14

willetti ... ... 164 — microceplialus 83

Apateodus 37 — ornatus 14,23

glyphodus . .. 38 — radians 78,53

lanceolatus ... 41 — splendens 14

striatus 38,246 — superbus 20

Apateopliolis ... ... 42 — vexillifer 77

Apocopodon ... .... 229 Blochius ... 192

— sericeus ... ... 229

Apodes 30 Calamopleurus 89

Archseogadus ... 49 — anglicus 89

guestphalicus ... 50 cylindricus . .

.

89



260 FOSSIL FISHES OF THE ENGLISH CHALK.

PAGE PAGE

Cantioscyllium ... 195 Corax maximus 198

decipiens . . 195 — planus ... . 201

Carangidse 3 — pristodontus ... 197

Caturus similis 154 Cosmodus 165

Cestracion 213 Crossoguatlius ... 255

canaliculatus ... 214 Crossopterygii 171

pliilippi 213, 214 Ctenothrissa ... 77

rugosus ... 216 — microcephala ... ... 83

Cliauos 124 radians ... 78,247

Charitosomus major ... ... 251 vexillifer ... 77

Chimsera agassizi 186,188 Ctenothrissidse ... 77

— brevirostris... 188 Cylindracanthus 192

colliei 183

mantelli ... 185
Daptinus 103

— intermedins 104
phantasma ... 182

Dercetidae 64— sedgwicki ... ... 183
Dercetis 65

Chimoeridae ... 182
elongatus 68

Chimseroidei ... ... 182
latiscutatus .

.

65
Chirocentridae ... 92

maximus 66
Chirocentrites ... 99

scutatus ... 65
coroninii 99

Chirocentrus dorab ... 92, 94
Dermatoptychus 32

Chlorophthalmus elialybeius 33
Dinelops

ornatus

... 121

... 121
Chondrostei ... ... 170

Diodon 230, 232, 235
Cimolichthys ...

lewesieusis

... 43

44
Diploinystus longicostatus . . ... 255

Cladocyclus ... ... 96
Drepanephorus

canaliculat us

213

... 214
lewesiensis ... 96

Clupea antiqua ... 254 Echidnocephalus ... 74

— voironensis ... 254 Edapliodon ... ... 183

Clupeidse 88 agassizi ... ... 186

Coccodus ... 256 bucklandi 183

Ccelacanthidae ... 171 huxleyi ... 184

Coelodus ... 165 mantelli ... 185

— angustus ... 163 reedi ... 187

cretaceus ... 163 sedgwicki 183

faba ... ... 169 Elasmobranchii ... 193

— fimbriatus ... ... 166 Elasmodectes . . 190

— parallelus ... ... 166 secans ... ... 190

— saturnus 166 willett i ... 190

Ccelorhynchus ... 192 Elasmognathus ... 190

cretaceus ... 193 willetti ... 190

rectus ... ... 192 Elopidae ... 112

Corax ... ... 196 Elopine ... 250

— affinis ... ... 201 Elopopsis ... 132

— appeudiculatus 201 crassus 133

— falcatus 198 fenzli ... 133

— jaekeli ... 200 heckeli .... 133



INDEX. 201

PAGE PAGE

Elopopsis ziegleri 133 Homonotus ... 25

Elops ... 112 dorsalis ... 25

— saurus 111,112 rotundus... 28

Empo ... 43 Hoplopteryx ... 13, 246

Euchelurus ... 74 antiquus ... 14

anglicus ... 74 lewesiensis ... 14

syriacus 74 — simus 23, 246

villosus ... 74 superbus 20,246

Enchodontidse ... 37 Hybodus dubrisiensis ... 217

Euchodus ... ... .... 55 sulcatus 217

— annectens ... ... 57 Hypsocormus insignis 145

halocyon ... 57 Hypsodon 99, 123

lewesiensis... 57,62 lewesiensis 101,125

pulchellus ... 62 minor 96

Erisichthe ... 145

dixoni . 147 Ichthyodectes ... 93

Esox lewesiensis 57 ctenodon ... 93

Eugnathidse ... ... 154 elegans ... 97

Eumylodus ... 183 marathonensis 255

Eurygnathus ... 55 minor ... 96

Eurypholis ... 56 tenuidens 98

boissieri ... 56 Ichthyodorulites 192

Iscbyodus ... 188

Galeocerdo jaekeli ... 200 agassizi 186, 188

Gingl vmostomidse ... 195 boucbardi ... 188

Glossodus ... 165 brevirostris ... 188

heckeli 250 incisus ... 189

Glyptorhynchus ... 192 mantelli ... ... 185

Gomphodus ... ... 216 tliurmanni ... 188

Gyrodus angustus 163 townsendi ... 188

— couicus ... 167 Ischyroceplialus ... 55

cretaceus . .

.

167, 251 Isodus ... 55

dixoni ... 168 Isospondyli ... 32

— mammillaris ... 167 Istieus ... 255

Gyropleurodus ... 213 Isurus ... 202

Halec ... 49 Lamna ... 206

— eupterygius 50 acuminata ... 202

— sternbergi ... 50 appendiculata ... 206

Halosauridse . .

.

... 74 — arcuata ... 208

Halosaurus ... 74 — cornubica ... 206

oweni ... 75 — rhaphiodon ... 211

Hemiptychodus 225, 245 mantelli . . . 202

Heptranchias . .

.

... 222 semiplicata ... 208

Hexanchus 222 — subulata ... 212

Holeodon 55 — sulcata ... 209

Holcolepis 113 Lamnidae ... 196

Holocepliali ... 182 Lepidenteron longissimuin ... ... 74



2fi2 FOSSIL FISHES OF THE ENGLISH CHALK.

Lepidotus

— puuctatus ...

— punctulatus

— pustulatus

Lepticlithys . .

.

agilis

Leptotraehelus

armatus

elongatus

triqueter

Lophiostomus

dixoni

Macropoma ...

mantelli ...

precursor

speciosnm

Macrosemiidae

Mawsonia

Megalodon

— lewesiensis

sauroides ...

Megalops

Mesturus

Microdon nuchalis

occipitalis

Mitsukurina . .

.

owstoni . .

.

Mursena (?) lewesiensis

MursenidoB

Myliobatidae . .

.

Neorhombolepis

excelsus

punctatus

valdeusis

Notacanthidae

Notelops

Notidanidae ...

Notidanus

gracilis

— griseus

microdon

pectinatus

Odontaspis rhaphiodon

subulata ...

Odontostomus hyalinus

Omosoma

PAGE

161

160

Ophiracliis

Osmeroides ...

160 crassus . .

.

161 granulatus

88 latifrons . .

.

88 mantelli ...

... 68 levis

... 68 lewesiensis

... 68 monasterii

... 69 Otodus

... 154

... 155

appendiculatus

— divaricatus . .

.

... 171

... 172

... 181

... 177

... 254

... 176

99, 123

... 101

pinguis

semiplicatus ...

sulcatus

Otomitla

Oxyrhina

acuminata ...

angustidens

crassidens . .

extenta
... 101

. 112
— heteromorpha

mantelli
... 252

4
spallanzanii

... 169

... 210

... 210

... 73

30

... 225

Pachycormidse

Pachyrhizodus

basalis .

.

caninus

dibleyi ...

gardneri

... 157

... 158

magnus

subulidens

... 160

... 158

64

sp.

Palseospinax ...

Passalodon

... 121

... 222

... 222

... 222

Pelecopterus ...

Phacodus punctatus .

.

Phasganodus . .

.

Pholidurus

... 222

... 222

... 252

— disjectus .

.

Plrylactoeephalus

Pisodus foucardi

Platax

... 211 — nuchalis

... 212 Platycormus ...

... 38 Plethodontidse

5 Plethodus

PAGE

... 142

... 113

... 133

... 50

... 119

... 114

... 118

SO, 114

... 33

. .

.

206

... 206

... 209

... 209

... 208

.. 209

... 256

. 202

. 204

... 204

... 205

... 202

... 204

202, 20o

... 202

. . . 145

... 123

... 125

... 124

... 128

... 125

... 131

... 129

... 249

... 216

... 183

. . 145

.. 168

... 55

.. 170

.. 170

.. 49

. 250

4

4

5

. . 105

.. 107



INDEX. 263

PAGE PAGE

Plethodus expansus ... ... 107 Ptychodus mortoni ... 226, 2U
oblongus . . ... 110 multistriatus 239, 244

pentagon ... ... 109 oweni 239, 242

Plintkopliorus ... 43 — paucisulcatus ... 235

robust us ... 48 polygyrus 232, 236

Polyodontidse ... 170 rugosus ... 231

Pomogiiathus... ... 49 spectabilis ... 151

eupterygius . .

.

... 50 sulcata s ... ... 233

Portheus ... 99 Pycnodontidse ,162

australis ... 255 Pycnodus angustus ... ... 163

daviesi ... 102 cretaceus ... ... 163

gaultinus ... 103 elongatus ... ... 163

mantel li ... 101 marginalis ... 167

molossus ... 99 parallelus 166

sp. ... ... 248 scrobiculatus 168

Prionolepis ... 42 subclavatus ... 162

angustus ... 42 Pycnosterinx ... 5

Protelops ... 137

— anglicus ... 137 Kaphiosaurus ... 123

— geinitzi ... 137 lucius ... ... 129

Protospbyraena 145, 251 subulidens . . . 129

compressirostris ... 152 Rhabdolepis ... 113

ferox . .

.

147, 152 Rhacolepis 255

minor 153 Rhinognathus 210

perniciosa . .

.

146

stebbingi 153, 251 Salmo lewesiensis 114

Protospondyli 145 Sardinioides ... 32, 114

Psephurus .. 170 crassicaudus 33

Pseudocorax ... ... 196 illustrans . . 34

affinis . 201 monasteri 33

affinis, var. laevis ... 201 Saurocephalus ... 146

Pseudothryptodus ... 107 intermedins . . 104

Psittacodon . .

.

... 183 lanceolatus ... 147

mantelli . .

.

... 185 lanciformis 147

—
. sedgwicki ... 183 striatus 38

Ptycbodus 146, 225 Saurodon 103

altior 230, 231 intermedins 104

arcuatus ... 151 leanus 44, 104

articulatus 151 xiphirostris ... 104

concentricus 233 Scapanorhynchus 210

decurrens 230, 239 elongatus . 211

depressus 239, 242 jordani ... 210

dixoni ... 236 lewisi 210,211

gibberulus ... 151 rhapbiodon ... 211

latissiinus 230, 232, 235 subulatus .

.

212

levis 239, 240 Scoliodon priscus . . 204

mammillaris ... 230 Scopelidse ... 32

marginalis ... 233 Scylliidse 193



2(34 FOSSIL FISHES OF THE ENGLISH CHALK.

PAGE PAGE

Scylliodus 194, 195 Synechodus ... ... 216

antiquus . 194, 195 dubrisiensis . 217

ScyIlium 194 illingworthi . 220

antiquum ... ... 194 nitidus ... 219

cauicula ... 194 recurvus . . 221

dubium ... 195 Syntegmodus . .

.

107

Selache ... 257

— davisi ... 229 Tectospondyli . 223

Selachii 193 Teleostomi 3

Semionotidae ... 161
Tetheodus ... 55

Solenodou ... 55
Tetrapterus minor 95, 153

Sphaerodus mammillaris ... 167 Thrissopater ... ... 136

Sphenodus recurvus ... 221 magnus ... 131

Sphyrua plana 201 megalops ... 136

Spinax maj or 214, 217 salmoneus 136

Sporetodus ... ... 225
Thryptodus ... 107, 109

Squalus cornubicus ... ... 212
Thyellina ... 194

— galeus 198
Tomognathidse ... 138

— mustelus
. . 206

Tomognathus ... 139

zygaena 202 leiodus ... 139

Squatina 223
mordax 139

— angelus ... 223
Tracbichtliyoides ... 29

— baumbergensis 223
ornatus ... 29

— cranei

Squatinidae ...

224

223
Urenclielys

anglicus ...

30

31
Stenostoma ... 5

avus 30
pulchella 13

bakelensis ... 30
Stratodus anglicus ... 137

Stromateidae ... 5 Xenodolamia ... 202
Strophodus asper ... 221 Xiphactinus ... 99

Summary and Conclusion . .

.

. . . 252 audax . .

.

... 99

Syllaemus 88 Xipbias dixoni ... 147
anglicus 89

— latifrons 88 Zeus lewesiensis 14

ADLAKD AND SON, 1T-1PR., LONDON AND DORKING.





PLATE XLVII.

Fig. Page.

1. Notidanus microdon, Agassiz; anterior upper tooth, inner view, twice

nat. size.—Zone of Belemnitella mucronata; Norwich. B. 1\I.

no. 24927. 222.

2,3. Ditto; two lateral upper teeth, outer and inner view respectively,

twice nat. size.—Chalk ; Kent. Harford Collection (B. M. no.

P. 5596). 223.

4. Ditto; lateral lower tooth, outer view, twice nat. size.—Zone of Marsu-

pites (Uintacrinus-b&nd) ; near Salisbury. Dr. H. P. Blackinore's

Collection. 223.

5, 6. Ditto ; two lateral lower teeth, outer and inner view respectively,

twice nat. size.—Zone of Belemnitella mucronata; Norwich. Bay-

field Collection (B. M. nos. 35648, 48950). 223.

7-12. Squatina cranei, A. S. Woodward; crown of anterior teeth (7, 8) and

basal view of root of same (7 a, 8 a), basal view of root (9) and outer

view of crown (10) of lateral teeth, five times nat. size; also

shagreen granule (11), fifteen times nat. size, and spinous tubercle

in side view (12) and from above (12 a), three times nat. size.—Zone

of Holaster subglobosus ; Clayton, Sussex. Willett Collection no.

183, Brighton Museum. 224.

13-18. Piychodus mammillaris, Agassiz; associated set of teeth, one (13)

from lower middle row, another (14) from upper inner paired

row, and the others (15-18) also from paired rows, crown-view and

outline-section of crown, nat. size.—Chalk; Guildford, Surrey.

B. M. no. 27032. 230.

19, 20. Ditto ; associated teeth of inner paired rows and (o') upper middle

row, nat. size.—Chalk ; near Chatham, Kent. Bowerbank Collec-

tion (B. M. no. 39127). 231.

21,22. Ditto; two associated teeth, crown-view and (22a) the smaller

crown in outline-section, nat. size.—Turonian zone ; Lewes, Sussex.

B. M. no. P. 5389. 231.

23-27. Ditto : associated teeth of coarsely-marked variety, crown-view and

one (24 a) also in outline-section, nat. size.—Ibid. Mantell Collec-

tion (B. M. nos. 4391, 4388, 4389, 4408, 4440). 231.
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PLATE XLVIII.

Fig. Page.

1-5. PtychoditH rugosus, Dixon; associated teeth, crown-view, one (1) of

upper middle row, twice nat. size, the others of paired rows, nat,

size.—Zone of Micraster corangtdnum ; Purley, Surrey. B. M. no.

39793. 232.

6. Ditto; tooth, crown-view, outline-section (0(/), and side view (6&), nat.

size.—Senonian zone ; Sussex. Mantell Collection (B. M. no. 4428). 232.

7. Ditto; tooth, crown-view, outline-section (7 a), and side view (7 b), nat.

size.—Ibid. Dixon Collection (B. M. no. 28247). 232.

8-11. Ditto : associated teeth, crown-view, and two (8 a, 9 a) also in outline-

section of crown, nat. size.—Senonian zone ; Kent. Taylor Collec-

tion (B. M. nos. 33249, 32352). 232.

12. Ptychodus polygyrus var. marginalis, Agassiz ; one of the type teeth,

crown-view and (12a) outline-section of crown.—Turonian zone;

Lewes. Mantell Collection (B. M. no. 4385). 234.

13, 14. Ditto ; associated set of teeth of various upper and lower rows indi-

cated by lettering, nat. size.—Zone of Terebratulina gracilis ; Would-

ham, Kent, G. E. Dibley Collection (B. M. no. P. 104G4). 234.

15, 16. Ditto ; associated teeth of lower middle (15) and upper inner paired

rows (16), both in crown-view, the first also in side view to show

two pressure scars (15^), nat. size.—Chalk; Beachy Head, Sussex.

B. M. no. P. (3141. 235.
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PLATE XLIX.

Fig. Page.

1. Ptychodus polygyrus, Agassiz; associated upper teeth of rows o' to iv',

crown-views, with one tooth of o' in side view, and an outline-section

of the crown of one tooth in each other row, nat. size.—Zone of

Micraster coranguinum ; Banstead, Surrey. B. M. no. P. 10771. 233.

2. Ditto ; lower teeth of rows o to n of the same specimen, crown-views

and two outline-sections, nat. size. 234.

3. Ditto; teeth of three lateral paired rows of the same specimen, crown-

views, nat. size. 2o4.
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PLATE L.

Fig. Page.

1-3. Ptycliodus latissimus, Agassiz ; three associated teeth of one of the

type specimens, in crown-view and outline-section (la-da), nat. size.

Figs. 1, 1 a, represent a lower middle tooth.—Turonian zone ; near

Lewes. Mantell Collection (B. M. no. 4355). 236.

4. Ditto ; lower middle tooth, in crown- view and outline-section of crown

(4a), nat. size.—Chalk ; Hertford. B. M. no. P. 5864. 237.

5. Ditto; lower middle tooth, in crown-view and outline-section of crown

(5a), nat. size.—Chalk ; Suffolk. Wetherell Collection (B. M. no.

37350). 237.

6-8. Ditto ; associated lower middle tooth, crown-view (6), upper inner

paired tooth, crown-view (7) and side view (7 a), and lateral tooth,

crown-view (8) and outline-section (8 a), nat. size.—Turonian zone;

Burham, Kent, Harford Collection (B. M. no. P. 5603). 237.

9, 10. Ditto ; associated upper middle tooth (9) and lateral tooth (10),

crown-views, nat. size.—Turonian zone ; near Lewes. Mantell

Collection (B. M. no. 4358). 238.

11. Ditto ; tooth of upper inner paired row, crown-view, nat. size.—Chalk;

Orford, Suffolk. B. M. no. 36103. 238.

12. Ditto; tooth of upper inner paired row, crown-view, nat. size.—Chalk;

near Croydon, Surrey. Bowerbank Collection (B. M. no. 301 20). 238.

13-16. Ditto; associated upper teeth of the form named P. dixoni, Dibley,

crown-views and outline-sections (13 a—16 a), nat, size.-—Zone of

Terebratulina gracilis ; Cuxton, Kent. Dibley Collection (B. M.

no. P. 10260). 238.



PAL/EONTOGRAPHICAL SOCIETY, J911

A. S.Woodward, English Chalk Fishes.

2a / 4a

3 a ^—

Pl.L.

A.H.Searle del.et lith.
West,Newman imp.

Ptychodus







PLATE LI.

Fig. Page.

1-3. Ptychodus decurrens, Agassiz; associated teeth of paired (1,2) and

lower middle (3) rows, crown-views, the crown of the first also in

outline-section (la), nat. size.—Turonian zone; near Lewes. B. M.

no. P. 5393. 244.

4-6. Ditto; set of upper teeth united in natural order by iron pyrites,

oral view, nat. size, one middle tooth being drawn separately in

crown-view (5) anil side view (5a), and two inner paired teeth in

front view (6). -Zone of Holaster subglobosus ; G-lynde, Sussex.

Sedgwick Museum, Cambridge. Rows numbered o' to iv\ 243.

7. Ditto; lower middle tooth, crown-view, with outline-sections, transverse

(7") and longitudinal (7b), nat. size.

—

Chalk; Kent. B. M. no.

43096. 241.

8. Ditto; large, irregularly-developed upper inner paired tooth, crown-

view, n;it. size.- Zone of Holaster subglobosus; Burham, Kent.

B. M. no. 32748. 242.

9-12. Ditto; set of upper teeth united in natural order in chalk, oral view,

nat . size, one middle tooth being drawn separately in crown-view

(10), a tooth of the inner paired row being separately shown in

crown-view (1 1), side view (11 a), front view (11^), and from below

(1 1 c), also a tooth of the fourth lateral row in crown-view (12).

—

[bid. (x. E. Dibley Collection (B. M. no. P. 10336). Lateral rows

numbered i' to iv'. 242.

13. Ditto; small smooth tooth, var. levis, in crown-view and (l ;5") outline-

section, nat. size.—Zone of Holaster subglobosus; Mine Hell Hill,

Burham, Kent. S. .1. Hawkins Collection (B. M. no. I'. 6524). 240.

14. Ditto; small tooth of similar variety, in crown-view and (1 1- a) outline-

section, nat. size.—Zone of Holaster subglobosus; Dover. I>. M.

no. P. 51. 240.
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PLATE LI I.

Fig. Page.

1-5. Ptychodus decurrens, Agassiz; five associated teeth, crown-views and

(la—5a) outline-sections, nat. size.—English Chalk. Bowerbank

Collection (B. M. no. 39436). 242.

6. Ditto; imperfect vertebral centrum associated with the preceding teeth,

nat. size, a., outer smooth face of primitive double-cone ; b., inner

face of the same, showing delicate radiating ridges; c, concentric

lamina1 within ; d. }
vacant spaces originally occupied by cartilage

continuing base of neural or haemal arch. 228.

7, 8. Ditto; two associated teeth, crown-views, showing tubercles between

ridges, nat. size.—Zone of Holaster subglobosns ; Wouldham, Kent.

Bowerbank Collection (B. M. no. 39138). 242.

9—11. Ditto; var. oweni, Dixon; three apparently associated teeth, crown-

views and the first in outline-section (9 a), nat. size.—Zone of

Holaster subglobosus ; Hailing, Kent. Bowerbank Collection (B. M.

no. 39125). 242.

12-15. Ditto; four associated teeth, crown-views, and the first in outline-

section (12 a), nat. size.—Zone of Holaster subglobosus ; Holborough,

near Rochester, Kent. G. E. Dibley Collection (B. M. no. P.

10201). 244.

16. Ditto; median section of vertebral centrum, showing concentric

laminee and spaces for cartilage at the bases of the neural and haemal

arches (d), two thirds nat. size.—Chalk; Kent. Mrs. Smith's

Collection (B. M. no. 49016). 228.
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PLATE LIII.

Fig. Page.

1. Berycopsis elegans, Dixon; imperfect fisli in left side view, two thirds

nat. size.—Zone of Holaster sitbglobosus ; Hailing, Kent. W. B.

Balston Collection (B. M. no. P. 10001). 245.

2. Aulolepis typus, Agassiz; imperfect fish in left side view, nat. size.

—

English Chalk. Sedgwick Museum, Cambridge, a., anal fin ; <.,

caudal fin; do., dorsal fin; plv., pelvic fins. 247.
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PLATE LIV.

Fig. Page.

1. Ptychodus aff. mortoni, Mantell; imperfect crown of tooth, oral and

(la) anterior views, nat. size.—Chalk; Winchester. Oxford

Museum. 244.

2. Pachyrhizodus sp. ; lower portion of head and opercular apparatus, left-

side view, nat. size.—Zone of Holaster subr/lobosus ; South Ferriby,

Lincolnshire. Collection of Henry C. Drake, Esq., F.G.S. br.,

branchiostegal rays; d., dentary; lop., interoperculum; irue.., maxilla;

pmx., premaxilla; po., postorbital plate; }><>}>., preoperculum
;

qu.,

quadrate ; sop., suboperculum. 249.

3. Dentition probably of parasphenoid of an Elopine or Albulid fish, oral

view, nat. size, with (3 a) three teeth enlarged three times.—Zone

of Holaster subglobosus ; Wouldham, Kent. G. E. Dibley Collec-

tion (B. M. no. P. 10952). 250.

4. Apateodus striatum, A. S. Woodward; head, left side view, with (4<?)

upper view of skull, three quarters nat. size.—Zone of Holaster sub-

globosus ; Brockham, Surrey. Museum of Practical Geology, ao.,

antorbital ; epo., epiotic ; etli., mesethmoid
; Jr., frontal; top., inter-

operculum
;

pa., parietal; pi., palatine; po., postorbital; scl.,

sclerotic ; so., suborbital ; socc, supraoccipital ; sop., suboperculum. 24(>.

5. Gyrodus (?) cretaceus, Agassiz ; mandible with dentition, oral view, nat.

size, with inner (5 a) and outer (5 b) views of the coronoid end of

the right splenial, also nat. size, and a posterior principal tooth (5 c)

and an anterior tooth (5t7) in side view, twice nat. size.—Zone of

Terebratulina gracilis ; Cuxton, Kent. Collection of George

Hutchings, Esq. 251.
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Fig. 41.

—

Jnoceramus labiatus var. latus, Sow. Zone of Holaster planus, Coombe Bissett. Dr. Blackmore's
Collection. Right valve. Natural size.

Inoceramus inconstaxs, sp. nov. Plate LI, figs. 1—4. Text-figs. 39, 42—49.

1822. Inoceramus Beongniarti, var., G. Mantell. Foss. S. Downs, p. 215, pi.

xxviii, fig. 3.

sp. Mantell. Ibid., p. 217, pi. xxvii, fig. 9.

1850. — La.marckii, J. de C. Sowerby in F. Dixon. Geol. Sussex, p.

355 (p. 385, ed. 2),

pi. xxviii, fig. 29.

1904. — Beongniaetii, C. Airaghi. Boll. Soc. geol. Italiana, vol. xxiii,

p. 192, pi. iv, figs. 3—5.

Description.—Shell extremely inequilateral, moderately or slightly inequivalve;

the early part of the shell slightly convex or nearly flat, the later part much more

convex and sometimes growing nearly perpendicularly to or forming a large angle

with the early part, so that in old individuals the shell becomes more inflated ; in

other cases the convexity increases more gradually from the earlier to the later

stages of growth and a nearly globose shell results. Height of the shell often

rather greater than the length. Hinge-line long, forming rather more than a

right angle with the anterior margin, which is usually more or less nearly straight.

Ventral and posterior margins rounded. Umbones terminal, small, pointed, only

slightly curved. Anterior marginal part of the valve usually flattened, but not

definitely limited from the sides of the shell. Posterior ear developed but not

distinctly limited.

Concentric folds are usually well developed, but become indistinct on the

anterior flattened area, on the posterior ear, and on the later part of the valve

of old individuals. The concentric folds have a very unsymmetrical curvature.

Remarks.—The forms included in this species vary considerably, owing mainly

to the length of duration of the flattened stage, which in some individuals forms a

38
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small part (Figs. 43, 48, 49) but in others a large part (Plate LI, fig. 2, Text-figs.

45, 46) of the entire shell.
1 Also the passage from one stage to the other is

sometimes gradual, so that the section of the shell forms a fairly uniform curve

(Fig. 48), but generally the change is abrupt, so that the later part of the valve is

Fio. 42.

—

Inoceramus inconstans, sp. 7iov. The original of Inoceramus sp., Mantell, ' Foss. S. Downs,' p. 217,
pi. xxvii, fig. 9. Upper Chalk, Lewes. British Museum, No. •1705. Left valve and posterior view.
Natural size.

\

m
,

Fig. 43.

—

Inoceramus inconstans, sp. nov. Zone of Holaster planus, Swaffham, Norfolk. Norwich Museum.
Left valve, and posterior and dorsal views of the same. Natural size.

bent at an angle with the earlier part (Figs. 42, 43). The length of the hinge-line

in proportion to the height of the shell shows some variation and consequently the

1 The larger specimen of J. latus, Sowerby ('Mia. Conch.,' vol. vi, pi. dlxxxii, upper figure),

which cannot now be found, is probably an example of this.



Pig. 45

Fig. 44

Fig 44 —Inoceramus inconstans, sp. nov. The original of I. Brongniarti, var., Mantell, ' Foss. b. Downs,

p. 215, pi. xxviii, fig. 3. Upper Chalk (probably zone of Micraster cor-anguinum), Southeram. British

Museum, No. 5878. Eight valve. Natural size.

Fig. 45.—Inoceramus inconstans, sp. nov. Upper Chalk, Sussex. British Museum, No. 5863. Left valve

and anterior view. Natural size.

Fig 46.—Inoceramus inconstans, sp. nov. Zone of Holaster planus, Swaffham, Norfolk. Norwich Museum.

Right valve. Natural size.
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curvature of the ribs varies. In some specimens (often of large size) the shell

is thinner than usual and has sharp and ridge-like folds similar to those of

I. Lamarcki var. Websteri, Mant. (p. 318). Further work may show that it is

desirable to give names to some of the varieties of I. inconstans.

Affinities.—This species is closely allied to I. labiatus var. latus, Sowerby; 1

but the hinge is relatively longer and the height of the shell less, the anterior

flattened area is larger, the later part of the shell is more convex, the umbones

are less prominent and the posterior ear more distinct.

"^

Fig. 47.

—

Inoceramus inconstans, sp. nov. Upper Chalk (zone of Actinocamax quadratus), Brighton.
Brighton Museum, No. 336. Right valve and anterior view. Natural size.

I. inconstans is distinguished from I . LamarcM, Parkinson (p. 307), by the

relatively longer hinge-line, the more unsymmetrical curvature of the folds, the

flattened form of the early part of the shell, the less prominent umbones, and

the smaller difference in the size of the valves. 1. Guvieri of Andert 2 appears to

be a flat form of I. inconstans. Another specimen figured by Andert 3
is allied to

I. inconstans, but its axis of growth is more oblique and its hinge longer than usual.

1 Erratum on p. 284 (fig. 39) : for Inoceramus labiatus var. latus, Sow., read Inoceramus incon-

stans, sp. uov. A specimen figured by Andert (' Inoceramen d. Kreibitz-Zittauer Sandsteingeb.,' 1911,

p. 45, pi. i, fig. 5) as I. Citvieri var. planus appears to be intermediate between J. labiatus and/, labiatus

var. latus.

~ Loc. cit., pi. ii, fig. 2.

3 Loc. cit., pi. i, fig. 2, pi. vii, fig. 8 (/. Guvieri var. planus).
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Fig. 48.

—

Inoceramns inconstans, sp. nov. Upper Chalk. Locality unknown. British Museum, No. 308S2.

Left valve and dorsal view, x i.
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"^Ns

i

£\ \

Fig. 49.

—

Inoceramus inconstayis, sp. nov. Zone of Actinocamax quadratus, East Harnham, Salisbury. Dr.

Blackmore's Collection. Left valve and dorsal view. Natural size.
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Types.—The specimen figured by Mantellas I. Brongniarti var., from the Upper
Chalk (probably zone of Micraster cor-anguinum) of Southeram (Lewes), and the

one figured as Inoceramus sp. by the same author from Lewes, and /. Lamarclci,

Sowerby (in Dixon), from the Chalk, Sussex (probably zone of Terebrahdina
lata of Mailing), are in the British Museum, Nos. 5878, 4765, L20955 respectively.

Fig. .50

—

Inoceramus inconstans, sp. nov. mi-. Senonian, Haldon. British Museum, No. L17380. Left valve.

A large flat form resembling /. cycloides, Wegner. Compare with Fig. 46. x f

.

Distribution.—Zone of Holaster planus of Twyford, Swaffham (Norfolk), and

Strood. Zone of Micraster cor-testudinarium of Chatham, Guilford Colliery

(Coldred near Dover), and Wharram (Yorkshire). Zone of Micraster cor-anguinum

of Southeram (Lewes). Zone of Actinocamax quadratics of East Harnham

(Salisbury) and Brighton. Zone of Belemnitella mucronata of Shide (Isle of

Wight). Probably also in the zone of Terebratidina lata.
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Inoceramus inconstans var. striatus, Mantell, 1822. Plate LI, fig. 5; Plate L1I,

fi? . 1.

1822. Inoceramus striatus, G. Mantel/. Foss. S. Downs, p. 217, pi. xxvii, fig. 5.

1828. — — J. de C. Sowerby. Min. Conch., vol. vi, p. 160, pi.

dlxxxii, fig. 2.

1854. _ J.Morris. Cat. Brit. Foss., ed. 2, p. 170 (partim).

Non 1836. — A. Goldfuss. Petref. Germ, vol. ii, p. 115, pi. cxii,

fig. 2.

1841. — F. A. Bomer. Die Verstein. d. nord-deutsch.

Kreidegeb
, p. 62.

? — 1846. — A. E. Beuss. Die Verstein. der bohm. Kreidefor-

niat., pt. 2, p. 25.

1816. A. d'Orbigny. Pal. Fran?. Terr. Cret., vol. iii, p.

508, pi. ccccv.

— 1850. d'Orbigny. Prodr. de Pal., vol. ii, p. 168.

— 1852. — F. Bi>mer. Kreidebild. v. Texas, p. 60.

— 1863. — — A. v. Strombeck. Zeitsehr. d. deutsch. geol. Gesell-

seh., vol. xv, p. 108.

— 1863. — A. Kunth. Ibid., vol. xv, p. 727.

— 1870. — F. Bomer. Geol. v. Oberschlesien, p. 340, pi. xxix,

fig. 6.

— 1872-73. — H. B. Geinitz. Das Elbthalgeb. in Sachsen (Pal-

seontographica, vol. xx, pt. 1),

p. 210, pi. xlvi, figs. 9—13; (ibid.,

pt. 2), p. 41, pi. xiii, figs. 1, 2,

9, 10.

— 1873. — Geinitz. Neues Jahrb. fur Min., etc., p. 7.

— 1877. — — A. Fritsch. Stud, im Gebiete der bohm. Kreide-

forinat. ii, Weissenberg. u. Maluitz.

Scliiclit,, p. 129.

? — 1881. — J. Kiesow. Schrift. nat. Gesellsch. Dantzig, vol. v,

p. 413.

— 1885. — — F. Nbtling. Die Fauna d. baltisch. Cenoman. (Pal-

seont. Abhandl., vol. ii), p. 23, pi. iii,

figs. 11, 12.

— 1893. — — B. Michael. Zeitsehr. d. deutsch. geol. Gesellsch.,

vol. xlv, p. 233.

— 1895. — — E. Tiessen. Ibid., vol. xlvii, p. 480.

_ 1897. — — H.Woods. Quart. Journ. Geol. Soc, vol. liii, p. 381,

pi. xxvii, fig. 13.

— 1911. — — A. Fritsch. Stud, im Gebiete bohm. Kreideformat.

(Ergiinzung zu Bd. I, Korycaner

Schicht.), p. 42, fig. 190.
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Reworks.—This variety, which is uncommon and of small size, is distinguished

by the strongly inflated valves, the large angle between the hinge-line and the

anterior border, the absence of folds, and the absence or indistinct character of

the anterior flattened area and of the posterior ear.

Types.—The type, from the zone of Micraster cor-anguinum of Sontheram,

Lewes, is in the British Museum, No. 4768 (Plate LI, fig. 5). The specimen

figured by Sowerby from the Upper Chalk (probably zone of Holaster planus) of

Heytesbury is also in the British Museum, No. 43267.

Distribution.—Zone of Holaster planus of Stonehall siding near Dover, and

Swaffham, Norfolk. Zone of Micraster cor-anguinum of Sontheram. Upper
Chalk (probably zone of Holaster planus), Heytesbury.

Inoceramus jnconstans var. sarumknsis, var. nov. Plate LII, figs. 2, 3.

A variety found in the zone of Actinocama.r, quadratus of East Harnham

(Salisbury), Mottisfont, and West Meon (Hampshire), is distinguished by the

umbones being more prominent and not terminal, by the regular convexity and

equal size of the valves, the absence of the anterior flattened area, and the absence

or indistinct character of the concentric folds. This variety is connected with

typical forms of the species by some examples (Fig. 49) in which the early part of

the shell is less convex and possesses distinct folds, but the umbones are not quite

terminal and the anterior flattened area is not present. 1. inconstans var.

sarumensis appears to resemble /. Brancoi, AVegner, 1 of which good figures have

not yet been published.

Inocekamus balticus, 1'ohm, 1907. Text-figs. 51—53.

1886. Inoceeamus Cripsii, A. Golclfuss. Petref. Germ., vol. ii, p. 116, pi. cxii,

fig. 4b. (Non J. Crippsi, Maiitell, 1822).

1870. — var. sulcata, F. Homer. Geol. v. Oberschles., p. 356,

pi. xxxix, fig. 9.

1907. — balticus, J. B'olim. Zeitschr. d. deutsch. geol. Gesellsch.,

vol. lix, Monatsber., p. 113.

1909. — — Bokm. Subhercvii. Kreidemukle (Abliandl. d. k.

preuss. geol. Landesanst ; n.p. 56), p. 47,

pi. xi, fig. 2a, pi. xii, fig. la.

1910. — — /. Nowak. Bull. Internal:. Acad. Sci. Cracovie

(1909), p. 875.

1 ' Zeitschr. d. deutsch. geol. Gesellsch.,' vol. lvii (1905), p. 159, fig. 4.

39
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Description.— Shell equivalve, very inequilateral, slightly or moderately convex,

becoming very convex in old specimens, in which the later part of the shell grows

either perpendicularly to or at an obtuse angle with the earlier part
;
posterior

Fig. 51.

—

Inoceramus baltirus, Bolim. Senonian, Worbarrow Bay, Dorset. British Museum, No. L22177.
Flint cast. Eitflit valve and anterior view. Natural size.

Fig. 52.

—

Inoceramus balticus, Bohm. Anterior view of specimen shown in Fig. 53. x %.

and postero-dorsal parts compressed ; length greater than height, the difference

increasing with age. Anterior and ventral margins rounded
;
posterior margin

forming 1 an obtuse angle with the hinge. Hinge-line long. Umbones rather

small, nearly terminal.
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Concentric ribs strong, sharp, narrow, with a very unsymmetrical curvature
;

a few ribs may come off from the sides of other ribs ; between the ribs are broad

concave interspaces. On the marginal parts of old specimens ribs are absent.

Affinities.—I. balticus is closely allied to I. incovstans, from which it has

>

Fig. 53.

—

Inocennnus balticus, Bohm. Upper Chalk (probably zone of Marsupites testudinaritis), Brighton.
Museum of Practical Geology, No. 25509. Lett valve and dorsal view, x j.

probably been derived ; it differs from that species by its longer hinge and the

longer shell, with the umbones not quite terminal. The length of duration of the

slightly convex stage varies in the same way as in /. inconstans. The specimen of

I. inconstans shown in Fig. 45 makes, on account of its longer hinge, some

approach to I. balticus.
1

1 See also Bohm, loe. oil., pi. xii, fig. la.
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I. regularis, d'Orbigny, 1 differs from I. balticus in tlie outline of the shell, in its

uniform convexity, and in the broader and less sharp ribs.

Some of the forms from Gosau referred by Zittel to 7. Grippsi resemble closely

I. balticus?

Type.—From the Lower Quadra his beds of Dulmen, in the Palseontological

Institute of the University of Bonn.

Distribution.—Senonian of Haldon, and Worbarrow Bay (Dorset), and Brighton

(probably zone of Marsupites testudinarius) . Zone of Actinocamax quadratus of

Mottisfont, Ropley (Hants), East Harnham (Salisbury), Mount Pleasant near

Andover, Driffield, and Sewerby (Yorkshire). Zone of Belemnitdla mucronata of

Clarendon and Fareham (Hants), Alum Bay and Shide (Isle of Wight), and Norwich.

Inoceramus lobatus, (toldfuss, 1836. Text-figs. 5I-, 55.

' 1836. Inoceramus lobatus, A. Goldfuss. Petref. Germ., vol. ii, p. 113, pi. ex,

fig. 3.

1877. — — C. ScJd iiter. Palaeontographica, vol. xxiv, p. 275,

pi. xxxix, figs. 1, 2.

1882. H. Schroder. Zeitschr. d. deutscb. geol. Gesellsch.,

vol. xxxiv, p. 272.

? 1888. i.ff. lobatus, S. Nikitin. Los Vestiges Cret. dans la Russie

Centrale (Mem. Comite Geol.,

vol. v, no. 2), p. 34, pi. v, fig. 12.

lobatus, G. Mailer. Jahrb. d. k. preuss. geol. Landesanst.

fur. 1887, p. 415.

1889. — E. Hohapfel Die Mollusk. Aachen. Kreide (Palae-

ontographica, vol. xxxv), p. 223.

? 1894. aff. lobatus, K. Jimhd. Kreideformat. v. Hokkaido (Pal-

seont. Abhandl., vol. vi), p. 44,

pi. viii, fig. 11.

1898. lobatus, G. Midler. Mollusk. Untersen. v. Braunschweig, u.

Ilsede (Abhandl. d. k. preuss. geol.

Landesanst., n.f., 25), p. 43, fig. 10.

? 1901. — cf. lobatus, F. Sturm. Jahrb. d. k. preuss. geol. Landesanst.

fur 1900, vol. xxi, p. 93, pi. x, fig. 3.

1902. lobatus, A. Wollemann, Li'meburg. Kreide (Abhandl. d. k.

preuss. geol. Landesanst., n.f., 37),

p. 71.

1 'Pal. Franc. Terr. Cret,,' vol. iii (1846), p. 516, pi. ccccx.

2 Compare also I. Cripsi var. sulcata, Eomer, 'Kreidebild. v. Texas' (1852), p. 56, pi. vii, fig. 2,

and I. Cripsianus, Stoliczka, ' Palseont. Inclica, Cret. Fauna S. India,' vol. iii (1871), p. 405,

pi. xxvii, figs. 1— 3
;

pi. xxviii, fig. 2, and J. crassus, Petrascheck, 'Jahrb. d. k. k. geol. Keicbsanst.,' vol.

liii (1903), p. 164, pi. viii, fig. 4, and Andert, ' Inoceramen d. Kreibitz-Zittauer Sandsteingeb.' (1911),

p. 46, pi. iii, fig. 4, pi. vi, figs. 1, 2.
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1902. Inoceramus lobatus J. P. J. Bavn. Mollusk. i Danmarks Kridtafl. I.

Lamellibi -

., p. 103.

1905. — T. Wegner. Zeitschr. d. deutscb. geol. Q-esellsch.,

vol. lvii, p. 164, fig. 7, pi. x, figs. 1, 2,

and text- fig. 7.

1906. G. Smolehski. Bull. Internat. Acad. Sci. Cracovie,

p. 722, pi. xxvii, figs. 16-18.

1909. J. Nowak. Ibid (1909), p. 875.

/

^. ---

Fig. 54.

—

Inoceramus lobatus, Goklf. Zone of Aetinocamax quadratus, East Leys, Yorkshire. British Museum,
No. L23910. Internal cast of right valve; posterior wing missing, x f.

Description.—Shell very inequilateral, oblique, compressed, slightly convex

—

the anterior part more convex than the posterior part; much higher than long.

Antero-dorsal marginal part sloping steeply. Ventral margin convex, with a
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shallow sinus near the postero-ventral angle. Posterior margin nearly straight,

somewhat oblique, forming an angle with the ventral margin. A broad shallow

depression extends from behind the umbo to the postero-ventral sinuosity

;

posteriorly this depression is limited by an angular ridge Behind the ridge is a

Fig. 55.

—

Inoceramus lobatus, Goldf. Zone of Actinocamax quadratus, Yorkshire. York Museum. Part of
left valve, x §.

flattened or slightly concave wing-like part which, owing to the thinness of the

shell, is often not preserved. Umbones acute, near the anterior end.

Ornamentation consists of concentric ribs with anunsymmetrical curvature ; in

the posterior depression the ribs bend upwards, forming a sinuosity, and on the

wing the ribs bend upwards and are less distinct than elsewhere. The concentric

ribs are of two sizes ; large ribs occur at intervals and between these are several

smaller ribs.
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Affinities.—Inoceramus nasutus, Wegner, 1 from the Senonian of Bossendorf and

Diilmen, is allied to I. lobatus. See also /. lingua, I. cardissoides,&nd I. tuberculatus

(below).

Remark*.—Only imperfect casts of this species have been seen, but it is

abundant in Yorkshire. In North Germany this species occurs also in the zone of

Marsupites testudinarius.

Type.—From the Lower Senonian of Qnedlinbnrg.

Distribution.—Zone of Actinocamax quadratus of Sewerby, Bessingby and

other localities in Yorkshire.

Inoceeamus lingua, Goldfuss, 1836. Text- fig. 56.

1836. Inockramus lingua, A. Goldfuss. Petref. Germ., vol. ii, p. 113, pi. ex,

fig. 5.

1877. — — C. Schliiter. Palaeontographica, vol. xxiv, p. 276,

pi. xxxix, figs. 3, 4.

1898. — — O. Miiller. Mollusk. TJntersen. v. Braunschweig, u.

Ilsede (Abhandl. d. k. prenss. geol.

Landesanst., n.f., 25), p. 45, pi. v,

fig. 8.

1899. — — V. Popovici-Hatzey. Mem. Soc. geol de France, Paleont.,

vol. viii, pt. 3, p 7.

1902. — /. P. /. Bavn. Mollusk. Daumarks Kridtafl., I.

Lamellibr., p. 102.

19U5. — — T. Wegner. Zeitschr. d. deutsch. geol. Gesellsch.,

vol. lvii, p. 168.

1909. — /. Nowak. Bull. Internat. Acad. Sei. Cracovie, p. 875.

Remarks.—This species is closely allied to /. lobatus, Goldfuss, but the speci-

mens at present available are not sufficiently perfect to enable me to make a close

comparison. /. lingua appears to differ from I. lobatus in the absence of the ridge

between the umbo and the postero-ventral angle, in the absence or indistinct

character of the radial depression in front of the ridge, in the greater relative

length of the shell, and in the ribs being either of uniform size or of two sizes less

distinctly marked than in /. lobatus.

Type.—From the Senonian of Diilmen.

Distribution.—Upper Chalk of Birdsall, Yorkshire. Zone of Belemnitella

1 'Zeitschr. d. deutsch. geol. Gesellsch.,' vol. lvii (1905), p. 167, pi. x, fig. 3, text-fig. 8.
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mucronata of Norwich. Recorded by Barrois from the zone of Marsupites

testudinarius of Rottingdean.

Fig. 56.

—

Inoceramus lingua, Goldf. Zone of Belemnitella mucronata, Norwich. British Museum, No.
L209o(3. Part of right valve. Natural size.

Inoceramus cardissoides, Goldfuss, 183G. Text-figs. 57, 58.

1836. Inoceramus cardissoides, A. Goldfuss. Petref. Genu., vol. ii, p. 112,

pi. ex, fig. 2.

1841. lobatus var. /3. cardissoides, F. A. BiJmer. Die Verstein.

d. nord-deutsch. Kreidegeb., \>. 63.

1876. cardissoides, D. Brauns. Zeitschr. f. d. gesanmit. Natur-

wiss., vol. xlvi, p. 377.

1877. G. Schliiter. Palseoutographica, vol. xxiv, p. 274.

1888. G. Miiller. Jalirb. d. k. preuss. geol. Lan-

desanst. fiir 1887, p. 415.

1898. — G. Miiller. Mollusk. Untersen. v. Braun-

schweig u. Ilsede (Abhandl. d. lc.

preuss. geol. Landesaust., n.f.,

25), p. 44, fig. 11.

1902. — A. Wollemann. Li'mebuig. Kreide (Ib'd., 37),

p. 71.

1905. — — T. Wegner. Zeitschr. d. deutsch. geol.

Gresellsch., vol. Ivii, p. 169.
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Nou 1882. Inoceramus cardissoides, H. Schroder. ZeitscLr. d. deutsch. geol.

Gesellsch., vol. xxxiv, p. 271,

pi. xvi, fig. 1.

Description.—Shell very inequilateral, oblique, moderately convex, with the
anterior marginal part sloping rapidly. Height considerably greater than length.

Fig. 57.

Fig. 58.

\

$,j
IV

7

%i.

ma

Fig. 57.

—

Inoceramus cardissoides, Goldf. Upper Chalk (probably zone of Actinocamax quadratus), near
Speeton. Sedgwick Museum. Left valve. Posterior wing missing. Natural size.

Fig. 58.

—

Inoceramus cardissoides, Goldf. Upper Chalk, probably Kent. British Museum, No. 98209.

Part of left valve. Natural size.

Ventral margin convex; anterior margin slightly curved. A broad concave

depression extends from behind the umbo to the postero-ventral extremity, and is

limited posteriorly by a straight, sharp ridge, behind which is a wing-like part of

the shell.

Ornamentation consists of strong, widely separated concentric ribs, with a steep

ventral slope and a more gentle dorsal slope; in the interspaces are small con-

centric ribs, which are crossed by small radial ribs giving a more or less distinctly

40
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tuberculate character to the larger concentric ribs. On the posterior part of the

shell the concentric ribs bend sharply upwards.

Remarks.—Only two imperfect specimens of this species have been seen ; it is

closely allied to /. lobatus (p. 296), but differs in the presence of radial ribs, the

greater development of the larger concentric ribs, and in the greater convexity of

the valves.

Type.—From the Senonian of Quedlinburg.

Distribution.—Upper Chalk (probably zone of Actinocamax quadratus) near

Speeton, and the south of England (probably Kent).

Inoceeamus tubercdlatus, sp. nov. Plate LIY, fig. 8. Text-fig. 59.

1882. Inoceramus cakdissoides, H. Schroder. Zeitschr. d. deutscli. geol.

Gresellsch., vol. xxxiv, p. 271,

pi. xvi, fig. 1 (Non Goldfuss).

Description.—Shell very inequilateral, oblique, much higher than long; dorsal

part moderately convex, ventral part only slightly convex. Umbones relatively

small, nearly terminal. Antero-dorsal area flattened, nearly smooth. A rounded

depression, separated from the posterior wing-like part, passes from the umbo to

the postero-ventral extremity. Hinge-line forms less than a right angle with the

anterior margin.

Ornamentation consists of numerous concentric ribs which, at a short distance

from the umbo, are crossed by radial furrows, so that the ribs appear then

to consist of rows of tubercles ; on the sides of the shell the radial furrows,

and consequently also the tubercles, are less distinct than on the middle of

the shell.

Affinities.—This species is allied to I. lobatus and 7. cardissoides, but differs in

the greater development of the radial ribs, which give rise to a tuberculate type

of ornamentation ; also the stronger concentric ribs which occur in I. cardissoides

are small or altogether wanting. The English specimens agree fairly closely with

the example figured by Schroder as I. cardissoides.

Type.—In Dr. Rowe's Collection.

Distribution.—Upper Chalk (zone of Actinocamax quadratus) of Brighton, and

Sewerby (Yorkshire).
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Fig. 59.

—

Inoeeramus tuberculatus, sp. nov. Zone of Actinocamax quadratics of Sewerby, Yorkshire,
Dr. A. W. Rowe's Collection. Part of right valve. Natural size.
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Inocebamus undulato-plicatus, Burner, 1852. Text-figs. 60, 61.

1852. Inoceramus undulato-plicatus, F. Homer. Kreidebild. v. Texas, p. 59,

pi. vii, fig. 1.

1865. — digitatus, F. A. Ri>mer. Palseontographiea, vol. xiii, p. 196,

pi. xxxii, fig. 6.

1873. — — F. Schmidt. Mem. Acad. Imp. Sci. de St.

Petersb., ser. 7, vol. xix, no. 3,

p. 25 (partim), pi. v, figs. 10, 11
;

pi. vi, fig. 1, 2, 4, 6, 7 ; pi. vii

;

pi. viii, figs. 9—15.

1877. — undulato-plicatus, C. ScJrfiiter. Palseontographiea, vol.

xxiv, p. 270, pi. xxxviii,

fig. 1.

1878. — — C. Barrois. Ann. Soc. gcol. du Nord,

vol. v, p. 475.

1894. — digitatus, K. Jimbo. Palseont. Abhandl., vol. vi, p. 43,

pi. viii, figs. 8— 10.

1899. Schmidti, B.Michael. Jahrb. d. k.preuss. geol. Laudesanst.

fur 1898, vol. xix, p. 162, figs. 1—4.

Description.—Shell ovate, much higher than long, very inequilateral ; the early

part of the shell of small or moderate convexity, the later part only slightly convex

or nearly flat. Hinge-line forming more than a right angle with the anterior

margin. Umbones terminal, small, curved anteriorly.

Ornamentation consists of concentric and radial ribs ; the former are more

distinct on the early part of the shell, the latter on the later part. The radial ribs

curve outwards from a line between the umbo and the postero-ventral extremity

;

they have rounded summits, and are separated by broad shallow interspaces ; a

tubercle or rounded elevation may be developed where the concentric ribs cross

the radial ribs.

Affinities.—This species is closely allied to I. digitatus, Schli'iter (non

Sowerby)

.

The fact that in some specimens the early part of the shell is ornamented with

concentric folds only, and the radial ribs appear on the later parts, suggests

that this species has been derived from one with concentric folds only, in a

manner similar to that in which I. sulcatus has arisen from /. concentricus (see p.

268) ; the specimens at present available, however, do not enable us to trace the

origin of I. undulato-plicatus, but it seems probable that it has descended from a

flat variety of I. inconstans.

Forms from Vancouver Island with a similar type of ornamentation have been
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referred to I. undulato-plicatus by Whiteaves, 1 but White 2 doubts the "correctness

of the identification. I. diuersus, Stoliczka,3
is another allied form.

Michael does not accept Schmidt's and Schli'iter's identification of the

specimens from Saghalien and North Germany with Romer's I. undulato-plicatus,

but regards them as belonging to a distinct species for which he proposes the

name I. Schmidti. He, however, regards I. diversus, Stoliczka, as an example of

F.g. 01.

Fig. 60.

Fig. 60.

—

Inoceramus undulato-plicatus, Rom. Senonian, Haldon. British Museum, No. L17371. Flint
cast of part of right valve. Natural size.

Fig. 61.

—

Inoceramus undulato-plicatus, Rom. Senonian, Haldon. British Museum, No. L17369. x |.

this species, consequently it was unnecessary to introduce a new name. The

English specimens show a good deal of variation, and after comparing them with

Romer's and other figures I do not feel able to accept Michael's view.

Type.—From the Chalk of Texas.

Distribution.—Senonian of Haldon.

1 ' G-eol. Surv. Canada, Mesoz. Fos.«.,' vol. i (1879), p. 168, pi. xx, fig. 2, and I. digitatus (ibid.,

1903), p. 395 ; also ' Trans. Roy. Soc. Canada,' ser. 2, vol. i (1895), p. 121.

2 'Bull. TJ. S. Geol. Suit.,' no. 51 (1889), p. 37.

3 'Palajont, Iudica, Civt, Fauna S. India,' vol. iii (1871), p. 407, pi. xxvii, fig. 6.
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/

Fig. 62.

—

Inoceramus undulato-plicatus var. digitatus, Schliit. Zone of Micraster cor-anguinum, Snowdown
Oolliery Shaft, Nonington, near Dover. British Museum, No. L20844i (discovered and presented by
Dr. Malcolm Burr). Cast of part of left valve, x f.
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INOCERAMTJS UNDTJLATO-JM.ICA'JTS nir. DIGJTATVS, ScMuter, 1877. r

J\ .X t-fl ^. 62.

1873. Inoceramus digitatus, F. Schmidt. Mem. Acad. Imp. Sci. de St. Pe'tersb.,

ser. 7, vol. xix, no. 3, p. 25 (partim),

pi. vi, figs. 3, 5.

1877. —
(7. Schliiter. Palaeontograpbica, vol. xxiv, p. 2(>7,

pi. xxxvi.

1878. — C. Barrois. Ann. Sou. guul. dn Nord, vol. v,

p. 475.

1902. — — A. Wollemann. Liineburg. Kreide (Abhandl. d.

k. preuss. geol. Landesanst.,

n.f., 37), p. 70.

Remarks.—As was pointed out by Schliiter, this form is very closely allied to, and

perhaps not separable from, f. undidaio-plicatus ; it differs from the latter mainly

in that the posterior ribs are stronger and fewer in number than the anterior ribs,

but the early parts of the shell are very similar in the two forms. Until more

specimens have been obtained the exact relationships of the two forms cannot be

determined, and for the present it seems best to regard I. digitatus of Schliiter

(non Sowerby) as a variety of I. undulato-plicatus.

Distribution.—Zone of Micraster cor-anguinwm of Charlton, Snowdown Colliery

Shaft, Nonington near Dover, Preston near Faversham, and Salisbury. Zone of

Actinocamax quadrat us of Salisbury.

Inocekamlis Lamakcki, Parkinson, 1819. Plate LII, figs. 4—6; Plate LIII, figs.

1—7. Text-figs. 63—85.

1768. Ostreopinnites, J". E. I. Walch. Naturgeschichte d. Verstein., vol. ii,

p. 142, pi. di**, figs. 1—5.

1819. Inoceramus Lamarckii, /. Parkinson. Trans. Greol. Soc, ser. 1, vol. v,

p. 55, pi. i, fig. 3.

1822. — Ctjvieri, /. Sowerby. Trans. Linn. Soc, vol. xiii, p. 453,

pi. xxv.

— Lamarckii, G. Mantell. Foss. S. Downs, p. 214, pi. xxvii,

fig. 1.

— Cuvieri, Mantell. Ibid., p. 213, pi. xxvii, fig. 4, pi. xxviii,

figs. 1, 4.

— Brongniarti, Mantell. Ibid., p. 214, pi. xxvii, fig. 8.

Websteri, Mantell. Ibid., p. 216, pi. xxvii, fig. 2.

— — undulatus, Mantell. Ibid., p. 217, pi. xxvii, fig. 6.

—- latus, Mantdl. Ibid., p. 216, pi. xxvii, fig. 10.

— Catillus Cuvieri, A. Brongniart. In Cuvier's Ossemens Foss., vol. ii,.

p. 601, pi. iv., fig. 10.
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18-23. Inockeamus Cuvieei, /. de C. Sowerby. Min. Conch., vol. v, p. 59, ]>1.

ccccxli, fig. 1.

Beongniaeti, Soicerly. Ibid., vol. v, p. 60, pi. ccccxli, figs.

2, 3.

1836. — Lamaeceji, A. Golclfuss. Petref. Germ., vol. ii., p. 114, pi.

cxi, fig. 2.

Cuvieei, Goldfuss. Ibid., vol. ii, p. 114, pi. cxi, fig. 1.

Beongniaeti, Goldfuss. Ibid., vol. ii, p. 115, pi. cxi, fig. 3.

— steiattts, Goldfuss. Ibid., p. 115, pi. cxii, fig. 2.

1837. Catillus lamaecki, F. Dujardin. Mem. Soc. geol. de France, vol. ii,

p. 225.

1837. Cuvieei, Dujardin. Ibid., vol. ii, p. 225.

Inoceeamus Beongniaeti, W. Hisiiiger. Lethsea Suecica, p. 56, pi. xvii,

fig. 11.

Cuvieei, Misinger. Ibi !., p. 56, pi. xvii, fig. 10.

1841. Lamaeckii, F. A. Bihner. Die Verstein. d. nord - deutsch.

Kreidegeb., p. 62.

— Cuvieki, Bomer. Ibid., p. 62.

Beongniaeti, Bihner. Ibid., p. 61.

? — undulatus, Burner. Ibid., p. 63, pi. viii, fig. 12.

1846. Cuvieei, A. E. Beuss. DieVerstein.derbohm. Kreideforrnat.,

pt. 2, p. 25.

— Beongniaeti, Beuss. Ibid., pt. 2, p. 24.

? — Cuvieei, A. Leymerie. Statist, geol. min. de l'Aube, Atlas,

pi. iv, fig. 7.

annulatus, Leymerie. Ibid., pi. iv, fig. 4.

Cuvieei, A. d'Orbigny. Pal. Franc. Terr. Crct., vol. iii,

p. 520.

1850. Beongniaeti, H. B.Geinitz. Das Quadersandst.oder Kreide-

geb. in Deutschland, p. 172.

?

—

— Cuvieei, A. d'Orbigny. Prodr. de Pal., vol. ii, p. 250.

1850. — B. Kner. Kreidemerg. v. Leniberg (Haidinger's

Naturwiss. Abhandl., vol. iii, pt. 2),

p. 28.

1854. Lamaeckii, /. Morris. Cat. Brit. Foss., ed. 2, p. 169.

—

— Cuvieei, Morris. Ibid., p. 169 (partim).

— — Beongniaetii, Morris. Ibid., p. 169.

undulatus, Morris. Ibid., p. 170.

— Websteeii, Morris. Ibid., p. 170.

1863. Cuvieei, A. v. Strombeck. Zeitschr. d. deutsch. geol. Gesell-

sch., vol. xv, p. 124.

Beongniaeti, Strombeck. Ibid., vol. xv, p. 121.

— — — B. Drescher. Ibid., vol. xv, p. 352.

?1869. Lamaeki, E. Favre. Moll. Foss. de la Craie de Leniberg,

p. 134.

1870. Inoceeamus Beongniaeti, F. Bihner. Geol. v. Oberschles., p. 316, pi.

xxxiv, fig. 13.
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1872. Inoceramus Beongniabti, E. B. Geinitz. Das Elbthalgeb. in Sachseu

(Palaeontographica, vol. xx,

pt. 2), p. 43, pi. xi, figs.

3—10, pi. xiii, fig. 3.

Cuvieri, Geinitz. Ibid., p. 48 (partim), pi. xiii, fig. 8.

1873 - Brongniarti, Geinitz. Neues Jahrb. fiir Min., etc., p. 10.

— — Cuvieri, Geinitz. Ibid., p. 15.

— — Lamarcki, Geinitz. Ibid., p. 18.

' 1875 - latus, 0. Drcocq. Assoc. Franc. Avanc. Sci. (Lille, 1874),

p. 369.

— Cuvieri, C. Schliiter. Palaeontographica, vol. xxiv, p. 266.

Brongniarti, C. Schliiter. Ibid., vol. xxiv, p. 263.

A. Fritsch. Stud, im Gebiete derbohtn. Kreide-

format., ii, Weissenberg. u. Mal-

nitz. Schicht., p. 130, fig. 111.

1878. — — G. Behrens. Zeitschr. d. deutsch. geol. G-esellsch.,

vol. xxx, p. 256.

? — — undulatus, C. Barrois. Ann. Soc. geol. du Nord, vol. v,

p. 407.

1881. — (Mytilites) problematicus, R. Etheridge, in Penning and

Jukes-Browne, Geol. Cam-

bridge, p. 143, pi. iii, figs.

9, 10, 11.

? 1883. Brongniarti, A. Fritsch. Stud, im Gebiete der bohui. Krei-

deformat., iii. Iserschicht., p. 110,

fig. 80.

1888. Cuvieri, A. Peron. Hist. Terr. Craie S.E. Bassin Anglo-

Parisien, p. 156.

— — Brongniarti, Peron. Ibid., p. 157.

— — undulatus, Peron. Ibid., p. 157.

? 1889. — Cuvieri, A. Fritsch. Stud, im Gebiete der bolim. Kreide-

format., iv, Teplitz. Schicht., p. 82,

fig. 74.

? — — Brongniarti, Fritsch. Ibid., p. 81, fig. 72.

1892. Cuvieri, E. Stolley. Die Kreide Schleswig-Holsteins (Mit-

theil. a. d. min. Institut Kiel, vol. i.),

p. 241.

1893. — Brongniarti, B. Michael. Zeitschr. d. deutscb. geol. Gesell-

sch., vol. xlv, p. 242.

1897. — striatus, H. Woods. Quart. Journ. Geol. Soc, vol. liii, p. 381,

pi. xxvii, fig. 13.

— — Cuvieri, B. Leonhard. Palaeontographica, vol. xliv, p. 49.

— — Brongniarti, Leonhard. Ibid., vol. xliv, p. 47.

1899. — /. Simionescu. Fauna Cret. Super. Urmos,

p. 27.

? -

—

— Cuvieri, Simionescu. Ibid., p. 27, pi. ii, figs. 8, 9.

? 1901. — aff. Cuvieri, H. Imheller. Palaeontographica, vol. xlviii,.

p. 34.

41
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1901. Inoceramus Cuvieri, F. Sturm. Jahrb. d. k. preuss. geol. Landesanst.,

fur 1900, vol. xxi, p. 92, pi. x, fig. 1.

1902. — — A. Wollemann. Luneburg. Kreide (Abhandl. d. k.

preuss. geol. Landesanst., n. p., 37),

p. 67.

— — Beongniarti, Wollemann. Ibid., p. 66.

1903. — — W. Petraschech. Jahrb. d. k. geol. Reichsanst.,

vol. liii, p. 161.

— Ctjvieri, Petrasclieck. Ibid., p. 162.

1904. latus, E. T. Newtt.n and A. J. Jukes-Browne. In Jukes-

Browne, Cret. Rocks of Britain, vol. iii,

p. 448 (jaartim).

— cordiformis, C. Airaghi. Boll. Soc. geol. Italiana, vol. xxiii,

p. 189, pi. iv, figs. 6—9.

1908. — Cuvieri, A. Siojanoff. Ann. geol. min. Bussie, vol. x, p. 121.

1909. — — /. Nou-ah. Bull. Internat. Acad. Sci. Cracovie, p. 875.

1911. — latus, W. Rogala. Ibid. (1911), p. 172, pi. iv, figs. 9, 10.

— Koegleri, H. Anclert. Inoceramen d. Kreibitz-Zittauer Sand-

steingeb., p. 57, pi. v, fig. 6, pi. i, fig. 6.

Non 1827. — Cuvieri, 8. Nilsson. Petrific. Suecana, p. 19.

? — — Catillus Brongniarti, Nilsson. Ibid., p. 19.

— 1832. Inoceramus undulatus, C. H. v. Zieten. Verstein. Wiirttembergs, p. 96,

pi. Ixxii, fig. 7.

— 1846. Lamarckii, A. cVOrbigny. Pal. Franc. Terr. Cret., vol. iii,

p. 518, pi. ccccxii, figs. 1— 3.

? — 1847. Cuvieri, J. Mailer. Petref. der Aachen. Kreidef., pt. 1, p. 31.

? — — — Brongniarti, Mailer. Ibid., pt. 1, p. 30.

— 1850. Lamarckii, J. cle C. Sou-erby. In F. Dixon, Geol. Sussex,

p. 355 (p.385, ed. 2), pi. xxviii,

fig. 29 (= I. inconstans)

.

— 1866. — Lamarcki, K. A. Zittel. Bivalv. d. Gosaugeb. (Denkschr. d. k.

Akad. d. Wissensch. Wieu, Math.-

nat. CI., vol. xxiv),pt, 2, p. 99 [23],

pi. xv, fig. 6.

— 1872. — — H.B. Geinitz. Das Elbthalgeb. in Sachsen (Pal-

seontographica, vol. xx, pt. 2),

p. 50, pi. xiv, fig. 1 (fig. 4 =
saxonictis, Petrascheck)

.

— — — Cuvieri, Geinitz. Ibid., p. 48, pi. xiii, figs. 6, 7.

? — 1872—3. — striatus, Geinitz. Ibid., pt. 1, p. 210, pi. xlvi, figs. 9—13
;

pt. 2, p. 41, pi. xiii, figs. 1, 2, 9, 10.

— 1899. — undulatus, J. Simio7iescu. Fauna Cret. super. Urmos, p. 26,

pi. iii, fig. 2.

— 1904. — Brongniartii, C. Airaghi. Boll. Soc. geol. Italiana, vol. xxiii,

p. 192, pi. iv, figs. 3— 5.

— 1911. — Cuvieri, H. Andtrt. Inoceramen d. Kreibitz-Zittauer Sand-

steingeb., p. 44, pi. ii, fig. 2.
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Description.—Shell inequivalve, very inequilateral, of slight, moderate or

considerable convexity, sometimes inflated. Height greater than length. Hinge-

line of variable length in proportion to the height of the shell, forming more than

a right-angle with the anterior margin. Umbones terminal, curved inwards and

more or less forwards ; the left umbo more prominent than the right. Anterior

marginal part of valves flattened, more or less nearly perpendicular to the plane

of the valves, either limited by a sharp edge from the flanks or without a definite

boundary. Anterior ear developed in some flat varieties.

The concentric folds may be absent, indistinct, or moderately or strongly

developed, with the dorsal and ventral slopes similar or with the ventral slope

steeper than the dorsal. Usually the folds are regular, but are not continued on

to the posterior ear. The curvature of the folds is often nearly symmetrical

;

its convexity on the convex and on some of the flat forms is small, but is greater

on the flat forms with a relatively short hinge. The growth-lines are distinct

and variable in number, and are sinuous where they pass on to the posterior ear.

Remarks.—The forms included in this species show a great amount of

variation, and seem in that respect comparable with some species of Micraster and

Echinocori/s. Several of the varieties have been described as distinct species, but

the study of a large series of specimens has shown so many intermediate forms

that one can only regard the varieties as modifications of a very plastic species.

The features in which variation is most marked are the convexity of the valves,

the number, strength, and curvature of the concentric folds, the distance between

the growth-lines, the size and distinctness of the posterior ear, and the height of

the shell.

Some forms of this species are only slightly convex (Plate LIII, fig. 7, Text-

figs. 73—83), so that in large specimens considerable portions of the shell

approach flatness. In other forms the valves are moderately or considerably

convex, and sometimes inflated (Plate LII, figs. 4, 5, Text-figs. 63—68). The

amount of convexity may remain nearly uniform throughout the growth of the

shell, or the earlier part may be only slightly convex and the later part very

convex—in such cases the early part resembles the adult shell of the large flat

varieties (Figs. 64, 65). The two valves may be of nearly equal convexity (Plate

LIT, fig. 5), or the left valve may be very convex whilst the right valve is only

slightly convex (Plate LII, fig. 6).

The concentric folds vary in strength, number, form, curvature and regularity.

In the majority of cases the folds are prominent and form strong ridges (Figs. 68,

69, 78, 82, 84), but they may become only gentle undulations (Figs. 74, 77, 81),

and are sometimes indistinct or absent (Figs. 73, 75, 76, 79). The dorsal and

ventral surfaces of the folds may slope equally, or the ventral slope may be

steeper than the dorsal, giving a step-like appearance. The crest of the fold is
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Fig. 63.-

—

Inoceramus Lamarcli, Park. The type. Upper Chalk (probably zone of Micraster cor-anguinvm),

near Dover. British Museum, No. L9801. Left valve an<l dorsal view. Part of the posterior ear is

concealed by flint. Natural size.

1

1

1

,1

1

1

-s,
/

1

/ '.

Fig. 64.

—

Inoceramus Lamarcki, Park. Anterior view of specimen shown in Fig. 65. x |-.
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Fig. 65. Fig. 07.

Fig. 65.

—

Inoceramus Lamarcki, Park. Upper Chalk (probably zone of Holaster planus), Swaffham, Norfolk.

Norwich Museum, No. 3354. Eight valve, x |.

Fig. 67.

—

Inoceramus Lamarcki, Park. Upper Chalk (zone of Holaster planus), Newmarket. Sedgwick
Museum, Cambridge. Eight valve. Natural size.

Fig 66 -Inoceramus Lamarcki, Park. The original of I. Lamarcki, Mantell • Foss S. Downs/ P 214,

pi. xxvii, fig. 1. Middle Chalk (probably zone of Terebratulina lata), near Lewes (probably Mailing).

British Museum, No. 4753. Right valve. Natural size.
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If

Fig. 68.

—

Inoceramus Lamarck i, Park. The type of I. Brongniarti, Mantell, ' Foss. S. Downs,' p. 214,

pi. xxvii, fig. 8. From Lewes or Brighton, probably zone of Micraster cor-anguinmn. British Museum,
No. 4751. Left valve and dorsal view. Natural size.

Fig. 69.—Inoceramus Lamarchi, Park. The original of I. Cuvieri, Mantell, ' Foss. S. Downs,' p. 213,

pi. xxviii, fig. 4. Zone of Micraster cor-anguinum, Southeram. British Museum, No. L22094. x £.
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Fig. 70.
Fig. 71.

Fig. 70.

—

Inoceramus Lamarcki, Park. The original of I. Brongniarti, Sowerby, 'Min. Conch./ vol. v,

p. 60, pi. ccccxli, fig. 2. Chalk. Locality and horizon unknown. British Museum, No. 43265.
Eight valve. Natural size.

Fig. 71.

—

Inoceramus Lamarcki var. Websteri, Mant. The typo of I. Websteri, Mantell, ' Foss. S. Downs,'
p. 216, pi. xxvii, fig. 2. Upper Chalk (probably zone of Micraster cor-testudinarium), South Street,

Lewes. British Museum, No. 4759. Left valve. Natural size.

Fig. 73.

Fig. 72. Ai
S

»»*** 3KS?

Fig. 72.—Inoceramus LamarcH var. Websteri, Mant. Upper Chalk, Swaffham, Norfolk. Norwich Museum,
No. 3298. Left valve and anterior view. Natural size.

Fig. 73.

—

Inoceramus Lamarcki var. Cuvieri, Sow. The type of Inoceramus Cuvieri, Sowerby, ' Trans. Linn.

Soc.,' vol. xiii (1822), p. 453, pi. xxv, figs. 2, 3, and ' Min. Conch.,' vol. v (1823), p. 59, pi. ccccxli, fig. 1.

Middle Chalk (zone of Terebratulina lata), Eoyston. British Museum, No. 43264. Left valve.

Natural size.
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usually rounded, but in one variety (Wehsteri, Mantell, Plate LIII, figs. 1, 2,

Text-figs. 71, 72) it possesses a sharp edge. When the folds are absent the

growth-rings become more regular. The curvature of the folds is usually small

in the more convex specimens, but often greater in the less convex forms. The
curvature is often nearly symmetrical, but when the posterior ear is indistinctly

limited it tends to become unsymmetrical.

The degree of development of the posterior ear varies considerably. In some

forms it is only indistinctly limited (Plate LIII, fig. 7, Text-fig. 68), and then the

/'

Fig. 74.

—

Inoceramus Lamarcki var. Cuvieri, Sow. Upper Chalk (zone of Micraster cor-anguinum), Camp
Hill, near Salisbury. Dr. Blaekmore's Collection. Portion of a large left valve

;
posterior and ventral

parts missing, x |.

folds and growth-lines are continued with but little alteration in curvature on to

the ear. In other cases the ear is larger and more or less distinctly limited from

the rest of the valve (Plate LII, fig. 4, Text-figs. 63, 65, 66, 79, 81, 82) ; in such

cases the folds and growth-lines bend inwards at the limit, and the umbonal part

of the valve is often narrower and more acute. In a few large, flat forms, an

anterior ear is developed (Fig. 74).

The anterior flattened area varies in size and in the distinctness of its

boundary. It may be nearly perpendicular to the plane between the valves

(Fig. 81), or may be slightly concave (Figs. 63, 66, 79), or slope outwards (Figs.
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74, 79). In some varieties the area forms a sharp edge with the sides of the
valve (Fig. 81), in others the boundary is curved and the limit of the area is

indistinct (Fig. 85).

In the type of I. Lamarcki, Parkinson (Fig. 63), the shell is inflated, and the

posterior ear well developed and sharply limited. In forms like I. Brongniarti
Sowerby (Fig. 70, PI. LII, fig. 4), the posterior ear is also well developed, but

369

Fig. 75.

—

Inoceramtts Lamarcki var. Cuvieri, Sow. Upper Chalk, Southerarn, Lewes. Brighton Museum,
No. 340. Portion of a left valve resembling the type of I. latus, Mant. x f

.

not so sharply limited as in the type of I. Lamarcki. Mantell's L. Lamarcki

(Fig. 66) is similar to J. Brongniarti, Sowerby, but has less prominent folds and

a more concave anterior border. I. Brongniarti, Sowerby, passes gTadually into

forms like the type of L. Brongniarti, Mantell (Fig. 68), in which the limit of the

posterior ear is somewhat indistinct. Other varieties possess similar strong folds

but have less convex 1 valves (as in I. Cuvieri, Mantell, Figs. 69, 84), and these

1 In some cases the smaller convexity may be due to pressure which gradually changed the

shape of tbe shell. When no fractures are seen, flattening appears to be indicated in some cases by

the growth-lines cutting the folds obliquely.

42
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pass into forms with indistinct folds like the type of I. Cuvieri, Sowerby (Fig.

73), and in some cases the folds disappear altogether.

..A

#;

x

WMto

Fig. 76.

—

Inoceramus Lamarcki var. Cuvieri, Sow. The type of Inoceramus latus, Mantell, ' Foss. S. Downs,'
p. 216, pi. xxvii, fig. 10. Upper Chalk, near Brighton. British Museum, No. 5848. Left valve.

Natural size.

I. Websteri, Mantell (Figs. 71, 72), has the posterior ear fairly well developed,

but not distinctly limited, and resembles I. Brongniarti of Mantell ; it is

characterised by the thinness of the shell and the sharp ridge-like folds, but forms
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intermediate between this type and those with rounded folds occur. It may

be convenient to adopt for this variety the name 7. Lamarchi var. Websteri. It

appears to occur mainly in the zone of Micraster cor-testudinavium.

1. uiidalatus, Mantell (PI. LIII, fig. 3), resembles small forms of I. Brongniarti,

Sowerby, but the folds are much smaller, more numerous, and less conspicuous,

and the shell is thicker than usual.

Fig. 77'.

—

Inoceramxis Lamarchi var. Cuvieri, Sow. Upper Chalk (zone of Holaster planus), Swaffham,

Norfolk. Norwich Museum. Left valve, x J.

Some small forms (PI. LIII, figs. 4—G), found in the Middle Chalk and in

the /one of Holaster plana*, which may be named I. LamarcJci var. apicalis,
1 have

nearly equal valves, more prominent and more distinctly incurved umbones, with

the folds indistinct or absent, but these forms pass into others with distinct folds.

In some of these small forms the umbo is curved anteriorly (Plate LIII, fig. 4).

1 An example of this from the Chalk Rock was figured in the ' Quart. Journ. Geol. Soc.,' vol. liii

(1897), p. 381, pi. xxvii, fig. 13.
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I. latus, Man tell (Fig. 76) is a large, slightly convex form in which the folds

have almost disappeared. In the type (Fig. 76) the postero-dorsal part of

the valve is missing, so that in Mantell's figure the umbonal part of the valve

appears to be more acute than it really is (compare Fig. 75).

I. Guvieri, Sowerby (Fig. 73) is only slightly convex, with indistinct folds, and

is often of large size. The angle formed by the anterior margin and the hinge-

line is rather larger than usual, and an anterior ear may be developed ; other forms

Pig. 78.

—

Inoceramus Lamarcki var. Cuvieri, Sow. Upper Chalk, Lewes. Sedgwick Museum, Cambridge.
Eight valve. Natural size.

are similar (Fig. 79), but have a smaller angle between the anterior margin and

the hinge, and these pass into forms with more distinct and eventually with

strong folds (Figs. 77, 78, 82). The varieties similar in form to Sowerby's type,

but with or without folds, may be termed /. Lamarcki var. Guvieri (Plate LIII,

fig. 7, Text-figs. 73— 84). The hinge in large specimens of this variety (Fig. 80)

is of great thickness, and portions of it are often found separately. It is thickest

near the umbo, and becomes thinner towards the posterior end. The ligament

pits are numerous, shallow, and two, three, or more times higher than long,
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-

I \

yx$m

Y/fi -

Fig. 79.—Inoccramus Lamarcki var. Cuvieri, Sow. Zone of Hohistcr planus, Borstal. Mi*. Dibley's Collec-

tion. Eight valve and anterior view, x |.

•ffjFjff! fftpTTffjrr

Fig SO.-Inoceramus Lamarcki var. CumeW, Sow. Zone of Terebratulina lata.TLoyston. Sedgwick Museum,

Cambridge. Portion of left hinge. Natural size.
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reaching their maximum height not far from the umbo. The variety Cuvieri

ranges from the zone of Terebratulina lata to the zone of Micraster cor-anguinum.

T. Mantelli, de Mercey, 1 from the zone of Micraster cor-anguinum, appears to

be a large form of I. LamarclcL var. Gtivieri, in which an anterior ear is developed ;

it is similar to a specimen (Fig. 74) obtained by Dr. Blacktnore from the zone of

Micraster cor-anguinum of Camp TT ill near Salisbury.

i t

Fig SI.

—

Inoceramu* Lamarcki var. Cuvieri, Sow. Zone of Terthratulinu lata, Blue Bell Hill, Burhara.

Mr. Dibley's Collection. Left valve with posterior part missing ;
anterior view of the same valve, x I.

I. percoxtatus, Miiller2 (especially the example figured by Petrasckeck3
), seems

to be closely allied to I. Lamarcki var. Websteri.

Types.— /. Lamarclci, Parkinson (Fig. (13), from near Dover (probably /one of

1 ' Mem. Soc. Linn. Nord de la France,' vol. iv (1877), p. 324. pis. i, li. Barrois, 'Ann. Soc.

geol. Nord,' vol. vi (1879), p. 454, pi. iv.

- ' Jahrb. d. k. preuss. geol. Landesanst. u. Bergakad. fur 1887' (1888), p. 413, pi. xvii, tig. 3.

3 ' Jalirb. d. k. k. geo'. Reich sanst.,' vol. hi (1906), p. 163, fig. 2. Also I. Glatzise and I. Kleini,

Andert, ' Tnoceramen d. Kreibitz-Zittauer Sand steingeb.' (1911), pp. 48, 52, pi. i, fig. 3, pi. ii, fig. 8.
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Micraster cor-anguinum)
;
in the British Museum, No. L980J. This specimen was

first recognised as the original of Parkinson's figure by Mr. C. J). Sherborn.

y

Fig. S2.—Inoceramits Lamarcki var. Cuvieri, Sow. Chalk; locality and horizon unknown. British Museum,
No. L23909. Right valve, x ->-.

I. Cuvieri, Sowerby (Fig. 73), from the Middle Chalk of Royston (zone of

Terebratulina lata) ; in the British Museum, No. 43264.

/. Lamarcki, Mantell (Fig. 66), from the Middle Chalk near Lewes (probably

from Mailing, zone of Terebratulina lata) ; in the British Museum, No. 4753.
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/. Cuvi&ri, Mantell (Figs. 09, 84), both from the zone of Micraster cor-anguinum

of Southeram ; in the British Museum, Nos. 5845, L22094.

I. Brongniarti, Mantell (Fig. 68), from Lewes or Brighton (probably zone of

Micraster cor-a/n.gninuw) ; in the British Museum, No. 4751.

Fig. 83.—Anterior view of specimen shown in Fig. 82. x j.

/. Webster i, Mantell (Fig. 71), from South Street [= Southeram], Lewes

(probably zone of Micraster cor-testudinarium) ; in the British Museum, No. 4759.

I. undulatus, Mantell (Plate LIII, fig. 3), from Southeram, Lewes (probably

zone of Ilolaster planus) ; in the British Museum, No. 4767.
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Fig. 84.

—

Irwcernmus Lamarcki var. Cuvieri, Sow. The original of I. Cuvieri, Mantell, ' Foss. S. Downs,' p. 213,

pi. xxviii, fig. 1. Zone of Micraster cor-anguinum of Southeram. British Museum, No. 5845. x £.

Fig 85,-Inoceramus Lamarcki, Park. Upper Chalk (? zone of Holaster planus) locality ^known

Museum of Practical Geology, No. 21237. Variety with concave anterior area. Eight valve and

anterior view, x
-J.

43
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Fig. 86.—Inoceramus. A variety connecting I. iamarcK with I. involutus. Upper Chalk, probably Kent.
Sedgwick Museum Right valve displaced. Posterior view, x f

.

Fig. 87.—Anterior view of specimen shown in Fig. 8G. Natural size.



[NOCERAMUS. 327

Llatus, Mantel] (Fig. 76), from the Upper Chalk near Brighton ; in the British

Museum, No. 5848.

I. Brongniarti, Sowerby, 182:3 (Fig. 70). Locality and horizon unknown ; in

the British Museum, No. 43205.

The small specimens from the zone of Rhynchonella Cuvieri near Cambridge,

figured by Btheridge as Inoceramus problematicus, are in the Museum of Practical

Geology (Nos. 212:30—21232).

Distribution.— /. Lamarcld ranges from the zone of Rhynchonella Cuvieri to the

zone of Micraster cor-anguinum}

Zone oi Rhynchonella Cuvieri: St. Catherine's Hill (Winchester), the Isle of

Wight, Cuxton, Burham, Dunton Green, the Sussex coast, Dover, Hitchin, Foul-

bourn near Cambridge, the Yorkshire coast.

Zone of Terebratulina lata : Hooken (South Devon), the Isle of Wight, Cuxton,

Bine Bell Hill (Burham), Dunton Green, Kenley, Westerham, Lewes, the Sussex

coast, Holborough near Rochester, Dover, Guilford Colliery (Coldred near Dover),

Hitchin, Royston, the Yorkshire coast.

Zone of Ilolaster phi mis : The South Devon and Dorset coasts, the Isle

of Wight, Winchester, Homington (Salisbury), Cuxton, Borstal, Whyteleaf

(Warlingham), the Sussex coast, Dover, Newmarket, Swaffham (Norfolk),

Westacre, Narborough, the Yorkshire coast. Chalk Rock of Cuckhamsley.

Zone of Micraster cor-testudinarium .- The South Devon and Dorset coasts, the

Isle of Wight, Borstal Fort, Borstal Manor pit, Chatham, Lewes, the Sussex coast,

Dover, Wharram Percy, the Yorkshire coast.

Zone of Micraster cor-anguinum : The Dorset coast, the Isle of Wight, Camp

Hill (Salisbury), Micheldever, Harefield, Southeram, the Sussex coast, St.

Margaret's, Thanet, the Yorkshire coast.

Senonian of Haldon.

Inoceramus invoi/utcs, Sowerby, 1828. Text-figs. 88—94.

1828. Inoceramus involutus, J. de C. Sowerby. Min. Couch., vol. vi, p. 160,

pi. dlxxxiii, figs. 1— 3.

1841. — F, A. Rimer. Die Verstein. d. nord-deutsch.

Kreidegeb., p. 61.

Ig4,j — A. d'Orbigny. Pal. Franc. Terr. Cret., vol. iii,

p. 520, pi. ccccxiii, figs. 1—3.

Lamaeckii, d'Orbigny. Ibid., p. 518, pi. ccccxii.

1850. involutus, d'Orbigny. Prodr. de Pa'., vol. ii, p. 250.

1 Some authors have recorded this species from the zones of Marsupites testudinarius, Actinocamax

quadratus and Belemnitella mucronala, but I have not sufficient evidence to confirm these records.
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1850. Inoceramus involutus, J. de C. Sowerby, in F. Dixon. Geol. Sussex, p.

355 (p. 386, ed. 2), pi. xxviii, fig. 32.

1854. J. Morris. Cat. Brit". Foss., ed. 2, p. 169.

1863. — — A. v. Strombeck. Zeitscbr. d. deutsch. geol.

Gesellscb., vol. xv, p. 127.

1871. (Yolviceramus) involutus, F. StoliczJca. Palaeont. Indica,

Cret. Fauna S. India, vol.

iii, pp. 394, 401.

1875. involutus, C. Decocq. Assoc. Franc. Avanc. Sci. (Lille,

1874), p. 367.

1876. — J). Brawns. Zeitscbr. f. d. gesammt. Naturwiss.,

vol. xlvi, p. 379.

1877. — — C. Sehlilter. Palseontograpbica, vol. xxiv, p. 272.

1878. — C. Barrois. Ann. Soe. geol. du Nord, vol. v,

p. 475.

1888. (Volviceramus) involutus, G. Midler. Jalirb. d. k. preuss.

geol. Landesaust. fiir 1887, p. 411,

pi. xvi, figs. 3, 4.

involutus, A. Peron. Hist. Terr. Craie S.E. du Bdssin

Anglo-Parisien, p. 157.

1901. F. Sturm. Jalirb. d. k. preuss. geol. Landesanst.

fiir 1900, vol. xxi, p. 91, pi. ix, tig. 4.

1902. — A. Wollemann. Liineburg. Ivreide (Abbandl. d.

k. preuss. geol. Landesanst.

n.f., 37), p. 68, pi. i, tig. 4;

pi. ii, figs. 7, 8.

1906. — G. Smolenslii. Bull. Intern. Acad. Sci. Cracovie,

p. 721.

1909. — J. Nowalc. Ibid., p. 874, pi. xlvi, figs. 4, 5.

1910. — J. Bohm. Centralbl. fiir Min., etc., p. 741.

Description.—Shell very inequivalve and very inequilateral. Right valve oval

or semi-oval in outline ; usually slightly convex, but sometimes either more convex

or nearly flat, with the marginal part in old specimens forming an obtuse angle

with the earlier part. Length greater than height. Anterior and ventral margins

rounded : posterior margin forming usually an obtuse angle but sometimes nearlv

a right angle with the hinge. Umbo usually inconspicuous, at or near the

anterior end of the hinge-line. Hinge-line equals about three-quarters of the

length of the valve. Postero-dorsal marginal part convex near the hinge and

separated by a sharp furrow from the remainder of the valve. Ornamentation

consists of strong, somewhat irregular concentric folds, with an unsvmmetrical

curvature; the folds are separated by broad, concave interspaces. In casts of this

valve, and sometimes in the shell itself, radial markings are seen in the concave

interspaces.

Left valve much larger than the right, inflated, more or less considerably
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FlG 88.-Inoceramus involutes, Sow. Upper Chalk, locality unknown. The type. British Museum,

432(58. Left valve. Natural size.

No.

Fia 89 -Inoceramus involutes, Sow. The original of the specimen figured £ DWb^Geol S^ex/pl.

xxviii. fig. 32. Upper Chalk, Charing. Flint cast. British Museum, No. L83. Natural size.
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? *

':«*

Fl,i
-

90--Inocer *s i^oJuf„Sj Sow Upper Chali, probably Kent. British Museum, No. L4917 Posteriorview. Umbonal part of left valve missing. Natural size.
^cenor

Fig. 91.—Anterior view of specimen shown in Fig. 90. Natural size.
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spiral; with a very large umbo near the anterior end, curved inwards an<
forwards. Surface nearly smooth, except for the presence of growth-lines.

The hinge (Fig. 94) curves at either end; it is thinnest near the umbo am
becomes thicker towards the posterior end. The ligament-pits are deep, aim
square, but sometimes oblong, and increase in height from the umbo posteriorly

niifaii

osi

Fig. 92.—Eight valve and part of left valve of specimen shown in Figs. 90, 91.

Affinities.—I. involutus is the type of the genus or sub-genus Volviceramus of

Stoliczka. In general appearance this differs considerably from other species of

Inoceramus, so that its separation as a distinct genus or sub-genus seems at first

sight quite justifiable; but the study of a large number of specimens of I. involutus

and I. LamarcJci shows that these two species are very closely allied, and that the

former has almost certainly descended from the latter. Such being the case it

follows that these two species are more nearly related to one another than are
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several species which are placed by all writers in the genus Inoc&ramus. In this

respect Volviceramus is exactly comparable with Actinoceramus (p. 2GS).

A fairly complete passage can be traced from I. Lamarclci to I. involutus. In

some forms of I. Lamarclci the valves become more unequal than usual, the left

/

Fu;. 93.

—

Inoceramus involutus, Sow. Upper Chalk, locality unknown. British Museum, No. L21003.
Anterior view of left valve, x |.

valve being relatively larger and with less distinct folds, and the right relatively

less convex and its anterior area slightly concave (Fig. 85). These are connected

with some varieties of /. involutus by intermediate forms (Figs. 86, 87) in which

the left valve possesses nearly all the characters of I. involutus but is less curved

and possesses a concave anterior area, whilst on the right valve the folds are

almost as prominent as in I. involutus, but the flattened or concave anterior area
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and a relatively short hinge are still retained, and the right valve is still convex
and has a concave anterior area. A variety of /. involutus links such intermediate
forms with typical examples of involutus; in that variety the right valve is rather
more convex than in typical forms, the left valve is not so distinctly spiral, some
trace of the anterior flattened or concave area is still retained, and the hinge-line
is rather shorter relatively.

;5^iv^- ;
-a3ffltfg£$

(

Fig. 9i.

—

Inoceramus involutus, Sow. Upper figure : Zone of Micraster cor-anguinvm, Gravesend. Sedgwick
Museum, Cambridge. Right valve with marginal growth round the hinge. x J.

Lower figure : Hinge of right valve ; Upper Chalk, Norfolk. Norwich Museum, No. 3355. The anterior
part of the hinge is partly concealed by the marginal growth of the shell, x J.

I. umbonatus, Meek and Hayden, 1 from Fort Benton, Missouri, is, as stated by

Meek, very closely allied to, and perhaps identical with, /. involutus. Another

related form is /. exogyroides, Meek and Hayden. 2 Both are regarded as synonyms

1 'Invert. Cret. and Tert. Foss. U. Missouri' (1876), p. 44, pi. iii, fig. 1
;

pi. iv, figs. 1, 2.

2 Ibid., p. 46, pi. v, fig. 3.

44



334 CRETACEOUS LAMELLTBRANCHJA.

of I. involutus by Barrois. /. Koeneni, Midler, 1 is probably a variety of

/. involutus in which the right valve is more convex and its umbo more prominent

than usual.

The right valve of the specimen figured by d'Orbigny (184G, pi. ccccxii,

figs. 1, 2) as I. Lamarclci is an example of /. involutus; but the left valve (fig. 3),

if it belongs to the same individual, is probably incorrectly drawn.

Remarks.—Examples of this species often reach a large size, and in such cases

the hinge (Fig. 94) may attain a considerable thickness, but portions of it are

not often found separately. In old specimens the marginal part of the right

valve grows obliquely or almost at right angles to the earlier part, and the folds

become indistinct or disappear altogether ; and in the right valve this marginal

growth sometimes occurs along the hinge, owing no doubt to the increase in size of

the left valve in which it then fits like an operculum (Fig. 94). The length varies

in proportion to the height, so that in some forms the right valve becomes nearly

circular.

Types.—The type (Fig. 88) is in the British Museum, No. 432G8 ; its locality is

unknown. The specimen figured in Dixon's ' Geology of Sussex ' (Fig. 89) is also

in the British Museum, No. L83 ; it is a flint cast and came from the Upper Chalk

of Charing.

Distribution

.

— 7". involutus is found in the zone of Micraster cor-testudinarium

and the lower part of the zone of M. cor-anguinum, being particularly common at

the latter horizon. 2

Zone of ill. cor-testudinarium : Chatham, Dover, and Seaford, Sussex.

Zone of M. cor-anguinum : Winchester, Quidhampton, Mapledurham, Thanet,

St. Margaret's, Guilford Colliery (Coldred near Dover), the Sussex coast, Lewes,

Haling pit (South Croydon), Strood, New Brompton (Chatham), Gravesend,

Harefield near Rickmansworth, Bury St. Edmunds, Saham Toney, Thetford,

Brancaster, and other places in Norfolk. Between the zones of M. cor-

testudinarium and M. cor-anguinum near Beverley, Yorkshire. Senonian of

Haldon.

Inoceramus cordiformis, Soiverby, 1823. Plate LIII, fig. 8. Plate LIV, figs. 2—4.

1823. Inoceramus cordiformis, /. da C. Soiverby. Min. Couch., vol. v, p. 61.

pi. ccccxl.

183G. A. Goldfuss. Petref. Germ., vol. ii, p. 113,

pi. ex, fig. 6b (not 6a).

' Jalirb. d. k. preuss. geol. Landesanst.' fur 1887 (1888), p. 412, pi. xvii, fig. 1.

2 This species has beeu recorded by Griffith and Brydone from the Uintacrinus band of the

Marsupites zone of Bopley, Hampshire ; and by Barrois from the zone of Actinocamax quadrahis of

Newhaven.
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1854. Inoceramus cordiformis, J. Morris. Cat. Brit, loss., ed. 2, p. 169.

1°97. .R. Leonhard. Palaeontographica, vol. xliv, |». 48.

1898 - Haenleini, G. Mailer. Mollusk. Untersen. v. Braunschweig

u. Ilsede (Abhandl. d. k. preuss.

geol. Landesanst., n.f., 25), p. 41,

pi. v, fi£. 7; pi. vi, figs. 1, 2.

? 1911. cordiformis, W. Rocjala. Bull. Iiitemat. Acad. Sci. Ciacovie,

p. 170, pi. iv, fig. 2.

Non 1904. C. Airaghi. Boll. Soc. geol. Italiana, vol. xxiii,

p. 189, pi. iv, figs. 6—9.

Description.—Shell inflated, equivalve, very inequilateral, rounded. Anterior

margin more or less nearly straight or undulating, but rounded in large specimens.

Ventral and posterior margins more or less sinuous. Anterior part of valves

more or less flattened and often nearly perpendicular to the plane between the

valves. Postero-dorsal part of valves much compressed and usually wing-like.

Hinge equal to more than half the height of the shell. Umbones terminal, large,

prominent, curved inwards and forwards. A broad, shallow sulcus extends from

behind the umbo to the postero-ventral extremity and separates two broad,

rounded ridges. A similar sulcus may extend from the front of the umbo to the

opposite ventral margin.

Ornamentation consists of broad, rounded, concentric folds, which bend

upwards where they cross the two radial sulci. The folds become less distinct

on the anterior and postero-dorsal parts than on the sides of the shell. Numerous

close-set growth-lines are present.

Affinities.— I. Haenleini, Miiller,
1 from the lower part of the Lower Senonian of

Brunswick and Ilsede, seems to be hardly distinct from /. cordiformis. The

smaller English specimens agree very closely with one of the examples figured by

Miiller (pi. v, fig. 7).

I. cordiformis resembles some of the more convex forms of I. Lamarcki,

Parkinson, from which it is distinguished by the equal size of the valves and the

presence of radial sulci. The specimen, figured (PI. LIV, fig. 1), connects this

species with I. Lamarcki.

Remarks.—Goldfuss' fig. 66 is a copy of Sowerby's figure ; his fig. 6a is the

type of /. saxonicus, Petrascheck.

Type.—In the British Museum, No. 43277, from the Upper Chalk (zone of

Micraster cor-anguinum) of Gravesend (PI. LIII, fig. 8).

Distribution.—Zone of Micraster cor-testudinarium of Clanfield (Hampshire),

and Wharram Percy (Yorkshire). Zone of Micraster cor-anguinum of Gravesend,

Micheldever, and Porton. Uintacrinus band of Salisbury. Senonian of Haldon.

1 'Mollusk. Untersen. v. Braunschweig u. Ilsede' (1898), p. 41, pi. v, fig. 7; pi. vi, figs. 1, 2.
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Inoceeamus costellatus, sp. nov. Plate LIV, figs. 5— 7.

1897. Inoceeamus, sp., H. Woods. Quart. Journ. Geol. Soc, vol. liii, p. 381,

pi. xxvii, figs. 14—17.

Description.—Shell small, very inequilateral, rather higher than long, of

moderate convexity—the greatest convexity being between the umbones and the

postero-ventral extremity. Umbones terminal. Hinge equal to about three-

quarters of the length of the shell, and forming more than a right angle with the

anterior margin. Anterior margin moderately convex, ventral margin very

convex, posterior margin slightly convex.

Right valve with a small, pointed, slightly curved umbo. Posterior and postero-

dorsal parts of the valve flattened A small, flattened antero-dorsal area is nearly

perpendicular to the plane of the valves.

Left valve more convex than the right
;
postero-dorsal part compressed, but

not forming a definite ear. Umbo narrow, pointed, curved inwards, larger and

more prominent than the umbo of the right valve. Antero-dorsal area larger

than on the right valve.

Concentric ribs narrow, sharp, usually widely separated; interspaces broad

and shallow. The curvature of the ribs is very unsynmietrical ; the ventral part

is very convex, the posterior part only slightly convex.

Remarks.—This species is fairly common in the Chalk Rock. All the speci-

mens seen are casts. Some examples, Avhich appear to be a variety of this species,

have small ribs of uniform size.

Affinities.—This species appears to be related to some forms of I. LamarcH,

Parkinson, but the left umbo is narrower, more pointed, and less curved ; the line

of greatest convexity is more oblique to the hinge-line, and the posterior and

postero-dorsal parts of the valves are more compressed. 1

Type.—From the Chalk Rock of Cuckhamsley, in the Sedgwick Museum,

Cambridge.

Distribution.—Chalk Rock of Dover, Guilford Colliery (Coldred near Dover),

the Sussex Coast, south-east of Calstone TVillington, Cuckhamsley, Blount's Farm

near Mario w, Luton, Wallington near Baldock, Barley near Royston, and

Underwood Hall near Dullingham. Zone of Holaster planus of South Devon, the

Dorset Coast, the Isle of Wight, Lichfield (Hants), Winchester, etc.
2

1 Compare also I. undulatus, Eogala, 'Bull. Iuternat. Acad. Sci. Cracovie' (1911), p. 171, pi. iv,

fig. 7, and I. Frechi, Audert, ' Inocerameu d. Kreibitz-Zittauer Sandsteingeb.' (1911), p. 51, pi. i,

fig. 8.

2 Recorded by Rowe from the zones of Terebralulina lata and Micraster cor-anguinum of Dover.
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Inoceramus digitatus, Sowerby, 1829. Text-fig. 95.

1829. Inoceramtts digitatus, J. de C. Sowerby. Min. Couch., vol. vi, p. 215,

pi. dciv, fig. 2.

1854. J.Morris. Cat. Brit. Foss., ed. 2, p. 169.

? 1875. C. Becocq. Assoc. Fraii9. Avanc. Sci. (Lille,

1874), p. 368.

Remarks.—This species attains a large size, but is known only by small

Via. 95.—Inoceramtts digitatus, Sow. The type. Prom the Drift (derived from the Chalk). British
Museum, No. 43273. x 5.

portions of the shell of which the exact horizon cannot be determined. The

ornamentation consists of broad, rounded, radial folds, which diverge very

gradually and are separated by broad rounded interspaces. Small concentric

ribs occur, and at distant intervals, broad, gentle, concentric folds can be traced.

The form referred to /. digitatus by Schliiter differs from that species in having
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diverging and distinctly curved ribs. /. digitatus appears to be closely allied to

J. subcardissoides, Schli'iter.

Type.—From the Drift (derived from the Chalk) ; locality unknown. In the

British Museum, No. 43,273.

Distribution.—No undoubted specimens obtained directly from the Chalk have

been seen.

Inoceramus pinniformis, WiUett, 1871. Text- fig. 96.

1871. Inoceramus pinniformis, H. WiUett. Cat. Cret. Foss., Brighton Mus.,

p. 40, 110. 342.

Description

.

—Shell very large, much higher than long, of moderate convexity,

Avith a posterior wing-like part.

Ornamentation consists of broad, strong, widely separated concentric folds

which have a nearly symmetrical curvature ; the ventral slopes of the folds are

rather steeper than the dorsal ; in the interspaces are small (sometimes indistinct)

concentric folds, which give a more or less marked tuberculate character to the

radial ribs. The latter are rounded, rather numerous, sometimes partly or com-

pletely divided by a median furrow, and are continued on to the dorsal surfaces

of the strong concentric folds, but are absent or indistinct on the ventral surfaces.

Remarks.—A portion of a large Inoceramus named L pinniformis by Willett

resembles I. subcardissoides, Schli'iter,
1 but differs from that species by the more

numerous radial ribs and the absence of a broad furrow extending from the umbo

in a postero-ventral direction.

Tijpe.—In the Brighton Museum.

Distribution.—Upper Chalk (zone of Actinocamax quadratus) of Brighton, and

three miles east of Sled mere, Yorkshire.

1 ' Palaeontogranbica,' vol. xxiv (1877), p. 271, pi. xxxvii ; Barrois, 'Aim. Soc. gcol. Nord.,'

vol. v (1878), p. 474; Wollemann, ' Liineburg. Kreide ' (1902), p. 70; Wegnpr, ' Zeitschr. d.

deutsch. geol. Gesellsch.,' vol. lvii (1905), p. 169; /. Gosseleti, Dococq, 'Assoc. Frauc. A vane. Sci.,'

1874 (1875), p. 371.



TNOCTCRAMTN. 339

vm'm
Fig 96.—Inocerartius pinnifovmis, Willett. Upper Chalk (zone of Adinocamax quadratics), Brighton.

Brighton Museum, No. 342. Portion of right valve, x £.
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Inoceramus corrugatus, sp. nov. Text-fig-. 97.

Remark*.—This species is at present known only by a small portion of one

valve. It is of the same general type as I. digitatus, Sowerby, I. pinniformis,

Willett, and I. subcardissoides, Schliiter, but owing- to the presence of broad,

strong radial folds the radial ribs are arranged in groups of four or five. The

Fig. 97.—Inoceramus corrugatus, sp. nov. Upper Chalk, Wouldham Cement Quarry, Grays. British
Museum, No. L22528 (discovered and presented by Col. C. E. Shepherd). Natural size.

concentric folds are strong and have a steep ventral, and a gentle dorsal slope.

The growth-lines are distinct and regular. I. corrugatus and the other species

mentioned may be compared with I. lezeimensis, Decocq, 1 which is of the same

type as I. Lamarcki but possesses two radial folds due to the presence of a medial

sulcus.

Distribution.—Upper Chalk, Wouldham Cement Company's Quarry, Grays,

Essex.

1 Barrois, ' Ann. Soc. geol. du Nord,' vol. vi (1879), p. 455, pi. 5, figs. 1, 2.





PLATE LI.

Inoceramus (continued.)

Figs.

1—4. I. inconstans, Woods. Upper Chalk. (P. 285.)

1. Sussex (probably from the zone of Terebratulina lata of Mailing). British

Museum, No. L20955. The original of I. Lamarcki, Soweiby, in Dixon,

' Greol. Sussex,' pi. xxviii, fig. 29, Right valve.

2. Zone of Holaster planus, Swaffham, Norfolk. Norwich Museum, a, left

valve ; b, anterior view of the same.

3. Zone of Actinocamax quadratns, East Harnham, Salisbury. Dr. Blackmore's

Collection, a, right valve; b, left valve ; c, posterior view of both valves.

4. Same zone, etc. a, left valve ; b, dorsal view ; c, anterior view.

5. 1. inconstans var. striatus, Mant. Zone of Micraster cor-anguinum,

Southerarn. British Museum, No. 47(38. The Type of I. striatus,

Mant. a, left valve ; b, dorsal view of the same. (P. 292.)
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PLATE LII.

Inoceeamus (continued).

Figs.

1. I. inconstans var. striatus, Mant. Upper Chalk, Norfolk (probably zone

of Holaster planus, Swaffham). Norwich Museum, a, right valve;

b, posterior view. (P. 292.)

2, 3. 7. inconstans var. sarumensis, Woods. Zone of Actinocamax quadratus,

East Harnham. Dr. Blackmore's Collection. 2a, right valve ; 2b,

dorsal view ; 3a, left valve ; 3b, dorsal view. (P. 293.)

4—6. 7. Lamarcki, Park. Zone of Holaster planus. (P. 307.)

4. Newmarket. Sedgwick Museum, Cambridge, a, left valve ; b, right valve

with umbo of left valve ; c, anterior view.

5. Stonehall pit, Dover. Collieries' Museum, Dover, No. 2134. a, left valve
;

b, posterior view.

6. Shakespeare's Cliff, Dover. Collieries' Museum, Dover, No. 2133. a, right

valve with umbo of left valve ; b, posterior view.
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PLATE LIII.

Inoceramus (continued).

Figs.

1, 2. I. Lamarcki var. Websteri, Mant. Upper Chalk. (P. 318.)

1. Upper part of zone of Holaster planus, Borstal pit. Mr. Dibley's Collec-

tion. Right valve.

2. Zone of Micraster cor-testudinarium, Chelsham, Surrey. British Museum,

No. L21 76. a, right valve (the anterior part concealed by flint)
;

b, posterior view.

3. /. Lamarcki, Park. Southeram, Lewes (probably zone of Holaster

planus). British Museum, No. 4767. The Type of I. undulatus,

Mant. a, left valve ; b, dorsal view. (P. 319.)

4— 6. 1. Lamarcki var. apicalis, Woods. (P. 319.)

4. Zone of Ehynchonella Cuvieri, Hitchin. Sedgwick Museum, a, right valve
;

b, anterior view.

5 Zone of Rhynchonella Cuvieri, Peter's pit, Burham. Mr. Dibley's

Collection. Left valve.

6. Zone of Holaster planus, Newmarket. Sedgwick Museum, a, left valve

;

b, anterior view.

7. /. Lamarcki var. Cuvieri, Sow. Zone of Terebratulina lata, Royston.

Sedgwick Museum. Right valve. (P. 320.)

8. J. cordiformis, Sow. Zone of Micraster cor-anguinum, Gravesend.

British Museum, No. 43277. The Type, a, left valve ; b, dorsal

view of both valves. (P. 334.)
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PLATE LIV.

Inoceramus (continued).

Figs.

1. I. Lamarchi, Park., var. Swaffham, Norfolk (probably zone of Holaster

planus). Variety connecting I. Lamarchi with I. cordiformis.

Norwich Museum, No. 3298. a, right valve; h, anterior view.

(P. 335.)

2—4. I. cordiformis, Sow. Upper Chalk. (P. 334.)

2. Zone of Micrasler cor-anguinum, Gravesend. Sedgwick Museum. Eight

valve.

3, 4. Same zoue, Micheldever. Dr. Blackmore's Collection. 3a, left valve

;

3b, dorsal view of both valves ; 4, right valve.

5—7. I. costellatus, Woods. Chalk Rock. (P. 336.)

5. Cuckhamsley. Sedgwick Museum, a, left valve ; b, anterior view.

6, 7. Blount's Farm, Marlow. Museum of Practical Geology, Nos. 25510,

25511. 6a, right valve ; 6b, anterior view ; 6c, dorsal view ; 7, right valve.

8. I. tuber•culatus, Woods. Upper Chalk (zone of Actinocamax quadratus),

Brighton. Brighton Museum. Part of right valve. (P. 302.)
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