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Connecticut Academy of Arts and Sciences,

By Gift and Exchange from Jan. 1, 1891, to Dec. 31, 1892.

American Association for the Advancement of Science.

Proceedings. Meeting XXXIX, XL, 1890-91. Salem, 1891-92. 8°.

Albany.—New York State Library.

Annual report. LXXIII, 1890. 8°.

Bulletin. Legislation, I, 1891 ; Additions, I, 1891 ; Library school, I. H".

New York State Museum of Natural History.

Annual report. XLIV, 1891. 8°.

Bulletin. Vol. I. 1, 1892. 8°.

.Vnnapolis.— United States Naval Institute.

Proceedings. Vol. XVII, XVIII. 1-3, 1891-92. 8°.

Austin.—Texas Academy of Science.

Transactions. Vol. I. 1, 1892. 8°.

Baltimore.—Johns Hopkins Uoiiversity.

American chemical journal. Vol. XIII, XIV, 1891-92. 8°.

Studies from the biological laboratory. Vol. V. 1, 1891. 8°.

Maryland Academy of Sciences.

Transactions. Vol. I, pp. 213-228, 1892. 8°.

Boston.—Amo'icaw Academy of Arts and Sciences.

Proceedings. Vol. XXV, XXVI, 1889-91. 8°.

Society of Natural History.

Memoirs. Vol. IV. 10, 1892. 4°.

Proceedings. Vol. XXV, 1890-92. 8°.

Bridgeport.—Scientific Society.

List of birds found in the vicinity of Brid^-eport, Conn. By C. K.

Averill, Jr. 1892. 8°.

Buffalo.—Society of Natural Sciences.

Bulletin. Vol. V. 3, 1891. 8°.

Cambridge.—Harvard College.

Annual reports of the president and treasurer. 1889-90, 1890-91. 8°.

Astronomical Observatory of Harvard College.

Annals. Vol. XXVL 1, XXX. 1-3, XL. 1, 1890-92. 4°.

Annual report. XLV-XLVII, 1890-92. 8°.

Variable stars of long period. 1891. 4°.

Museum of Comparative Zoology at Harvard College.

Memoirs. Vol. XIV. 1, pt. 2-^, XVII. 3, 1891-92. 4°.

Bulletin. Vol. XVI. 10, XVIII, XIX, XX. 6-8, XXI, XXII, XXIII. 1-4,

1890-91. 8°.

Annual report. 1889-90, 1890-91. 8°.
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Cambridge.—Entomological Club.

Psycl-.e. No. 177-187, 189-200, 1891-92. 8°.

New Euglatid Meteorological Society.

Investigations. 1890. 4°.

Bulletin. No. 1-59, appendix 1890. 8° and 4°.

Chapel Hill.—Elisha Mitcliell Scientific Society.

Journal. Vol. VII. 2, VIII, 1890-91. 8°.

Cincinnati.— 06.seri;«to?-?/.

Publications. No. XI, XII, 1891-92. 8°.

Journ.-il of comparative neurology. Vol. I, II. 1-3, 1891-92. 8°.

Society of Natural Hixtory.

Journal. Vol. XIII. 4, XIV, XV. 1, 2, 1890-92. 8°.

Des Moines.—Iowa Academy of Sciences.

Proceedings. Vol. I. 2, 1890-91. 8°.

Fkankfort.—Kentucky Geological Savvey.

Rej)ort of progress from Jan., 1890 to Jan., 1892. By John R. Procter. 8°.

Report on the geology of Clinton county. By R. H. Loughridge. 8°.

Report on the geology of Whitley and a part of Pulaski counties. By

A. R. Crandall. 8°.

Report on ihe geology of parts of Jackson and Rockcastle counties. By
Geo. M. Sullivan. 8°.

Report on the occurrence of petroleum, natural gas and asphalt rock in

western Kentucky. By Edward Orton. 8°.

Gkanville.—Benni.ion University

.

Bulletin of the scientitic laboratories. Vol. VI, VII, 1891-92. 8°.

Harrisburg.—Second Geological Survey of Pennsylvania.

Annual report for 1887. 8°.

Report of progress, 18SS-S9. 8°.

Seventh report on the oil and gas fields of western Pennsylvania for 1887,

1888. 8°.

Summary final report. Vol. I, II. 1892. !^°.

Atlas of northern anthracite field. Pt. VI. 1889. 8°.

Atlas of western middle .anthracite field. Pt. III. 1889. 8°.

Atlas of southern anthracite fiehl. Pt. Ill, IV, IVB, V, VI. 1889-91. S*.

New general map of the anthracite region. 1890. 8°.

Dictionary of fossils. Vol. II, III. 1889-90. S".

Hartford.— Connecticut Historical Society.

Papers and reports, May 26, 1891. 8°.

Little Rock.—Arkansas Geological Survey.

Annual report, 1890. Vol. I, II. 8°.

yi^KiT^E's.— Scientific Association.

Transactions. Vol. IV, 1889-90. 8°.

Minneapolis.—J/mne.so^a Academy of Natural Sciences.

Bulletin. Vol. HI. 2, 1887-89. %°.

New York.—Academy of Sciences.

Annals. Vol. V. 9-12, extra no. 1-3, VI. 1-6, 1890-92. 8°.

Transactions. Vol. X. 1-6, XI. 3-.5, 1890-92. 8°.

American Oeogj-apMcal Society.

Bulletin. Vol. XXII. 4, XXIII, XXIV. 1-3, 1890-93. 8°.

.American Museum ofNatural History.

Bulletin. Vol. III. 2, 1891. 8°.

Annual report. 1890-91. 8°,

Astor JAhrary.

Annual report. XLII, XLIII, 1890-91. 8°.

Linnceau Society.

Abstract of proceedings for year ending .March 6, 1891. 8°.
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Nrw Yokk.—Microscopical Society.

Journal. Vol. VII, VIII, 1891-93. 8°.

Torrey Botanical Chib.

Bulletin. Vol. XVIII. l-(i, 8-12, XIX. 2-12, 1891-92. 8°.

Oberlin.— Oberlin College.

Laboratory bulletin. No. II, 1892. 8°.

PiiiLADELPUiA.

—

Academy of Natural Sciences.

Journal. Vol. IX. 3, 1891. 4°.

American Entomological Society.

Transactions. Vol. XVII. ;-!, 4, XVIII, XIX. 1, 2, 1890-92. 8°.

Franklin Institute.

Journal.. Vol. CXXXI-CXXXIV, 1891-92. 8°.

PouGHKEEPsiE — Vassar Brothers Institute.

Transactions. Vol. V, 188T-90. 8°.

Rochester.—J.cacZe/n2/ of Science.

Proceedini^s. Vol. I. 2, 11. 1, 1891-92. 8°.

Sacramento.— California State Mining Bureau.

Annual report of the state mineralogist. X, 1891. 8°.

St. Louis.—Academy of Science.

Transactions. Vol. V, VI. 1, 2, 1880-92. 8°.

Result of the observations made by the Wnshinujton University eclipse

party at Norman, Cal., Jan. 1, 1891. Carab., 1891. 4°.

Missouri Botanical Garden.

Annual report. I, II, 1890-91. 8°.

Salem.—Essex Institute.

Bulletin. Vol. XXII. 4-12, XXIII, XXIV. l-fi, 1890-92. 8°.

San Francisco.— California Academy of Sciences.

Proceedings. Ser. II. Vol. III. 1, 1891. 8°.—-

—

Technical Society of the Pacific Coast.

Transactions and proceedings. Vol. VII. 4, 5, VIII, IX. 1-3, 10- 11, 1891-

93. 8°.

University of Virginia. Leander McCormick Observatory.

Publications. Vol. I. 4, 5, 1889-90. 8°.

Washington.—Bureau of Education.

Report of the commissioner of I'ducatiou. 1888-89. 8°.

Chief Signal Officer.

Annual report. 1890. 8°.

Department of Agriculture.

Division of entomology. Bulletin. No. 23-27, 1890-92. 8°.

Periodical bulletin. Vol. III. 4-12, IV, V. 1, 2, 1890-92. 8°.

Report of the chief of the weather bureau. 1891. 8°.—-

—

United States Geographical and Geological Survey ofthe Rocky Mountain Begion.

Contributions to North American ethnology. Vol. II, V. 1890. 4°.

United States Geological Survey.

Annual report. X, 1888-89. 8°.

Bulletin. No. 02, 6.5, 67-81, 1890-91. 8°.

Mineral resources of the United States. 1889-90. 8°.

United States relief map.
United States Naval Observatory.

Astronomical and meteorological observations. 18S5-S8. 4°.

Report of the superintendent. 1890, 1891. 8°.

National Academy of Sciences,

Memoirs. Vol. IV. 10, V. 4. 4°.

Smithsonian Institution.

Bibliography of the Algonquian languages. By James C. Pilling. 1891.



viii Additio7is to the Library.

Catalogue of prehistoric works. By Cyrus Thomas. 1891. 8°.

Omaha and Ponka letters. By James Owen Dorsey. 1891. 8°.

Wilkes Barre.— Wyoming ITistorical mul Geological Society.

Notes on the tornado of April 19, 1890 in Luzerne and Columbia counties.

By Thomas Santee. 1891. 8°.

Worcester.—American Antiquarian Society.

Proceedings. New series. Vol. VII, VIII. 1, 1890-92. 8°.

Amiens.—Societe Linneenne du Nbrd de la France.

Bulletin. No. 211-224, 226-234, 1890-91. 8°.

Amsterdam.—Kon. Akademie van Wetenschappen.

Jaarboek. 1890-91. 8°.

Verslagen en mededeeliugen. Afdeel. natuurkunde. 3de rcoka. Dcel

VIII, 1891. 8°.

Australasian Association for the Advancement of Science.

Report. Meeting III, 1891. 8°.

AuxERRE.

—

Societe des Sciences JTistoriques et Nafurelle.% de V Yonne.

Bulletin. Tome XLIV, XLV, 1890-91. 8°.

Basel.—Naturfor.Hchende Gesellschaft.

Verhandluugen. Theil IX. 2, 1891. 8°.

Batavia.—Kon. Natuurkundige Vereeniging in Nederlandsch-lndie.

Natuurkundige tijdschrift. Deel L, LI, 1891-92. 8°.

Magnelical and Meteorological Observatory.

Observations. Vol. XII, XIII, 1889-90. 4°.

B EKGEN.

—

Museum.

Aarsberetning. 1890. 8°.

Berlin.—Konigliche Sternu<arte.

Berliner astronomisches Jahrbuch. 1893, 1894. 8°.

Veroflentliehungen des Rechen-Instituts. No. I, 1892.

Naturae novitates. Jahrg. X-XIII, XIV. 1-23, 1888-92. 8°.

Bologna.—R. Accademia delle Scienze deW Istitido di Bologna.

Rendiconto. Anno 1889-90. 8°.

Bombay.—Bombay Branch of the Royal Asiatic Society.

Journal. No. XLVIII, 1891. 8°.

-Oovernment Observatory.

Magnetical and meterological observations. 1888-89. 4°.

Boxn.—Naturhistorischer Verein der preussischen Rheinlande, Westfalens and des

Reg.-Bezirks Osnahriick.

Verhandlungen. Jahrg. XLVIL 2, XLVIII, 1890-91. 8°.

Bordeaux.—Academic Nationale des Sciences., Belles-Letlres et Arts.

Actes. Annee LI, 1889. 8°.

Societe Lin.neen7ie.

Actes. Tome XLIV, 1890. 8°.

Societe des Sciences Physiques et Naturelles.

Memoires. 3« ser. Tome V. 2. 4« ser. Tome II. 1890-91. 8°.

Braunschweig.— Vo-einfiir Naturwissenschaft.

Jahresbericht. VI, 1887-89. 8°.

Bremen.—Natarwissenschaftlicher Verein.

Abhandlungen. Bd. XII. 1, 2, 1891-92. 8°.

Metcorologischr SUUion

.

Ergebnisse der nieteorologischen Beobachtungen. Jahrg. I, 1891. 8°.

Bresl.vu.—Schlesische Gesellschaft fiir vaterUindi-'iche Vultur.

Jahres-Bericht. LXVIII, LXIX, 1890-91. 8°.

Brisbane.— Queensland Museum.
Annals. No I, II, 1891-92. 8°.
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Brisbane.— Queensland Branch of the Royal Geographical Society of Australia.

Proceedings and transactions. Vol. VII. I, 3, 1891-92. 8°.

Brunn.— Naturforscher Vereiu.

Verhandlungen. Bd. XXVIII, XXIX, 1889-90. 8°.

Bericht der nieteorologischen Commission. VIII, IX, 1888-89. 8°.

Bruxblles.—Academie Royale des Sciences, des Lettres et des Beaux-Arts de Belgiqne.

M6raoires couronn«s et memoires des savants etrangers. Tome L, LI,

1889-90. 4°.

Memoires couronnes et autres memoires. Tome XLIII-XLV, 1889-91. 8°.

Bulletins. 3'' ser. Tome XVII -XXI, 1889-91. 8°.

Annxiaire. Annee LVI, LVII, 1890-91. 8°.

Catalogue de la bibliotheque. 2>' partie. 1890. 8°.

Societe Entomologique de BeJgique.

Annaies. Tome XXXIV, XXXV, 1890-91. 8°.
^

Societe Royale Beige de Geographic.

Bulletin. Annee XIV. 3-6, XVI. 3, 1890-92. 8°.

Societe Royale de Botanique.

Bulletin. Tome XXIX, 1891. 8°.

Societe Royale 3Ialacologique de Belgiqne.

Annaies. Tome XXIV, XXV, 1889-90. 8°.

BuCAKEST.

—

Institut Me'teorologiqne de Roumanie.

Annaies. Tome IV, V, 1888-89. 4°.

Budapest.—Kon. ung. Central-Anstalt fiir Meteorologie uud Erdmagnetismus.

Jahrbiicher. Jahrg. XVIII, XIX, 18^8-89. 4°.

Bdbnos Aires.—Museo Publico.

Anales. Tomo III. 5, 6, 1891. 4°.

Socledad Cieniiflca Argentina.

Anales. Tomo XXX. 6, XXXI. 2-6, XXXII, XXXIII, XXXIV, 1, 1890-92.

8°.

Indice general, vol. I-XXIX, 1876-1889. 8°.

El Paramillo de Uspallata. Por German Av6 Lallemant. 1890. 8°.

Caen.—Societe Linneenne de Normandie.

Bulletin. 4« ser. Vol. III-V, 1888-91. 8°.

Calcutta.—Asiatic Society of Bengal.

' Journal. Vol. LIX, pt. i, no. 3, 4, pt. ii, no. 2-5 ; LX, pt. i, ii ; LXI, pt. i,

no. 1, 2, pt. ii, no. 1, '2 ; 1890-93. 8°.

Proceedings. 1890, no. 4-10, 1891, 1892, no. 1-7. 8°.

Geological Survey of India.

Palffiontologia Indica. Ser. XIII, vol. iv, pt. 2, 1891. 4°.

Memoirs Vol. XXIII, XXIV. 3, 1890-91. 8°.

Records. Vol. XXIII. 4, XXIV, XXV, 1, 3, 1890-92. 8°.

Index to the genera and species described in the Paheontologia Indica up

to 1891. 4°.

Contents and index of the first twenty volumes of the Memoirs. 1893. 8°.

Contents and index of the first twenty volumes of the Records. 1891. 8°.

Meteorological Department of the Government of India.

Indian meteorological memoirs. Vol. IV. 7, V. 1, 1891-93. f°.

Report on the meteorology of India. 1889, 1890. f°.

Report on the administration of the meteorological department. 1889-90^

1890-91. f°.

Meteorological observations recorded at seven stations in India. 1889-91,

1892, Jan.-Apr. t°.

Cyclone memoirs. Pt. Ill, IV, 1890-91. 8°.

Cambridge.—Philosophical Society.

Transactions. Vol. XV. 1-3, 1891-93. 4°.

Proceedings. Vol. VII. 3-6, 1890-92. 8°.



X Additions to the Library.

Catania.—Accademia Oioenia di Scienze Naturali.

Alti. Ser. IV. Vol. II, III, 1889-91. 4°.

Bullettino mensile. Nuova serie. Fuse. 15-25, 1890-92. 8°.

Cherbourg.— >S'ocie7e' Nationale des Sciences Naturelles.

Meraoires. Tome XXVII, 1891. 8°.

Christiania.—N'orivegiHche Commission der Europilischen Ovadmessuug.

Publication. Heft VI, VII, 1888-90. 4°.

Norwegisches meteorologisclies Institut.

Jalirbuch. 1888-90. 4°.

Norwegian North-Atlantic Expedition, 1876-78.

Publication XX, XXI, 1891-93. 4°.

VidensTcabs Selskabet.

Forhandlingar. 1890. 8°.

Chctr.—Naturforschende Gesellschaft Graubiindens.

Jalires-Bericht. Neue Folge. Jalirji;. XXXIV, XXXV, 1889-91. 8°.

Danzig.—Naturforschende Gesellschaft.

Schriftcn. Neue Fol-ie. Bd. VII. 3, 4, VIII. 1, 2, 1890-92. 8°.

Dijon.—Academic des Sciences, Arts et JMles-Lettres.

Menioires. 4^ ser. Tome II, 1890-91. 8°.

Dorpat.— Gclehrte Estnische Gesellschaft.

Sitzuni,-sberichte. 1890-91. 8°.

Verhandlunsen. Bd. XIV, XV, XVI. 1, 1889-91. 8°.

Naturforscher- Gesellschaft bei der Universitut Dorpat.

Sitzungsl)crichte. Bd. IX. 2, 3, 1890-91. 8°.

Schriften. VI, 1891. 8°.

Dresden.—Naturwissenschaftliche Gesellschaft Ms.

Sitzungsberichte und At)liandluugen. 1891, 1892, i. 8°.

Dublin.—Royal Irish Academy.

Transactions. Vol. XXIX. 14-16, IS, 19, 1891-92. 4°.

Proceedings. Ser. III. Vol. I. 4, 5, II. 1, 2, 1891-92. 8°.

Cunningham memoirs. No. VI, VII, 1891-92. 4°.

Edinburgh.—Botanical Society.

Transactions and proceedings. Vol. XVIII, XIX, pp. 1-231, 1890-91. 8°.

Geological Society.

Transactions. Vol. VI. 2, 3, 1890-92. 8°.

Royal Observatory.

Catalogue of the Crawford lil)rary. 1890. 4°,

Royal Physical Society.

Proceedings. Vol. X. 2, 1889-90. 8°.

Royal Society.

Proceedings. Vol. XVII, XVIII, 1889-91. 4°.

Emdhn.—Naturforschende Gesellschaft.

Jahresbericht. LXV-LXVI, 1889-91. 8°.

Erfurt.—Kon. Akademie gemeinnUtziqer Wisse.nschaften.

Jahrbucher. Neue Folge. Heft XVII, 1893. 8°.

FiRENZE.

—

Biblioteca Nazionale Centrale.

Bollettino delle pubblicazioni Italiane ricevute per diritto di stampa.

No. 120-167, 1891-92. 8°.

Frankfurt a. M.—Deutsche malakozoologische Gesellschaft.

Nachrichtsblatt. Jalirg. XXIIL XXIV, 1891-92. 8°.

Senckenbergische naturforschende Geselhchaft.

Abhandiungen. Bd. XVI. 2-4, XVII, 1890-92. 4°.

Bericht. 1891, 1S92. 8°.

Fra~nkfurt a. O.—Naturwissenschaftlicher Vcrein.

Helios. Abhandiungen und monatliche Mittheilungen. Jahrg. VIII, IX,

K. 1-3, 1891-93. 8°.



Additions to the Library. xi

Fkankfurt a. O.—Socictatum lilterae. Jahrg. V, VI. 1-8, 1891-92. 8°.

Freiburg in B.—Naturforscheude Gesellschaft.

Berichte. Bd. V, VI, 1890-93. 8°.

GenJ;ve.—Instilut National Oenmois.

Bulletin. Tome XXX, XXXI. 1890-91. 8°.

Societe de Physique et d''Hidoire Maturelle.

Momoires. Tome XXXI. 1, 189). 4°.

Volume supplementrtire. Centenaire de la fondation de la societe.

1891. 4°.

Muneo Uivico di Storia Nat urate.

Annali. Vol. XXVII-XXIX, 1889-J)0. 8°.

GiESSEN.

—

Obertiessische Gesdl.schaf't fiir :Vii.t>ir mid I/nJtcioide.

Bericht. XXVIII, 1892. S°.

Glasgow.— Geological Society.

Transactions. Vol. IX. 1, 1888-90. 8°.

Philosoplncal Society.

Proceedings. Vol. XXI, XXII, 1889-91. 8°.

GoTEBOUG.

—

Kon. Vdenslcaps och VitterheU Samhdllc.

Handlingar. Ny tids. Hiift. XX-XXV, 188.5-91.

GoTTiNGEN.

—

Konigl. GesellscJiaft der Wissermcliaftcn.

Xachrichten. 1890, 1891, 1893, no. .5-10. 8°.

GusTROvv.— Verein dcr Freimde der Natnrgesclriclde in Mecklenburg.

Archiv. Jahrg. XLIV, XLV, 1890-91. 8°.

Habana.—Heal Colegio de Belen.

Observaciones magnetie;is y meteorologicas. 1888. ii, 18S9. i 4°.

Halifax,—Nova Scotian Inatituie of Natural Science.

Proceedings and transactions. Vol. VII. Ser. II. Vol. I. 1, 1889-91. 8°

Halle.—Kais. FjeopoldiiiiKch-tJarolinixcJie deuUche Alcademie der Nafurfor.sc/ier.

Leopoldina. Heft XXVI, 1890. 4°.

Nova acta. Bd. LV. 4, 1890. 4°.

Das Vorkoramcn der natiirliclien Kohlenwasserstoff- und der anderen

Erdgase. Von C. F. Ziucken. 1S90. 4°.

Naturfor.schende Gesellschaft.

Abhaudluugen. Bd. XV. 3, 4, XVIII. 1, 1893. 4° and 8°.

Bericht. 1888-91. 8°.

Naturivissenschaftllcher Verein fiir Sachsen und Thiiringen.

Zeitsclirift fiir Naturwissenschaften. Bd. LXIII. 4-6, LXIV, LXV. 1, 3,

1890-93. 8°.

Hamburg.—Deutsche Seeioarte.

Archiv. Jalu-g. XIII, XIV, 1890-91. 4°.

Monatliche Uebersiclit der Witterung. 1890, Juni-Dec. ; 1891. 8°.

Deutsches nieteorologisches Jahrbuch. 1S89, 1890. 4°.

Ergebnisse der meteorologischen Beobachtungen, 1886-1890. 4°.

Naturiuiasenschaftlicher Verein

.

Abhaudluugen. Bd. XL 3, 3, 1891. 4°.

Wissenschaftlic/ie Anstalten.

Jahrbuch. Jahrg. VII, VIII, IX. 1, 3, 1889-91.

Harlem.—Mmie Teyler.

Archives. Serie II. Vol. III. 5-7, 1890-93. 8°.

Societe Hollandaise des Science.'i.

Archives neerlandaises des sciences exactes ct naturelles. Tome XXV,
XXVI. 1, 3, 1891-93. 8°.

Le Havre.—Societe Geotogique de Normandie.

Bulletin. Tome XIII, 1887-89. 8°.

Helsingfors.—Societas Scientiarum Fen?nca.

Acta. Tom. XVII, XVIII, 1891. 4°.



xii Additions to the Library.

Ofversigt af forhandlingar. XXXII-XXXIII, 1S89-91. S^.

Bidrag till kannedom af Finlands natur och folk. Haft. XLIX, L,

1890-91. so.

Hekmanxstadt.— Siebenbiirgischer Vei-eiri far Naturwissmschaften.

Verhandlungeii und Mittheilungen. Jahrg. XL, XLI, 1890-91. 8°.

HoBART.

—

Royal Society oj Tasmania.

Papers and proceedings. 1889-1891. 8°.

Jena.—Medicmisch-naturwisse7i.scfiaftliche OeselUchaft.

Jenaisehe Zeitschrift fiir Naturwissenschaft. Bd. XXV, XXVI, XXVII.
1, a, 1890-93. 8°.

Kasan.—Sociele Physico-Mathematiquede V Universite Iinperiale.

Bulletin. Tome II-VIII. 2" ser. Tome I. 1-4. 188.]-91. 8°.

Kharkow.—Societe den Scieyices Experimentales annexee d V Universite de Kharkom.
Travaux de la section inedicale. 1890. i, 1891. i. 8°.

Section physieo-ebimique. Supplement. Fuse. 1, 2, 1890-93. 8°.

Kiel,.—Koiiigl. Christian Albrec/its-Universitdt.

Schriften aus dem Jahre 1S90-91, 1891-92 8° and 4°.

Kiev.—Kievskie Obshchestvo lestestvoispyiatele'i.

Zapiski. Tom. XI. 2, 1891. 8°.

Kjobenhavn.—Kon. Danske Videnskabernes Sehkab.

Oversigt over forhandlinger. 1890. ii, iii, 1891, 1892. i. 8°.

Fortegnelse over de 1842-1891 udgivne videnskabelige arbejder. 1892. 8".

Katitrh istorbik Foren ing.

Videnskabelige meddelser. Aaret 1862-65, 1875-91. 8°.

K(}N IGSBERG.

—

Kbnigl, phynikaliKch dkonomixche Gesellschaft.

Schriften. Jahrg. XXXI-XXXII, 1890-91. 4°.

Krakow.—K. k. Sternwarte.

^lateryaly do klimatografii Galicyi. . Rok 1890, 1891. 8°.

La Plata.—JfM.seo.

Revista. Tomo I, II. 1, 1890-91. 8°.

Revista Argentina de historia natural. Tomo I. 1, 2, 5, 6, 1891. 8°.

Lausanne.—Societe Vawloise des Sciences JVaturelles.

Bulletin. 3" ser. No. 102-108, 1891-92. 8°.

Leeds.— Yorkshire Geological and Polytechnic Society.

Proceedings. New series. Vol. XII. 1, 1892. 8°.

Leiden.—Nederlandsche Dierkundige Vereeniging.

Tijdschrift. Ser. II. Deel III, 1890-92. 8°.

Catalogus der bibliotheek. Eerste vervolg, 1884-91. 8°.

Sternwarte. Annalen. Bd. V, VI, 1890. 4°.

Leipzig.—Astronomischc Gesellschaft.

Vierteljahrsschrift. Jahrg. XXV. 3, 4, XXVI, XXVII. 1, 2, 1890-92. S*.

Catalog. Abth. I. Stuck III, V. 1890-92. 4°.

K(J7i. scichsische Genellschaft der Wissenschaften.

Berichte. Math.-physische Classe. Bd. XLII. 2 4, XLIII. 1,2, 4,5, XLIV.
1, 2, 1890-92. 8°.

Xat urforscheiide Gesellschaft.

Sitzungsbericlite. Jahrg. XVII, XVIII, 1891-92. 8°.

Verein fiir Erdkunde.

Mittheilungen. 1890-91. 8°.

Zoologischer Anzeiger. No. 351-407, 1890-92. 8°.

LiSBOA.

—

Sociedade de Geographia.

Boletim. Serie IX. 10-12, X, XI. 1-3, 1890-92. 8°.

London.— Geological Society

.

Quarterly journal. Vol. XLVII, XLVIII, 1891-92. 8°.

Linnean Society.

Journal. Zoology. No. 124, 125, 145-151, 1891-92. 8°.
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Journal. Botany. No. 175-6, 186-201, 1891-92. 8°.

Proceedings. 1888-90. 8°.

List. 1890-91, 1891-92. 8°.

Mathematical Society.

Proceedings. No. 391-448, 1891-92. 8°.

•Royal Hidorical Society.

Transactions. New series. Vol. V, VI, 1891-92. 8°.

Walter of Henle\'s Husbandry, together with an anonymous Husbandry,

Seneschaucie and Robert Grosseteste's Rules. 1890.

Royal Meteorological Society.

Quarterly journal. New series. No. 77-80, 1891. 8°.

List of fellows, 1890. 8°.

Royal Microscopical Society.

Journal. 1890. v, 1891, 1892. i-v. 8°.

Charter and by-laws, list of fellows, 1892. 8°

Royal Society.

Philosophical transactions. Vol. CLXXXI. A, B, CLXXXII. A, B, 1890-

91. 4°.

Proceedings. No. 295-316, 1890-92. 8°.

List of council and members. 1890-91. 4°.

LouvAiN.—La Cellule. Tome VI. 2, VII, VIII. 1, 1890-92. 8°.

Lund.— Universitet.

Acta. Tom. XXVI, XXVII, 1889-91. 4°.

Luxembourg. Inatitut Royal., Grand-Ducal.

Publications. Section des sciences naturelles et mathiMuatiques. Tome
XXI, 1891. 8°.

Observations met<iorologiques. Tome V, 1884-88. 8°.

Musee Guimet.

Annales. Tome XVIII-XXI, 1891-92. 4°.

Bibliotheque des etudes. Tome 1, 1892. 8°.

Revue de I'histoire des religions. Tome XXII-XXIV, XXV. 1, 2, 1890-92.

8°.

Introduction au catalogue. 1891. 8°.

Madras.— Government Observatory.

Observations made with the meridian circle, 1871-76. 4°.

Results of the meteorological observations, 1861-90. 4°.

Madrid.— Cotni.non del Mapa Geologico de Espana.

Boletin. Tomo XVI-XVIII, 1889-91. 8°.

Memorias. Descripcion fisica, geologica y miuera de la provincia de

Soria. Por D. Pedro Palacios. 1890. 8°.

Real Academia de Ciencias Exactas, Fisicas y JVaturale.'i.

Memorias. Tomo XV, 1890-91. 4°.

Manchester.—Literary and Philosophical Society.

Memoirs and proceedings. Series IV. Vol. IV, V. 1,2, 1890-92. 8°.

. Marburg.— Gesellschaft zur Beforderung der gesammten JVatnrwissenschafteii.

Sitzungsberichte. Jahrg. 1890-91. 8°.

METZ .
—Acadim ie.

Memoires. 3^ ser. Annde XXII, 1887-88. 8°.

M.E,xico. —Observatorio Meteorologico-Magnetico Central.

Boletin mensuel. Tomo III. 1-4, 1890. 4°.

Secretario de Fomento.

Memorias. Tomo I-VI, 1883-85. 4° and f°.

Anales. Tomo IX, 1891.

Boletin de agricultura, mineria e industrias. Afio I. 1-11, 1891-92. 8°.

Estadistica general de la republica mexicana. Ano V, 1889. 8°.
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Boletia semustral do la estadistica. Afio 1889, no. 3. 8°.

La industria sericola en el eslado de Jalisco. Por Mareiano Barcena.

1891. 8°.

Mexico—Sociedad Cientifica ''Antonio Alzate.'"

Memorias. Tomo IV. 3-12, V, VI. 1, 2, 1S90-93. 8°.

Sociedad de Geogy-aphia y Edadutica.

Boletin. Epoca IV. Tomo H. 1-5, 1890-92. 8°.

Sociedad Mexicana de Historia Natural.

La uaturaleza. Ser. II. Tomo II. 1,2. 1890-92. 4°.

MiDDELBURG.

—

Zeeuwsch Genootschap der Wetemchappen.

Archief. Deal VII. 1, 2, 1891-92. 8°.

Levensberichteu van Zeeuweu. Afl. Ill, 1891. 8°.

MiLA.NO.

—

Real Istituto Loinbardo di Scienze e Lettere.

Rendiconto. Serie II. Vol. XXII, XXIII, 1889-90. 8°.

MoDENA.

—

Regia Accadeinia delle Scienze, Lettere ed Arti.

Memorie. Serie IL Tomo VII, 1890. 4°.

Societd dei Naturalittti.

Memorie. Serie III. Vol. IX. 2, X, XI, 1890-92. 8°!

MoNTPELLiER.

—

Acaddmie des Sciences et Lettres.

Memoires. Section des lettres. Tome IX. 1, 2, 1891. 4».

Section des sciences. Tome XL 2. 4°.

Section de mcdecine. Tome VI. 2. 4°.

Moscou.

—

Societe ImperiaJe des Natiiralistes.

Bulletin. Annee 1890. ii-iv, 1891, 1892. i. 8°.

Meteorologische Beobachtuncren am Observatorium der landvvirth. Aka-

demie bei Moskau. Jahr. 1889. ii, 1890. 4°.

MiJNCHEN.

—

Eon. hayerische Akademie der WissenscJiaJten.

Sitzungsberichte. Philosph.-pliilolpg. und lilstor. Classe. 1890, Bd. i.

3, ii; 1891, Bd. i. 1, 2. 8°.

Mathemat.-pliysikal. Classe. 1890. iii, iv ; 1891. i, ii. 8°.

Die grosseu Monarchieu oderdie Weltreiche in der Geschiclite. Festrede

von Ferdinand Gregorovius. 1890. 4°.

Rerum coiinoscere causas. Ansprache des Priisidenten Dr. Max v. Petten-

kofer. 1890. 4<^.

G»dachtnissrede aiif Wilhelm von Giesebrecht. Von Sieirmund Riezler.

1891. 4°.

Kbn. Steryvxarte.

Neue Annalen. Bd. II, 1891. 4^.

MiJNSTER.— Westfdlischer Provincial- Verein fiir Wissenschaft uiul Kiiud.

Jahresbericht. XVIII, XIX, 1889-90. 8°.

Nancy.—Academic de Stanislas.

Memoires. .5" ser. Tome VIII, IX, 1890-91. S°.

Napoli.—R. Accademia delle Scienze Fisiche e Matematiche.

Atti. Ser. II. Vol. IV, 1891. 4°.

Rediconto. Ser. II. Vol. IV, V, VI. 1-6, 1891-93. 4°.

Newcastle-upon-Tyne.—North of England Institute of Mining and 3£echanical

Engineers.

Transactions. Vol. XXXVIII. 6, XXXIX, XL. 1-5, 1890-92. 8°.

Report of the French commission on the use of explosives in the pres-

ence of fire-damp in mines. Pt. 3. 1891. 8°.

NiJRNBERG.

—

Naturhistorische Oescllsehaft.

Jahresbericht neb.st Abhandlungen, Bd. IX, 1892. 8°.

Odessa.—Societe des Naturalistes de la Noiivelle Russie.

Zapiski. Tom. XV, XVI, 1890-92. 4°.

Matematicheskoe otdielenie. Tom. XI, XII, l8'JI-92. 8°.
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Ottawa.— Oeological and Natural History Survey of Canada.

Annual report. New series. Vol. IV, 1888-89. 8°.

Summary rt'ijort. 1890. 8°.

Contributions to Can;idi:in micro-palaeontology. Pt. 3. 1891. 8°.

Meteorological Sei-vice of the Dominion of Canada.

Report. 1886-88. 8°.

OxFOUD.— Badcliffe Library

Catalojiue of bool<s added during 1890. 8°.

Badcliffe Observatory.

Results of astrononncal and meteorological observations. Vol. XLV,
1887. 8°.

Palermo.—JH. Accademia di Scienze, Lettere e Belle Arti.

Bulletino. Anno VII, VIII. 1-3, IX. 1-3, 1890 92. 4°.

Paris.—Ecole Normale Superieure.

Annales scientifiques. 3e ser. Tome VII. 11, 12, Vlll, IX, 1890-92. 4°

J^cole Polytechnique

.

Journal. Cahier LX-LXII, 1890-92. 4°.

Obsei'vatoire National.

Rapport annuel. 1890, 1892. 4°.

Societe Nationale d'Acclimatation.

Revue des sciences naturelles appliquees. Annee 1891, 1892. 8°.

Societe Geologiqne de France.

Bulletin. 3» ser. Tome XVII. 10, XVIII. 5-9, XIX, XX. 1, 1889-93. 8°.

Societe 3{athematiqne de France.

Bulletin. Tome XIX, XX. 1-5, 1891-92. 8°.

Societe Zoologiquc de Fravce.

Bulletin.
'

Tonie I-XVI, XVII. 1-6, 1876-92. 8°.

Memoires. Tome I-IV, V. 1-4, 1888-92. 8°.

Pisa.—Societd Toscana di Scietize Naturali.

Memorie. Vol. I, VI. 3, XI, 1875-92. 8°.

Processi verbali. Vol. II. pp. 6.5-89, 256-287, III. pp. 197-272, VII. pp.

199-345, VIII. pp. 1-156, 1875-92. 8°.

Potsdam.—As(rophy.sikaKsche-i Ob.Hervatorium.

Publicationen. Bd. VII. 1, 1892. 4°.

Prag.—Kon. bohmische Oeselhchaft der Wissenschaften.

Abhandlungeu der malli.-uaturwiss. Classe. Folge VII Bd. IV, 1891.

4°.

Sitzungsberichte. 1891. 8°.

Jabresbericht. 1890-91. 8°.

K. k. Sternivarte.

Magnetische und meteorologische Beobachtungeu. Jahrg. LI, LII,

1890-91. 4°.

Vu\,^oyx.—Nicolai-Hauptsternwarte.

Berieht, Mai 1887-Nov. 1889. 8°.

Quebec.—Literary and Historical Society.

Transactions. No. 20, 21, 1889-92. 8°.

REGENSBURG.

—

Xuturw issensch afllicher Verein.

Bericbte. Heft II, III, 1888-91. 8°.

HisioriscJier Vtrein von Oberpfalz und Begensbarg.

Verhandlungen. Bd. XLIV, 1890-91. 8°.

Register zu Bd. I-XL, 1832-86. 8°.

Richmond, Sdrret.—JTew; Observatory.

Report of the committee. 1890. 8°.

Riga .

—

Naturforscher Verein.

Correspondenzblatt. Jahrg. XXXIV, XXXV, 1891-92. 8°.
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Rio de Janeiro.—Instituto Hidorico, Oeor/raphico Brazileiro.

Revista trimensal. Toino LIV, LV. 1, 1891-92. 8°.

Museu Naciondl.

Le museum national de Rio de Janeiro et son influence surles sciences

naturelles au Bresil. Par Ladislau Netto. Paris, 1889. 8°.

Lv RocHELLE.

—

Acadeinie des Belles-Lettres, Sciences et Arts.

Annales de la soeiete des sciences naturelles de la Charente-Inf(§rieure.

No. 26, 27, 1889-90. 8°.

Roma.—BibUoteca Nazionale Centrale Vittorio Emanuele.

BoUetlino delle opere moderne straniere acquistate dalle biblioteche

pubbliche governative del regno d'ltalia. Vol. V. 4-12, VI, VII, 1890-

92. 8°.

Reale Accademia dei Lincei.

Atti. Ser. IV. Rendiconti. Vol. VI. ii. 9-12, VII. i, ii. 2-8, 11, 12.

Ser. V. Vol. I. i. 1-8, 10-12, 2, ii. 4, 5 -11, 1890-92. 4°.

Memorie della classe di scienze morali, storiche e filologiche.

Notizie degli scavi, 1890, 1891, 1892, no. 1-4, 9, 11. 4°.

Accademia Pontifica de'' J\liovi Lincei.

Atti. Anno XLIII. 4-7, XLIV, XLV. 1. 2, 1890-92. 4°.

Reale Comitato Geologico d'ltalia.

BoUetlino. Vol. XXI, XXII, 1890-91. 8°.

Societd degli Spettroscopisti Italiani.

Memorie. Vol. XIX, XX, XXI. 1-1 1, 1890-92. 4°.

St. Gallen.—Naturwissenschaftliche GeselUchaft.

Bericht. Jahrg. 1888-89, 1889-90. 8°.

S. Paolo.— Commissar Oeographica e Geologica do Estado de S. Paolo.

Boletim. No 4-7, 1890. 8°.

St Petehsburg.— Comite Geologique.

Memoires. Vol. IV. 2, V. 1, VIII. 2, XI. 2, XIII. 1, 1890-91. 4°.

Bulletins. Vol. VIII. 9, 10, IX, X, XI. 1-4, 1889-92. 8°.

Bibliotlieque geologique de la Russie. 1889-90. 8°.

Hortas Petropolitanus.

Acta. Tom. XI. 2, 1892. 8°.

Imp. Russ. Geograf. Obshtchestvo.

Otchet. God 1890. 8°.

iiTai.s. Akadernie der Wissenschaften.

Repertorium der Meteorologie. Bel. XIII, XIV, 1890-91. 4°.

Physikalisches Centrolobservatorium..

Annalen. Jalirg. 1890. 4°.

Riimsch-Kaiserliche 3£ineralogisc7ie OeseUschaft.

Verhandlungen. Ser. II. Bd. XXVIII, 1891. 8°.

Santiago.—Soeiete Scientiflque du Chili.

Actes. Tome II. 1, 2, 1892.

Schweizerische noiurforschende Geselhchaft.

Verhandlungen. Jahresversammluug LXIII, LXIV, 1890-91. 8°.

Stockholm.—Eutomologiiik Forening.

Entomologisk tidskrift. Arg. XI, XII, XIII, 1890-92. 8°.

Stuttgakt.— Verein fiir vaterlandische Natw-kimde in WUrttetnberg.

Jalireshefie. Jahrg. XLVII, XLVIII, 1891-92. 8°.

Sydney.— Government of New South Wales.

Year book of Australia. 1891, 1892. 8°.

Statistical account of the seven colonies of Australia. By T. A. Coghlan.

1892. 8°.

Free public library, Sidney. Report for 1890. 8°.

Government Observatory.

Results of meteorological observations made in New South Wales during

1889. 8°.
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Results of rain, river and evaporation observations during 1890. 8°.

Sydney.—Linnean Society of New South Walen.

Proceedings. Series II. Vol. III. 3-4, 1888-89. 8°.

Royal Society of New South Wales.

Journal and proceedings. Vol. XXIV, XXV, 1890-91. 8°.

Catalogue of scientific boolis in the library. Pt. 1. 189i. 8°.

Tacubaya.— Observatorio Adronomico Nacional.

Anuario. Ano XII, XIII, 1892-93. 8°.

Boletin. Tomo I. 1-12, 1890-92. 4°.

Thkondhjem.—Kon. Norske VidensJcabers Selskab.

Skrifter. 1888-90. 8«>.

TiFLiS.

—

Physicalisches Observatoriuni.

Magnetische Beobachtungen. 1888-90. 8°.

Meteorologische Beobachtungen. 1889-90. 8°.

Beobachtungen der Tempcratur des Erdbodens. 1881-85. 8°.

Tokyo.—Imperial University of Japan.

Journal of the college of science. Vol. IV, V. 1,2, 1891-92. 4°.

Seisinological Society of Japan.

Transactions. Vol. XIV-XVI, 1889-92. 8°.

Torino.—Musei cli Zoologia eel Anatomia Comparata.

Bollettino. No. 87-93, 104-130, 1890-92. 8°.

TOKONTO.

—

Canadian Institute.

Transactions. Vol. I, 11, 1890-92. 8°.

Annual report. IV, 1890-91. 8°.

Annual arch;vological report. 1891. 8°.

Time-reckoning for the twentieth century. By Sanford Fleming. Wash.

1890. 8°.

An appeal to the Canadian Institute on the rectification of parliament.

By Sanford Fleming. 1892. 8°.

Toulouse.—Academic des Sciences, Inscriptions et Belles-Lettres.

Memoires. 9" ser. Tome II, III, 1890-91. 8°.

Tromso.—3Iuseum.

Aarshefter. XIII, XIV, 1890-91. 8°.

Upsala.—Regia Societas Scieidiai-uni.

Nova acta. Ser. III. Vol. XIV. 2, 1891. 4°.

Utrhcht.—Koti. Nederlandsch Meteorologisch Iistituut.

Nederlandsch meteorologisch jaarboeiv. Jahrg. XLII, XLIII, 1890-91. 4°.

Provinciaal Utrechtsch Genootschap van Kunsten en Wetensshappen.

Verslag van het verhandelde in de algemeeue vergadering. 1890-91. 8°.

Aanteekeningen van het verhandelde in de sectie-vergaderingen. 1890-91.

Venezia.—Istituto Veneto di Scieme, Lettere eel Arti.

Atti. Ser. VII. Tomo I, II. 1-9, 1889-91. 8°.

ViCENZA.

—

Accademia Olimjnca.

Atti. Vol. XXII-XXIV, 1888-90. 8°.

Wellington.—New Zealand Institute.

Transactions and proceedings. Vol. XXIII, XXIV, 1891-93. 8o.

WiEN.

—

Kais. Akademie der Wissenscltaften.

Sitzungsberichte. Mathemat.-naturwiss. Classe. Abth. I. Bd. XCVIII.

4-10, XCIX, C. 1-7, 1890-91. 8°.

E. k. Central-Anstalt fir Meteorologie unci Erdmagnetismus.

Jahrbiicher. Neue Folge. XXVI, XXVII, 1889-90. 40.

K. k. geologische Reichsanstalt.

AbhancUungen. Bd. XIV, XV. 3, XVII. 2, 1890-92. 4°.

Jahrbuch. Bd. XL. 3, 4, XLI. 1-3, XLII. 1, 1890-91. 8°.

Verhandlungen. Jahrg. 1891, 1892, no. 1, 6-10. 8°.
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WiEN.

—

K. k. 7iaturhistorisches Hofmuseum.
Annalen. Bd. V. 4, VI, VII. 1, 2, 1890-93. 8°.

K. k. Universiidts-Sternwarte.

Annalen. Bd. VII, Supplementbd. I, 1890-91. 8°.

K. k. zooloqltch-hotatiische Gexellschaft.

Verhandlungen. Bd. XL. 3, 4, XLI, XLII. 1-3. 1890-93. 8«'

WiESB.VDEN.

—

NassauiscJier Verein fiir Naturkwide.

Jahrbucher. Jahrg. XLIII-XLV, 1890-93. 8°.

WvRZBVRG.—Phi/iikalisc/i-niedicinische Gesellschaft.

Sitzungsberichte. Jahrg. 1891. 8°.

Zriucr:. —Naturforschende Gesellfchaft.

Yierteljahrschrift. Jahrg. XXXIV. 3, 4, XXXV, XXXVI, XXXVII.
1, 2, 1889-92. 80.

Generalregister der Publikationen und Uebersicht ihres Tausehverkehres.
1892. 8°.

Borsari, F. Etnologla Italica. Etruschi, Sardi e Siculi nel xiv° secolo prima
dell' era volgare. Napoli, 1891. 8°.

Le zone colonizzabili dell' Eritrea e delle finitime regioni Etiopiche. 1891.

8°.

Soeieta Americana d'ltalia. Programma e statute. Napoli, 1890. 8°.

From Prof. F. Borsari.

Chamberlain, J. S. A comparative study of the styles of Compositse. [New
York, 1890.] 8°. From the Author.

Douay, Leon. Etudes etymologiqucb sur I'antiquite americaine. Paris, 1891.

8°. From the Autlior.

Herzenstein, S. Ichthyologische Bemerkungen aus dem zoologischen Museum
der Kais. Akademie der Wissenschaften. I-III. St. Petersburg, 1890-

92. 4°.

Ueber einen neuen russischen Wels {Exontoma Oschanini, He)-z.) 18S9. 4°.

Wissenschaftliche Resultate der von N. M. Przewalski nach Central-Asieu

unternommenen Reisen. Zoolog. Theil. Bd. III. Abth. 2. Fische, von
S. Herzenstein. Lief. 1-3. St. Petersburg, 1888-91. 4°.

From the Author.

Ive?, J. E. Echinoderms and Arthropods from Japan. [Philad., 1891.] 8°.

Echinoderms from the Bahama islands. [Philad., 1891.] 8°.

Reptiles and Batrachians from northern Yucatan and Mexico. [Philad.,

1891]. 8°. From the Author.

Pickering, Charles. Chronological history of plants : man's record of his own
existence illustrated through their names, uses and companionship.

Boston. 1889. 8°. From Prof. Edward V. Pickering.

Pihl, O. A. L. New stellar cluster of ;t T*ersei micrometically surveyed. Christ-

lania, 1891. 4°. From the Author.

Salisbury, RoUin D. Preliminary paper on drift and i)leistocene formations of

New Jersey. Trenton, 1892. 8°.

The drift of the North German lowland, 1892. 8°.

From the Author.
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Connecticut Academy of Arts and Sciences,

By Gift and Exchange, from Jan, 1, 1893, to July 1, 1895.

American Association for the Advancement of Science.

Proceedings. Meeting XLI-XLIII, 1892-94. Salem, 1893-95. 8°.

Albany.—New York State Library.

Annual report. LXXIV, LXXV, 1891-92. 8°.

Bulletin. Legislation. V, 1895. 8o.

Regents' Bulletin. No. 21, 24, 27, 29, 1893-94. 8°.

New York State 31usewn of Natural History.

Annual report. XLV, XLVI, 1892-93. 8°.

Bulletin. Vol. III. 11-13, 1893-95. 8°.

Annapolis.— United States Naval Institute.

Proceedings. Vol. XVIII. 4, XIX. 2-4, XX, XXI. 1, 1893-95. 8''.

Austin.— Texas Academy of Science.

Transactions. Vol. I. 2, 1893. 8°.

Baltimore.—Joluis Hopkins University.

American chemical journal. Vol. XV, XVI, XVII. 1-7, 1893-95. 8°.

Studies from the biological laboratory. Vol. V. 2-4, 1892-93. S*.

University circulars. No. 102-120, 1893-95. 4°.

Boston.—American Academy of Arts and Sciences.

Proceedings. Vol. XXVII-XXIX, 1891-94. 8°.

Society of Natural History.

Memoirs. Vol. IV. 11-14, 1893-94. 4°.

Proceedings. Vol. XXV, XXVI. 1-3, 1893-94. 8°.

Brookville.—Indiana Academy of Science.

Proceedings. 1891-93. 8°.

Buffalo.—Society of Natural Sciences.

Bulletin. Vol, V. 4, 1894. 8°.

Cambridge.—Harvard College.

Annual reports of the president and treasurer. 1891-92, 1892-93,

1893-94. 8°.

Astronomical Observatory of Harvard College.

Annals. Vol. XV. 2, XIX, 2, XXV, XXIX, XXXI. 1, 2, XXXII. 1,

XXXV, XL. 2, 3, XLI, 1, 2, 1892-95. 4°.

Annual report. XLVIII, 1893. 8°.

Mtiseum of Comparative Zoology at Harvard College.

Memoirs. Vol. XIV, no. 1, pt. 3, XVII. 3, XVIIl, 1893-95. 4°.

Bulletin. Vol. XVI. 11-15, XXIIL 5, 6, XXIV, XXV. 1-8, 10-12, XXVI,
XXVII. 1, 1893-95. 8°.

Annual report. 1891-92, 1892-93, 1893-94. 80.
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Cambridge.—Ejitomological Club.

Psyche. No. 188, 201-230, 1891-95. 8°.

N^ew England Meteorological Society.

Annual summary of the New England weather service for 1893. 4°.

Champaign.—llli7iois State Laboratory of Xatural History.

Bulletin. Vol. I. 1, 2, 6, II. 3-8, III. 1-14, IV. 1, 4, 1876-94. 8°.

Natural history survey of Illinois. Ornithology. Vol. I. 1889. 8°.

Chapel Hill.—Elisha Mitchell Scientific Society.

Journal. Vol. IX, X, XI. 1, 1892-94. 8°.

Chicago.—Field Columbian Museum.

Guide to the Field Columbian museum. 2. ed. 1894. 12°.

Publications. Vol. I. 1, 1894. 8°.

Urdversity of Chicago.

Journal of geology. Vol. I, II, III. 1-3, 1893-95. 8°.

Cincinnati.— Observatory.

Publications. No. XIII, 1895. 8°.

Society of Natural History

.

Journal. Vol. XV. 3, 4, XVI, XVII, 1892-94. 8°.

Davenport.—Academy of Natural Sciences.

Proceedings. Vol. V. 2, 1885-89. 8°.

Des Moines.—/oMja Academy of Sciences.

Proceedings. Vol. I. 1, 3, 4, 1887-94. 8°.

Iowa Geological Survey.

[Publications.] I, II, 1892-93. 8°.

Granville.—Denniso7i University.

Bulletin of the scientific laboratories. Vol. VIII, 1893-94. 8°.

Journal of comparative neurology. Vol. II. 4, III, IV, V. 1, 1893-95. 8°.

Harrisbdrg.—Second Geological Survey of Pennsylvania.

Geological maps of Schuylkill, Carbon, Berks and Dauphin Counties.

Topographical map of Blue Mountain.

Summary final report. Atlas. 1894. 8°.

Lawrence.— University of Kansas.

Kansas University quarterly. Vol. I. 3, II, III, 1893-95. 8°.

Little Rock.—Arkansas Geological Survey.

Annual report. 1890. iii, iv ; 1891. i, ii ; 1892. i, ii. 8o.

Madison.— Washburn Observatory.

Publications. Vol. VI-VIII, 1890-93. 8°.

Wisconsin Academy of Sciences, Arts and Letters.

Transactions. Vol. IX, 1892-93. 8°.

Mebiden.— *S'ci«M<i^c AssociatiMi.

Transactions. Vol. V, 1893. 8°.

Minneapolis.—Minnesota Academy of Natural Sciences.

Occasional papers. Vol. I. 1, 1894. 8°.

Minnesota Geological and Natural History Survey.

Report of the state zoologist. I, 1892. 8°.

Mt. Hamilton.—Lick Observatory.

Publications. Vol. II, III, 1894. 8°.

Contributions. No. Ill, 1893. 8°.

New York.—Academy of Sciences.

Annals. Vol. VI. 7-12, VII, VIII. 1-5, 1892-95. 8°.

Transactions. Vol. X. 7, 8, XI. 1, 2, XII, XIII, 1892-94. 8°.

America7i Geographical Society.

Bulletin. Vol. XXIV. 4, XXV, XXVI, XXVII. 1, 1892-95. 8°.

-American Museum ofNatural History.

Bulletin. Vol. IV-VI, 1892-94. 8°.

Annual report. 1892, 1893. %°.
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New Tokk.—LiniKean Society.

Abstract of proceedings for year ending Miirch 27, 1894. 8°.

Microscopical Society.

Journal. Vol. IX, 1893. 8°.

Scientific Alliance.

Addresses delivered at the first joint meeting, Nov. 15, 1892. 8°.

Proceedings of the second joint meeting. Mar. 27, 1893. 8°.

Third annual directory. 1893. 8°.

Torrey Botanical Chcb.

Bulletin. Vol. XVIII. 7, XIX. 1, XX, XXI, XXII. 1-5, 1891-95. 8°.

Philadelphia.—Academy of Natural Sciences.

Journal. Vol. X. 1, 2, 1894. 4°.

Americaii Entomological Society.

Transactions. Vol. XIX. 3, 4, XX, XXI, XXII. 1, 1893-95. 8°.

Franklin Institute.

Journal. Vol. CXXXV-CXXXIX, 1893-95. 8°.

University of Pennsylvania.

Contributions from the botanical laboratory. Vol. I. 2, 1893. 8°.

Wagner Free Institute.

Transactions. Vol. III. 2, 3, 1892-95. 8°.

PouGHKBEPsiE.— Vassar Brothers Institute.

Transactions. Vol. VI, 1890-93. 8°.

Richmond.— Virginia State Library.

Calendar of Virginia state papers and other manuscripts. Vol. VI-XI,

1792-1869. Richmond, 1886-93. 4°.

Rochester.—Academy of Science.

Proceedings. Vol. 11. 2, 3, 1893. 8°.

St. Louis.—Academy of Science.

Transactions. Vol. VI. 3-18, VII. 1-3, 1892-95. 8°.

Missouri Botanical Garden.

Annual report. IV-VI, 1893-95. 8°.

Salem.—JEasex Institute.

Bulletin. Vol. XXIV. 7-12, XXV, XXVI. 1-6, 1892-94. S".

Henry Wheatland, M.D. Sermon preached by Rev. Edmund B. Willson,

Mar. 5, 1893. 8°.

San Francisco.— California Academy of Sciences.

Memoirs. Vol. II. 3, 4, 1894-95. 8°.

Occasional papers. Ill, IV, 1893. 8°.

Proceedings. Ser. II. Vol. III. 2, IV. 1, 2, 189.V95. 8°.

California State Mining Bureau.

Report. XI, XII. Sacramento, 1890-94. 8°.

Bulletin. No. 3-5. Sacramento, 1894. 8°.

Catalogiie of West North American and many foreign shells, with their

geographical ranges. Sacramento, 1894. 8°.

Technical Society of the Pacific Coast.

Transactions and proceedings. Vol. X. 3, 4, 6-10, 12, 1893-94. 8°.

Tacoma.—Academy of Science.

Proceedings, Feb. 8, 1893. 8°.

TOPEKA.

—

Kansas Academy of Science.

Transactions. Vol. XIII, 1891-92. 8°.

Tufts College. Studies. I-III, 1894. 8°.

University of Virginia. Leander McCorniick Observatory.

Publications. Vol. I. 6, 1893. 8°.

Washington.—Biological Society.

Proceedings. Vol. IX. pp. 1-128, 133-138, 1894. 8°.

il . _
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Washington.— United States Department of Agriculture.

Division of entomology. Bulletin. No. 28-33, 1893-95. 8°.

Insect life. Vol. V. 8-5, VI, VII. 1-4, 1893-95. 8°.

Report of the chief of the weather bureau. 1891-92. 8°.

Bulletin of the New England weather service. No. 1-39, 1892-95. 4°.

United States Geographical and Geological Survey ofthe Rocky Mountain Region.

Contributions to North American ethnology. Vol. VII, IX. 1890-93.

4°.

United States Geological Survey.

Annual report. XI, XII, XIII, 1889-92. 8°.

Bulletin. No. 63, 64, 66, 82-86, 90-111. 1890-93. 8°.

Mineral resources of the United States. 1891-93. 8°.

Monographs. Vol. XVII-XXII, 1892-93. 4°.

United States Naval Observatory

.

Astronomical and meteorological observations. 1889. 4°.

Smithsonian Institution, Bureau of Ethnology.

Annual report. VII-XII, 1885-91. 8°.

List of the publications of the Bureau of Ethnology, with index to

authors and subjects. By Frederick W. Hodge. 1894. 8°.

' Bibliography of the Athapascan languages. By James C. Pilling. 1892. 8°.

Bibliography of the Chinookan languages. By James C. Pilling. 1893. 8°.

Bibliography of the Saliskan languages. By James C, Pilling. 1893. 8°.

Bibliography of the Wakashan languages. By James C. Pilling. 1894. 8°.

Chinook texts. By Franz Boaz. 1894. 8°.

Archeologic investigations in James and Potomac valleys. By Gerard

Fowke. 1894. 8°.

An ancient quarry in Indian Territory. By William H. Holmes. 1894. 8° •

The Siouan tribes of the East. By James Mooney. 1894. 8°.

The Pamunkey Indians of Virginia. By John G. Pollard. 1894. 8°.

The Maya year. By Cyrus Thomas. 1894. 8°.

Wilkes Barre.— Wyoming Historical aiul Geological Society.

Union services at the old Forty Fort church, Luzerne Coixutj', Pa., on
June 15, 1888. 8°.

Worcester.—American Antiquarian Society.

Proceedings. New series. Vol. VIII. 2, 3, IX. 1-3, 1892-94. 8°.

Amiens.—Societe Linneenne du Nord de la France.

Bulletin. No. 235-258, 1892-93. 8°.

Amsterdam.—Koti. Akademie van Wetenschappen.

Jaarboek. 1892-93. 8°.

Verslagen en mededeelingen. Afdeel. natuurkunde. 3de reeks. Deel

IX, 1892. 8°.

Verhandelingen. Sectie I. Deel I, II. 1-6, 8, 1892-94. 8°.

Sectie II. Deel I-III, 1892-94. 8°.

Verslagen en zittiugen van de wis-en natuurkundige afdeeling. 1892-93,

1893-94. 8°.

Augsburg.—Naturhistorischer Vereinfiir Schwaben und Neuburg.

Bericht. XXXI, 1894. 8°.

Australasian Association for the Advancement of Science.

Report. Meeting IV, V, 1892-93. 8°.

AuxERRE.

—

Societe des Sciences Historiques et Nafurelles de V Tonne.

Bulletin. Tome XLVI, XLVII, XLVIIL 1, 1892-94. 8°.

Bamburg.—Naturforschende Gesellschaft.

Bericht. XV, XVI, 1890-93. 8°.
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Basel.—Naturforschende Oeselhchaft.

Verhandlungen. Theil IX. 3, X. 1-3, 1892-95. 8°.

Batavia.—Kon. Natuurkundige Vereeniging in Nedeiiandsch-Indie.

Natuurkundige tijdschrift. Deel LII, LIU, 1893. 8°.

Magnetical and Meteorological Observatory.

Observations. Vol. XIV, XV, XVI, 1891-93, 4°.

Bergen.—Museum.

Aarsberetning. 1891-92. 8°.

Berlin.—Konigliche Sternwarte.

Berliner astronomisches Jabrbuch. 1895-97. 8°.

Veroffentliebungen des Reehen-Instituts. No. 2, 3, 1893. 8°.

Naturae uovitates. Jahrg. XIV. 23, 24, XV, XVI, XVII. 1-5, 1892-95. 8°.

Bologna.—R. Accademia delle Scienze delV Islituto di Bologna.

Rendiconto. Anno 1891-94. 8°.

Bombay.—Bombay Branch of the Royal Asiatic Society.

Journal. No. XLIX, XLIX'', L, 1892-94. 8°.

Government Observatory.

Magnetical and meteorological observations. 1891-93. 4°.

Bonn.—Naturhistorischer Verein der preussischen Rheitilande, Westfalens nnd des

Reg.-Bezirks Osnabruck.

Verhaudlungen. Jahrg. XLIX, L, LI. 1, 1892-94. 8°.

Bordeaux.—Academie Nationals des Sciences, Belles-Lettres et Arts.

Actes. Annee LII-LIV, 1890-92. 8°.

Societe Linneenne.

Actes. Tome XLV, XLVI, 1892-93. 8°.

Catalogue de la bibliotbeque. Fasc. I. 1894. 8°.

Societe des Sciences Physiques et Naturelles.

Memoires. 3" ser. Tome V. 2. 4« ser. Tome I, III, IV, 1893-94. 8°.

Braunschweig.— Verein fiir Naturwissenschaft.

Jahresbericht. VII, 1889-91. 8°.

Bremen.—Naturwlssenschaftlicher Verein

.

Abbandlungen. Bd. XII. 3, XIII, 1, 3, XV. 1, 1893-9.5. 8°.

Meteorologische Station.

Ergebnisse der meteorologischen Beobachtuugen. Jahrg. III-V, 1892-

95. 4°.

Breslau.—Schlesische GeselUchaftfur vaterldndische Cultur.

Jahres-bericht. LXX, LXXI, 1892-93. 8°.

Brisbane.— Queensland Branch of the Royal Oeographical Society of Australia.

Proceedings and transactions. Vol. VIII, IX, 1892-94. 8°.

BriJNN.—Naturforscher Verein.

Verhaudlungen. Bd. XXX-XXXII, 1891-93. 8°,

Bericht der meteorologischen Commission. X-XII, 1890-92. 8°,

Bruxelles.—Academie Royale des Sciences, des Lettres et des Beaux-Arts de Belgique,

Memoires. Tome XLVIII, XLIX, L. 1, 1892-93. 4°.

Memoires couronnes et memoires des savants Strangers. Tome LII,

1893. 4°.

Memoires couronnes et autres memoires. Tome XLVI, 1892. 8°.

Bulletins. 3« ser. Tome XXII -XXV, 1891-93. 8°.

Annuaire. Annee LVIII, LIX, 1592-93. 8°.

Societe Entoniologique de Belgique.

Annales. Tome XXXVI-XXXVIII, 1892-94. 8°.

Memoires. II, 1894. 8°.

Societe Royale Beige de Oeographie.

Bulletin. Annee XVI. 4-6, XVII, XVIII, 1892-94. 8°.

Societe Royale de Botanique.

Bulletin. Tome XXX, XXXI, 1891-92, 8°.
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Bruxelles.—Societe Royale Malacologique de Belgique.

Annales. Tome XV. 2, XXVI, 1880-91. 8°.

Bucharest.—Listitut Meteorologique de Mounianie.

Annales. Tome VI-VIII, 1890-93. 4°.

Budapest.—Kon. %mg. Central-Aiutali fiir Meteorologie uud Erdmagnetismus.

Jalirbiiclier. Jahrg. XX, XXI, 1890-91. 4°.

Buenos Aires.—Sociedad Cietitiflca Argetitina.

Anales. Torao XXXIV. 2-6, XXXV-XXXVIII, 1892-94. 8°.

Caen.—Societe Linne'enne de Normandie.

Bulletin. 4« s(5r. Vol. VI-VIII, 1892-94. 8°.

Calcutta.—Asiatic Society of Bengal.

Journal. Vol. LXI, pt. i, no. 3, 4 and 2 suppl., pt. ii, no. 3; LXII, pt. i

ii, iii, no. 1-3; LXIV, pt. i, no. 1-4, ii, iii, no. 1 ; LXIV, pt. ii, no. 1,

1893-95. 8°.

Proceedings. 1892, no. 8-10, 1893, 1894, 1895, no. 1-3. 8°.

Annual address, 7 Feb. 1894. 8°.

Geological Survey of India.

Palseontologia Indica. Ser. IX, vol. II, pt. 1, 1893. 4°.

Records. Vol. XXV. 3, 4, XXVI, XXVII, XXVIII. 1, 2, 1893-95. 8°.

Manual of the geology of India. By H. B. Medlicott and W. T. Blanford.

3 ed. revised and largely rewritten by R. D. Oldham. 1893. 8°.

Meteorological DepaHment of the Government of India.

Indian meteorological memoirs. Vol. V. 2-6, VI. 1, VII. 1, 2, 1892-94. f o.

Monthly weather review. 1891-94. f°.

Rainfall of India. 1891-93. f°.

Report on the meteorology of India. 1889, 1890. f °.

Report on the administration of the meteorological department. 1891-92,

1893-94. f°.

Meteorological observations recorded at seven stations in India. 1892,

May-Dec, 1893, 1894. f°.

Instructions for observers. By J. Eliot. 1894. 8°.

Cambridge.—Philosophical Society.

Transactions. Vol. XV. 4, 1894. 4°.

Proceedings. Vol. VIII. 1-4, 1892-94. 8°.

Catania.—Accademia Gioenia di Scienze Naturali.

Atti. Ser. IV. Vol. IV-VI, 1891-93. 4°.

Bullettino mensile. Nuova serie. Fasc. 26-35, 1892-94. 8°.

Chemnitz .

—

Xat urwissenscJiafiUche Gesellschaft.

Bericht. XII, 1889-92. 8°.

Cherbourg.— /SVcie7e' Nationale des Sciences Naturelles.

Memoires. Tome XXVIII, 1S93. 8°.

Christiania.—Kong. Norske Universitet.

Beskrivelse af en r;ekke Norske bergarter. Af Dr. Th. Kjerulf. 1893. 4°.

Xorwegische Comrnismon der Europciischen Gradmessung.

Resultate der im Sommer 1893 in dem nordlichsten Thiele Norwegens
ausgefiihrten Pcndelbeobaclituugen. 1894. 8°.

Norwegisches meteorologisches Instiiui.

Jahrbuch. 1891. 4°.

Norwegian North Atlantic Expeditioti, 1876-78,

Publication XXII, 1893. 4°.

Videnskabs Sehkabet.

Forhandlinger. 1893. 8°.

Chur.—Naturforschende Gesellschaft Graubiindens.

Jahres-bericht. Neuc Folge. Jahrg. XXXVI, XXXVII, 1891-94. 8°.

Cordoba.—Academia Naciotial de Cicncias.

Boletin. Tomo XI. 4, 4*, XII, XIII, XIV. 1, 1889-94. 8°.

ii
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Danzig.—Naturforschende Oesellschaft.

Schriftcn. Neue Folge. Bd. VIII. 3, 4, 1894. 8°.

Dijon.—Academie des Sciences, Arts et Belles-LeUres.

M«5moires. 4'' ser Tome II-IV, 189:^,-94. 8°.

DoRPAT.

—

Oelehrte Estnische Oesellschaft.

Sitzunjrsberichte. 1892-94. 8°.

Verhandlunsen. Bd. XVI. 3, 1893. 8°.

Natiirforscher-Gesellschaftbei der Universitiit Dorpat.

Archiv fiir die Naturkunde Liv-Ehst-und Kurlands. Ser. II. Bd. X. 3, 4,

1893-94.

Sitzungsberichte. Bd. X. 1, 2, 1892-93. 8°.

Dresden.—Naturwissenschaftliche Oesellschaft Isis.

Sitzungsberichte und Abhandliingen. 1893, ii, 1893, 1894. 8°.

VereinfUr Erdkundc.

Jaliresberiebt. XXII, XXIII, 1893-93. 8°.

Literatur des Landes-und Volksliimde des Konigreiehs Sachsen, hrsg.

von Paul Emil Ricbter. Nachtrag I. 1893. 8°.

Dublin.—Royal Irish Academy.

Transactions. Vol. XXX. 1-14, 1892-94. 4°.

Proceedings. Ser. III. Vol. II. 3-5, III. 1-3, 1893-94. 8°.

Cunningham memoirs. No. X, 1894. 4°.

Todd lecture series. Vol. III-V, 1893-94. 8°.

Edinburgh.—Botanical Society.

Transactions and proceedings. Vol. XIX, pp. 233-636, XX. 1, 1893-94. 8°.

Oeological Society.

Transactions. Vol. VI. 5, VII. 1, 1893-94. S°.

Royal Physical Society.

Proceedings. Vol. XI, XII, 1890-94. 8°.

Royal Society.

Proceedings. Vol. XIX, 1891-93. 8°.

Emdkn.—Naturforschende Oesellschaft.

Jabresbericht. LXXVII, LXXVIII, 1891-93. 8°.

Erfurt.—Koyi. Akademie gemeinniitziger Wissenschaften.

Jabrbiicher. Neue Folge. Heft XVIII-XXI, 1893-9.5. 8°.

FiRENZE.

—

Biblioteca Nazionale Centrale.

Bollettino delle pubblicazioni Italiane ricevute per diritto di stampa.
No. 168-336, 1893-95. 8°.

R. Istituto di Studi Superiori Pratici e di Perfezionamento,

Pubblicazioni. Sezione di fllosofla e filologia.

Maestri e scolari nell' India Brahmjmica. Saggio di Girolamo Donati.

1888. 8°.

Sezione di scienze fisiche e naturali.

Osservazioni continue della elettricita atmosferica fatte a Firenze nel

1884. Seconda memoria di L. Pasqualini ed A. Roito. 1885. 8°.

Saggio sperimentale sul meccauismo del movimenti volontari nella

Testiiggine palustre (Emys Europea), del Dott. Giulo Fano. 1884. 8°.

Sezione di medicina e chirurgia.

Arcbivio della scuolad'anatomiapatologica. Vol. Ill, IV. 1885-86. 8°.

Frankfurt a. M.—Deutsche malakozoologische Oesellschaft.

Nachrichtsblatt. Jabrg. XXV, XXVI, XXVII. 1-6, 1893-95. 8°.

Senckenhergische naturforschende Oesellschaft.

Abhandluugen. Bd. XVIII, 1893-95. 4°.

Bericht. 1893, 1894. 8°.

Katalog der Vogelsammlung. 1891. Katalog der Batrachier-Samralung.

1893. Katalog der Reptilien-Saramlung. Theil I. 1893.

I'}y . iLt/T^-^'
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Frankfurt a. O.—Natwwissenschaftlkher Verein des Regierungshezirks Frankfurt.

Helios. Abhcaudlun^en und monatliche Mittheilungen. Jahrg X. 4-12,

XI, XII, 1803-94. 8°.

Societatum litterae. Jahrg. VI. 9-12, VII, VIII, IX. 1-3, 1892-95. 8°.

Freiburg in B.—Naturforschende Oeselhchaft.

Berichte. Bd. VIII, 1894. 8°.

Geneve.—Institut National Genevois.

Bulletin. Tome XXXII, 1894. 8°.

Societe dc Physique et d''Histoire Naturelle.

Memoires. Tome XXXI. 2, 1892-93. 4°.

Genova.—Museo Uivico di Htoria Naturale.

Annali. Vol. XXX-XXXIII, 1890-93. 8°.

GlESSEN.^O&ertesisc'/ie Gesellsehaft fur JVatur-und Heilkimde.

Bericht. XXIX, 1893. 8°.

Glasgow.— Geological Society.

Transactions. Vol. IX. 2, 1890-92. 8°.

Natural History Society.

Proceedings and transactions. N. S. Vol. III. 1, 2, 1888-90. 8°.

Philosophical Society.

Proceedings. VoL.XXIII-XXV, 1891-94. 8«>.

Index to proceedings vol. I-XX. 1892. 8°.

GoRLlTZ.—Naturforschoide Gesellsehaft.

Abhandlungen. Bd. XX, 1893. 8°.

GOTEBORG.

—

Kon. Vetenskaps och Vitterhets Samhalle.

Handlingar. Ny tids. Hfift. XXVI-XXIX, 1891-94. 8°.

GoTTiNGEN.

—

Kcinigl. Gesellsehaft der Wissenschaften.

Nachrichten. 1893. Philologisch-histor. Klasse, 1894, i-iii, 189.5, i. Mathe-

matisch physikal. Klasse, 1894, i-iii, 189-5, i. Geschiiftliche Mittheil-

ungen, 1894, 1895, i. 8°.

GiJSTROW.— Verein der Freunde der Naturgeschichte in 3Iecklenburg

.

Archiv. Jahrg. XLVI-XLVIII, 1892-94. 8°.

Habana.—Real Colegio de Beleu.

Observaciones magneticas y raeteorologicas. 1889. ii, 1890. 4°.

Halifax.—Nova Scotian Institute of Natural Science.

Proceedings and transactions. Ser. II. Vol. I. 2, 3, 1891-93. 8°.

Department of Mines., Nova Scotia.

Report. 1892, 1894. 8°.

Halle.—Kais. Leopoldinisch-Oarolinische deutsche Akademie der Naturforscher.

Leopoldiua. Heft XXVII-XXIX, 1891-93. 4°.

Nova acta. Bd. LIII. 1, LVII. 5, 1889-92. 4°.

Naturforschende Gesellsehaft.

Abhandlungen. Bd. XVIII. 2, XIX, XX. 1893-94. S°.

Bericht. 1892. 8°.

Naturwissenschaftlicher Verein filr Sachsen und Thilringen.

Zeitschrift fiir Naturwissenschaften. Bd. LXV. 3-6, LXVI, LXVII,
1892-94. S°.

Hamburg.—Deutsche Seewarte.

Aus dem Archiv. Jahrg. XV-XVII, 1892-94. 4°.

Deutsches meteorologisches Jahrbuch. 1891-1893. 4°.

Naturwissenschaftlicher Verein.

Abhandlungen. Bd. XII, XIII, 1892-95. 8°.

Hannover.—Nalurhistorische Gesellsehaft.

Jahresbericht. XL-XLIII, 1889-93. 8°.

Harlem.—Musee Teyler.

Archives. Serie II. Vol. IV. 1-3, 1893-94. 9>o.
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Harlem.—Societe Hollandaiae des Sciences.

Archives neerlandaises des sciences exactes et naturelles. Tome XXVI.
3-5, XXVII, XXVIII, XXIX. 1, 1893-9.5. 8°.

Hblsingfors.—Societas Scientiartiin Feunica.

Ofversigt af forliandlingar. XXXIV, 1891-92. S**.

Bidrag till kiiiinedom af Finlands natur och folk. Haft. LI, 1893. 8°.

Institut Mi'teorologique Ventral.

Observations m^teorologiques faites a Helsingfors. 1884-92. 4°.

Observations meteorologiques (stations flnlandaises). 1881-88. 4°.

Hermannstadt.— Siebenbiirgischer Verein fur Xaturwixsenschaften.

Verhandlungeu und Mittheilungen. Jahrg. XLII, XLIII, 1892-94. 8°.

Jena.—Mediciiiisch-naturwissenschaflliche Gesellschafl.

Jenaische Zeitschrift fiir Naturwisseuschaft. Bd. XXVII. 3, 4, XXVIII,
XXIX. 1, 2, 1892-94. 8°.

Kasan.—Societe Physico-3fathematiqnc de V Universite ImperiaJe.

Bulletin. 3« ser. Tome II, III. 2-4, IV. 1, 2, 1892-94. 8°.

Kharkow.— Universite Imperiale.

Annales. 1893. i. 8°.

Societe des Sciences Experimentales annexee d V Universite de Kharkow.

Section medicale. Travaux. 1892-93. 8°.

Section physico-chimiqne. Travaux. Tome XXI, 1893. Supplement

III-VI, 1892-93. 8°.

Kiel.—Konigl. Christian Albrechts-Universitut.

Scliriften aus dem Jalire 1892-93, 1893-94. 8° and 4°.

Naturwisscnschaftlicher Verein fiir Schleswig-Hohtein.

Schriften. Bd. III-IX, X. 1, 1877-93. 8°.

Kiev.—Kievskie Obshchestvo lestestvoispytatelei.

Zapiski. Tom. XII, 1892. 8©.

Kjobenhavn.—Kon. Danske Videnskahernes Sehkab.

Oversigt over forhandlinger. 1892. ii, iii, 1893, 1894. i, ii. 8°.

Naturhistorisk Forening.

Videnskabelige meddelser. Aaret 1893-94. 8°.

KoNiGSBERG.

—

Koiilgl. physikalischdko7iomische Gesellschaft.

Scliriften. Jahrg. XXXIII, XXXIV, 1893-93. 4°.

Krakow.—K. k. Stemwarte.

Materyaly do klimatogratii Galicyi. Rok 1893, 1893. 8°.

Stanwody na rzekach Galicyjskich. Rok 1891, 1892. 8°.

La Plata.—Museo.

Revista. Tomo III, IV, 1892-93. 8°.

Anales. Seccion de arqueologia. I-III, 1890-93. f°.

Seccion de historia Americana. I, II, 1890-91. f°.

Seccion de historia general. I, 1893. f°.

Seccion geologica y minuralogica. I, 1893. f°.

Seccion zoologica. I, 1898. f°.

Paleontologia Argentina. I, II, 1891-93. f°.

Lausanne.—Societe Vaitdoise des Sciences Naturelles.

Bulletin. 3e stir. No. 109-115, 1892-94. 8°.

Leeds.— Yorkshire Geological and Polytechnic Society.'

Proceedings. New series. Vol. XII. 4, 1894. 8°.

Leiden.—Nederlayidsche Dierkundige Vereeniging.

Tijdschrift. Ser. II. Deel IV, 1893-94. 8°.

Stemwarte.

Verslag. 1890-94. 8°.

Leipzig.—Astronomische Gesellschaft.

Publication. XX, 1892. 4°.

Vierteljahrsschrift. Jahrg. XXVII. 3, 4, XXVIII, XXIX, 1892-94. 8<».

Catalog. Abth. I. Stiick VI. 1894. 4°.
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Lbifzig.—Kimigl. sachsiscTie Gesellschafl der Wissenschaften.

Berichte. Math.-physische Classe. Bd. XLIV. 3-6, XLV, XLVI, XLVII.
1, 1892-95. 8°.

Verein fur Erdkunde.

Mittbeilungen. 1S92-94. 8°.

Wissenschaftliche Veroffeatlichungen. Bd. II. 1895. 8°.

Zoologischer Anzeiger. No. 408-477, 1892-95. 8°.

LiSBOA.

—

Sociedade de Geographia.

Boletim. Serie XI. 4-12, XII, XIII. 3-9, 13, 1892-94. 8°.

London.— Oeological Society.

Quarterly journal. Vol. XLIX, L, LI. 1, 2, 1893-95. 8°.

List, Nov. 1, 1894. 8°.

Liniiean Society.

JouruaL Zoology. No. 152-157, 1892-94. 8°.

JournaL Botany. No. 177, 20 i-20S, 1892-94. 8°.

Proceedings. Nov. 1890-.June 1893. 8°.

List. 1892-93, 1893-94. 8°.

Mathematical Society.

Proceedings. No. 449-508, 1892-95. 8°.

——Hoyal Hintorical Society.

Transactions. New series. Vol. I. 2, 3, IV, VII, VIII, 1883-94. 8o.

Proceedings of the Gibbon commemoration, 1794-1894. Lond., 1895. 8°.

Royal Microscopical Society.

Journal. 1892. vi, 1893, 1894, 1895. i. 8°.

Royal Society.

Philosophical transactions. Vol. CLXXXIII, A, B ; CLXXXIV, A, B
;

1892-93. 4°.

Proceedings. No. 317-345, 1892-1895. 8°.

List of council and fellows. 1892, 1893. 4°.

LouvAiN.—La Cellule. Tome VIII. 1, IX, X, 1892-94. 8°.

Lund.— Uhiversitet.

Acta. Tom. XXVIII-XXX, 1892-94. 4°.

Luxembourg.—Institut Royal, Grand-Ducal.

Publications. Section des sciences naturelles et mathemaliques. Tome
XXII, XXIII, 1893-94. 8°.

Lyon.—Acad/mie des Sciences, BeUes-Lettres et Arts.

Memoires. Classe des sciences. Tome XXX, XXXI, 1889-92. 8°.

Sciences et lettres. 3« ser. Tome I, II, 1893. 8°.

Madras.— Oovemmerd Observatory.

Results of observations of the fixed stars made with the meridian circle.

Vol VI-VIII, 1877-87. 4°.

Hourly meteorological observations, 1856-61. 4°.

Madrid.— Comisio7i del Mapa Geologico de Espana.

Boletin. Tomo XIX, 1892. 8°.

Memorias. Descripcion fisica, geologica y minera de la provincia de Viz-

caya. Por D. Ramon Adan de Yarza. 1892. 8°.

Mapa geologico de Esparia. Hoja 1, 3, 5, 7, 9, 11, 13, 14, 15.

Observatorio.

Observaciones meteorologicas. 1890-91, 1893-93. 8°.

Resumen de las observaciones meteorologicas efectuadas en la peninsula.

1890. 8°.

Manchester.—Literary and Philosophical Society.

Memoirs and proceedings. Series IV. VoL VI, VII, VIII. 2, 3, IX. 1, 2,

1892-95. 8°.

Marburg.— Gesellschaft zur Beforderung der gesammten Naturwissenschaften.

Sitzungsberichte. Jahrg. 1892-93. 8°.
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Marseille.—Faculte den Sciences.

Annales. Tome I-III, IV. 1-3, 1891-94. 4°.

Metz.—AcadSmie.

M^moires. 3« s6r. Ann^e XVIII-XXI, 1888-92. 8°.

Mexico.—Ai<ociacio7i de Ligenieros y Arquitectus.

Anales. Tomo III. 10-12, IV. 1-3, 1893-94. 8°.

Ohservatorio Meteorologico-Magnetico Central.

Boletin mensuel. 1895, no. 1-3. 4°.

Resumen comp;irativo. 1877-88.

Secretario de Fomento.

Boletin de agricultura, mineria e industrias. Ano I. 12, II. 1-9, 1892. 8°.

Sociedad Cientifica ''Antonio Alzate."

Memorias y revista. Tomo VI. 3-11, VII, 1892-94. 8°.

Sociedad de Geographia y Edadistica.

Boletin. Epoca IV. Tomo II. 8-12, III, 1, 2, 1893-94. 8°.

Sociedad Mexicana de Mistoria Natural.

La uaturaleza. Ser. II. Tomo II. 3-7, 1892-94. 4°.

MiDDBLBURG.

—

Zeeuwsch Genootschap dcr Wetensc?iappen.

Archief. Deel VII. 3, 4, 1893-94. 8°.

Levensberichten van Zeeuwen. Afl. IV, 1893. 8°.

Verslas over 18S5-93. 8°.

MiLA.NO.

—

Beat Istituto Lombardo di Scienze e Lettere.

Rendiconto. Serie II. Vol. XXIV- XXVI, 1891-93. 8°.

Indice generale dei lavori dalla fondazione all' anno 1888, per autori e per

materia. 1891. 8°.

Scale Osservatorio di Brera,

Pubblicazioni. No. XXXVIII, 1893. 4°.

Rassuuto delle osservazione meteorologiche. 1894. 4°.

Societd Italiana di Scienze Xaturali.

Atti. Vol. XXXIV, 1892-94. 8°.

Memorie. Tomo V, 1895. 4°.

MoDENA.

—

Regia Accademia delle Scienze, Lettere ed Arti.

Memorie. Serie II. Tomo VIII, IX, 1892-93. 4°.

Societd dei Naturalisti.

Memorie. Serie III. Vol. XI. 3, XII. 1, 2, 1893. 8°.

MONTPELLIER.

—

Academic dea Sciences et Lettres.

Memoires. Section des lettres. Tome IX. 3, 4. Ser. II. Tome I. 1-4.

1892-94. 4° and 8°.

Section des sciences. Tome XI. 3. Ser. II. Tome I, II. 1. 1892-

94. 4° and 8°.

Section de medecine. Tome VI. 22, 23. Ser. II. Tome I. 1. 1892-

93. 4° and 8°.

Moscou.

—

Socieie Impe'riale des Naturalistes.

Bulletin. Annee 1892. ii-iv, 1893, 1894. i-iii. 8°.

MiJNCHEN.

—

Kon. haijerische Akademie der Wissenschajten.

Sitzungsbericlite. Philosph.-philolog. und histor. Classe. 1891. iii-v, 1892,

1893, 1894. i. 8°.

.Mathemat.physikal. Classe. 1891. iii, 1892, 1893, 1894. i-iii. 8°.

Ueber die Stoffe und die Wirkung der griechischen Tragodie. Festrede

von N. Wecklein. 1891. 4°.

Ueber die allgemeinen Probleme der Mechanik des Himmels. Rede von
Hugo Seliger. 1892. 4°.

Gedachtnissrede auf Wilhelm von Giesebrecht. Von Sigmund Riezler.

1892. 4°.

Kurfiirst Maximilian I. von Bayern als Gemaldesammler. Festrede von
F. V. Reber. 1892. 4°.
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MtJNCHEN.

—

Kon. hayerisehe Akademie der Wissenschaften.

Erkennen, Erleben, Erschliessen. Festrede von M. Carriere. 1893. 4°.

Gediichtnissrede auf Karl von Niij^eli. Von K. Goebel. 1893. 4°.

Ueber die Wege und Ziele der Hirnforschung. Festrede von N.

Kiidinger. 1893. 4°.

Die Lehre vom Tyrannenmord in der christliehen Zeit. Festrede von
Max Lessen. 1894. 4*.

MuNSTKR.— Westfdlischer Provincial- Verein fiir Wissenschaft und Kuyist.

Jahresbericht. XX-XXIl, 1891-94. 8°.

Nancy.—Academie de Slanislas.

Memoires. 5« ser. Tome X, XI, 1892-93. 8°.

Napoli.—R. Accademia delle Scienze Finiche e Matematiche.

Atti. Ser. II. Vol. V, VI, 1892-93. 4°.

Rediconto. Ser. II. Vol. VII, VIII, 1893-94. 4°.

Real Intituio d'Incoraggiarneuto alle Scienze Naturali, etc.

Atti. Ser. IV. Vol. V, VI, 1893-93. 4°.

Necchatel.—Societe des Sciences Naturelles.

Bulletin. Tome XVII-XX, 1889-92. 8°,

Nkwcastle-upon-Ttne.—North of England Institute of Mining and Mechanical

Engineers.

Transactions. Vol. XLI, XLII. 1, 3-5, XLIII, XLIV. 1-8, 1892-95. 8«>.

Account of the strata of Northumberland and Durham as proved by bor-

ings and sinkings. S-T. 1894. 8°.

Report of the proceedings of the flameless explosives committee, 1894. 8°.

NtJrnberg.—Natiirhistorische Oesellschaft.

Jahresbericht nebst Abhandlungen. Bd. X. i, 2, 1892-93. 8°.

Odessa.—Societe des Xaturalistes de la Nouvelle Russie.

Zapiski. Tom. XVII, XVIII. 1, 2, 1892-94. 4°.

Matematicheskoe otdielenie. Tom. XIII-XV, 18ai-93. 8°.

OSNABRUCK.

—

Xaturwissenschaftlicher Vereiji.

Bericht. IX, 1891-93. 8°.

Ottawa.— Geological and Natural History Survey of Canada.

Annual report. New series. Vol. V, 1890-91. 8°.

Catalogue of a stratigraphical collection of Canadian rocks, prepared for

the Columbian Exposition, Chicago, 1893. By W. F. Ferrier. 1893. 8°.

Catalogue of section I. of the museum. 1893. 8°.

Oxford.— RadcUffe Library.

Catalogue of books added during 1892-94. 8°.

RadcUffe Observatory.

Catalogue of 6424 stars for the epoch 1890. Oxford, 1890. 4°.

Palermo.—R. Accademia di Scienze, Lettere e Belle Arti.

Atti. Ser. Ill, Vol. I, 1891. 4°.

BuUetino. Anno X, 1893. 4°.

Paris.—Ecole Normale Superieure.

Aunales scientifiques. 3« ser. Tome X, XI, XII, 1-6, 1893-95. 4",

Ecole Polytechnique.

Journal. Cahier LXIIl, LXIV, 1893-94. 4°.

Musie Ghiimet.

Annales. Tome XXII-XXV, XXVI. 1, 1892-94. 4°.

Bibliotheque des etudes. Tome II, IV, 1893-94. 8°.

Revue de I'histoire des religions. Tome XXV. 3, XXVI-XXVIII, XXIX.
1, 2, 1892-94. 8°.

Museum d' Histoire Naturelle,

Bulletin. Ann^e 1895, no. 1, 2. 8°.
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Paris.— Observatoire National.

Rapport annuel. 1893, 1894. 4°.

Societe Geologique de France.

Bulletin. 3^ ser. Tome XX. 1-8. XXI. 1-.5, 1892-93. 8°.

Compte-rendu. Annee 189.3, no. 1-7, 9-18 ; 1894, no. 1-3. 8°.

Societe Mathematique de France.

Bulletin. Tome XX. 6-8, XXI, XXII, XXIII. 1-3, 1893-95. 8°.

Societe Nationale d'Acclimatation

.

Revue des sciences naturelles appliquees. Annee 1893. 1-16, 18-24, 1894,

1895. 1-11. 8°.

Societe Zoologique de Fravce.

Bulletin. Tome XVII. 7-8, XVIII, XIX, 1893-94. 8°.

Memoires. Tome V. 5, VI, VII, 1892-94. 8°.

Pekzance.—Royal Geological Society of Cornwall.

Transactions. Vol. XI. 8, 9, 1894-95. 8°.

Pisa.—Societd Toscana di Scienze Naturali.

Memorie. Vol. XII, XIII, 1893-94. 8°.

Processi verbali. Vol. VIII. pp. 157-241, IX. pp. 1-341, 1893-94. 8°.

Potsdam.—Astrophj/sikalischex Observatorium.

Publicationen. Bd. VI. 2, VIII-X, 1893-95. 4°.

Prag.—Kon. buhmische Gesellschaft der Wissenschaften.

Sitzungsberichte der math.-naturwiss. Classe. 1893, 1893. 8°.

Jabresbericht. 1892, 1893. 8°.

K. k. Sternwarte.

Magnetische uud meteorologische Beobachtuno;en. Jahrg. LIII-LV,
1892-94. 4°.

PlTLKOVA.—Nicolai-Hauptsternicarte.

Russische Expeditionen zur Beobachtung des Veuusdurcbgangs, 1871.

Abth. I. St. Petersburg, 1891. 4°.

D^clinaisons mo.yennes des etoiles principales pour I'epoque 1885. St.

Petersbourg, 1893. 4°.

Tables auxiliaires pour la determination de I'heure par des hauteurs

correspondentes de differentes etoiles. St. Petersbourg, 1893. 8°.

Rbgbnsburg,—NaturwissenschafiUcher Verein.

Berichte. Heft IV, 1892-93. 8°.

Historischer Verein V07i Oberpfah und Regensburg

.

Verhandlungen. Bd. XLV, XLVI, 1890-93. 8°.

Riga.—Naturforncher Verein.

Correspondenzblatt. Jahrg. XXXVI, XXXVII, 1893-94. 8°.

Rio de Janeiro.—Instituto ITistorico, Geographico Brazileiro.

Revista trimensal. Tomo LV. 2, LVI. 1, 1893. 8°.

Colombo. Poema por Manoel de Araujo PortoAlegre. 1892. 8°.

Christovam Colombo e o descobriniento da America. Por J. M. Pereira

da Silva. 1893. 8°.

Homenagem. Sessao extraordinario en commemoracao do falleclmento

de S. M. o Snr. D. Pedro II., 4 Marfo 1893. 8°.

Museu Nacional.

Archives. Vol. VIII, 1893. 4°.

La Rochelle.—Academie des Belles-Lettres, Sciences et Arts.

Annales de la societe des sciences naturelles de la Charente-Inf^rieure.

No. XXVIII-XXX, 1891-93. 8°.

Roma.—Accademia Pontijica de' Xuovi Lincei.

Atti. Anno XLV. .3-6, XLVI, XLVII. 1-3, 1892-94. 4°.

Reale Accademia dei Lincei.

Atti. Serie IV. Memorie della classe di scienze morali, storiche e filolo-

giche. Vol. VII, VIII. parte i, vol. i, VIII, 1890-91, 4°,

yiyV{^(/t^^^
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Roma.—Reale Academia Accademia dei Lincei.

Atti. Serie V. Rendiconti. Classe di seienze fisiche, matematiche e

natural!. Vol. I. ii, 12, II. 1, 1-5, 7-9, 12, III. i, ii, 1-5, 7-12, IV. i, 1-7,

9, 1892-95. 4°.

Rendiconto dell' adunanza solenne di 4 Giugno, 1893 ; 3 Giugno, 1894. 4°.

Rassegna delle sclenze geologiche in Italia. Anno II. 1-3, 1892. 8°.

Seale Comitato Oeoloc/ico d''Italia.

Bollettino. Vol. XXIII, XXIV, 1892-93. 8°.

Societd degli Spettroscopisti Italiani.

Memorie. Vol. XXI. 12, XXII, XXIII, XXIV. 1-5, 1892-95. 4°.

Rotterdam.—Bataafsch Genootschap der Proefondervindelijke Wijsbegeerte.

Nieuwe verhandelingen. Reeks II. Deal III. S, IV. 1, 1890-93. 4°.

St. Gallen.—JVaturwissetischaftliche Gesellachaft.

Bericht. Jahrg. 1890-91, 1891-92, 1892-93. 8°.

St. John.—New Brunswick Natural History Society.

Bulletin. No. II, IV-XII, lb83-94. 8°.

S. Paolo.— Commissao Oeographica e Oeologica do Estado de S. Paolo.

Boletim. No. 8, 9, 1891-93. 8°.

Secfao meteorologiea. Dados climatologicos. 1891, 1893. 8°.

St. Petersburg.— Comite Geologique.

M(5moires. Vol. IV. 3, V. 5, VIII. 3, IX. 3, 3, X. 1, 2, XII. 2, 1893-94. 4°.

Bulletins. Vol. XI. 5-10, XII, XIII. 1-3, 1892-94. 8°.

Bibliotheque geologique de la Russie. 1891, 1892. 8°.

Uortus Petropolitanus.

Acta. Tom. XII, XIII, 1892-94. 8°.

Imp. Russ. Geograf. Ohshtchestvo.

Izviestiya. Tom. XXIX, XXX, 1893-94. 8°.

Otchet. God 1892-93. 8°.

Beobachtungen der russischen Polarstation auf Nowaja Semlja. Theil I.

Magnet. Beobachtungen. 1891. 4°.

Kais. Akademie der Wissenschafien.

Bulletin. Tome XXXVI. 1, 2. 5e ser. Tome I, II. 1, 2, 1893-95. 4°.

Memoires. 7e ser. Tome XXXIX. 2, XL, XLI, XLII. 1-6, 1892-94. 4°.

Repertorium der Meteorologie. Bd. XV-XVII, Supplementbd. VI,

1892-94. 4°.

Physikalisches Centralohservatorium.

Annalen. Jahrg. 1891-93. 4°.

-Russisch-Kaise^-liche Mineralogische Gesellschaft.

Verhandlungen. Ser. II. Bd. XXIX, XXX, 1892-93. 8°.

Materialien zur Geologic Russlands. Bd. XVI, 1893. 8°.

San Salvador.— Observatorio Asiro7iomico y Metcorologico.

Resumen de las observaciones. 1892. 8<*.

Observaciones, 1895. 4°.

Santiago.—Societe Hcientifique du Chili.

Actes. Tome II. 1, 4, III, IV. 1-4, 1892-94. 8°.

Universidad di Chile.

Anales. Tomo LXXXII. 6-9, 1892-93. 8°.

Schweizerische naturforschende Gesellschaft.

Verhandlungen. Jahresversammlung LXXV-LXXVII, 1892-94. 8°.

Stavanger.—ilfM.seM»i.

Aarsberetning. 1892. 8°.

Stockholm.—Eutomologisk Forening.

Entomologisk tidskrift. Irg. XIV, XV, 1893-94, 8°.

Kongl. Bibliotek.

Sveriges ollentliga bibliotelc Stockholm, Upsala, Lund, Goteborg.

Acccssions-katalog. I-IX, 1886-94. 8°.
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Stockholm.—Kongl. Svenska Veienskaps-Akademie.

Handlin,<?ar. Ny foljd. Bd. XXII-XXV, 1886-92. 4°.

Bihang till handlingar. Bd. XIV-XIX. 1889-94. 8°.

Ofversigt af forbandlingar. Bd. XLVI-L, 1889-98. 8°.

Lefnadsteckningar. Bd. III. 1, 2, 1891-94. 8°.

Ledamuter. 1890-93. 8°.

Meteorologiska jakttagelser. Bd. XXVII-XXXII, 1885-90. 4°.

STUTTGA.RT.— Vevein fur vaterldndlsche Naturkunde in WiirUeinberg.

Jahreshefto. Jahrg. XLIX, L, 189:-l-94. 8°.

Sydney.— Government Observatory.

Observations of the transit of Venus, 9 Dec. 1874. Sydney, 1892. 4°.

Results of astronomical observations, 1879-81. S<*.

Results of double star measures, 1891. 8°.

Results of meteorological observations made in New South Wales during

1890. 80.

Results of rain, river and evaporation observations during 1891-93. 8°.

Sydney.—Linnean tiociety of New South Wales.

Proceedings. Series II. Vol. IV, V, 1889-90. S°.

Boyal Society of New South Wales.

Journal and proceedings. Vol. XXVI, XXVII, 1892-93. 8°.

Tacubaya.— Ohservatorio Astronomico Nacional.

Anuario. Afio XIV, XV, 1894-95. 8°.

Boletin. Tomo I. 13-21, 1893-95. 4°.

Throndhjem.—Kon. Norske Videnskabers Selskab.

Skrifter. 1891, 1892. 8°.

TiFLiS.

—

Physicalisches Observatoriuni.

Beobachtungen. 1891. 4°.

Beobachtuugen der Temperatur des Erdbodens. 1886-89. 8'.

Tokyo.—Imperial University of Japan.

Journal of the college of science. Vol. V. 3, 4, VI, VII, VIII. 1, 1893-95.

4°.

Calendar. 1893-94. 8°.

Torino.—Musei di Zoologia ed Anaiomia Comparata.

Bollettino. No. 26-32, 131-192, 1887-94. 8°.

Toronto.— Ga7iadian Institute.

Transactions. Vol. Ill, IV. 1, 1892-94. 8°.

Annual report. V, VI, 1892-94. 8°.

Toulouse.—Academie des Sciences, Inscriptions et Belles-Lettres.

Memoires. 9" s(ir. Tome IV-VI, 1892-94. 8°.

Trieste.— Osservatorio Astronomico-Meteorologico.

Rapporto annuale. Vol. VII-IX, 1890-92. 4°.

Tromso.—Museum.

Aarsberetning. 1892. 8°.

Aarshefter. XVI, 1894. 8°.

Upsala.—Kongl. Universitet.

Arsskrift. 1892, 1893. 8°.

Bulletin of the geological institution. Vol. I. 1-3, 1892-93. 8°.

Inbjudningsskrifter till de hogtidligheter hvarmed trehundraarsminnet af

Upsala mote kommer att firas i Upsala den 5-7 September, 1893. 8°.

Regia Societas Scientiarum.

Nova acta. Ser. III. Vol. XV. 1, XVI, 1892-93. 4°.

Utrecht.—Kon. Nederlandsch Meteorologisch Instituut.

Nederlandsch meteorologisch jaarboek. Jahrg. XLIV, 1892. 4°.

Provinciaal Utrechtsch Oenootschap van Kunsten en Wetensshappen.

Verslag van het verhandelde in de algemeene vergadering. 1892-94. 8°.

Aanteekeningen van het verhandelde in de sectie-vergaderingen. 1892-94.
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Venezia.—Istituto Veneto dl Scienze, Lettere ed Arti.

Atti. Ser. Vlf. Tomo II. 10, III, IV, V. 1-3, 1891-94. 8°.

Wellington.—New Zealand Institute.

Transactions and proceedings. Vol. XXV, XXVI, 1893-94. 8°.

WiEN.

—

Kais. Akademie der Wissenschaften.

Sitzungsberichte. Mathemat.-naturwiss. Classe. Abth. I. Bd. C. 8-10,

CI, CII, cm. 1-3, 1891-94. 8°.

K. k. Ce7itral-Anstalt fiir Meteorologie und Erdmagnetismus.

Jahrbucher. Neue Folge. XXVIII, 1891. 40.

K. k. geologische Reichmnstalt.

Abhandlungen. Bd. VI, XVII. 3, XVIII, 1893. 4°.

Jahrbuch. Bd. XLI. 4, XLII. 2-4, XLIII, XLIV. 1, 3, 1891-94. 8°.

Verhandlungen. Jahrg. 1888, no. 7; 1890, no. 14-18; 1891, no. 1; 1892,

no. 3-5, 11-18 ; 1893 ; 1894, no. 5-18
; 1895, no. 1-5. 8°.

K. k. iiaturhisiorisches Hofmuseuni.

Annalen. Bd. VII. 3, 4, VIII, IX, 1892-94. 8°.

K. k. Uuiversitats-Sternwarte.

Annalen. Bd. VIII, IX, 1893-93. 8°.

K. k. zooloffisch-botaiiische OeseUschaft.

Verhandlungen. Bd. XLII. 4, XLIII, XLIV, XLV. 1-4, 1893-95. 8»,

Wiesbaden.—Nassarmcher Verein fiir Naturkimde.

Jahrbiicher. Jahrg. XLVI-XLVII, 1893-94. 8°.

WiJRZBURG.—Physikalisch-medicinische Oeselhchaft.

Sitzungsberichte. Jahrg. 1893-94. 8°.
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PEEFAOE.

John Stuart Mill* asserted that he had left nothing in the laws of

value for any future economist to clear up. Until 1871 this state-

ment doubtless had much the force of dogma. Even Jevons made
preliminary obeisance before proceeding to break the ground afresh

with the mathematical instrument. Jevons with characteristic can-

dor expressly disclaimed finality
;f but few of his followers have

realized with his clearness and honesty the need of further analysis

along the lines which he laid down.

The truth is, most persons, not excepting professed economists,

are satisfied with very hazy notions. How few scholars of the lit-

erary and historical type retain from their study of mechanics an

adequate notion of force ! Muscular experience supplies a concrete

and practical conception but gives no inkling of the complicated

dependence on space, time, and mass. Only patient mathematical

analysis can do that. This natural aversion to elaborate and intri-

cate analysis exists in Economics and especially in the theory of

value. The very foundations of the subject require new analysis

and definition. The dependence of value on utility, disutility, and

commodity, the equality of utilities, the ratio of utilities, the utility

of a commodity as a function of the quantity of that commodity

solely, or of that commodity and others conjointly, are subjects, the

neglect of which is sure to leave value half understood, and the

masteiy of which claims, therefore, the first and most patient effort

of the economic scientist.

These form the subject matter of the following memoir which is

a study by tnathematical methods of the determination of value and

prices.

Much germane to the subject has been omitted because already

elaborated by others. Cases of discontinuity belong to almost

every step, to modify or extend the continuous case. But the appli-

cation of this correction has been thoroughly worked out by Auspitz

und Lieben. Multiple equilibrium and monopoly value are omitted

for a similar reason.

The two books which have influenced me most are Jevons :
" The-

^W of Political Economy^'' and Auspitz und Lieben :
*' Untersuch-

* Pol. Econ., Bk. Ill, Ch. I, ^1. f Pol- Econ. , Pref . 3rd ed.
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ungen ueber die Theorie des Preises^ To the former I owe the idea

of marginal utility and of mathematical treatment in general, to the

latter the clear conception of the " symmetry " of supjily and demand

and the use of 7'ate of commodity in place of absolute commodity,

and to both many minor obligations.

The equations in Chapter IV, § 10, were found by me two years

ago, when I had read no mathematical economist except Jevons.

They were an appropriate extension of Jevons' determination of

exchange of tioo commodities between tioo trading bodies to the

exchange of any number of commodities between any nmnber of

traders and were obtained as the interpretation of the mechanism

which I have described in Chapter IV. That is, the determinate-

ness of the mechanism was expressed by writing as many equations

as unknowns. These equations are essentially those of Wali'as in

his Elements d''economie politique pure. The only fundamental

differences are that I use marginal utility throughout and treat it as

a function of the quantities of commodity, whereas Professor Walras

makes the quantity of each commodity a function of the prices.

That similar results should be obtained independenth^ and by sepa-

rate paths is certainly an argument to be weighed by those skeptical

of the mathematical method. It seemed best not to omit these ana-

lytical portions of Part I, both because they contribute to an under-

standing of the other portions of the work and because they were in

a proper sense my own.

Three days after Part II was finished I received and saw for the

first time Prof. Edgeworth's Mathematical Psychics. I was much

interested to find a resemblance between his surface on page 21 and

the total utility surfaces* described by me. The resemblance, how-

ever, does not extend far. It consists in the recognition that in an

exchange, utility is a function of botJi commodities (not of one only

as assumed by Jevons), the use of the surface referred to as an inter-

pretation thereof and the single phrase (Math. Psych., p. 28) "and

similarly for larger numbei's in hyperspace" which connects with

Part II, Ch. II, § 5.

There is one point, however, in which, as it seems to me, the

writer of this very suggestive book has gone far astray. Mathe-

* His result, which translated into my notation is

\cikJ\a:Bj \dBj\dAnJ

becomes by transposition and division identical with part of the continuous pro-

portion, Parti, Ch. IV, §3.
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matical economists have been taunted with the riddle : What is a

unit of pleasure or utility ? Edgeworth, following the Physiological

Psychologist Fechner, answers: "Just perceivable increments of

pleasure are equatable" (p. 99). T have always felt that utility

must be capable of a definition which shall connect it with its posi-

tive or objective commodity relations. A physicist would certainly

err who defined the unit of force as the minimum sensible of mus-

cular sensation. Prof. Edgeworth admits his perplexity :
" It must

be confessed tliat we are here leaving the terra firnia of physical

analogy" (p. 99). Yet he thinks it is "a principle on which we are

agreed to act but for which it might be hard to give a reason ;"

and again : [such equality] " it is contended, not without hesitation

is appropriate to our subject."

This foisting of Psychology on Economics seems to me e/iappro-

priate and vicious. Others besides Prof. Edgeworth have done it.

Gossen* and Jevons appeared to regard the " calculus of Pleasure

and Pain"f as part of the profundity of their theory. They doubt-

less saw no escape from its use. The result has been that "mathe-

matics" has been blamed for "restoring the metaphysical entities

previously discarded. "J

These writers with Cournot,§ Menger,]] and Marshall'f appear to

me to have contributed the most to the subject in hand. With the

exceptions noted I have endeavored not to repeat them but to add a

little to them, partly in the theory of the subject and partly in the

mode of representing that theory. Readers to whom the subject is

new will find the present memoir exceedingly condensed. In the

attempt to be brief, the possible uses of the diagrams and mechan-

isms have been merely sketched, and elaborate explanations and

illustrations have been omitted. I have assumed that my readers are

already familiar with (say) Jevons, Walras, Menger or Wieser where

illustrations and explanations regarding "final utility" abound.

Much of Part II and Appendix I may not be thoroughly intelligible

to those not familiar with higher geometrical analysis. These parts

are made as brief as possible.

My especial thanks are due to Prof. Gibbs and Prof. Newton for

valuable criticism.

Irving Fisher.

Yale University, May, 1892.

* Menschlicli Verhehr., Braunschweig, 1854. f Jevons, p. 23, also pp. 8-9.

X Dr. Ingram. § Theorie des Richesses, Paris, 1838.

II
Volkswirthschaftslehre, Wien, 1871. Tf Prin. of. Econ., Macmillan, 1890.
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Part I.—Utility of each commodity assumed to be depen-

dent ONLY ON THE QUANTITY OF THAT COMMODITY.

CHAPTER I.

UTILITY AS A QUANTITY.

§1-

The laws of economics are framed to explain facts. The concep-

tion of utility has its origin in the facts of human preference or

decision as observed in producing, consuming and exchanging goods

and services.

To fix the idea of utility the economist should go no farther than

is serviceable in explaining economic facts. It is not his province to

build a theory of psj^chology. It is not necessary for him to take

sides with those who wrangle to prove or disprove that pleasure and

pain alone determine conduct. These disputants have so mangled

the ideas of pleasure and pain that he who follows them and their

circular arguments finds himself using the words in forced senses.

Jevons makes utility synonymous with pleasure. Cairnes* objects

and claims that it leads to a circular definition of value. The circle

is however at the very beginning and vitiates psychology not eco-

nomics; the last dollar's worth of sugar (we are told) represents the

same quantity of pleasurable feeling as the last dollar's worth of

dentistry. This may be true as a mere empty definition, but we
must beware of stating it, as a real " synthetic proposition,"f or of

connecting it with the mathematics of sensations^ as did Edgeworth.§

The plane of contact between psychology and economics is desire.

It is difficult to see why so many theorists endeavor to obliterate the

distinction between pleasure and desire. | No one ever denied that

economic acts have the invariable antecedent, desire. Whether the

necessary antecedent of desire is " pleasure " or whether indepen-

dently of pleasure it may sometimes be " duty " or "fear " concerns

a phenomenon in the second remove from the economic act of choice

and is completely within the realm of psychology.

We content ourselves therefore with the following simple psycho-

economic postulate:

Each hidividual acts as he desires.

* Pol. Econ., p. 21. f Kant, Critique Pure Eeason, Introduction.

X Ladd, Physiological Psychology, p. 361. § See above (Preface).

II
See Sidgwick, Methods of Ethics, Chap. IV.
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§2.

The sense in which utility is a quantity is determined by three

definitions:

(1) For a given individual at a given time, the utility of A units

of one commodity or service {a) is equal to the utility of B units of

another {b), if the individual has no desire for the one to the exclu-

sion of the other.

A and B are here used as numbers. Thus if the first commodity

is sugar and the second calico and if the individual prizes 2 pounds

of sugar as much as 10 yards of calico, A is 2 and B is 10.

(2) For a given individual, at a given time, the utility of A units

of (a) exceeds the utility of B units of [b) if the individual prefers

(has a desire for) A to the exclusion of B rather than for B to the

exclusion of A. In the same case the utility of B is said to be less

than that of A.

The third definition will be given in §4.

The two preceding definitions are exactly parallel to those of any

other mathematical magnitude.

Thus: two forces are equal if at the same time they alone act on

the same particle in opposite directions and no change of motion

results. One is greater when additional motion is produced in its

direction. Again : "two masses are equal which if moving Avith

equal velocities along the same straight line in opposite directions

and impinging on each other are reduced to rest by the collision."*

Two geometrical magnitudes are equal if they can be made to coin-

cide, etc., etc.

Just as coincidence is the test of equality and inequality of geo-

metrical figures, and the tip of the scales the test of equality and

inequality of weights, so is the desire of the individual, the test of

the equality and inequality of utilities. It is to be noted that in

each definition of equality the word "??o" or some equivalent

occurs. A standard mode of cancellation is thus designated.

§3.

Let us see how these definitions of utility apply to an act of pur-

chase. An individual I enters a market with fixed prices to ex-

change some of a commodity (a) for another [b). We may sup-

pose prices to be such that he gives one gallon of [a) and receives two

bushels of {b), then a second gallon for two more bushels and so on

* Price, Calculus, vol. ill, p. 316.
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until finally he has given A gallons and received B bushels. At

what point does he stop ?

Although the " exchange values " of A gallons of (a) and B
bushels of (5) are equal, their utilities (to I) are not. He prefers B
to the exclusion of A, for his act proves his preference (postulate).

Therefore by definition (2) the utility of B exceeds that of A.

We may write:

ut. of B > ut. of A.

Why then did he cease to buy [h) ? He sold exactly A gallons for

B bushels. By stopping here he has shown his preference to buy

no more (postulate). Ergo the utility of a small increment, say

another bushel of {b) is less than the utility of the corresponding

number of gallons of (a) (Del 2). Likewise he prefers to buy no less.

Ergo the utility of a small decrement, say one less bushel is greater

than the gallons for buying it. Now by the mathematical principle

of continuity, if the small increment or decrement be made infinites-

imal (^/B, th-e two above inequalities become indistinguishable, and

vanish in a common equation, viz:

ut. of d\i = ut. of dA

dB and dA are here exchangeable increments. But the last incre-

ment <:?B is exchanged for dA at tlie same rate as A was exchanged

for B; that is

A _dA
B ~dB

where each ratio is the ratio of exchange or the price of B in terms

of A.

_M. _ _^^^'

dB ~ dA

multiplying this by the first equation, we have:

ut. of dB ^ ut. of dA .

dB
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purchaser at the time of purchase the quantity of the commodity

purchased mxdtiplied by its marginal utility equals the like pjroduct

for the commodity sold. Or again : for a given purchaser the utili-

ties of A and B, though actually unequal loould be equal if every

portion of A (and also of B) were rated at the same degree of utility

as the last infinitesimal. This hypothetical equality underlies, as

will subsequently appear, the notion of the equality of values of A
and B.

§ ^•

But the two definitions (1) and (2) do not fully determine the

sense in which utility is a quantity. To define when the " grades "

of two parts of a highway are equal or unequal (viz : when they

make equal or unequal angles with a horizontal), does not inform us

when one shall be ticice as steep as the other. It does not oblige us

to measure the "grade" by the sine of the angle of elevation, or

by the tangent, or by the angle itself. If the two highways were

inclined at 10° and 20° respectively, the "grades" have a ratio of

1"97 if measured by sines, of 2'07 by tangents, and exactly 2 by

angles. For a long time philosophers could define and determine

when two bodies were equally or unequally hot. But not till the

middle of this century* did physicists attach a meaning to the phrase

" twice as hot."

It is here especially that exactitude has been hitherto lacking in

mathematical economics. Jevons freely confesses that " We can

seldom or never affirm that one pleasure is an exact multiple of

another."!

Now throughout Part I the assumption is made that the utility of

any one commodity (or service) depends on the quantity of that

commodity or service, but is independent of the quantities of other

commodities and services. This assumption is preliminary to the

definition we seek.

Our first problem is to find the ratio of two infinitesimal utilities.

If an individual I consumes 100 loaves of bread in a year the utility

of the last infinitesimal, or to fix our ideas, the utility of the last

loaf is (presumably) greater than what it would be if he consumed

150 loaves. What is their ratio ^ It is found by contrasting the

utilities of the 100th and 150th loaves with a third utility. This

* The first thermodynamic definition of one temperature as a multiple of

another was made by W. Thomson in 1848. See Maxwell, Theory of Heat, p.

155.

f p. 13.
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third utility is that of oil (say) of which let B gallons be consumed

by I during the year. Let fi be that infinitesimal or small increment

of B whose utility shall equal that of the 100th loaf. Now in sub-

stitiiting the hypothesis of 150 loaves let us not permit our individ-

ual to alter B, his consumption of oil.* The utility of the 150th

loaf will be pronounced by him equal (say) to the utility of \ ft.

Then the utility of the 150th loaf is said to be half the utility of

the 100th.

That is, if :

ut. of 100th loaf = ut. of fi, B being the total,

and ut. of 150th loaf = ut. of ji;!, B being the total again,

the ratio is defined :

ut. of 100th loaf _ ft _
ut. of 150th loaf ~~ft[2~ '

It is essential to observe that if the 100th loaf is twice as useful

as the 150th when their ratio is defined as above in terms of incre-

ments of oil, it will also be twice as useful when the ratio is defined

by any other commodity ; also that it matters not Avhat total quan-

tity (B) of oil or other commodity is employed.

This theorem may be thus stated:

Given (1) ut. of 100th loaf = ut. of fS, B being total,

and (2) ut. of 150th loaf = ut. of /?/2, B being total,

also (8) ut. of 100th loaf = ut. of y, C being total.

To prove ut. of 150th loaf = ut. of yj2, C being total,

where C is the quantity of another commodity (c) consumed b}^ I in

the same period and y is such an increment of C that its utility

shall equal that of the 100th loaf.

We may write from (l) and (3):

ut. of 100th loaf = ut. of /? — ut. of ;/,

(100 loaves, B and C, being totals).

Now, if the first total (100 loaves) be changed to 150, B and C being

unchanged, the above equation, dropping the first member, will still

be true, viz :

ut. of /^ = ut. of ;/,

(150 loaves, B and C, totals),

for, by our preliminaiy assumption these utilities are independent of

the quantity of bread.

* As a matter of fact an individual who, if consuming 100 loaves of bread

would consume B gallons of oil might, if consuming 150 loaves, use also more

oil. But this fact in no wise hinders our inquiring how he would reckon utili-

ties if he used the same amount.



16 Irving Fisher—Mathematical investigations

Since ft and y are infinitesimal it follows from the mere mathe-

matical principle of continuity that

:

ut. of /3/2 = ut. of ;//2,

(B, C, totals),

.-. b}^ (2) ut. of loOth loaf = ut. of ;/ 2,

(150 loaves, C, totals) Q. E, D.

Hence our definition becomes :

ut. of 100th loaf y

Likewise

ut. of 150th loaf ;/ 2

ut. of 100th loaf d = 2,
ut. of 150th loaf ^2

etc, etc.,

all of which results harmonize.

Since C is any arbitrary quantity it follows that the definition of

the above ratio is independent not only of the particular commodity

employed as a means of comparison but also of the total quantity of

that commodity.

It is to be noted here that if the utility of one commodity were

dependent on the quantities of others, two applications of the defini-

tion would yield discordant results.*

We may state our definition in general terms as follows :

(3) The ratio of tAVO infinitesimal utilities is measured by the ratio

oftioo infinitesimal increments of the same commodity re^\)ect\\e\y

equal in utility to the two utilities whose ratio is required, provided

these increments are on the margin of equal finite quantities :

In general symbols this becomes :

—

—

- ^„ = n :—if ut. of clA = ut. of ndM
ut. of dB

(M total),

and ut. of dB = ut. of f?M

(M also total),

where n is any finite number, positive or negative, whole or frac-

tional.

This definition applies not only to infinitesimal utilities of the

same commodity (as of the lOOth and 150th loaves of bread) but to

those of different commodities or services.

* We shall afterward see how this affects our notions of utility (Part II,

Ch. IV.
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§5.

Definition (3) is perfectly analogous to other mathematical defini-

tions. To define equality of forces does not fix their proportionality.

This property is found in the additional definition: "The ratio of

two forces is the ratio of their mass-accelerations." Before me-

chanics was a science, ''•force " stood for a " common sense " notion

resolvable in the last analysis into a muscular sensation felt in push-

ing and pulling.* But to construct a positive science, force must

be defined with respect to its connection with space, time and mass.

So also, while utility has an original " common sense " meaning
relating to feelings, when economics attempts to be a positive

science, it must seek a definition which connects it with objective

commodity.]

§6.

(4) The marginal utility of a commodity (as implied in § 3) is the

limiting ratio of the utility of the marginal increment to the magni-

tude of that increment. Hence the ratio of two marginal utilities is

the ratio of the utilities of two marginal increraents divided by the

ratio of these increments.

If the units of the commodity are small, the marginal utility is

practically the utility of the last unit—for bread, of the last loaf,

but if this loaf is sliced into 10 parts and these slices have different

utilities, the marginal utility of bread is more nearly the utility of

the last slice divided by ^l, and so on ad infnitum.

It is now an easy matter to find a unit of utility, the lack of

which has been the reproachj of mathematical economists. The
utility of the 100th loaf per year may be regai'ded as the unit of

utility. Or in general:

* Spencer, First Principles, p. 169.

f Jevons, Marshall, Gossen, and Launhardt, omit indicating in any way what
they mean by the ratio of ixtilities. Yet each of them embody the idea in their

diagrams. Edgeworth (Math. Psych., p. 99) thinks " just perceivable increments

[of pleasure] are equatable " and uses this "minimum sensible" as a unit in

terms of which any pleasure is to be measured (in thought at least). His defini-

tion and mine show perhaps the very point of departure between psychology

and economics. To measure a sensation, the minimum sensible is pei'haps the

only thinkable method (see Ladd, Physiological Psychology, p. 361). Here the

phenomenon is subjective and so is its measure ; while in economics the phe-

nomena are objective and likewise their measure.

j;. Dr. Ingram, Article: Pol. Econ., Ency. Brit., xix, 399.

Trans. Coxn. Acad., Yol. JX. 2 July, 1892.
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(5) The 'inarginal utility of any arbitrarily chosen commodity on

the tnargin of some arbitrarily chosen quantity of that commodity

may serve as the unit of utility for a given individual at a given

time.

This miit may be named a util.

Any unit in mathematics is valuable only as a divisor for a

second quantity and constant only in the sense that the quotient is

constant, that is independent of a third quantity. If we should

awaken to-morrow with every line in the universe doubled, M^e

should never detect the change, if indeed such can be called a

change, nor would it disturb our sciences or formulae.

§^-

With these definitions it is now possible to give a meaning to

Jevons' utility curve, whose abscissas represent the amounts of a

commodity (say bread) which a given individual might consume

during a given period and the ordinates, the utilities of the last (i. e.

the least useful) loaf. For if corresponding to the abscissa 100

loaves an ordinate of arbitrary length (say one inch) be drawn to

stand for the utility of the 1 00th loaf, we may use this as a unit

(util.) For any other abscissa as 85 loaves whose marginal utility

is (say) twice the former, the ordinate must be two inches, and so

on. For any other commodity as oil the marginal utility of A
gallons being contrasted with the utility of the 100th loaf of bread

and this ratio being (say) three, an ordinate of three inches must be

drawn. In all the curves thus constructed only one ordinate is

arbitrarily selected, viz: that representing the utility of the 100th

loaf.

§8.

Only differentials of xitilities have hitherto been accounted for.

To get the total utility of a given amount of bread we sum up the

utilities for the separate loaves. Or in general:

(6) The total utility of a given quantity of a commodity at a

given time and for a given individual is the integral of the mar-

ginal utility times the differential of that commodity.

That is

:

ut. of (.!') = ut. {dx^) + ut. {dx„) + . . . . + ut. (f7.r„)

= r ut. (c?..)

=/ -z— dx.
dx
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(7) The natne utility-value of a commodity may he given to the

product of the quantity of that commodity hy its marginal utility or

d\J

dx

The name is suggested from money-value which is quantity of

commodity times its price. (Cf. § 3),

(8) The GAIN or eonsi-cmer^s rent is total utility minus utility value.

That is :

(^rain = / - ax — X .
—,-

'o ax ax-i:
It is the actual total utility diminished \)y that total utility which

the commodity Avould have if it were all rated at the same degree of

utility as the last or least useful increment.

It is to be observed that total utility and gain are not experiences

in time but the sum of increments of utility substitutionally succes-

sive. The individual is to assign the marginal utility for the 90th

loaf on the hypothesis that he were consuming 90 loaves per year, and

then abandoning this supposition to substitute successively the hy-

pothesis of 91 loves, 92, 93, etc., all for the same year. That is, a

number of mutually exclusive hypotheses for the same period' are

thought of.

§9.

The preceding definitions have been expressed relative to a par-

ticular instant of time. This was because in actual life purchases

are made by separate instantaneous acts. But the important com-

modity-magnitudes in economics are " tons per year," " yards per

day," etc., bought, sold, produced, consumed. In order to make our

definitions applicable to such quantities the element of time must be

introduced. Hence the following supposition :

During the given period of time (that is, the period for which

commodity-magnitudes are considered) the marginal utility to a

given individual of a given commodity is the same at all instants at

lohich he buys or consumes it or sells or p)roduces it.

This involves supposing that prices do not vai*y, for prices (as we
shall see) are pi'oportional to marginal utilities.

A housewife buys (say) 10 lbs. of sugar at 10 cts. per pound. As
she closes the bargain she roughly estimates that the last or tenth

pound is about worth its price. She did not stop at five pounds for

she wanted a sixth more than the 10 cts. it cost her. She may not

buy sugar again for a fortnight. When she does, we shall su^jpose
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the price to be the same, so that the last pound she then buys has

the same utility as the last pound she previously bought. She may
buy fifteen pounds. A fortnight later only five, all depending on

her plans for using it. The whole j^early purchase may be 250 lbs.

and we may write :

ut. (10th 11).) Jan. 1 = ut. (15th lb.) Jan. 15.

= ut. ( 5th lb.) Jan. 30,

= etc.

= ut. (250th lb.) for whole year.

Thus : The marginal utility of a certain quantity of a commodity

for a given period {say a year) is defined to be the inarginal utility

of that comm^odity on all occasions during that year at which it is

bought or consumed, the sum of the individual purchases being the

given yearly purchase and consumption.

§10.

In the hypothetical case the marginal utility of 250 pounds per

year equalled the marginal utility of 10 cts. In the same manner

we may practically estimate the marginal utility of 200 pounds by

supposing the price to be such that our housewife would buy 200

pounds. Thus a number of alternative suppositions are made for

the sa^ne period. By means of these a utility curve can be con-

structed, one of the coordinates of which is the yearly consumption

of sugar. To do this statistically is of course quite a different and

more difficult though by no means hopeless proceeding.

Curves of this natui'e are the only ones to be here considered.

But it is clear that there also exist utility curves for each time of

purchase.* These would differ both from the "yearly" curve as

well as from each other.

§11-

To meet a possible objection it must be pointed out that the use

of a " yearly " utility curve assumes no nice calculation on the part

of the individual as to his future income and receipts. He may even

be and generally is totally ignoi'ant of the number of pounds of

butter he consumes per year. He creeps along from purchase to

purchase and only at these individual acts does he estimate his needs

and his abilities. Yet if he always completes his purchase with the

same estimate of marginal utility as measured against other com-

* They would be the curves of Fleeming Jenkin : Graphic Representation of

Supply and Demand. Grant's Recess Studies, p. 151, Edinburi/h, 1870.
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modities, this must be the marginal utility for the year and the total

yearly purchase is the quantity which bears this marginal utility.

This marginal utility or "final" degree of utility of the commodity

for the year is clearly not the utility of the last amount chrono-

logicall}' (that is Dec. 31), but the utility of the least useful part

of any and each of the separate purchases.

§12.

It may further be objected that there is a fitful element in the

problem which the above supposition ignores. We have supposed

prices do not vary during the given period and also that the indi-

vidual's utility-estimate does not vaiy. It may justly be claimed

that not only do prices vary from day to day, but even if they did

not, the individual's estimate of utility is fitful and, although at

the instant he closes a bargam his estimate of utility must be

regarded as corresponding to the given price, yet he is likely gen-

erally and certain sometimes to regi-et his action so that if he were

to live the year over again he would act very differently.

This objection is a good illustration that a microscopic view often

obscures the general broad facts. As a matter of fact the use of a

period of time tends to eliminate those very sporadic elements

objected to. P'irst, though prices vary from hour to hour under the

influence of excitement and changing rumors, and from season to

season under causes meteorological and otherwise, yet these fluctua-

tions are self-corrective. The general price through the year is the

only price which is independent of sporadic and accidental influences.

This general price is not the arithmetical mean of the daily prices

but a mean defined as such that had it been the constant price during

the period the amounts bought and sold would have been just what

they actually are. Secondly, the individual caprice is self-correc-

tive. If a man lays in too large a stock of provisions this week he

will buy less next. The theory of probabilities therefore substan-

tially harmonizes the theoretical and the actual. The apparently

arbitrary suppositions regarding constancy of price, etc., may be

looked upon as convenient definitions of an ideal average as just

described.

One observation however must not be overlooked. Although

accidental variations of price or choices of caprice afford both posi-

tive and negative errors and thus largely cancel each other, yet the

effect on the total utility and the gain is always to diminish them.

To buv too much or too little, to sell too cheap or too dear will be
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equally sure to diminish gain. Herein lies the virtue of insur-

ance and the vice of gambling. Neither alters (directly) the

amount of wealth. But insurance modifies and gambling intensi-

fies its fluctuations. Hence the one increases the other decreases

gain.

§13.

Again it may be objected to the foregoing definitions that the use

of infinitesimals is inappropriate since an individual does not and

cannot reckon infinitesimals. The same apparent objection attaches

to any application of the calculus. We test forces by weights but

cannot weigh infinitesimal masses nor do they probably exist; yet

the theory of forces begins in infinitesimals. We apply fluxions to the

varying density of the earth, though we know that if we actually

take the infinitesimal ratio of mass to volume we shall generally get

zero since matter is discontinuous. The pressure of a confined gas

is due to collisions of its molecules against the containing vessel.

As each molecule rebounds the change of momentum divided by the

infinitesimal time is the pressure. Yet at any actual instant the

value of this fluxion is quite illusory. But these facts do not mil-

itate against the use of fluxions for a thinkable theory of forces,

density and gaseous pressure. In cases of discontinuity fluxions

have important applications though infinitesimals may not exist.

The rate of increase of population at a point in time is an impor-

tant idea, but what does it mean '? It is convenient to define it as

infinitesimal increase of population divided by the infinitesimal time

of that increase though we know that population increases discon-

tinuously by the birth of whole individuals and not of infinitesimals.

Practically we can find the approximate

marginal utility of a commodity just as

we approxiinately find the rate of increase

of population by taking small increments

in place of infinitesimals.

In actual fact inequality of utilities is

the rule and absolutely equal utilities never

exist. Instead of a curve of utility we

should draw a belt (fig. 1) whose limits

are ill-defined and whose width in general

depends on the amount of antecedent atten-

tion which the individual has bestowed on the alternative amounts

and modes of consumption.
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§14.

Utility as detined in the preceding sections does not involve the

economist in controversy as to the laws of the subjective states of

pleasure and pain, the influence of their anticipation as connected

with their probabilities,* the vexed questions whether they differ in

quality as well as in intensity and duration, f whether duty can or

cannot exist as a motive independently of pleasure,| etc.

It does not follow that these discussions have no meaning or im-

portance. Doubtless pleasure and pain are connected with desire

and doubtless they have an important biological and sociological

function as registering " healthful " or "pathological" conditions.§

But the economist need not envelop his own science in the hazes of

ethics, psychology, biology and metaphysics.

Perhaps utility is an unfortunate word to express the magnitude

intended. Desirability! would be less misleading, and its opposite,

undesirability is certainly preferable to dis-utility. " Utility " is the

heritage of Bentham and his theory of pleasures and pains. For us

his xoord is the more acceptable, the less it is entangled with his

theory.

§ 15.

This chapter may be thus summarized:

Postulate : Each individual acts as he desires.

Definitions of utility.

(2) and (1) at. of A ^ ut. of B
if the given indiv. at the given time

prefers A to B or neither.

(3)
ut. of dA
ut. of dB

if ut. of r7A=ut. of nd^i (M total)

and ut. of <7Br=ut. of dM. (M also total).

(4) —n = ^Marginal utility.
^ «A

(5) y^ = Unit of utility {util.) (A being given).

* Jevons, ]). 73. f Jevons, p. 28, etc.

X Darwin, Descent Man, I, p. 76, Siclgwick, Methods Ethics, Ch. IV.

§ Marshall, Prin. of Econ., p. 181, Spencer, Data of Ethics, p. 79, L. Stephen,

Science of Ethics, p. B66.

II
Marshall, Prin. of Econ., p. 306.
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/ jj- . dA ~ Total utility.
(6) r^ (W

'o

(7) ^ • Ta ^ Utility-value.

'^cW ,. . dV __ _ .

-^-r . dA—A . ^-r^ = Gain,dA dA

Assumption: -^i = Function of A o??^?/.

Corrollaries : From (1) and (2) and postulate, when B is ex-

changed for A
dJJ _ f7U

dB-^-dA-^-
From (3) and assumption, in the equation : ut. of

c?A/iit. of dB=zn, the value of 7i is independent

of the particular commodity and of its quantity

M used in the definition.

CHAPTER II.

MECHANISM.

§1.

Scarcely a writer on economics omits to make some comparison

between economics and mechanics. One speaks of a " rough cor-

respondence" between the play of "economic forces" and mechan-

ical equilibrium. Another compares uniformity of price to the level-

seeking of Avater, Another (.Jevons) compares his law of exchange

to that of the lever. Another (Edgeworth) figures his economic

" system " as that of connected lakes of various levels. Another

compares society to a plastic mass such that a " pressure " in one

region is dissipated in all " directions." In fact the economist bor-

rows much of his vocabulary from mechanics. Instances are : Equi-

librium, stability, elasticity, expansion, inflation, contraction, flow,

eflflux, force, pressure, resistance, reaction, distribution (price), levels,

movement, friction.

The student of economics thinks in terms of mechanics far more

than geometry, and a mechanical illustration corresponds more fully

to his antecedent notions than a graphical one. Yet so far as I know,

no one has undertaken a systematic representation in terms of me-

chanical interaction of that beautiful and intricateequilibrium which

manifests itself on the " exchanges " of a great city but of which the

causes and effects lie far outside.
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§2.

In order to simplif}' our discussion the following preliminary sup-

positions* are made :

(1) A single isolated market large enough to prevent one man's

consciously influencing prices.

(2) A given period, say a year.

(3) During this period the rate of jDroduction and consumption

are equal and such that stocks left over from last year and stocks

held over for next may have an influence which is unvarying or

which is not a function of quantities produced and consumed during

the year. Their influence is accounted for in the form of the curves

to be employed just as is the influence of climate, population, polit-

ical conditions, etc.

(4) Each individual in the market knows all prices, acts freely and

independently and preserves the same characteristics during the

period, so that the forms of his utility curves do not change.

(5) All articles considered are infinitely divisible and each man
free to stop producing and consuming at any point.

(6) The marginal utility of consuming each commodity decreases

as the amount consumed increases, and the marginal disutility of pro-

ducing each commodity increases as the amount produced increases.

(7) As stated in Chapter I, § 4, the utility of each commodity is

independent of the quantities of other commodities and likewise for

disutility.

§3.

In fig. 2 let the curve MN be drawn with axes OE and OA. This

curve is such that the shaded area represents
^^

any amount of the given commodity consumed

by the given individual in the given period of

time, and the ordinate (drawn downward) from

O toR represents its marginal utility. The figure

evidently interprets the fact that as the quantity

of commodity inci'eases its marginal utility de-

creases and vice versa.] OA indicates what the

marginal utility would be if only an infinitesimal

quantity of the commodity were consumed.

Furthermore let a glass cistern (fig. 2) be

formed having the figure 0AMN for its front

* These are (essentially) those of Auspitz und Lieben.

f For the further properties of the curve MN and its relation to the curves of

Jevons, Ausjiitz imd Lieben and Fleeming Jenkin, see Appendix I, Di\'ision II.
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face and a uniform thickness of unity so that the vohime of liquid

contained is always equal numerically to the area on the face. Hence

the amount of liquid in the cistern may represent commodity and the

distance of its surface from O, its marginal utility.

ONE COMMODITY (A)—ONE CONSUMER (I).

Let fig. 2 represent the utility cistern for I relative to A. Let

us select as a unit of utility the marginal utility of money supposing

this to be constant. Thus the cistern is (say) one inch in thickness
;

the number of cubic inches of water represents the number of units

of the commodity (yards, gallons, or pounds, etc.) consumed by the

individual during a given period (say a year) and the ordinate OR
(in inches) represents the number of dollars at which the individual

prizes the last yard or gallon (say) of the commodity.

Since the market is large enough to prevent any conscious influ-

ence on the price by the individual I, he acts with reference to a

fixed price (/> dollars). He will therefoi'e consume such an amount

of A that its mai-ginal utility in dollars equals that of the price ^:),

that is, the cistern will be filled till OR=^j. This is evident, for

if less should be consumed OR woidd be greater than ^:), that is, a

little more commodity would be valued more highly than the dollars

exchanged for it and so would be purchased, and if more should be

consumed, reverse considerations hold.

K the price rises OR will increase and less be consumed but if it

falls, mox'e. If the price falls to zero as is the case for water and air

the quantity consumed fills the whole cistern up to the horizontal

axis. This volume is therefore the quantity of raaxiniurn satisfaction.

If the price rises to OA the individual will cease consuming. This

price is therefore the limiting maximum price at which he will buy.

The liquid contents of the cistern may be regarded as made up of

successive horizontal infinitesimal layers each representing an incre-

ment of commoditj\ The height or distance of each layer from the

origin repi'esents the degree of utility of that layer. The last or top

layer is on the margin of the whole and its vertical distance from

the origin is the degi'ee of utility of that marginal layer or incre-

ment of the commodity or briefly its marginal utility. Thus the

margin of consumption has in the cistern an actual physical analogue.
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ONE COMMODITY—ONE PRODUCER.

The definitions of utility in Chapter I apply also to negative util-

ity or disutility. Corresponding to all that has been said relative to

consumption are analagous remarks for production. 3.

Thus we may construct a disutility curve and cistern

(fig. 3) marginal disutility (O R) being measured

upward from the origin. If utility be measured in

money as in the last section, O A represents the

minimum price at which the individual will produce

the commodity, O R the current price and the shaded

area (or the cubic contents behind it) the output.

The marginal disutility of production is here represented as de-

creasing as the amount of the product increases. This assumes a

" law of diminishing returns," U is true that this law is seldom if

ever rigorously true when applied to small amounts ;
that is, the

cost or disutility of producing the first unit is not less but greater

than that of producing the second. But the marginal disutility con-

tinues to decrease only up to a certain point, after which it increases.

This is usually true even of manufacturing. American bicycle fac-

tories are now running behind their orders. If they attempted to

run their factories at a higher velocity the cost of the additional

product would become greater than its pi'ice. In general at the

actual rate at which a concern produces, the law of increase of dis-

utility applies.

It would be possible by looping the curve MN near the bottom to

make a cistern of such a form as to represent correctly both the law

of decrease and increase, but as we are chiefly concerned with the

point of equilibrium and as at equilibrium the law of increase usually

applies such complicated curves are not here drawn.

If a producer has such a productive capacity as to consciously in-

fluence prices by a variation of his product, he may find his maxi-

mum gain by restricting his output even at a point where the law of

decreasing disutility applies ; for if he should extend his production,

his price might decrease faster than his cost.

These considerations together with the important one that in a

productive enterprise the expenses are classified as "fixed" and

" running," make many interesting cases of instability and indeter-

minateness and lead to the discussion of monopolies, combinations,

rate wars, etc., etc. These each require special analysis. In the
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present memoir, however, attention is confined to those features of

production which are strictly analogous to consumption. (See Ap-
pendix II, § 8.)

ONE COMMODITY—MANY CONSUMERS.

Let fig. 4 represent the utility cisterns for all individuals I, II,

III, IV, ... N, in the market and let utility be measured in money

as before, the marginal utilit}^ of money being considered constant

(say 1 util.).

The water in the connecting tubes (represented by oblique shad-

ing) does not stand for commodity.

The water will seek its own level. This is exactly what happens
in the economic world and may be stated in the theorem: A given

amount of commodity to be consumed by a market during a given

period will he so distributed among the individuals that the marginal
utilities measured in money will be equal. Furthermore the margi-

nal utility thus determined will be the price.

This follows, for there can be but one price, and each individual

will make his marginal utility equal to it, as shown in § 4.

If the stopper,* S, be pressed, more liquid (commodity) flows into

the cisterns, there is an inevitable change in level and the price de-

creases. When it cheapens to 2, II begins to indulge. It is for the

first time "Avithin his reach."

It is to be noted that from the standpoint of a single individual

the existence of the general price level is an unalterable fact and the

amount which he consumes is accommodated to it, just as the gen-

eral water level iu several hundred cisterns may be said to determine

* A rubber compression ball would be used in practice. Throughout the de-

scriptions, the mechanisms are those simplest to delineate and in many cases

not those which might be actually employed.
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the amount in any particular cistern. But, for the system as a

whole, the price level is a consequence of the amount of commodity

marketed. What appears as cause in relation to effect to an indi-

vidual is effect in relation to cause for the whole market.

The quantities of commodity and the marginal utilities mutually

limit and adjust themselves, subject to three conditions, (1) that due

to the forms of cisterns, (2) that due to the total amount of commod-

ity marketed, (3) uniformity of })rice, or of marginal utility.

§7.

ANALYTICAL.

The algebraic interpretation of the preceding mechanism or of the

economic phenomena themselves is as follows :

Let A
J,
A

J,
A3, . . . A„ be the (as yet unknown) quantities of the

commodity consumed by I, II, III, . . . *N. Let

d\S d\5 d\5

dA; dA; ' dA„

be their (unknown) marginal utilities. Then the three conditions

mentioned in § 6 become :

(The unit of utility (util.) is that of the marginal dollar.)

f?A,

(1)

(2)

= F.(AJ

u equations.

2 n unknowns.

dU
dA,

-F„(A,.)

i A. + A, + A3 4-. . . . + A.^K
i-

1
equation

( ' ^ 3
"

\ no neAV unknowns.

(Unit of utility is that of marginal dollar.)

^'^
i dA~dA~dA^

d\J ) ;i — 1 independent equations

dA )
°o ^^^ unknowns.

Hence the number of equations is :

n+l + {n—\)=2n,

and of unknowns :

2n + + 0=2n.

Therefore the numbers of equations and unknowns are equal and

all quantities and utilities are determinate.
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§8.

AGGREGATE COMMODITY.

Let C, fig. 4, be the average curve* of all the individual curves, I,

II, III, . . . . N, and let the new cistern have a thickness equal to the

sum of the thicknesses of the individual cisterns. Then as much water

will be in the aggregate cistern as in all the others.* The water in

the aggregate cistern may be regarded as a repetition of the con-

tents of the individual cisterns. It represents no new commodity.

In cistern C it is almost too evident to require mention that an in-

creased supply of this commodity (indicated by pressing the stopper)

reduces the price while a diminished supply increases it. This fact

is all that is usually exhibited in " demand curves " such as of

Fleeming Jenkin.f

§9.

Fig. 5 and completely analogous explanations apply to production

cisterns.

.
* Formed as follows : Select j)ts. of like 2i)'ice on the individual curves, that is,

pts. of like ordinates (as j/i, y^, Vi, . . l/n) and using the same ordinate for the

new ordinate, take the average of their abscissas for the new abscissa and make

the thickness of the new cistern equal to the stim of the thicknesses of all the in-

dividual cisterns. Then if in such a cistern liqiiid be allowed to flow to the

level of the individual cisterns the amount of liquid contained in it will equal

all that contained in the individual cisterns. For evidently the free surface of

the water in the large cistern equals in area the total free surfaces in the small,

and as such equality of horizontal infinitesimal layers or laminag holds true at

all successive levels, it holds true of the sums of the laj'ers.

f The Graphic Representation of Siipply and Demand. Grant's recess studies,

p. 151.
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§ 10.

The mechanism above described simply gives exactness to a com-

mon imagery in economics, such as " margin," " price levels,"

"planes " of demand (and supply) and: "a plentiful supply brings

the commodity ' within reach ' of consumers."

The notion of a cistern is also natural. Says Adam Smith :
" The

demand for food is limited by the capacity of a man's stomach."

Not only is there a " limit," but the demand for food has varying

intensities according to the degree in which the stomach is filled.

The economic man is to be regarded as a number of cisterns or

stomachs, each relative to a particular commodity.

CHAPTER III.

ONE CONSUMER (OR PRODUCER)—MANY COMMODITIES.

§ 1-

The next problem is that of the distribution of an individual's in-

come over all the commodities in the market.

The income-spender considers not only the price of a given article

in determining how much of that article he will take but also the

relative advantages of using the same money for other things.

The manner in which this consideration affects the mechanism de-

scribed in Chapter II is through the utility of money.*

In the last chapter, while the price varied in relation to the quan-

tity of commodity, each individual's valuation or marginal utility

of money was regarded as constant. This is nearly true tohen only

one commodity is considered. In the present chapter, on the other

hand, the individual valuation of money varies in relation to the

quantity of money income, but the prices of all commodities are re-

garded as constant. This is nearly true when 07dy 07ie individual

is considered.

* This sort of interaction, especially when extended to several consumers and
several commodities (as in the next chapter), presented the most difficulties to

the Auspitz und Lieben Analysis; on p. 63 in §16 they say :
" Welche Aende-

rung eine Einzelkurve eiieidet wenn sich die Vermogensverhaltnisse des be-

treffenden Individuiims andert, lasst sich im allgemeinen nicht verfolgen. Wenn
anch in der Regel die Ordinaten der kurven langer werden, wenn das Individnum

wolhabender wird, so wird dies doch keineswegs gleichmassig der Fall sein, vol-

lends nicht, wenn wir verschiedene Artikel betrachten."
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§2-

Let the individual I distribute his income over the commodities

A, B, C, M. Let the thickness of each cistern in fig. 6 be

proportional to the price of the commodity it contains. Thus if A
bears a price of %1 per yard, B %\ per gallon and C $^ per pound, the

thickness of cistern B is 2, of B 1 , and of C|^.

Let the unit of area on the front surface of each cistern represent

a unit of commodity, yards for A, gallons for B, etc.

Then the volume of liquid will evidently indicate the money value

of the commodity, for it equals the front area times the thickness,

that is, the quantity of commodity times its price. Moreover the

sum of all the water will indicate the whole* income in dollars.

The unit of volume thus represents not a yard, gallon, pound, etc.,

but a dollar''s toorth in each case. For A it would be \ yard, for B
1 gallon, for C 2 lbs., etc.

Accordingly let the curves which limit the cisterns be so con-

structed that the ordinates shall represent marginal utility per

dollar's icorth not per yard, gallon, etc.

The liquid will seek its own level corresponding to the economic

proposition : A consumer xoill so arrange his conswnjytion that the

marginal xdility per dollar''s worth of each commodity shall he the

same.

* Saving is here regarded as a form of spending, the commodity purchased

being capital. The analysis ijnplies that the marginal utility of saving a dollar

equals the marginal utility of the dollar spent in other ways. This would be

elaborated from another standpoint in a theory of distribiition. Cf . Launhardt

;

Volkswirthschaftslehre ; Bohm-Bawerk ; Kapital imd Kaj^italzins.
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This follows because if the individual should vary his consumption

from such a distribution, by expending an extra dollar on A he

would divert that amount from another article or articles, say B.

Then the level in the A cistern would be higher than in the B, which

interpreted, is the dollar spent on A had less utility than if it had

been devoted to B.

If the stopper be pressed, i. e. if the individual had had a larger

income, the valuation of the last dollar's worth of each commodity

decreases, or the marginal utility of money decreases. If it becomes

at the maximum marginal utility of B he begins to spend on B. As
it is in the figure he " cannot afford it."

The amount spent on any particular commodity depends on the

general water level, i. e. the valuation of a dollar, while reversely

the valuation of money depends on the total amount to be spent on

all commodities.

Three conditions suffice to make the distribution determinate :

(1) that due to the forms of the cisterns, (2) the condition that the

total income equals a specified amount, (3) uniformity of marginal

utility (per dollar's worth) of each commodity.

ANALYTICAL.

Let A, B, C, . . . M be the (unknown) quantities of various com-

modities consumed by I, and
dU d\J , . , ,

7~7 5 .... vn- tbeir (unknown) mar-
dA' dM ^ '

ginal utilities. Let p^^ j),^, . . . />„ be their (known) prices.

Then the above three conditions become :

(The unit of commodity is the dollar^s worth.)

^A - ^ ^"^^

(1)
iI=-(-)

cm
=: F(M)

m equations.

2m unknowns.

(2)
I
A^A, + B;j,,+ . .

Trans. Conn. Acad., Vol.TT,

\ 1 equation.

' "
)
no new unknowns.

3 July, 1892.
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(Unit of commoditv is dollars worth.)

j (^ d\] _ d\]
\
m — \ independent equation.

^^^ UA" cm~ ' ' ' ~ M S no n(lew unknowns.

Number of equations =:??? + l + m — 1 = 2m.
" " unknowns = 2m + + =. 2m.

Hence the system is determinate.

§5.

AGGREGATE INCOME.

Let T, fig. 6, be the average curve* of all the separate commodity-

curves A, B, C, . . . M, and let the new cistern have a thickness

equal to the sum of the thicknesses of the original cisterns. Then

the water in the resultant cistern equals the sum of that in the com-

ponents.*

The liquid in the new cistern represents the money collectively

considered and the ordinate the utility of the last dollar.

If this income increases, its marginal utility decreases and de-

creases in a law whose relation to the laws of utility for the separate

commodities is shown by the relation of the resultant cistern to the

components.

* In this case the average is not a simple arithmetical mean but a iveighted

average. Select poinf.s of like utiiity on the component curves, that is, points of

equal ordinates. Average their abscissas, multiplj'ing each by the ratio of the

thickness of its cistern to that of the resultant cistern (viz : the sum of the thick-

nesses of the original cisterns). Thus if the thicknesses are p , p^, . . . p and

the abscissas x , x^, . . . x^, the resulting thickness and abscissa (P and X) are :

'P=P,+P,+ . . . . +p„

X p + ^; P, + . . . -i-X p
_^ a-^ a b^ o m-*- ill

If in a cistern thus formed liqtiid enters to the level of the component cisterns,

the liquid in the resultant cistern equals the total in the component. For the

sum of the free surfaces in the component cisterns is

^a^a + ^b^h + • • + ^m'Pm

and the free surface in the resultant is

ix p +x,p, + . . .+x n
(23„+Pi + - •+Pj

13+P,+ . . .+P„

Since these two expressions are equal and this equality holds of infinitesimal

layers at the free surface and so successively at all levels it must hold of the

sums of these layers.
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An analogous discussion applies to fig. 1. In place of a given in-

come we must suppose a given amount of expenses to be met by the

7.

"""•••/f"?77T.

production of various commodities.* It is at this point that an im-

portant distinction between production and consumption enters, viz:

in civilized life men find it advantageous to consume many things

but to produce feio. The discussion of this diiference pertains to

Part II.

CHAPTER IV.

M COMMODITIES—N CONSUMERS (OR PRODUCERS).

§1-

We have seen the laws of distribution of commodities from two

points of view, by first restricting our discussion to one commodity

among many consumers and afterward to one consumer among many
commodities. Our discussion is like a tourist's view of a great city,

who glances up each east and west street while riding along the same

avenue and then takes a " cross town " course and sees each avenue

from a single street. We are now to seek a bird's-eye view.

The variables and their variations which have been described are

comparatively simple. But the possible variations in the more gen

eral case are so complicated that they can scarcely be seen or de

scribed without the aid of a mechanism.

" Borrowing caijital is to be here regarded as a form of producing. The dis-

utility of boiTowing the last dollar eqirals the disutility of producing the last

dollar's worth of goods. See foot note to i^ 2.
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First of all an analysis will serve to set the two preceding discus-

sions in a common point of view.

In any purchase the last infinitesimal commodity bought has a

utility equal to that of the money given, that is :

ut. of dK =. ut. of dm

or : -Tx «A = ^- . dm (see Ch. I, b 3.)«A dm ^ ' CI /

d\S _ d\5 dm
dX dm ' dS.

d^ _d^
dA dm

where jo^ is the money price.

That is, the marginal utility of a commodity (per pound, yard,

etc.) equals the marginal utility of money (per dollar) times the

ratio of exchange of money for commodity :

This equation is fundamental. In our first discussion (one com-

modity, various consumers) the marginal utility of money was sup-

posed constant so that

dU

or the marginal utility of a commodity is measured by it price.

In the second discussion the other factor, the price, was supposed

constant, and :

d\J dJJ
oc

f^A dm

or the marginal utility is measured by the valuation of money.

§3.

In the pi'esent chapter we are restricted to neither of these special

suppositions. For the individual I, we may write

dU _ d\J

f?Aj dm^

fjU _ dJJ

dB, '^ dm.

Pa

2h

dlJ _ d\J

dM. ~ dm, ' ^"
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whence, since the marginal utility of money to I is the same in each

case,

cm f?U cTG _

Since this is true for every individual and the prices to all individ-

uals are the same, we may write :

P„ -.pr. P"' - Ja/' dB
/-"--'•

dM^

_d\] d^ d\J
~ dA„

' dH„
'

"

dW„

_dl]_ _iW_
^

__d\J
~~

dA„'' dB„' ''~d^ln

These equations express in the most general way the theory of

marginal utilities in relation to prices. This theory is rot, as some-

times stated, " the marginal utilities to the same individual of all

articles are equal," much less is it "the marginal utilities of the same

article to all consumers are equal," but : The rnarginal utilities of
all articles consumed by a given individual are propo7'tional to the

marginal utilities of the same series of articles for each other con-

sumer, and this tmiforni contirnious ratio is the scale of prices of
those articles.

The idea of equality is inadequate and must be replaced by the

idea of proportionality. The problem which confronts the individ-

ual must be figured as to so adjust his consumption of all commodi-

ties that the utilities of the last pound, yard, gallon, etc., shall bear

the ratio which he finds their prices do, while the market as a whole

must cause such prices to emerge as will enable each individual to

solve this problem and at the same time just take off the supply.

This notion of a ratio is introduced into the following more com-

plicated mechanism (fig. 8). Fig. 9 (an elevation of fig. 8) shows

the various cisterns of various commodities for the individual I.

The ordinates represent marginal utility per unit of commodity.

It corresponds to fig. 6, except that in the latter the utility is jnr

dollar''s worth of commodity. The tops of the cisterns are no longer

at the same level. The cisterns are now to float like boats in a
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10.

tank* and free to move only vertically (being so constrained by a

telescope arrangement beneath and not shown in the diagram).

A glance at tig. 8 or fig.

10 (a plan of fig. 8) will

show that any right and

left row of cisterns is rela-

tive to a single individual

and corresponds to fig. 6

and that any front and back

row is relative to a single

commodity and corresponds

to fig. 4.

The water in these cis-

terns must be subjected to

two sets of conditions, first:

the sum of all the contents

of lA, IIA, IIIA, etc., shall

be a given amount (viz

:

the whole of the commod-
ity A consumed during the

given period) with a like given sum for the B row, C row, etc.,

secondly: the sum of lA, IB, IC, etc., each multiplied by a coeffi-

cient (the price of A, of B, of C, etc.), shall be given (viz: the

whole income of I during the period) with a like given sum for the

11 row, III row, etc.

* The level of water in each cistern is intended to be that of the level in the

tank. The only constant cause which will make the levels different is the differ-

ence between the weight of the whole cistern and the weight of the water dis-

placed by its walls (partly wood) which difference is slight, may be plus or

minus, and is equal to the weight of the excess or deficit of water in the cistern

above or below the outside level.
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To realize these two sets of conditions each cistern is divided into

two by a vertical partition of wood. The front compartments are all

of unit thickness one inch (say). All front compartments belonging

to the same front-and-back row are mutually connected by tubes (in

the tank but not in connection with the water of the tank) thus ful-

filling the first set of conditions.

The thickness of the back compartments is adjustable but is (as

will soon appear) constrained to be always equal to the price, thus

if the price of A is |1, of B $3 and C 11.20, the thickness of all

cisterns in the A row Avill be 1, in the B row 3 and in the C row

1.2 (inches).

Since the thickness of the front compartment is unity, the con-

tents of each back compartment equals the contents of the front

multiplied by the number of inches of thickness of the back cistern,

that is the back compartment contains a volume of water equal to

the amount of the commodity multiplied by its price. It contains

therefore the money value of the commodity. The double cistern

represents the double light in which each commodity is commonly

regarded—so many pounds, yards, etc. and so many dollar's Avorth.

All back compartments of the same right and left rows are

mutually connected by tubes—that is the sum of their contents is

given—thus fulfilling the second set of conditions.

The back compartments can change their thicknesses, as the walls

at the right, left and bottom are of flexible leather; the back plane

is kept parallel to the wood partition by two double " parallel rules"

not diagramed.

There remains to be described the system of levers. The purpose

of these levers is to keep the continuous ratio of marginal utilities,

the same for all individuals and equal to the ratio of prices.

First there is a system of oblique* levers (Fl2, etc., fig. 9) con-

nected b}^ sliding pivots with the tops of the cisterns and having

their lower extremities hinged to wooden floats F, the hinges being

on the level of the water of the tank. These floats are free only to

shift laterall3\ It is evident from the similar triangles FRl and

FR2 in fig. 9 that the ordinates of the two cisterns lA and IB are

proportional to the distances of the A and B rods R and K from

the hinge in the left float F. Likewise in the row behind, the ordi-

nates are proportional to the same distances. Hence the four

ordinates are proportional to each other and in general all the

* A convenient angle for each lever can be assured by a careful selection of

commodity units. Thus if the marginal utility per pound gives inconvenient

ordinates in the A row, reconstruct the cisterns in that row so that the ordinates

are lengthened to represent marginal utility per ton or shortened for the ounce.
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ordinates of the front row are proportional to those of the row next

behind, also of the second row behind and so on. Remembering

that each ordinate is a marginal utility we have:

dU
, cKl _ ^i^ . ^ .

_ ^?U
.
fjU __

d\/' dB/' ' ' ' ~ dA/dB/' ' " d~A^ 'd^/''~''
which is the required condition that marginal utilities must be pro-

portional (§3).

Secondly there are the horizontal levers {r34, etc., fig. 10) lying

on the surface of the water in the tank. These relate to prices.

The sliding pivots 3, 4, etc. are connected with rods RRR, which

in turn are connected by vertical pins with the rear walls of the

cisterns. A motion of one of these rods causes all back compart-

ments in that row to expand or shrink in unison. The pivots 3, 4,

etc. are so situated on these rods that if the levers F34, etc. should

assume a right-and-left position along the dotted line FF, the back

compartment of every cistern would be completely closed. Hence

R3 equals the thickness of each back compartment in the A row,

R4 the corresponding thickness in the B row and so on.

By the similar triangles FR3 and F34 in fig. 10, it is clear that

the lines R3 and R4, and consequently the rear thickness in the A
and B rows are proportional to the distances of the A and B rods

R and R from the float F. But we have just seen that the ordinates

of IA and IB are proportional
_
to these same distances. Hence the

thicknesses of the back compartments of the cisterns are pi'opor-

tional to the ordinates of those cisterns, that is to marginal utilities.

Hence we are free to call the thickness of each back compartment,

the money* price of the commodity to which that cistern relates.

* Money is here lased solely as a measure of value. It is not one of the com-

modities in the market. The high or low price of commodities in terms of

this money is dependent entirely on the amount of it at which we agree to rate

the yearly consumption of the market, that is the amount of liquid originally in

the back cisterns. We are so accustomed to regard money as the medium of

exchange and therefore as a commodity that we may not observe that it is per-

fectly possible to have a measure of value which is not a commodity at all. Thus

we might agree to call the consumption of the United States for a year $10,000,-

000,000, and this agreement would immediately fix a measure of value, though the

new dollar need have no equality to the gold or silver dollar. It would be easy

to translate between such an arbitrary standard and any commodity standard.

Thus if statistics showed that the consumption measured in gold dollars was

$12,000,000,000, the agreed standard is at 120 compared with gold and by means

of this factor we can reduce the prices of all commodities. In the mechanism

the aggregate amount of liquid in the back cisterns corresponds to the .$10,000,

000,000. If we take it so nnd if the amotint of liquid in the I row is given at

81,000, this means that (in whatever standard) the consumption of I is one-ten"

millionth in value the aggregate consumption.
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It is to be observed that the cisterns are free to move only verti-

cally, the rods and rear cistern walls only fortcard and backward,

the wooden floats can shift only sidewise right and left while the

levers assume such positions as the mechanism compels.

Let given quantities of water be introduced into each front-and-

back-row of front cisterns and into each right-and-left row of back

cisterns. The system will attain a stable equilibrium and the level

of water in each cistern Avill l)e that of the tank.

The front cisterns of a front-and-back row must have a uniform

level on account of their mutual connection. The back cisterns of

a right-and-left row must preserve a uniform level for a similar rea-

son. The movable rear walls- allow the pressure of the outside

water in the tank to keep the back cisterns at the same level as the

front. Without taking account of the levers the cisterns would

thus all have the same level as the tank. But it would be possible

to arrange their vertical positions and their rear thicknesses in many
arbitrary ways. The levers simply specify or determine this arrange-

ment.

§6.

It may be needful to restate carefully the magnitudes, their units

and the conditions which determine them. The magnitudes are:

1. The quantities of each commodity consumed hy each individual

during the year. These are represented by the quantities of water

in each front compartment.

2. The given total quantities of each commodity consumed by the

whole market—represente"d by the fixed amount of water in each

front and back row of front comparraents and registered on scales*

A, B, C, at the rear of the tank. Each commodity-water may have

a distinguishing color.

3. The money paid for each commodity by each individual—rep-

resented by the water in each back compartment.

4. 17ie total money income of each individual—represented by

the fixed amount of water in each right-and-left row of back com-

partments, and registered on sccdes\ I, II, III, at the right of the

tank.

* The stoppers A B, C regulate this amount of water. The stopi^ers are each

directl}' connected with the pointers on the scales A, B, C, and so arranged that

when the stopper is withdrawn so that the scale reads zero, the water entirely

disappears from the cisterns.

f The stoppers I, II, III are also directly connected with pointers on the scales

I, II, III.
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11.

5. The marginal utility of each comrnocUty to each individual

—represented by the ordinate of each cistern, i. e. by the distance

from its top to the water level.

6. The money price of each commodity — represented (in any

cistern in the same front-and-back-row) by the thickness of the back

compartment, and registered on scales* p„ pt, Pc at the rear. (The

relation of price to marginal utility will recur.)

7. The prices of commodities in terms of each other—represented

by the ratios of their ordinates.

8. The marginal idility of money to each individual — repre-

sented (in any cistern in the same right-and-left-row) by the ratiof

of the ordinate of that cistern to the

thickness of its back compartment

and registered on scales^ U I, LT II,

U III at the right.

The units of these magnitudes

are :

1. The unit of commodity is a

toil, yard, gallon, etc., and is repre-

sented by (say) a c'i(bic inch of

water.

2. The unit of money is (say) a

dollar and is represented by (say) a

cubic inch of w^ater.

3. The unit of price is one dollar

per ton, yard, gallon, etc., and is

represented by one inch.

4. The unit of marginal utility

for each individual is the marginal

utility of (say) 100 tons of A. It

may be called a util and by a proper

* The rods ERE are each, connected hy a cord and pulley with the pointers of

the scales p^, p^, p.

f This ratio is evidently the marginal utility of money ("valuation of money ")

because as seen in chapter IV, § 2, ~Ti — :r~ • P

whence
dU
CJ))1

cVD

dA

dA. dm

ordinate of cistern

p^ thickness of its back compartment"

:j: Fig. 11 (which views the outside of the right wall of the tank) shows the

device by which this is accomplished. Evidently from the labels

rfU

dU
dm'

The pointer obviously varies with x.

X = 0.

X dA
— = - or a;
1 p

It is so arranged as to register zero when
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adjustment of the breadth of each cistern may be represented by one

inch. That is, if 100 cu. in. of water are put in each A cistern the

ordinate must be one inch. This applies as well to the utility of

money, so that the scale U at the left indicates the number of utils

at which the individual values the last dollar of his income. It

should, however, be noted that the variation of utils is only valuable

in the same register, that is, for the same individual. There is no

important meaning attached to the ratio of the scale readings U for

two individuals. If that of T is 1 and of II 2 it means simply that

II values his last dollar twice as much as his 100th ton of A, while

I values his last dollar just as much as his 100th ton of A. It is in-

teresting to observe that analogously the price registers are not to

be compared, for while one indicates j^rice per ton the other indicates

price per yard, etc. Thus the mechanism is independent of any

common measui'e of utility for different individuals and any common
measure of prices for different commodities.

It will be observed that the numbers on the vai'ious I'egisters are

so connected that the product of the register of A by that of its

price added to the like products for B, C, etc., will equal the sum

of all the income registers.

Moreover if each cistern is provided with a graduation to show

marginal utility, this number will be found to be the product of the

number for price in its front-and-back row, by that for valuation of

money in its right-and-left row.

§8.

The mechanism just described is the ph3'sical analogue of the

ideal economic market. The elements which contribute to the

determination of prices are represented each with its appropriate

rdle and open to the scrutiny of the eye. We are thus enabled not

only to obtain a clear and analytical ^;2c^i<re of the interdependence

of the many elements in the causation of prices, but also to employ

the mechanism as an instrument of investigation and by it, study

some complicated variations which could scarcely be successfully

followed without its aid. Its chief uses may be briefly classified as

follows :

1, Arrange the stoppers I, II, III, etc., so that the money incomes

of I, II, III, are all equal. The differences of distribution of the

commodities will depend on individual characteristics, that is, on
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the character of the cisterns. If all the A cisterns are alike and

also all B cisterns, all C cisterns, etc., then each commodit}^ will be

distributed in equal parts among the individuals.

2. Press stopper I. This amounts to increasing the income of I

It does not increase the amount of commodities in the market but

gives a larger share to I. The total money value of the same aggre-

gate commodities in the whole market has increased by the amount

of liquid added by depressing the stopper.

The added water in the back cisterns of the I row will make the

back compartments in this row fuller than the front. The back level

will be temporarily above the water level of the tank and (as the

cisterns will sink) the front level will be temporarily below. The
effect of the former is to bulge out the movable i-ear wall in the I

I'ow, to extend the rods and to cause the same expansion in the back

compartments of the II, III, etc. rows. This makes the back liquids

in these rows lower and the front liquids higher than the tank level.

Hence the front cisterns of the II, III, etc. rows pour part of their

contents into the I row whose level as we have seen is below that of

the tank.

In economic language to give a greater money value to one indi-

vidual causes for him smaller marginal utilities (cisterns sink), a

lower marginal utility of money, and increased consumption of com-

modities. For other individuals it increases marginal utilities (cis-

terns rise), decreases consumption, increases prices (back cisterns

expand), and may increase or decrease their marginal utility of

money-income according as marginal utilities (ordinates) increase

faster than prices (back thicknesses) or the reverse.

So much for the effect on different individuals. Now as to the

effect on the various commodities. Prices in general have risen but

not necessarilj^ of all articles. Suppose article C is consumed little

or not at all (cistern narrow) by the enriched individual I but is ex-

tensively used by those whose valuation of money has increased.

Then since the valuation of money to II is equal to the quotient of

the ordinate of IIC divided by the thickness of the back cistern of

lie, and since this ordinate has not lengthened by any appreciable

loss of commodity C from II to I, the thickness must have lessened,

that is, the price has been reduced.

Not only may there be such exceptional commodities but there

may be exceptional individuals. Thus a man may be the principal

consumer of just those commodities and those only whose price has

fallen. His consumption will increase, his marginal utility of money
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decrease. He is benefited not injured by the increase of income of

his neighbor I.

3. Press stopper I and raise III. I, II, III now represent a wealthy

middle class and poor man respectively. We observe first that this

change causes the poor man to relinquish entirely some things

(luxuries) as C while decreasing his necessaries slightly; second that

the rich man increases his luxuries enormously and his necessaries

slightly, and thirdly that slight modifications will appear in the

prices and hence in the middle-class consumption.

The nature of the effect on prices depends on the character of the

cisterns of I and III, and on the magnitude of the changes in their

incomes. In order that prices may not change, one condition (neces-

sary but not sufiicient) is that the amount of money income added

to I must equal that taken from III, for if the amounts of com-

modities are not to change, nor their prices, their total values cannot.

If all prices rise it proves a net increase of money income in the

whole system.

If the increase of income of I equals the decrease of that of III,

so that the total money value in the market is unchanged, and if

furthermore all the cisterns of I and III have straight walls on the

right and have their breadths* proportional, there will be no change

in price. For if the cistern breadths of the III row are each, (say)

half the corresponding ones in the I row, equilibrium will clearly be

satisfied by shortening each ordinate of the I row by a uniform per-

centage (say lOy/), and lengthening those of the III row by just

twice the amount of shortening in the corresponding I ordinates.

This will evidently cause the lengthening of the III ordinates to be

uniform (say 15;^). The ratio of marginal utilities has thus been

preserved and hence the prices. Obviously the contents added to

lA equals that taken from IIIA and equilibrium is reestablished by a

simple transfer from III to I. In this case there is no effect on II

or anv individual save I and III.

* The breadth of a cistern is evidently the differential of its area divided by

the differential of the ordinate that is the fluxion of commodity in reference to its

marginal utility. It is a magnitude important in the discussion of distribution

of commodities. Involving as it does the second differential of utility it has no

perfectly distinct recognition in popular language. A narrow cistern means that

a slight reduction of its contents causes its ordinate to increase much, i. e. causes

it to be greatly desired. The individual is very sensitive to a change in that

commodity. He misses a little less of it and appreciates a little more. Reversely

a broad cistern signifies that it is hard to satisfy the man by increase and hard

to annoy him by decrease. These two sorts of cisterns may be called " sensitive
"

and " callous" (see Appendix I).
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More generally in a redistribution of incomes without altering

their aggregate, in order that no prices may change (1) no condition

is necessary for those whose incomes have not changed; (2) for

those whose incomes have changed the geometrical character of the

cisterns must be such that a proportional shortening of the ordinates

for each and every richer man will absorb in the aggregate, the

same additional commodity of each sort as is lost in the aggregate

by the poorer through a proportional lengthening in the ordinates

of each of them.

If the enriched man or men absorb more of a given commodity
than this requirement its price will rise, if less it will fall.

If the increase of income of I equals the decrease of III effects on

prices must be compensatory. If one rises some other or others

must fall. If lA is much broader than IIIA but IB is much nar-

rower than IIIB, the price of A may rise and of B fall unless

counteractions come from other commodities. For if we were to

suppose prices unaltered, the cistern lA would absorb from IIIA

so much and IB from IIIB so little that the ordinate of IIIA

would be too long and of IIIB too short for equilibi'ium. In order

to partially permit this lengthening and shortening there must be a

corresponding lengthening and shortening in the whole A and B
rows respectively and prices must be proportioned to these ordinates.

In this case it is to be noted furthermore that a change in prices

causes a change in the distribution of the income of II and all other

individuals.

The marginal utility of money for I decreases, for III increases,

and for II maj^ slighth^ rise or fall, owing to the change of prices.

With the breadths of the cisterns properly adapted to the changes

in prices there may be no change* in the valuation of money for II.

* If the prices of only two commodities A and B change and All and BII are

straight walled, and if their breadths are inversely proportional to the difference

of the squares of the old and the new prices, there will be no change in the valu-

ation of money. For, let p and p' be the old and new prices, let x and x^ be

the breadths (for II) of the A and B cisterns and let y^, y^ and y^, y^' be their

old and new ordinates. Since the marginal utility of money is not to change

nor the prices of C, D, etc. , their ordinates cannot and therefore their quanti-

ties (for II) cannot change. Hence the added expenditure (by II) on A must

equal that taken from B, i. e. :

But since the valuation of money is to be kept constant,

y- ^ ^^ _ ^ _ '''>' = /,

Pa ~ Pa~ Pb " Pi'
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If the price of A rises slightly and of B falls relativel}' more while

the breadth of IIA is less than of IIB, the valuation of money to II

will fall. For if not then the ordinates of IIA and IIB must change

jyari ^yassu with the thickness of the back cisterns. The thickness

and ordinate for IIA are, say each increased lOfo and for IIB

reduced 50^f. There is clearly not room in IIA for all the money

poured out of IIB. This surplus will spread over all A, B, C, etc.,

and reduce the ordinates and reduce the money valuation of II.

These artificially exact cases obviously stand for more general and

approximate economic theorems. There are no such delicate adjust-

ments in the actual world as here presented, but through ideal cases

we study real tendencies.

4. Depress stopper A. The chief effect will be to lower the pi'ice

of A. If it is a necessary* a relatively large share of the increase

will go to the poor. It will probably occur that while the total

money expenditure by the poor for this commodit}^ will increase,

that for the rich will decrease.^ The marginal utility of money in

general decreases especially for the poor man.

Most other commodities will rise in price if A decreases in price

faster than it increases in quantity. For there will be a saving in

the expenditure for A which must be made up elsewhere. But an

exceptional commodity may fall in price. Thus if B happens to be

extensively used (cisterns deep and broad) only by those who use A
slightly, these persons will not save materially in the expenditure

Hence xkp^'--xkp^- = xjip^f-xjip^'^.

Hence x^:x^:: p,J—Pt'- : P„"^—Pa\

which is the condition required. More generally in order that the valuation of

money to an individual shall not change, the cisterns of II miist be so formed

that when the money saved on some articles equals the extra spent on the others

the ordinates may all change proportionally with the prices. If the ordinates

increase more than this requirement or decrease less, the valuation of money

will rise. In the reverse cases it will fall.

* A necessary may be defined as a commodity whose cistern is relatively deep

and narrow. I. e. a very small quantity has a very great utility and a slight

addition gives satisfaction very rapidly. A luxury has the reverse properties.

f When commodity begins to floy into a cistern its money value (the contents

of the back cistern) increases in about the same rate as the commodity—it matters

little how much the price (thickness) falls. Contrarivrise when the cistern is

nearly full a fall of price decreases the money value at about the same rate—the

increase of commodity matters little. The dividing point is where the commod-

ity increases at the same rate as the price decreases. These characters are more

plainly shown in the diagrams of Auspitz und Lieben, p. 48, etc.
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for A, but Avill be compelled to pour much money into C, D, etc. of

which the prices have risen. This will cause a rise in their valuation

of money and as the quantity of B does not decrease its price must.

Moreover there will be slight changes in all other quantities IB,

lie, etc. If (say) IIC decreases, it is due to one or both of two
causes, a rise in price of C or a rise in valuation of money of II.

In general the valuation of money will decrease. The decrease will

be relatively great for the poor as compared with the rich, but (as

just seen) will not necessarily decrease for all persons.

If A is a " luxury " the fall in its price will be small relatively to

the foregoing case. Most of the increase of A will go to the rich.

The total amount of money spent on it will probably increase which

Avill in general decrease the price of other articles. Exceptions can

be found analogous to that in the former case. The valuation of

money will in general decrease, most perhaps for the middle class

and more for the rich than the poor, but not necessarily for all,

5. The cases just discussed assume that the additional production

of A is such that the incomes of I, II, III, etc. are not disturbed.

To represent the case in which I produces all of A, after depressing

A a given amount, slowly depress I until the difference of income as

registered on the I scale shall equal the final reading on the A scale

multiplied by the price of A minus the former A by its former price.

The chief change to any one article will be in the price of A
which will decrease. The chief change to any one person will be

to I whose income is inci'eased (especially if the commodity is a

luxury), whose expenditure for most other articles will increase

though not necessarily for all, and whose valuation of money will

decrease, owing both to an increase of income and to a decrease in

price of other articles consequent on the withdrawal of money from

them to be spent on A. Only exceptional articles will increase in

price if their chief consumers sufficiently decrease their expenditure

for A.

But it may be that the increase of A will so greatly depress the

price that the value of the total will decrease. This is generally

true of necessaries. The producer I will lose income, that is stopper

I must be raised instead of depressed. His valuation of money will

increase doubl}^, owing to the contraction of his income and the rise

in price of other articles. The money* return to such a benefactor

* Monopoly price is not treated here. It is interesting to note that the Dutch

East India Co. used to destroy a part of their spices to prevent a great fall of

price. The same thing has been done by the Japanese in silk-wonu eggs.

Traxs. Conn. Acad., Vol. IX. 4 July, 1892.
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is therefore not even roughly proportioned to his benefaction. If

the exact shares among I, II, III, etc. in the old and new produc-

tion of A are known, the proper combination of stopper-positions

may be made and the reactions, now exceedingly complicated, may
be watched.

6. Depress each stopper A, B, C, etc, There will be a general fall

in prices. But it will not be true that if the quantity of each com-

modit}^ is doubled its price will be halved, and the price of one

commodity in terms of another unaltered as Mill* apparently

thought, for the ratios of exchange are not the ratios of the con-

tents of the cisterns but of their ordinates. Nor will the ratios of

distribution of commodities remain the same. If however all cis-

terns in each front and back row are geometrically similar and their

filled portions also similar (a most unreal condition), the ratios of

distribution of commodities will be unaffectedf and if furthermore

all cisterns are similar, the ratios of prices will be unaltered.;];

In the actual world aside from differences in the shapes of cisterns

there are more important differences in the way in which they are

filled. Those for necessaries are relatively full as compared with

those for luxuries and those for the rich as compared with those for

the poor. Hence the effect of a proportionate increase of produc-

tion in all commodities will depress the price of necessaries much
more than of luxuries.

The effects on the valuation or marginal utility of money will be

more complicated. If we suppose the depression of the stoppers to

begin when they are far extended, the effects may be roughly

described as follows. At first the valuation of money increases

since the prices decrease faster§ than the marginal utilities, reaches

a maximum (which is different for each individual and depends on

the initial distribution), and decreases when the decrease of ordin-

ates is faster than that of the thickness of the back cisterns. These

* Pol. Econ., Bk. Ill, Ch. XIV, §2.

f For proportional increase of the contents of the cisterns in the same front

and back row will reduce their ordinates proportionally and shrink the back com-

partments alike, thus restoring equilibrium.

X For in addition to the above consideration the reduction of ordinates in all

rows will be alike.

^ Becaiise when a cistern is relatively empty, a rise in the surface of its con-

tents diminishes the long ordinate by only a slight percentage but very materially

contracts the back compartment.
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changes in the valuation of money are of course subject to the con-

dition that each income measured in money remains the same.

v. Depress all income stoppers proportionally, i. e. increase all

incomes in the same ratio. Then will all prices increase and the

valuation of money decrease exactly in this ratio. There will be

no change in the distribution of commodities. There is merely a

depreciated standard of money. Formerly the whole marketed

commodity was valued at a given number of dollars, now this

number is increased.

We have seen under number 1, that an increase in the money
income of a single individual without an increase in commodities

is a benefit to him, but such an increase when universal is bene-

ficial to no one.

8. Remove cistern lA and replace it with a shallower one, i. e.

suppose a change in the taste of I for A, making the article less

attractive.

It is as if we raise the bottom of the original cistern lA. More
of A will flow to other consumers and more of I's money will flow

to the purchase of other commodities. A will fall in price, most

other articles will rise. I's valuation of money will fall. For those

who consume A extensively the valuation of money will fall. For

others it may rise.

If all of the I cisterns grow shallower there will be a fall in the

valuation of money for I, but either prices will not change or their

changes raixst be compensator}'', for the quantities of commodities

have not been altered nor their aggregate value. If all of the I row

cisterns change so as to admit of a uniform percentage shortening

of ordinates without any commodity flowing out of any cistern, no

commodity loill flow out, no prices will change and there will be

no change whatsoever in the distribution of commodities nor in the

valuation of money to other people. If one cistern shortens more

than this requirement, the effects will be analogous to those just

described for a single cistern.

If all the cisterns of the A row are made shallower the price of

A will decrease.* That of other articles will in general increase.

In order that the distribution of commodities may not change, the

A cisterns must be so changed as to admit of a shortening of ordin-

* Otherwise while the A ordinates shorten and their ratio to other ordinates

lessens, the back cisterns would have a relatively too great thickness compared

with the other thicknesses.
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ates in a uniform percentage without loss or gain of commodity. In

this case the price of A will decrease while that of all other articles

will increase exactW alike.* The valuation of money will be re-

duced since the ordinate of a B cistern (say) has not changed while

its back thickness has increased. The changes just considered may

be brought about if A suddenly goes out of fashion.

Perfectly analogous changes occur if a cistern or cisterns become

narrower. The individual is then more keenly " sensitive " to

changes of quantities. This change may occur through a discovery

by which a little of the commodity is made to "go farther" than

before.

Reverse changes occur if cisterns are broadened or deepened.

§9.

It is impossible to combine all the A cisterns into a single demand

cistei-n for A as was done in Ch. II or to combine all the I cisterns

into an income cistern as in Ch. Ill, for we can no longer overlook

the influence of other commodities and other individuals. The

analysis therefore which treats of but one commodity at a time and

constructs a demand curve for it is a superficial one for it does not

reach all the independent variables.

% iO. Analytical.

Suppose there are n individuals and m commodities in our given

isolated market during the given period and suppose the amounts

of the commodities A, B, C, etc., are given K„, Kj, K„ etc., and the

given incomes of I, II, III, etc. are K^, K.^, K,, etc. Then the con-

dition that the commodity-sums are given is

:

A,+A, + A3-h +A„=K,
B, -f-B,-fB3-H +B,,= K,

C, +C,-fC, + +C„=:K,

M, + M,-F-M3-f +M„=K„

ui equations.

nm, unknowns.

* For their mutual ratios cannot change since the orclinates to which they are

proportional do not.
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The condition tluat the incomes are given is:

A, .
i>,,
+ B, . p,\- +M^ . /^,„= K, 1

A„ . />^ + B„ . pi,^ 4-M, . />„,=K

53

A„ . A, + B„ ./>,,+ +M„ . ;>„=:K„ J

The utility functions (the cistern-foi-ms) are:

n equations.

r m new unknowns

(})rices).

= F(M,

• '^? =F(M )

dK= ^'^^")^ Ik=^(^")^
• ^=F(M)

m?i equations.

?/??* new

unknowns

(marg. ut.).

The principle of proportion i^

(?U
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§11

For production the treatment is precisely parallel to the foregoing

(figs. 12, 13).

12.

Q

13.

s

CHAPTER V.

PRODUCTION AND CONSUMPTION COMBINED.

§1-

Hitherto it has been assumed that the quantities of commodities

and incomes (or expenditures) have been given. But these quanti-

ties have themselves been determined by economic causes. Jevons*

arranges the sequence as follows

:

" Cost of production determines supply,

Supply determines final degree of utility,

Final degree of utility determines value.

"

*Pol. Econ., Ch. IV, p. 165.
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This represents the chronological order biit only part of the causa-

tion. Cost of production is not the sole determinator of supply.

Production is prophetic. When prices are steady the certain future

price is a;i unquestionable regulator of supply. Auspitz und Lieben

appear to me to deserve much credit for showing how all these facts

harmonize. Price, production, and consumption are determined by

the equality of marginal utility and marginal cost ofproduction.^

Their clear exposition of this theory not only exhibits the " funda-

mental symmetiy of supply and demand," but reconciles in a

captivating manner the old one-sided and seemingly contradictory

theories of value making them fall in place as opposite facets of the

same gem. It is discouraging to find the old fight still going on.

Dietzelf attempts to play the peacemaker by the makeshift of

dividing the field between the contesting theories.

The apparent conflict grows out of an inadequate conception of

mathematical determinateness. As the quantity of any commodity

increases its marginal utility to consumers decreases while its mar-

ginal disutility to producers increases. If the latter exceeds the

former the price which consumers will give is less than what pro-

ducers will accept. Production is contracted and the utility and

disutility approach each other. If the quantity is too small the

machinery acts in the reverse way. The equilibrium though always

miscalculated is constantly sought and its more delicate and rapid

deflections are corrected by a special functionary, the speculator.

§2.

It is assumed that the rate of production during the given period

is exactly equal to the rate of consumption. This is asserting an

ideal equilibrium.

The expenses of transportation and retailing are included in "pro-

duction."

The principle of proportion previously explained is now extended.

The marginal utilities of consuming and the marginal disutilities of

producing are in the same continuous ratio for each individual—the

ratio of prices.

§3..

As the simplest case of combining production and consumption,

suppose an individual to consume himself just that quantity of a

given commodity which he produces.

* Auspitz und Lieben, § 5, p. 17.

f Die Klassische Werttlaeorie und die Theorie voni Grenznutzen. Conrad's Jahr-

buch, 20.
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14.

F
In Fig. 14 the stoppers* or pistons S and S' which regulate the

quantities in the cisterns for production and consumption, respect-

ively, ai'e so connected as to move together, keeping the quantities

in the two cisterns equal. Furthermore the water pressure on them

from the tank keeps the level of all three liquids the same—that in

the tank.and those in the two cisterns. The lever keeps the mar-

ginal utility equal to the marginal disutility, for its pivot is a fixed

one and is placed midway between tlie axes of ordinates. The

resulting determinate equilibrium is subject to three sets of condi-

tions :

(1) The quantity consumed equals that produced—a condition pro-

vided for b}^ the duplicate pistons.

(2) There must be a relation between the quantity produced and

its marginal disutilitj" and between the quantity consumed

and its marginal utility—the character of the cisterns.

(3) Marginal utility and disutility are equal—the lever.

§ 4. Analytical.

If A^ and A^ be the quantities of A produced and consumed,

respectively^, the conditions of equilibrium are :

. ^ ^1 equation.
'^

"
) 2 unknowns.

''"^ = F(AJ \(lA 2 equations.

( 2 new unknowns.

f?U _ f?U .) ] equation.

dA^ dA^ S no new unknown.

No. equations : l+2 + lr=4.

No. unknowns : 2 -f 2 + 0=4.

" In practice a more intricate frictionless bellows would be used.
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§5.

57

In the more general case there are ;/ individuals and m com-

modities,
15.

Fig". 15 simply connects fig. 9 and fig. 12 by a series of new levers

like that in fig, 14, so that for each individual the ordinates of the

production cistern and its consumption cistern shall be equal. There

are also analogous horizontal levers (fig. 10) to keep the price for

16.

consumers equal to that for producers. The stoppers are all duplicate

as in fig. 14 for each commodity. Moreover there are analogous

duplicate jjistons to keep each individual's incomes and expenditures

equal.

The industrial machinery is now seen to be self-regulative. There

is no arbitrary assignment of incomes or of commodities. The only
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changes possible are effected by change in the forms of the cisterns

or by changing their number, that is by changing the " cost" of pro-

duction or the utility of consumption, or by changing the population

(which changes, we may remark, go togethei'). By making the

cisterns removable and replaceable the effects of varied conditions

can be studied as in the preceding chapter.

However, this equilibrium is indeterminate in one respect. Unlike

the former it does not fix the unit of value. The sum of the

income-cistern-contents is arbitrary. If all duplicate income-and-

expenditure-pistons are simultaneously depressed so as to increase

all incomes proportionately, the equilibrium will not be upset nor

will the distribution of commodities be affected. The rear cisterns

will simply dilate in uniform* ratio. The money standard has alone

changed.

This may be remedied by making the thicknesses of all hack cis-

ternsfor the commodity A equal to unity. A thus becomes the stand-

ard of value, and henceforth all prices are in terms of this com-

modity. This is what is done in the actual world.

§ 6. Analytical.

A^,, +A^,, + . . . +A^,„ = A^_, + A^,o-t-. . . +A^,„ ^1

B^, ,
4- B^o + . . . 4-B^,„ = B^,i + B^,5-f . . . +B^,„ ! m equations.

- ] Inin unknowns.
M^, , + M„, , -f . . . + M^, „ r=M^,

,
4- M,. , + . . . + M,,„

j

^ (n— 1) inde-

A„, .Pa^ +M^,, . /7„=A^,,. ^>„+ . . . +M^,,.p,„
I pendent equa-

> tions,

A^_„ .^A, + +^K.n -Pm^^^.n Pa + • • • + M^,,. . p „.

dV

dV

d\J

dA^„

nK.) ;

= F(A,J ; .

7n new un-

knowns (prices)
_

= F(A„,) ; . .

= F{A.,0 ; . .

' dM^,„

dU
dM

- = F(M^,„)

^^^
r_- F(M^,„)

I

"M J

2mn equations.

2 mn new un-

knowns

(marg. ut.).

*Cf. Ch. IV, §8, number 7.
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CHAPTER VI.

THE COMPONENT PROCESSES OF PRODUCTION.

Without dwelling on the economic applications of the mechanism

just described we hasten on to the description of a more complicated

mechanism.

Production usually consists of a number of successive processes.

The last of these is retailing. Let us group all other processes

under the head of production. The price for production and con-

sumption are no longer equal.

Hitherto we have had two sets of cisterns, the production set and the

consumption set. Separate now, these sets far enough to introduce

a third set for exchange or retailing as in fig. \1.

17.

The exchange set is a series of double cisterns each related to a

particular commodity, and a particular person. Consider the cistern

lA^ for instance (the sub-letter for exchange or retailing). In the

front compartment is the quantity of A which I buys and sells or

transfers from producer to consumer. The back compartment con-

tains the money pay for doing it.

These exchange cisterns are connected with each other and with

the prodtiction set by levers precisely as if they were so many new

comm,odities produced.
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So also the rods maintain a constant money rate for exchange; in-

stead, however, of the former simple relation between the producers

and consumers there is now the followinc; that the sum of the ordin-

ates of A I^, and A I^, equals the ordinate of AI^, and likewise for

II, III, etc., also that the thickness of the back cisterns of A^ plus

that of A^ equals that of A^. These results are effected by parallel

rulers, those for the former purpose being i-epresented in fig. 1 7.

The new machinery required for the exchange process consists

then (1) of triplicate pistons* which necessitate that the same

quantity of A shall be produced, exchanged, and consumed
; (2) the

additional rods and levers (horizontal and inclined) to make the

marginal disutilities of producing and exchanging proportional to

the recompense and which also maintain a constant price for exchang-

ing the same thing ; and (3) the special conti'ivance to add the

marginal disutilities of producing and exchanging for any individ-

ual so as to equal that of consuming, and also equate the sum of

the prices of producing and exchanging to that of consuming.

g 2. Analytical.

A^,,+ ...+A,,„=A^,+ ... + A^,„=A^,,-^ ...+A^,„
j

2 m
_ 1 equations,

I 3 inn

M,,,-f ...+M^,„=:rM,,,+ ...+M,,„=M,,,-f ...+ M,„.
j unknowns.

A^, p„,^ + ...+ M„,, 2)„,^ + A,,, j),,^ + ...+ M,,, p„,..,=A^,, 2\. + • • • + M^,, ^v«

A^,„ p,_,^ + ...+ M^,„ ;V. + KnPa,, +'•+ K,n 1K,,-K,n Pa,, + • • • + ^.,nP,n.,,

n—\ independent equations. 3 m new unknowns (prices).

^^^=F(A^,0; ...;4^-F(M^,0
dA
dJ]

^£=^(^-0

d\]_

f?A~

dij_

dK~.

d\J
|^-=r(A.,);...;J^i-:=F(.u

^

^r^^^^^^---^^-^^^^
= F(A,,„) ; . .

= F(A^,„) ; . .

dV_ = F(M,,„)
;.

= F(M^,„)

3 mn equations.

3 mn new unknowns

(marg. ut.).

The income and expenditure-pistons are merely duplicate as before.
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dA~ clM, „ ^7.

^ w(3m— 1)

independ-

ent equa-

tions.

Pa,.

d\J_ d\l^ _f/U . f?U . d\J

•P>n,^ -Pa,, •• 'P,,.,, • -Pa,^'-. - P,n, .

no new

un-

knowns.

Pa^rr + P..,.=P<.,,

P»,,n+ P'n.e=Pm,.

m equations.

no new unknowns.

No. equations: 2m -\-()i—\)-\-3mn+n{3m—l)-]-/n=:Qm?i-^Stn— l.

No. xmknowns: 3mti-\-3jn -\-3mn-^0 -{-0 =:Qmn-{-'Sni.

The second set apparently contains n equations instead of n— 1

as above recorded. But, by multiplication of the first line of the

first set, we have :

(A,,,+ . . . +A^,„) p,„^ =z (A^,,+ . . . +A^,„)p„,^

(A,,i-f . . . -f A^,„) p„,^ = (A^,,+ . . . +A^,„);?„,,

adding and remembering that pa,^^ =^ i^a.„+i>a,e we get :

K,^-Pa,„+ +K,r.-P.,. i- K^- Pa,,+ . •• + Kn-Pa,,=

Writing the similar equations from the second, third, etc. lines of the

first set and adding we get (rearranging terms)

:

+K."--Pa,.+ - +^.,,'Pn.,^^ - -
I

+K,n' 2\„-\--- -- +M^,„. ;V. j

^-f A^„ . /?„.,+ . . . +M,,„.^v,

If from this equation the sum of all but one of the second set be

subtracted the result will evidently be the remaining one.

We are therefore at liberty to write

2\. = 1

to determine a standard of value.
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§ 3.

An analogous mechanism and discussion applies to the sepai'ation

of production into retailing, wholesaling, transportation and even the

various technical processes distinctive of the production of each

commodity. In making worsted for instance there are some 16

processes having this sort of dependence.

The reactions and equilibrium in the real world are still more

complicated than those here presented. Not only is there equilibrium

in one market as New York city, but a mutual dependence of vari-

ous markets. The rate of transportation determines in part the

amount of dependence and the amount of communication deter-

mines in part the rate of transportation. As Cournot* says, " * *

le syst^me economique est un ensemble dont toutes les parties se

tiennent et reagissent les unes sur les autres."

End of Part I.

* Principes mathematiques, Ch. XI, p. 146.
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Part II.—Utii,ity of one commodity a fuxction op the

QUANTITIES OF ALL COMMODITIES.

CHAPTER I.

TWO COMMODITIES.

§1-

Hitherto it has been assumed that the utility of a commodity is a

function of the quantity of that commodity alone. It is true that

it depends upon that quantity more than any other and the analysis

of Part I is a necessary first approximation. In astronomy the

attraction of the sun on the earth is first studied alone to determine

the earth's motion; next the moon's influence is admitted, then the

occasional "perturbations" due to planets and comets. Absolute

accuracy is never attained for the earth's motion is a function of

the mass and position of every body in the universe.

So also the utility of the 100th lb. of butter (100 lbs. per year)

depends mostly on that 100 lbs. It would not be perceptibly in-

fluenced by a change in the quantity of clothing, but it would be

perceptibly reduced if the amount of bread consumed were reduced

from 300 loaves to 200, for bread and butter go together.

It is needful here to distinguish carefully between two ways in

which the quantity of one commodity can affect the utility of others.

Even under the supposition of Part I, a change in the price of

clothes effected a change in the individual valuation of money and

so changed the quantity of bread consumed and so in turn changed

the marginal utility and price of bread. But under our new sup-

position, a change in the price of butter directly changes the utility

of the smne quantity of bread. In the first case marginal utility of

bread can change only after a change in its quantity. In the second

the marginal utility of the same amount of bread changes; the first

contemplates a variation in the quantity of water in a cistern, the

second contemplates a variation in the cistern wall itself.

In Part I we assumed: -jj- =. F(Aj) ; but now we must write:

|^=F(A.,B.,C„. . . MJ.
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§2.

It will be seen that this sort of dependence of particular commodi-

ties is very common. Articles are bought with reference to each

other, oil Avith reference to the number of lam|>s used, bed linen to

the number of beds, bureaus to the quantity of clothes to be stored,

carpets to the amount of floor rented or built, bookcases to the

number of books owned; the demand for steel rails is connected

with that for raih'oad ties, that for locomotives with that for cars,

etc.

Again in production, the " peculiar cases of value " of which

Mill* speaks and which Jevonsf treats come under the same head;

coke and coal gas; mutton and wool; beef, hides, and tallow, etc.

The cases above instanced are cases of " completing''^ articles.

Under the head of "competing "J articles, come, mineral oil and

other oils, various " qualities " of any article as meats, grades of

flour, etc., while under production almost every two articles are

competing. A man in one business does not wish to meddle with

another or, otherwise expressed, the marginal disutilitj^ of produc-

ing 1,000 tons per year of coal is increased if the producer attempts

to run a paper mill or trade in jewehy.

§3.

Introducing this new dependence of utilities, it is seen that, if the

cisterns contain at one point of equilibrium the proper amount of

water and have as ordinates the proper marginal utilities, as soon as

any income or commodity stopper is pressed, not only does the

water redistribute but the shapes of the cisterns change. If the

quantity of bread is increased, the cisterns for biscuit may shrink

and those for butter widen. That is the ordinate (marginal utility)

for the same quantity of biscuit decreases, and of butter increases.

The general effect is to keep the ratio of marginal utilities of bread

and biscuit and so also their prices nearly constant, while the

cheapening of bread may directly increase the marginal utility and

price of butter irrespective of its quantity.

§4.

The essential quality of substitutes or competing articles is that

the marginal utilities or the prices of the quantities actually pro-

duced and consumed tend to maintain a constant ratio. We may

* Bk. Ill, Ch. XVI. t Page 197.

X Auspitz unci Lieben, p. 170.

Trans. Conn. Acad., Vol. IX. 5 July, 1892.
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deG.ne 2^ei]f€ct substitutes as such that this ratio is absolutely constant.

The essential attribute of completing articles is that the ratio of

the quantities actually produced and consumed tends to be constant

(as many shoe-strings as shoes for instance, irrespective of cost).

We may define perfect completinci articles as such that this ratio is

absolutely constant.

" If we suppose each set of competing and completing articles to

be " perfect," it is possible to arrange the cisterns so that the change

of form of some cisterns as due to change in the contents of other

cisterns shall be small or nothing. Thus if four grades of flour be
" perfect " competing, so that their marginal utilities are always in

the ratio 8, 9, 11, 17, we may form a joint cistern for individual I

whose contents shall be " flour," the quality unspecified. Each

cubic unit of liquid shall represent equivalent quantities of each

grade, i. e. ^ barrel of the first quality, ^ of the second, yi^- of the

third or yiy of the fourth, while the ordinate shall represent the com-

mon utility of any one of these equivalent quantities.

If four completing articles as the parts of a coat, sleeves, pockets,

buttons, and coat proper are always produced and consumed in num-

bers propoi'tional respectively to 2, 4, 3 and 1, we maj^ form a joint

cistern for individual I whose contents shall be " coats," parts un-

distinguished.

With such combinations as these, the cistern analysis of Part I

will represent the economic relations fairly well and almost per-

fectly if the deviations from equilibrium are not followed too far.

But few articles are absolutely perfect representatives of either

the competing or the completing group, and a member of one group

may also belong to another. Thus butter is completing to bread

and biscuit, and although a cheapening of bread directly increases

the utility of butter it indirectly increases it by decreasing the use

of biscuit.

It is readily seen that the interrelations of the shapes of the cis-

terns—if we now treat each quality of meat, etc. and each part of a

utensil as a separate commodity—are too complicated even to be

mentally representable Avithout some new mode of analysis.

The former analysis is incomplete, not incorrect. All the inter-

dependence described in Part I exists, but there also exist other

connections between the shapes of the cisterns which could not be

median icall}'^ exhibited. For any one position of equilibrium the
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cistern mechanism may represent accurately the quantities, utilities

and prices, but the shape of each cistern is a function of the whole

state of equilibrium and diffei's as soon as that differs. However in

general the interdependence in the shapes of the cisterns is very

slight. That is, the utility of a commodity usually varies so much
more under a valuation in the quantity of that commodity than

under variations of other commodities that the relations discussed

in Part I may be regarded as good first approximations. Especially

is this true if the interdependent commodities are grouped as in § 4,

so as to eliminate all the I'eally important influences of commodities

on each other.* It will subsequently appear that the analysis of

Part II is also incomplete and so will it ever be. Neither economics

nor any other science can expect an exhaustive analysis.

§6.

Recurring to the definitions of utility as a quantity (Part I, Ch. 1),

it will be noted that the third definition which indicated the ratio of

two utilities was based on the assumption that the utility of each

commodity was independent of the quantity of any other com-

modity. This assumption was necessary to prove that two applica-

tions of def. (3) led to harmonious results (Part I, Ch. I, § 4). To
abandon this assumption as we have now done is to forego the use

of that third definition. At the close of Part II a further discus-

sion of " utility as a quantity " will be given. At present Ave con-

tent ourselves by assuming the marginal utility of a given amount

of some one article as our unit of utility. Of course if we should

use some other marginal utility as a unit, the measurements will not

now agree. This, however, is no calamity. It will presently appeal*

that the meaning of the phrase " one utility is twice another " is of

no real importance for the subject in hand.

§7.

Confine attention first to two commodities (a) and (5) consumed by

one individual. Let this individual first arrange his whole consump-

tion combination to suit himself. Then in order to ^:»a?-#/«% analyze

this equilibrium of choice let us metaphorically experiment on him

* Marshall, Prin. Ecob., Math, note xii, p. TSe, says: "Prof. Edgeworth's plan

of representing U and V as general functions of x and y [see preface to this

memoir] has great attractions to the mathematician; but it seems less adapted

to express the every day facts of economic life than of regarding, as Jevons did,

the marginal utilities of apples as functions of x [the quantity of apples] simply.''
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18.

as follows. He is directed to alter this consumption combination

by arranging his quantities A and B of the two selected commodities

(«) and (b) in all possible Avays, but without changing the quantities

C, D, etc. of other commodities. The marginal utility of each will

vary not only in relation to its own quantity but also the quantity

of the other commodity. Thus,

These may be regarded as derivatives with respect to A and B of

U,= ^(A,BJ .

where Uj is the total utility to I of the consumption combination

A, and B^.

In fig, 18 let the abscissa OX represent the quantities B^ of [h) and

the ordinates (OY) the quantities A^ of («).

Any point P by its co-ordinates represents

a possible conihination of quantities A^

and Bj consumed by I. By varying point

P all possible combinations of A^ and B^

are represented. At P erect a perpen-

dicular to the plane of the page whose

length shall represent the marginal utility

of Aj for the combination, that is, the

degree of iitilitj^ of a small addition of

Aj, (B, reiuaining the same). If P as-

sumes all possible positions, the locus of the extremity of this per-

pendicular will be a surface.

Again at P erect a different perjjendicular for the marginal utility

of Bj its extremity will generate another surface. The first sur-

face takes the place of a utility curve for [a), the second for (i).
*

These two surfaces may be regarded as the derivative surfaces

(with respect to the variation of A^ and of BJ, from a primitive

whose ordinate (perpendicular at P), is the total utility of the com-

bination of Aj and B^ represented by the point P. This surface is

usually convex like a dome with a single maximum part, but it need

not always be. There may be two maxima as will presently appear.

In such a case it cannot be everywhere convex.

If a plane be drawn tangent to this last surface at a point over P,

the slope of the plane parallel to the A direction will be the ordinate
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of the first derived surface ; i. e., Avill be the marginal utility of A^,

while the right and left slope will he the marginal utilit}^ of B^ or

the ordinate of the second derivative surface. The primitive surface

thus supplies a convenient way of uniting in thought the two mar-

ginal utilities. Its absolute height* above the plane of the paper is

of no consequence ; it raa}'^ be lowered or heightened without dis-

turl>ing tangential directions or affecting its two derivatives.

§8.

The three surfaces thus constructed need not extend indefinitely

over the plane. They may approach vertical plane or cylindrical

asymptotes so that for some points in the plane there may be no

surface vertically over or under.

Mathematically the total utility and marginal utilities at these

points are imaginary. Economically it is impossible that the indi-

vidual should consume quantities of [a) and [h) indicated by the co-

ordinates of such points.f Those parts of the plane where such

points are may be called " empty."

§9-

If (fig. 18) the point P moves vertically (up and down on the page)

the extremity of the perpendicular for the total utility describes

one of Auspitz und Lieben's curves for A^, it being understood how-

ever that the quantities of other commodities do not change.^

The perpendicular for the marginal utility of Aj generates in the

first dei'ivative surface a Jevonian§ curve of utility for A^ it being

understood that B^, Cj, etc. are constant. This curve xoill usually

descend hut it may not and cannot in certain regions if the surface

is derived from a primitive with two maxima, or any concave primi-

tive. The other perpendicular, however, traces a curve which has

4, never been used, viz : one which shows the relation between the

quantities A^ and the marginal utility of B^ xohile B^ remains con-

stant. This curve will in general descend or ascend according as

r the articles (a) and (6) are competing or completing. For instance,

* It is in fact the arbitrary constant of integration.

f This "asymptote" and "imaginary" inteii^retation appears to cover the

> class of cTiflficiilties which led Marshall to say his curves failed to have meaning

I

at points at which the individiial conld not live.

^It is rather, then, an " Elementarkurve " of a " Lebensgeunsskixrve " there

being an " anfangsordinate."

§ Jevons' curve is evidently the derivative of Auspitz und Lieben's. See table

Appendix I, Diyision II, i^ 3.
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suppose (a) and (5) are two brands of flour. If I consumes during

the period X units of one brand and 20 units of the other his desire

for a 21st unit of the latter will depend on how much he has of

the former (how large X is). If he has much of the first kind his

desire is small.

A similar jDair of curves may be found by moving P horizontally.

If the supposition in Part I were true the two strange curves (viz:

connecting marginal utilities of A and B with quantities of B and

A, respectively), would reduce to straight lines parallel to tiie plane

of the paper.

ij 10.

The relations indicated by these three surfaces are really all

included in one of them—the primitive. Consequently, to avoid

troublesome transitions fioni one mode of representation to another

we shall hereafter confine ourselves to this primitive surface.

Consider horizontal sections of this surface, that is sections par-

allel to the plane of the A and B axes. Each section forms a curve

which may be called an indifference curve. It is the locus of points

representing all consumption-combinations of A and B which have a

given total utility. In fig. 18 the attached number to each curve

represents the amount of this utility. They in general foi'm a

family of concentric curves vanishing finally at the point M of max-

imum satisfaction. M is the j^oint at which the individual would

arrange his consumption-combination of A and B if they cost noth-

ing. There may be two or more maxima. For competing articles

these maxima may lie in the axes (fig. 19), for one may prefer not to

consume both.

The ordinates may of course have any units of length. Suppose

19. this unit to be indefinitely reduced from an

inch to a millimeter, etc. Then our surface

becomes a layer. Its thickness may be fig-

ured as a density (rather tlian an ordinate),

distributed over the plane of tlie paper as

electricity over a conductor. Each indif-

ference curve is the locus of points where

the densit}' (formerly ordinate), is a given

amount. This idea of density will be hence-

forth used tliough the necessity for its use

does not come till the next chapter.

Fig. 20 shows the curves for competing articles and fig. 22 for

completing. For "perfect" substitutes the curves (fig. 21) reduce
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to parallel straight lines whose intercepts on the A and B axes are

inversely proportional to the fixed ratio of their marginal utilities.

The point ^I is indeterminate on the line 99. "Lehigh" and

31.
20.

p

" Lackawanna " anthracite coal are nearly perfect substitutes. If it

cost nothing the individual would indifferently consume the quan-

23.

B'B
tity 09 (vertical) of one or 09 (horizontal) of the other or any

combination of the two on the straight line 99 inclined in this case

at 45°.

For perfect completing articles the Avhole family of curves

reduces to a straight line passing through the origin (fig. 23). Let

us regard a pair of shoes as two distinct commodities : right shoes

and left shoes. For any point in the line OM (fig. 23), the desire

for right shoes vanishes as long as no new left shoes are admitted,

and yet the desire for a ncAV pair may exist. The idea of marginal

utility for right shoes has no application though that for pairs of

slioes has.

§ 11-

There are endless points of view from Avhich the yn-iraitive and its

derivatives may be approached and made to yield the economic

relations we seek.* Descriptions will be confined chiefly to the

* For instance we might take curves corresponding to the sections of the deriv-

ative surfaces at various heights, or curves orthogonal to the indifference curves

'these will be again referred to), or curves representing the locus of points at

which the marginal utilities of the two commodities have a given ratio.
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indifference curves, the tangents and normals to which play an

important role.

When our individual fixed his whole consumption combination to

suit himself, let us suppose that he spent $25 per year on the two

articles {a and h) under consideration. We may metaphorically

compel him, while not altering in the least his pui'chases of other

articles and hence having the same $25 to spend on {a) and (5), to

contemplate spending it in a different way. If the price of {a) is

$0.25 and of {h) is $0.50, the two simplest methods of spending his

$25 is to spend it all on (a) and purchase 100 units, or to spend all

on [h) and purchase 50 units.

In fig. 18 lay off OA = 100 units and OB = 50 units. Then any

point on the straight line AB loill represent a consumption combina-

tion ofA and B pmrchasahle for $25.^ AB may be called ^partial

income line. Our individual is therefore left free only to select his

combination somewhere on this line. The combination 5 or 5 pre-

sent equal inducements but not as great as 6 or 6 on an arc of

greater utility, nor there as much as at I. He will select his combina-

tion in such a manner as to obtain the maximum total utility, which

is evidently at the point I inhere AB is tangent to an indifference

curve.\ At this point " he gets the most for his money."

His selection I is of course just what it was before we began our

analysis. But we have advanced one step. We have partiallj^ anal-

yzed this equilibrium, that is we see the equilibrium for A and B
while the prices and quantities of other articles remain the same. It

is as if a pendulum free to swing in any vertical plane is found at

rest and a scientist attempts to analyze its equilibrium. He forth-

with confines its motion to a single plane and discusses its equilib-

rium there. The analogy suggested may be extended. The prin-

ciple underlying the equilibrium of a pendulum or any mechanical

equilibrium (as of a mill pond or of a suspension bridge) is: that

configuration will be assumed which will minimize the potential. So

also the supreme principle in economic equilibrium is: that arrange-

ment will be assumed which will maximize utilityj.

* Proof : Equation of AB is -^ + j^ = 1 where x and y are the co-ordinates

25 25
of any point on AB. This becomes .'/ • ^ + •* • Ty^ = 25 ;

tliat is, x times

its price -f- y times its price equals $25.

f When AB is tangent to two indifference curves that one will be selected

which has the gi-eater utility.

X See interesting remarks, Edgeworth : Mathematical Psychics. Also in his

address as Pres. section Econ. Sci. and Statistics Brit. Asso., Nature, Sept. 19,

1889, p. 496.
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§ 12.

Since OA and OB represent quantities A and B of commodities

{a) and (h) purchasable for the same sum ($25), they are inversely

proportional to the prices of («) and {b).

If prices remain the sam^ but the individual gro\^s richer and the

sum he can afford to spend on (a) and [b) is no longer $25 but $50>

the line AB simply recedes twice as far remaining parallel to itself.

As it changes, its varying point of tangency follows a tortuous line

the locus of all points at which the individual would arrange his

combination of A and B at the given prices.

If the price ef (a) increases, OA relatively diminishes and a new
point of tangency is found. If the articles are completing (fig. 22)

a change of price will not cause the tangent line to very greatly

alter the proportion of consumption of the articles for it will merel}'^

change the position of I to (say) I', and it is clear that the coordin-

ates of r have nearly the same ratio as tliose of I ; if substitutes

(fig. 20) a slight relative change in price will cause an enormous

change in the proportions used (I and I'). This was found to be the

case in 1889 when a copper syndicate attempted to raise the price

of cop])er. Hardly any article exists which has not some substi-

tute. This sort of dependence keeps manufacturers watchful. It

is because of this dependence that some " useful " articles go out of

use.

§ 13.

Fig. 24 represents two " grades " of the same commodity, as brown

and granulated sugar. The superior grade is laid off on the B (hor-

izontal) axis, and the inferior on the .

A (vertical) axis. The j^oint of maxi-

mum satisfaction is in or near the B
axis. If the individual is poor and can

afford to spend little on the article he

will buy the poorer quality. The line

AB is tangent to an indifference curve

in or near the A axis at I. If lie grows

richer the line AB recedes from the

origin and he purchases the combina-

tion r containing considerably more of

B; he uses this superior quality on Sun-

days (say) Avhile consuming A on week days. If he grows richer

still, he changes the position to I" using none of A or only a little.
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The inclinatiou of the line AB is such that OA ^ OB that is A is

cheapei- than B, for OA and OB are the quantites of A and B pur-

chasable for the same money. If the prices of A and B were equal

so that OA = OB, it would not be tangent to an indifference curve

unless on the B axis and A would go out of use.

Moreover it is evident that a slight variation in the relative prices

of A and B will change greatly the position of I for a poor man but

will not change materially that of I'' for a rich man.

If the poor consumers predominate the line AB will follow the

general trend of the curves near the origin. If the rich consumers

predominate the line AB will become steeper (as in the dotted posi-

tions). That is the two prices of the two qualities separate widely.

This interprets the fact that in a rich market like New York Cit^'

a slight difference in quality will make an enormous divergence in

price while in some country towns different grades either do not exist

or sell for nearly the same price. In the country districts of " the

west " all cuts of beef sell for the same price (about 10 cts. per lb,).

In the cities of the west two or three qualities are commonly dis-

tinguished, Avhile in New York a grocer will enumerate over a dozen

prices in the same beef varying from 10 to 25 cts. per lb.

§ 14.

In fig. 25 if the individual III attempts to change the position of

III he may do so in many

different " directions^ If he

changes in the direction III

a, he will increase his con-

sumption of A without alter-

ing that of B or if toward B,

III /i, without altering A, if

in an intermediate direction,

III 6, he will increase both A
and B and in the ratios of

the component!? of that direc-

tion (III a and III (i). The

direction of maximum in-

crease of utility is perpendicular to the indifference curve.* We
may figure III ^ as a force. If III were in any other position the

force would evidently have a component along the line A.^ Bg and

would move III back to the position of equilibrium III.

25.

* For between two infinitesimally distant indifference curves the shortest route

is on their perpendicular.
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We may call the perpendicular direction III 6 tbe " maximum

direction." It has the important property that its components III a

and III /? are proportional to the marginal utilities of A and B.

This follows from a theorem* of vector calculus or thus : III a and

III [3 are inversely proportional to OA3 and OB3, that is directly

proportional to the prices of A and B and therefore proportional to

their marginal utilities.

f

If (fig. 25) the separate curve s^-steras of all individuals I, II, etc.

are drawn, and the lines AB draAvn in each case, they will be paral-

lel. For the prices are viniform among all individuals and OA and

OB in each case are inversely as the prices.

Since the normals to these lines will also be parallel, this theorem

may be stated: The " maximum directions " of all are alike.

§16.

These methods apply to the comparison of any tioo commodities

and afford a means of graphically representing statistical relations

connecting the demands for two articles so far as the variations in

the quantities of other articles can be eliminated.

The same principles apply to the production of two articles. Hides

and tallow are com])leting articles from a producer's standpoint.

Likewise coke and coal gas, mutton and wool, and in general any

article and its " secondary product."

On the other hand most articles are competing or substitutes from

a producer's point of view. The difficult}^ of producing cloth is

greatly increased if the same individual produces books. This is

the root of the principle of division of labor and leads to that im-

portant contrast between production and consumption once before

alluded to. This and other contrasts will be mentioned in Appen-

dix' II, § 8. Marshall and others are fond of using the expression

" fundamental symmetry of supply and demand." This notion must

be supplemented by that of a " fundamental asymmetry." As social

organization progresses each man (and each community or nation)

tends to become producer oi fewer things but consumer of more.

* Gibbs, Vector Analysis, §§ 50-53.

, -o^ , 1 . • 1
III

«

^/3 OB, po
+ I' or bv similar triangles: -.r—^ = :i^:^i-;r- = -^ = .
' -^ ^ III /3 111 i3 OA3 PS
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Fig. 26 shows the iisual sort of indifference production curves.

26. B is here laid off to the left and A downward
;

the line AB is the locus of production combina-

tions of A and B which can be sold for the

same money, say 81,000. The point of tan-

gency* I is the point at which the individual can

produce the required 1 1,000 worth of A and B
with the minimum disutility. The curves are

such that the i^oints of tangency will be gener-

ally at or near the axes, especially if the amount

of production is large i. e. if the line AB is far

from the origin. If B becomes cheaper (OB longer) the point of

tangency will change but slowly until presently there are two points

of tangency and if B becomes still cheaper the individual will change

his profession suddenly from the position I to a position in or near

the A axis.

The numbers on the indifference curves for production increase in-

delinitely negatively. Thei'e is usually no maximum or minimum
point.

§17.

Finally an article consumed may be competing or completing to

another produced. A blacksmith finds small utility in dumb bells;

the production of horseshoes " competes " with the consumption of

dumb-bells.

The relations between competing articles and completing articles

are not always so simple, for articles may be competing at some

combinations and completing at others. Statistical inquiries along

these lines might be made with profit, and have apparently attracted

little attention.!

CHAPTER II.

THREE OR MORE COMMODITIES.

§1-

The foregoing methods extend very readily to three dimensions.

Suppose the whole market to attain equilibrium. As before, let us

as it were, freeze this equilibrium except for three commodities A, B,

and C. Then as before, we obtain a fixed sum of money disposable

* The tangency must be siach that the curve is on that side of the straight line

toward the origin. The other kind of tangency represents an unstable equilib-

rium, t See Jevons, p. 135.
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for the purchase of A, B, and C, by each individual. Construct

three mutually perpendicular axes (OA, OB, OC,) in space. Con-

ceive this space to be filled with matter whose density distribution

is the total utility for A, B, and C, relative to a particular individual

I. There may be "empty" portions of space. The locus of points

re^^resenting combinations of A, B, and C, possessing a given utility

will be an indifference surface. All such loci will form a "family"

of concentric surfaces like the coats of an onion around one or more

points of maxima.

Lay off on the A axis OA, equal to as many units of A as can be

bought for the sum of money disposable by I for the purchase of

A, B, and C. Lay off OB and OC similarly defined. Draw the

plane ABC. This is the locus* of all consumption-combinations

of A, B, and C, purchasable with the given sum of money. It is a

" partial income plane." Its point of tangency with an indifference

surface will mark the chosen combination. A normal at this point

indicates the "maximum direction" and its A, B, and C components

are the marginal utilities, proportional to the prices of A, B, and C.

§2.

The utility distributions may be very complicated. If the three

articles are substitutes like oats, corn, and rye, the indifference sur-

faces may be almost plane and will allow but little change in the

orientation of the partial income plane, while each slight change

shifts the point of tangency greatly (cf. fig. 20 for two dimensions).

If they are completing articles as cuffs, collars, and ties the indiffer-

ence surfaces are arranged like concentric cocoons directed toward

the origin (cf. fig. 22 for two dimensions).

But the three arti'cles may be more intricately related in utility.

Of tea, coffee and sugar, the first two are substitutes while the last

is completing to both. If this triple completing and competing rela-

tion of articles were " perfect," the utility distribution would reduce

to a plane passing through the origin and cutting between the

" sugar " and " tea " axes, also between the " sugar " and " coffee "

axes. Several characteristics of such an ideal utility dependence

would exist. If the triple dependence is not " perfect " the plane

referred to swells out into a flat disk or rather a " family " of con-

centric disks. The triple variation of prices and its effects on the

ABC 50 50 50
*ForitBeqna.is— +-+^ = 1, whence: A. — + B.-+C.^ = 50

or A.pa + BiJft + Cpc = 50.
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relative amounts of the three articles (that is on the position of

the point of contact) can readily be discerned by its aid. Far more

complicated cases are supposable and exist in reality.

§3.

If we suppose for an instant that there are but three commodities

in the market, the preceding analysis yields a complete account of

the equilibrium in that market.

To sketch this briefly let us suppose the space to be filled with a

utility density for I, another supei'posed but different distribution

for II, and so on. Let us include production. If one man should

be both a consumer and producer of the same article, the net con-

sumption or production is now to be taken, and the total utility or dis-

utility of this net amount is the density. The planes before referred

to as partial income planes may now be called "total income and

expenditure planes," and they niKSt each pass through the origin^

(01, fig. 27 for two dimensions). Since the "maximum directions"

(normal to their planes) are j^arallel, these planes must all coincide.

The point in this plane selected by I will be that of tangency to an

indifference surface for I. Likewise for II, III, etc. Such points

*For since income balances expenditure, if Ai, Bi, Ci, represent the (net)

amounts consumed or produced by I, those consumed being treated as positive,

and those produced as negative, the whole money vahie must be zero : i. e.

A . j3^ + B . p^ + C . p^. = 0,

which is the equation of a plane passing through the origin.
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could be found whatever the position of the plane. But the plane

must assume &uch an orientation that the center of gravity of these

points shall be the origin. That is the algebraic sum of all the A
coordinates consumed must equal the sum produced. Likewise the

algebraic sum of the B and C coordinates must each be zero.

Hence with the geometrical analysis just described the equilib-

rium for a market of three commodities is determined when :

(1) All individuals' combinations lie in a common plane through

the origin (each individual's sales and purchases cancel).

(2) Each individual's combination is at the point Avhere this plane

is tangent to an indiffei-ence surface for tbat individual (the point of

maximum net utility).

(o) The points in the plane are so distributed as to make the origin

their centre of gravity (the production and consumption of each com-

modity balance).

Whence it follows geometrically that the " maximum directions "

are parallel, their components (marginal utilities) proportional as

between different individuals and that this proportion is that of the

orientation of the plane (the ratio of prices).

§4.

When this equilibrium is attained, let us, through the point of

tangency I, representing the consumption combination for I, pass a

section parallel to the plane of the A and B axes. The section of

this plane with the total income plane gives a straight line which is

none other than the partial income line of Ch. I, § 11 and its section

with the indifference surfaces gives back the indifference cm-ves of

Ch. I, § 10.

§ 5.

We have temporarily assumed only three commodities for we have

only three dimensions wherewith to represent them. A complete

presentation of the interdependence of utilities would require m
dimensions, for the utility of any one commodity A, is subject to

m independent variations according to a change in any one of the

m commodities, though (in general) the change of the quantity A
itself is most important.

There is a curious glamour over "the fourth dimension." The

popular interest is all to prove that it "exists." Its origin histor-

ically and its present usefulness is in the interpretation of a fourth

independent variation, i. e. in representing just such relations as now
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concern us. It seems unfortunate that only mathematicians should

be acquainted with this fact.

§6.

In this ')n dimensional space make m mutually perpendicular axes

for the commodities A, B, C, . . . M. Fill the space with a total

utility densit3^ Pass an m—\ flat* through the origin giving it the

proper orientation in view of the prices. The indifference loci will

be (m— 1) spaces (curved). The point of tangency of the (m— l)

flat with an (m— 1) indifference locus will indicate the total con-

sumption and production combination for an individual. A normal

to the {m— \) flat and (m— 1) indifference locus at their tangency

shows his "maximum direction" and its components the marginal

utilities of all articles.

These ideas are not so unfamiliar as they ajDpear. This space is

simply the " economic world " in which we live. We often speak of

spending an income in this or that " direction," to exjjress the rela-

tive amounts of commodities. When one speaks of the "point"

which a consumer or pro.ducer reaches, the use of the word is a

natural attempt to group in thought m different magnitudes. This

is accomplishe;d by regarding them as coordinates of a " point " in

the " economic world." It is an application to economics of those

ideas of " multiple algebra " which have addedf so to the beauty

and simplicity of geometiy and mathematical physics.

These conceptions will tend to a more compact comprehension of

the nature of economic equilibrium. In order to have equilibrium

in the whole system including production :

(1) The utility distribution must be given for each individual.

(2) The " maximum directions " must be alike among all indi-

viduals and between production and consumption.

(3) The origin must be the centre of gravity of all the individ-

ual points : that is the sum of all A coordinates for consumption

must equal the sum for production and likewise for B, C, etc,

(4) The common income and expenditure flat must pass through

the origin : that is the money values of each man's production and

consumption must cancel.

* I. e. a Euclidean space of {m — 1) dimensions related to the 7n-dimensional

space as a plane is to our space.

fSee J. W. Gibbs, Multiple Algebra, Proceedings Amer. Asso. Adv. Sci., vol.

XXXV.
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§8.

By passing- sections successively through the point I, we may nar-

row the discussion to as few variables as we choose. We may thus

select any three and discuss them as before in real space (cf. § 4).

§ 9. Analytical.

For those familiar with multiple algebra, that is with the quater-

nion analysis of Hamilton, the " ausdehnungslehre " of Grassman, or

the vector analysis of Prof. J. Willard Gibbs, the foregoing geo-

metrical simplification will lead to a striking analytical simplifica-

tion.*

Let I, II, . . . N, be vectors to the points I, II, . . . N from the

origin. Let U,, U^, etc., represent the total utility at the points

I, II, etc. Let vUj, vU„, etc., be vectors to represent in magnitude

and direction the maximum rate of increase of utility at the points

I, II, etc. (i. e. in the "maximum directions").

The conditions of equilibrium expressed in § 7 become :

(]) vU, =F(I); 7U, = F(n);... vL\ = F(N)

\2) V U, a V U^ Qc V L^3 a ... a V U„

(3) I + II + III + . . . + N =
(4) I. vU. = 11. vr,=: . . . =N. VU„=0
The first equation represents the several utility distributions.

The second means that the " maximum directions " are alike ; the

third that the amount of each commodity produced and consumed

cancel, and the fourth that for each individual the values of produc-

tion and consumption cancel.f

* See J. W. Gibbs' l^ector Analysis, p. 16, § 50.

f The scalar equations which the preceding vector equations replace can

readily be deduced from them. Let «, b, c, etc., be unit vectors along the

A, B, C, etc. axes. Multiply vUi=F(I) by a, b, c, etc. respectively. We ob-

tain m equations of the form vUi . a=F(I) . a or:

^ = F(A„ B„ C, . . . . M,).

Likewise m scalar equations are contained in V U2 = F(I1), etc.

Again from (2) since vUi a vUo,

vUi . a : vUi . '> = vUa . a : V U2 . 6 or:

riU dU _ rfU rfU

dAi ' dBi ~ dAi ' dB-2.

Likewise for Ci, D,, . . . M,. Likewise for VU3, etc.

Again (3) yields 1 . a + U . a + III . a+ . . . +N . o = or

A, -t-A2-!-A3+ . , . +A„ = 0.

Likewise for B, C, . . . M, making m equations.

Trans. Conk. Acad., Vol. IX. 6 .July, 1892.
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§10.

It is seen tbfit analytically the treatment of interdeiiendent com-

modities differ from that of independent commodities only in this,

that the equations Avhich re}3resent the functions have more letters
;

i. e. we have

^-^ = F(A, , B, . . . NJ instead of == F(A J.

All other equations are just as in Part I. In fact these function

equations are, so to speak, the residuary formulae ; they contain all

the unanalyzed conditions of the problem.

The marginal utilities are (as in Part I) in a continuous ratio

which is the ratio of prices. Yet there are some peculiar cases

which could not occur under the suppositions of Part I, viz : those

cases arising when the marginal utility of one or more articles has

no meaning.

If two articles are perfect completing articles, as gun and trigger,

there is no such quantity as the marginal utility of triggers alone.

Thei'e is, however, a marginal utility of a combined gun and trigger.

Now there are separate marginal disutilities for producing the gun

and triggei". How are all these quantities to be introduced into our

continuous proportion of marginal utilities ?

Suppose for a moment there were no difficulty of this sort. The

proportion for each individual would be just as before (Part I,

Ch. IV, § 10) and might be expressed as follows [G&<7 for gun T&^
for trigger] :

j^.L_ — _^'_ — r j>ji_ 1 _ r _i^_ 1 _
_ 1^ ~ _ i5L ~ i :^^ i

~
i *^- !

~~

i

*dU_ *d\}_
i

~ d\J

Finallv: It is clear that

I = A« + B?>+ . . . +Mm and vU, =——« + -—-6+ . . . +-77- in.

Substituting tlie?e values in I . vUi = we have after performing the multipli-

cation and remembering that a . a=\ and rr . 6 = a . c = . . . = fc . c= . . . =0,

A, -7^ + B, ---+
. . . -i-M, TtT^

=

or since prices are proportional to marginal utilities:

A, p„ + B, pi. + . . . M, 73m = 0.

Likewise for II, III, etc. making n equations.

Conversely we could derive the vector equations from the scalar.
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The last two members of this equation are new and require a

word of explanation. The next to the last is an obvious conse-

quence of the principles of composition and division. Its denom-

inator represents the marginal utility of Gun and Trigger combined

dV . , ,

'

and is written tttt-pt?,^ m the last member.

But the quantities which are starred are those which can under

our supposition no longer be said to exist. Hence all members of

the equation containing a star drop out and we have left the first,

second and last members. In other words, if two articles are

perfectly completing their joint marginal utility is in the ratio to

their joint price as the marginal disutility of producing either

article is to its price (negatively) or as every other marginal utility

is to its price.

In like manner if two articles are perfect completing articles from

the producer's standpoint, as beef-hides and beef-meat, their joint

marginal disutility is to their joint price as the marginal utility of

either is to its price (negatively) or as any marginal utility is to its

price.

If two articles are such tliat they are perfect completing both as

to production and consumption and in the same ratios, thej' not

only have no separate utilities or disutilities but they can have no

separate prices. Thus, the head, limbs, tail and other parts of a

horse are produced together and consumed (used) together ; they

have no separate price.

It is impossible for articles to exist which are perfect completing

articles both for consumption and production but are produced in

one ratio and consumed in another.

Suppose two articles are such that the production of one is per-

fectly completing to the consumption of the other. Suppose, for

instance, that the production of a ton of iron involves the consump-

tion of a ton of coal, and that the consumption of the ton of coal

also implies the production of a ton of iron. The iron producer in

this case could not be said to have utility for more coal so long as

he does not produce more iron, nor can he be said to have disutility

of producing more iron without consuming more coal. What
utilities or disutilities then does he have ? He maj'^ be said to have

a joint marginal disutility of producing iron and consuming coal.

This " joint " disutility is to the difference of the prices of iron and

coal as the marginal utility of any commodity to him is to its price.

Like principles apply to three or more perfectly completing

articles. As long as articles are not perfectly completing there is
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no need for the substitution of joint utilities for single ones. As a

matter of fact the number of really perfectly completing articles is

relatively small.

If two articles are " perfect " substitutes for consumption and the

ratio of their marginal utilities is the same for all consumers, while

from a producer's standpoint they are not " perfect" substitutes, the

consumers fix the ratio of their prices (viz: that of their marg. ut.)

and the producers produce quantities accordingly. But the quan-

tities of each consumed by different individuals is entirely indeter-

minate. Thus the milk from each cow may be regarded as a sep-

arate commodity. The consumer is indifferent to which milk he

drinks, and purely accidental causes determine how much of each he

gets ; the producer, however, milks determinate amounts from each

cow.

If two articles are perfect substitutes both for production and

consumption and the ratio of their marginal utilities and of their

marginal disutilities are all alike their prices will have this ratio, but

the relative quantities of each produced and consumed is entirely

indeterminate
;

(e. g. the colors in the binding of a book).

If two articles are perfect substitutes and the ratio of their mar-

ginal utility of the first to the second is for every consumer greater

than the ratio of their marginal disutilities to all producers, the

first commodity alone will be produced and consumed and its price

will be determined as for any commodity.

In general if two articles are perfect substitutes, but the ratio of

their marginal utilities and the i-atio of their marginal disutilities is

different for different individuals, those to whom the ratio of mar-

ginal utilities of the first to the second is greater than the ratio of

their prices will consume only the first, those whose utility ratio is

less than the jjrice ratio will consume only the second, those whose

disutility ratio is greater than the pi-ice ratio will produce only the

second ; those for whom it is less, only the first.* In this case the

price of each article is determined just as usual, but for each indi"

vidual who does not consume or produce one or the other, its mar-

ginal utility or disutility simply fails to have meaning and drops

out of the equations
;
just as in Part I, occasionallj'- a cistern may

be entirely out of the tank water.

* If some producers and consumers should have their utility or disutility ratio

identical with the price ratio the relative amounts produced and consumed are

indeterminate to the extent of this coincidence.
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CHAPTER III.

MECHANICAL ANALOGIES.

§1-

For each individual situated in the "economic world," suppose

a vector drawn along each axis to indicate the marginal utility in

that "direction." The marginal utility of consuming («) is a vector

positive along the A axis, the marginal disutility of producing («)

(or the disutility of paying money for a) is an equal vector in the

opjaosite direction. In like manner the marginal utilities and

disutilities along all axes are equal and opposite.

This corresponds to the mechanical equilibrium of a particle the

condition of which is that the component forces along all perpen-

dicular axes should be equal and opposite.

Moreover we may combine all the marginal utilities and obtain a

vector whose direction signifies the direction in Avhich an individual

would most increase his utility. The disutility vector which indi-

cates the direction in wdiich an individual would most increase the

disutility of producing. These two vectors are (by evident geo-

metry) equal and opposite.

The above is completely analogous to the laws of composition and

resolution of forces.

If marginal utilities and disutilities are thus in equilibrium "gain"

must be a maximum. This is the mere application of the calculus

and corresponds exactly to the physical aj^plication of the calculus

which shows that at equilibrium the balancing of forces implies that

energy is a maximum. Now energy is force times space, just as

gain is marginal utility times commodity.
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The total rvork done by a particle in The total disutility sulfered by an indi-

moving from the origin to a given po-

sition is the integi'al of the resisting

forces along all space axes (resisting

forces are those directed toward the

origin) multiplied by the distances

moved along those axes.

vidual in assuming a given position in

the "economic world " is the integral

of the marg. clisut. along all commod.

axes (marg. disut. are directed to-

ward the origin) multiplied by the

distances moved along those axes.

The " total energy" (the work done ; The fotoru^?7zf!y enjoyed by the individ-

upon the particle) may be defined as ' ual is the like integral with respect

the like integral with respect to im- ' to marg. utilities,

pelting forces.

The net energy of the particle may be
j

The net ut. or gain of the individual is

defined as the " total energy" less the
j

the " total utility " less the " total

"total work." - disutility."

Equilibrium will be where net energy Equilibrium will be where gain is max-

is maximiim ; or equilibrium will be imum ; or equilibrium will be where

where the impel, and resist, forces the marg. vit. and marg. disut. along

along each axis will be equal. each axis will be equal.

(If " total energy " be subtracted from (If "total ut." be subtracted from

"total work" instead of vice versa
|

"total disut." instead of vice versa

the difference is ^^ potential" and is
\

the difference may be called "loss"

minimum). i and is minimum).

CHAPTER IV.

UTILITY AS A aUANTITY.

§1-

In Part I, Chap. I, Utility was defined with reference to a single

individual. In order to study prices and distribution it is not neces-

sary to give any meaning to the ratio of two men's utilities. Jevons

appai'ently did not observe this. Auspitz und Lieben did. So did

George Darwin.*

It would doubtless be of service in ethical investigations and pos-

sibly in certain economic problems to determine how to compare the

utilities of two individuals. It is not incumbent on us to do this.

When it is done the comparison will doubtless be by objective stand-

ards. If persons alike in most respects show to each other their sat-

The Theory of Exchange Value. Fortnightly Eeview, new series, xvii, 243.
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isfaction by similar gestures, language, facial expression, and gen-

eral conduct we speak of their satisfaction as very much the same.

What however this may mean in the " noumenal " world is a mys-

tery. If on the other hand differences of age, sex, temperament, etc.

enter, comparison becomes relatively difficult and inappropriate.

Very little could be meant by comparing the desire of a Fuegian for

a shell-fish with that of a college conchologist for the same object

and surely nothing is meant by comparing the desires of the shellfish

itself with that of either of its tormentors.

§ 3.

When statistics becomes a developed science it may be that the

wealth of one age or country will be compared with that of another

as '* gain " not money value. If the annual commercial product of

the U. S. was in 1880 19,000,000,000* and by increased facilities for

production prices are lowered so much that the product in 1890 is

only valued at (say) $8,000,000,000 it proves a gain not a loss. The

country would be the richest possible when all things wei-e as plenti-

ful as water, bore no price, and had a total valuation of zero. Now
money value simply measures utility by a marginal standard which

is constantly changing. Statistical comparison must always be rough

but it can be better than that. The statistician might begin with

those utilities in which men are most alike—food utilities— and those

disutilities in which they are most alike—as the disutilities of de-

finite sorts of manual labor. By these standards he could measure

and correct the money standardf and if the utility curves for vari-

ous classes of articles were constructed he could make rough sta-

tistics of total utility, total disutility, gain, and utility-value which

would have considerable meaning. Men are much alike in their di-

gestion and fatigue. If a food or a labor standard is established it

can be easily ap])lied to the utilities in regard to which men are

unlike as of clothes, houses, furniture, books, works of art, etc.

§4.

These inquiries however do not belong here. Let us instead of add-

ing to the meaning of utility do the very opposite and strip it of all

attributes unessential to our purpose of determining objective prices

* Edward Atkinson, Distribution of products, p. 141.

+ Cf . Edgeworth, On the method of ascertaining and measuring variations in

the value of the monetary standard, Report of the British Association for the

Advancement of Science, 1887.
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and distribution. Definition 3, Part I, Chap. I, § 4 yielded uniform

results only on the assumption that the utility of each commodity was

independent of the quantity of others. Similar assumptions are nec-

essary in geometry. A unit of length is a yard. A yard is the length

of a standard bar in London. To be used it must be assumed that its

length is not a function of its position nor dependent on the changes

in length of other bodies. If the earth shrinks we can measure the

shi'inkage by the yard stick provided it has not also shrunk as a nec-

essary feature of the earth's change. Definition 3 was essential in

Part I to give meaning to the cisterns used. Such a definition is essen-

tial to the analyses of Gossen, Jevons, Launhardt, Marshall, and all

writers who employ coordinates. Yet it is not necessary in the

analysis of Part II.

§ 5.

lines of force " are drawn perpendicular to the in-

difference loci. The directions of these lines of

force are alone used in the formulae in Ch. II, § 9

which determine equilibrium. Therefore the

directions alone are important. It makes abso-

lutel}^ no difference so far as the objective de-

termination of prices and distribution is con-

cerned what the length of the arrow is at one

point compared with another. The ratios of the

components at any point are important but these

ratios are the same whatever the length of the

arrow. Thus we may dispense with the total

utility density and conceive the " economic world " to be filled

merely with lines of force or *' maximum directions."

§ 6.

Even if we should give exact meanings to the length of these ar-

rows (so that the equation v U, = F(I) should signify not only that

for each position in the economic world a definite " maximum direc-

tion " exists but also that the rate of increase of utility or the length

of the vector along this line is given)—even then there would not be

a complete primitive U,=:^(I) unless certain conditions were ful-

filled.* These conditions are (1) that the lines of force are so ar-

ranged that loci {surfaces in two dimensions, in—\ spaces in m di-

mensions) perpendicular to them can be constructed, and (2) that

* Osborne, Differential Equations, p. 12.
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the rate of passing from one locus to the next along a line of force

shall for all positions between the two loci be inversely proportional

to the value of vU^ already assigned to these positions. If vU, is

not distributed in the above manner integration is impossible and

there is no such quantity as toted utility or gain.

§7.

Even if the integration were possible there would still be an arbi-

trary constant. We could even claim that total disutility exceeds

total utility and all man can do is to minimize the disagreeable in-

stead of maximize the agreeable. In other words, if we embrace

hedonism, there is nothing in economic investigation to cause us to

choose between optimism and pessimism.

Thus if we seek only the causation of the objective facts of prices

and commodity distribution four attributes of utility as a quantity

are entirely unessential, (1) that one man's utility can be compared to

another's, (2) that for the same individual the marginal utilities at

one consumption-combination can be compared with those at another,

or at one time with another, (3) even if they could, total utility and

gain might not be integratable, (4) even if they were, there would

be no need of determining the constants of integration.

ExD OF Part II.'
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APPENDIX I.

MISCELLANEOUS REMARKS ON PART L

I. FAILURE OF EGUATIONS.

Jevons (p. 118) discusses the failure of equations for simple ex-

change. It is clear that such failure must frequently occur in com-

plex exchanges but no one has apparently commented on it. It would

seem at first sight that this would introduce an indeterminate element

into our results. Such however is not the case unless we take account

of articles neither produced nor consumed ; then the highest price

which any consumer will pay for the first infinitesimal is less than

the lowest price at which any one will produce it; there is no pro-

duction nor consumption and the term price has no d.eterminate

meaning. As soon as changes in industrial conditions, that is in the

shape of the cisterns or their number makes this inequality into an

equality, the article enters into our calculations.

Suppose A is produced by n^ people, consumed by n^, and ex-

changed or retailed by w^, where n^, n^ and n^ are each less than 7i

(the number of individuals.) Moreover from the nature of our

former suppositions if any of the three are greater than zero all

must be, for anything once in the system is supposed to be produced,

exchanged and consumed within the given period of time.

The number of people who do not

produce A is 7i—n^,

. exchange A is n—n^^

consume A is n—n^.

The number of unknowns dropped out of the equations in Ch. VI,

§2, is

3«— (w^-f //^ + >^^) of the type Aj_^, A|_^, Aj_^, etc.,

and ^n—{n^-\-n^-\-n^) of the type -, ,

or Qn—-{n„-{->i^-\->i'^) altogether.

The failing equations in the first set are none,

" " " " second " none,

" " " " third " 3?^— (^^ + n^-fwj,

" " " " fourth " 3«— (M^ + /^^-|-?^J,

" " " " fifth " none,

or Qn—2{np-\-n,-^n^) altogether.

From the above agreement it appears that there can be no indeter-

minate case under the suppositions which were first made. Let us

look at this somewhat more closelv.
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1

'
)

separate equations but only n['im — V) are independent. Which shall

be selected is a matter of convenience. We may make every equa-

tion contain 2)a,n foi' instance and write

d\J dU d\J d\J^3-= etc.

Pa.„ : 1\^ = etc.
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the other two) it is only necessary to have a plane curve of appro-

priate form and to represent any two of the above economic magni-

tudes by any two geometrical ' magnitudes determined by the posi-

tion of points in the curve.

Out of the numerous possible methods thus included, the one se-

lected for the preceding discussion was to represent marginal utility

by the Cartesian ordinate and commodity by the ai'ea included be-

tween the curve, the axes of coordinates, and the abscissa drawn

from the point.

§2.

In order to show the connection between this system of coordi-

nates and those of Jevons and of Auspitz und Lieben, the following

scheme is presented :
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These curves are shown in figs. 29 and 30 (Jevons), 31, 32 (Aus-

pitz und Lieben), and 33, 34 (new). The first in each case is for

consumption the second for production.*

§3.

If Jevons' curve for consumption becomes a straight line, fig. 35,

its equation is:f

»"i+'?yy = ''^•

Using the preceding table substituting for x^ and ijj we get in

Auspitz und Lieben coordinates :

35. 36. 37.

d\L,
^'"-^

dx^ = ''''

which integrated gives

Since the curve must evidently pass through the origin, C = 0,

and using new constants Ave may write
:J

1/^ =z ax„—f5x^,

which is a parabola (fig. 36).

* Jevons used no production curve. The one drawn is inserted to complete
the comparison. Fleehiing Jenkins' " Demand and Supply " curves are the same
as Jevons save that price replaces marginal utility.

f Gossen, Launhardt, Whewell, and Tozer(the last two use no geoinetnc analy-

sis) employ such a linear supposition, though the meanings of their variables are

not identical.
:]; Launhardt's equation.
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For the new coordinates the substitutions from the table give :

fxdij-^qy = m,

which reduces to ck = — q^

a straight line parallel to the axis of ordinates (fig. 37).

The Auspitz und Lieben curve does not reveal to the eye the spe-

cial supposition (that commodity and marginal utility change pro-

portionally). If we suppose that marginal utility decreases at a con-

stant rate in relation to constant second differences of commodity,
the new diagram reduces to a straight line :

x —qy-^m z= 0,

while the other curves would be :

{y„-^Ax„+By z=C{D~x„y

and Xj = E-Fyj-Gy;.

§4.

The value of Jevons' diagram consists in the use of a simple and

familiar system of coordinates (the Cartesian) as representing the

two chief economic quantities, and is probably the best for elemen-

tary purposes.

The value of Auspitz und Lieben's diagram together with a

" derivative " curve* not shown above consists chiefly in the ease with

which maxima are discovered and the clear association of maxima
with equality of marginal utilities. It is believed that the third

method will, by means of its applicability to the mechanisms of

Part I, more clearly reveal the interdejjendence of the many com-

modities of many individuals and of their many utilities.

§5.

The properties which are essential to the curve we have adopted

are:

—

First. That the curve shall never admit of being intersected twice

by a horizontal line (i. e. that it shall not cease to run in a general

uj) and down manner), to express the fact for consumption that mar-

ginal utility decreases as quantity of cotnmodity increases and for

production that marginal disutility increases as tJte quantity of com-

modity increases.

Whose Cartesian coordinates are Xa and i/a
—'^—

.

dXa
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Second. That the curve shall approach the axis of ordinates

asymptoticalh^ and in such a manner that the Avhole area between

it and the axis is finite, to express the fact that marginal utility

becomes infinitely tninus for consumption of, and infinitely plus for

p>rodaction of finite limiting quantities of commodity.*

Third. The curves begin (have commodity equal to zero) at a

finite vertical distance from the origin. (These assumptions are less

generally true of production than of consumption, but they have

been here employed throughout.)

It is evident that in comparing the forms of curves for different

articles their differences and peculiarities are determined in a most

delicate fashion by the form of the curve . . . far more delicately

than, with our present statistical knowledge, is necessary.

Observe, then, what the abscissa, of our curve stands for. An
infinitely thin layer xdy is the amount additional demanded (or

supplied) in response to an infinitesimal decrease (or increase) dy in

marginal utility. The abscissa x is the ratio of the infinitesimal

layer xdy to the infinitesimal change of price, dy. It is therefore

tJie rate of increase of quantity demanded] (or supplied) in relation

to change of marginal utility. AM (figs. 2 and 3) is the initial rate.

Conculting II, § 2 of this appendix, we see that

x^=fxdy
Hence, dx^ = xdy

But ?/ = 2/i
^"cl (^1/ = '^h/j

Hence —— = x.

That is the abscissa of our curve is the tangential direction in

Jevons' curve, considered with respect to the axis of ordinates.

Hence if Jevons' curve be subjected to the condition of being

convex, the new curve must have the simple condition that succes-

sive abscissas diminish, etc., etc.

Hitherto nothing has been said as to the mode of representing

total utility and gain.

If y^ is the mafginal utility (which may be figured in money) at

which a consumer actually ceases to buy, y^ that at which he would

" Cf. Auspitz und Lieben. pp. 7 and 11.

t Cf . foot note Cli. IV, § 8, div. 3.
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just begin to buy, then his consumer's rent or gain is (see Ch. I, § B)

G = / y X dg — g ^ I x dg
gi^ l/k

or measuring this gain in the given coimnoditg as valued at y^ cents

(say) per unit;^

— = / ''' '^ X dg— I
^' X dg.

This may be interpreted by a simple geometrical construction.

In fig. 38 OA = 2/i and OR = y,.

39.



in the theory of value and ^rnces. 97

ratio 07/OR so that by getting it at less than he was willing to pay,

he has gained the element 35 measured in corn. His gain is maxi-

mum when he jiurchases such a quantity that its final utility equals

its i^rice.

Fig. 39 applies to " producer's rent " or " gain," substituting

" sale " for " purchase "; " sell " for " buy."

To express the gain in money the area M26 must be multiplied by

the price. On each cistern construct the curve 62 (fig. 38) and con-

sider the area RA26 to move front and back one unit (say one inch)

so as to trace a volume (fig. 40) adjacent to the front cistern and

40.

again to move jo inches further back so as to trace a volume adjacent

to the back cistern.

The front volume gives again the total utility measured in com-

modity. The back volume gives the total utilitj'' measured in money.

That is the whole back cistern and its adjacent volume represent the

money which if the individual paid he would neither gain nor lose,

provided his marginal valuation of it is unchanged by the operation.

The cistern portion is the money he actually pays and the outside

volume 7, 10, 12, 9, 8, 11 is his "gain." Likewise for the producer.

III. GAIN A MAXIMUM.

§1.

In the case of a single individual distributing a fixed income over

various commodities under fixed prices the distribution actually

Trans. Conn. Acad., Vol. IX. 7 July, 1892.
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attained and specified in Part I yields the maximum total utility,

for, since (Ch. IV, § 2)

:

dA, ~ ^^ •
^^"

'^ ~ ^w*^ • ^^' ' • •
•

therefore :

cTA, — ^ _ _ ^
Pa ~ Ih ' ~ Pm' .

^ '

The numerators are the marginal utilities per unit of commodity.

To divide by the price is to make the unit of commodity the dollar's

worth. Each fraction is thu s the marginal utility per dollar's worth.

The equation expresses the fact that the rate of increase of utility

from spending more money on any one commodity equals the rate

of increase for any other. Hence by a familiar theorem of the cal-

culus the total utility must be the maximum attainable by any dis-

tribution of a fixed income. In like manner the individual dis-

tributes his production so that the marginal disutilities in all modes

of producing dollar's v/orth of commodity are equal so that his total

disutility is a minimum. Hence the difference between his total

utility and total disutility or his economic gain is a maximum .

§2.

In the distribution of a single commodity over man}^ individuals

since :

d\J _ dU d\J_ _dV_ d\J _ d\J

dA~d^/^"' 7lA^
~ dm^ Pa\ • • • \

^^^^^
—

^i^^f^-,

therefore,

JAj dA.^ _ (ZA„

d^ ~ d^ cTU'

dm .
dm^ dm^

(2)

that is, the marginal utilities (when the unit of utility is the marginal

utility of money for each individual) are equal and the total utility

is maximum. In like manner the total disutility is a minimum and

fjain therefore a maximum.

§3.

The first continuous equation may be divided by '— and the
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second by ji>„ and since the first members will become identical we

have a common continuous equation

:

d\J cZlJ cHJ

d\. dB. dA„

d\J ~ d\J ~ d\J

d^'^^" dm- ^'' dm,
^^"

= etc. (3)

that is, the marginal ntilities of all commodities to all consumers are

equal when the unit of utility is the marginal utility of money and

the unit of commodity the dollar's worth. Hence the total utility

in whole market thus measured is a maximum.*

However it nia}^ jiistly be objected that the marginal utility of

money to one person is not equatable to that of another, that is that

it is unfair to use the unit of utility for the poor man the high mar-

ginal utility of his small income and add the small number of such

large units in a poor man's gain to the corresponding rich man's gain

in which the unit of measure is small and the number of units lai'ge.

If w^e suppose by some mysterious knowledge an exact equiv-

alence of utilities were possible between different individuals (see

Part H, Ch. IV, § 2) and by some equally mysterious device of

socialism we could loithout changing the aggregate commodities alter

their disti'ibution so as to make the whole market utility a maximum

our condition Avould be

d\J d\J
, ,,,

dArdX^"'"- ^^

This could be brought about by a change in the relative incomes,

taking from the rich and giving to the poor until

d\5^_dV _ ^^^
d'^n, dm,

which applied to equation (3) will evidently afford the required (4),

or by breaking down the condition of uniformity of price and mak-

ing each man's price inversely as his marginal utilit}^ of money,

which applied to (3) will evidently yield (4).

To interpret equation 4 in the mechanism we ma}^ alter the posi-

tion of the stoppers in tig, 8 until the ordinates in each front and

back row are equal. (This will not be Avhen " incomes are equally

divided" nor when "gains" are equal, for persons differ in their

power of enjoyment, and it would still be true that those whose

* Cf . Auspitz tmd Lieben, p. 23 and 485.
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capacities for pleasure were great would consume the most in order

to make the aggregate gain in the Avhole market a maximum). Or

we may destroy all the levers and re-arrange the rear thicknesses

until the front and back ordinates are made equal.

In like manner the minimum disutilit}' would be attained if all

marginal disutilities were equal. The maximum gain would then

result. This is the maximum gain obtainable ii^hen the amounts of

each commodity consumed and prodn,ced are fixed and given. If

we are permitted to reai'range these amounts also, we shall secure

the maximum gain when the marginal utilities equal the marginal

disutilities ; i. e.

_d^ _ _^^ _ Jl^ _
7?a7; " ~dKZ ~ 'dA,, ^

~~ ^^^'

Under such a socialistic regime more " necessaries " and less

"luxuries" Avould be consumed and produced than previously.

The "rich" or powerful would produce more and consume less than

previously ; the poor or weak would consume more and produce

less. Yet for each the marginal utilities and disutilities would be

equal.

It is needless to say that these considerations are no plea for

socialism, but they serve to clear uj) a subject sometimes discussed

by mathematical economists and reconcile Launbardt's contention*

that utility is not a maximum with Auspitz und Lieben's that it is.

The former unconsciously has reference to equation (4) which is not

true, the latter to equation (3) which is.f

IV. ELIMINATION OF VARIABLES.

The four sets of equations. Part I, Ch. TV, § 10, can be reduced.

We mav substitute for —— its value F(A,) and thus eliminate all mar-
r/Aj

ginal utilities. Moreover we can get an expression for^^, j>4, etc.,

in terms of commodities. First, if m = n the second set of equa-

tions are easily solved by determinantsj giving :§

* Volkswirthschaftslehre tinder " Widerholte Tausch."

\ Auspitz und Lieben appear to overlook this difference of standpoint.

Preface, p. xxv.

I Bumside and Panton. Theory of Equations, p. 251.

g This equation does not mean that any arbitrary values can be assigned to

Ai B;, etc., and the resulting price of A be so simply expressed ;
only when Ai,

Bi, etc. satisfy all the conditions of Ch. IV, §10 will the price be expressible as

the quotient of the two determinants.
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"practical" man versus the scientist. A sea-captain can sail his

vessel and laugh at the college professor in his elaborate explanation

of the process. What to hitii is all this resolution of forces and

velocities which takes no account of the varying gusts of wind, the

drifting of the keel, the pitching and tossing, the suppositions which

makes of the sail an ideal plane and overlook the effect of the wind

on the hull ? There is no need to point the moral. Until the

economist is reconciled to a refined ideal analysis he cannot profess

to be scientific. After an ideal statical analysis the scientist ma}'

go further and reintroduce one by one the considerations at first

omitted. This is not the object at present in view. But it may
be well to merely enumerate the chief of these limitations.

§2.

In Part I the utility of A was assumed to be a sole function of

the quantity of A, and in Part II a function of all commodities con-

sumed by a given individual. We could go on and treat it as a

function of all commodities produced and consumed, treating not

net production for each article, but the actual amounts separately

produced and consumed by the given individual.

Again we could treat it as a function of the quantities of each

commodity produced or consumed by all 2)e7'so?is in the market.

This becomes important when we consider a man in relation to

the members of liis family or consider ai'ticles of fashion as dia-

monds,* also when we account for that (never thoroughly studied)

interdependence, the division of labor.

This limitation has many analogies in physics. The attraction of

gravity is a function of the distance from the center of the earth.

A more exact analysis makes it a function of the revolution of the

earth, of the position and mass of the moon (theory of tides) and

finall}' of the position, and mass of every heavenly body.

§3.

Articles are not always homogeneous or infinitely divisible. To

introduce this limitation is to replace each equation involving mar-

ginal utilities by two inequalities and to admit an equilibrium i7ide-

terminate between limits. f As an extreme case we may imagine an

article of which no one desires more than a single copy as of a book.

The utility of (say) Mill's Pol. Econ. is considerably greater than

* See David Wells, Eecent Economic Changes, on Diamonds.

f Auspitz imd Lieben, 117-136 and 467.
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its cost, biit the utility of a second cop_y is considerably less than

its cost. In the aggregate market, however, there will be a mar-

ginal peraon whose utilit}^ is A'ery close to the price. A change in

price will not alter the amount purchased by evei-yone, but will

alter the number of purchasers.*

§4.

Producing, consuming and exchanging are discontinuous in time.

The theory of utility Avhen applied to a single act of production or

consumption or of sale or purchase, is independent of time, or rather

the time element is all accoitnted for in the form of the utility

function.! But an analysis of a number of such acts must take

account of their frequency. The manner in which the time element

enters has puzzled not a few economists.

An example from physics may not be amiss. In the kinetic

theory of gases the pressure on the Avails of the containing vessel

is explained by its continual bombardment by molecules. But an

apparent difficulty must be observed. A rebound of a molecule

involves the idea of momentum only while that which we wish to

explain is pjresaxire or force which is not by any means momentum,

but momentum divided by time. How does this time enter? By
regarding not one but many molecules and taking account of the

frequency of their collision. The average momentum of each blow^

divided by the average interval between the blows is the pressure

sought.

So a produce exchange is a channel connecting production and con-

sumption. Instead of an even flow of one bushel per second, the

machinery of the exchange is such that by an instantaneous blow of a

bat, so to speak, a thousand bushes are knocked along. Time is in-

appropriate to explain the single blow but necessary to explain the

many,

§ 5.

The ideal statical condition assumed in our analysis is never satis-

fied in fact,

No commodity has a constant yearly rate of production or con-

sumption. Industrial methods do not remain stationar3^ Tastes

and fashions change. Panics show a lack of equilibrium. Their

explanation belongs to the dynamics of economics. But we have

* The analysis of H. CiimTighame in the Ec. Joiir. , March '92, apj)lies to this

case. t Cf . Jevons, 63-68.
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again a physical analogue. Water seeks its level, but this law does

not fully explain Niagara. A great deal of special data are here

necessary and the physicist is as unfit to advise the captain of the

Maid of the Mist as an economist to direct a Wall street speculator.

The failure to separate statics from dynamics appears historically*

to explain the great confusion in early physical ideas. To make

this separation required the reluctant transition from the actual

world to the ideal. The actual world both physical and economic

has no equilibrium. " Normal "f price, production and consumption

are sufficiently intricate without the complication of changes in social

structure. Some economists object to the notion of " normal " as an

ideal but unattainable state They might with equal reason object

to the ideal and unattainable equilibrium of the sea.

The dynamical side of economics has never yet received system-

atic treatment. When it has, it will reconcile much of the present

apparent contradiction, e. g. if a market is out of equilibrium, things

may sell for " more than they are worth," as every practical man

knows, that is the proper ratios of marginal utilities and prices are

not preserved.

§6.

We have assumed a constant population. But population does

change and with it all utility functions change. An analysis whose

independent variable is population^ leads to another department of

economics. In the foregoing investigation the influence of popula-

tion was included in the form of the utility function. So also with

all causes physical, mental and social not dependent on the quantities

of commodities or services.

Individuals are not free to stop consuming or producing at any

point. Factory operatives must have uniform working hours. The

marginal undesirability of the last hour may for some workmen

equal, for others exceed or fall short of the utility of its wages.

§8.

No one is fully acquainted with all prices nor can he adjust his

actions to them with the nicety supposed ; both these considerations

are starting points for separate discussion.

* Whewell, Hist. Indixct. Sci., I, 72-3 and 186. f Marshall, p. 84.

:j: See article of Prof. J. B. Clark. Distribution as determined by a law of

rent. Quart. Jour. Econ., Apr. '91, p. 289.
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§9.

The " fundamental symmetry of supply and demand worked out

by Auspitz und Lieben should not bind us to the fundamental

asymmetry. The symmetry enables us to investigate the general

dependence of consumption and production but special investigation

of production, e. g. of railroad rates should be independently pur-

sued.

(1.) Production of a commodity always precedes its consumption.

(2.) The maximum advantage in prodtcction involves few com-

modities for each individual, in consumption many.

(3.) Increasing social organization intensifies the former fact not

the latter.

(4.) There are more successive steps in production than consump-

tion.

(5) Social organization intensifies this distinction.

(6) Owing to (4) and (5) service rather than commodity becomes

increasingly the unit in production.

(7.) Freedom to leave off consuming at any point is greater than

for producing.

(8.) Social organization intensifies this.

(9.) Combination and monopoly are more feasible and frequent in

production than in consumption.

(10.) In production the distinction of fixed charges and running

expenses often plays an important role. This deserves a separate

treatment. The transportation charges on a steamship are not what

it costs to transport an extra ton but it is this quantity plus the pro-

portionate share of that ton in the fixed charges (interest, insurance,

etc). That is, the marginal cost of service involves the margin of

capital invested as well as the marginal cost of running the ship)

(which is purely nominal). This is so in theory of railroad rates

but the railroad investor cannot foresee the results of his enterprise

as well nor can he change his road when built from one route to

another as a steamship can do. To apply the theory to railroads

assumes that railroad projectors know Avhat the traftic will be. Con-

sequently the proper discussion of railroad rates, assiiminy that the

railroads are cdready built, takes no account of fixed charges but

becomes formulated as " what the traflic will bear."*

A complete theory of the relation of cost of production to price

in its varying and peculiar ramifications is too vast a subject to be

treated here.

" See Hadley, Eailroad Transportation.
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§ 10.

It has been assumed throughout this investigation that marginal

utility decreases as quantity of commodity increases. This is not

always true, e. g. it is obviously not true of intoxicating liquors.

J\ study of the liquor traffic Avould require a somewhat different

treatment from that of most other commodities. Still less is it

always true that marginal cost of production always increases as the

quantity i^rodiiced increases. It is clearlj^ not true that it costs

more in a shoe factory to produce the second shoe than it costs to

produce the first. Yet it is probabl}^ quite generally true that at

the actual margin reached in business the disutility of extending the

business grows greater. When this is not true and when it is not

true that marginal utility decreases as quantity of commodit}^ in-

creasess an instability is the result. The matter of instability is one

element at the bottom of the present industrial tendency toward

trusts and pools.

§11.

There is no isolated market. Not onh' this but a "market " itself

is an ideal thing. The stalls in the same cit}" meat market may be

far enough apart to prevent a purchaser from behaving precisely as

if he stood before two counters at once. The relation of the counters

ten feet apart differs in degree rather than in kind from the relation

of London to New York.

APPENDIX III.

THE UTILITY AND HISTORY OF MATHEMATICAL METHOD
IN ECONOMICS.

§1-

Mathematics possesses the same kind though not the same degree

of value in every inquiry. Prof. B. Peirce,* in his memorable

Linear Associative Algebra, says: "Mathematics is the science

which draws necessar}^ conclusions. ***** Mathematics is not

the discoverer of laws, for it is not induction, neither is it the

framer of theories for it is not hypothesis, but it is the judge over

both. ***** It deduces from a law all its consequences.

Mathematics under this definition belongs to every inquiry, moral

as well as physical. Even the rules of logic by which it is rigidly

bound could not be deduced without its aid. The laws of argu-

*Amer. Jour. Math.^ IV., p. 97.
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ments admit of simi>Ie statement, but they must be curiousl_v trans-

posed before they can be applied to the living speech and verified

by observation.

In its pure and sim])le form the syllogism cannot be directly com-

pared with all exi)erience, or it would not have required an Aristotle

to discover it. It mi;st be transmuted into all the possible shapes

in w^hich reasoning loves to clothe itself. The transmutation is the

mathematical process in the establishment of the law.'*'*

I make this quotation for I believe many persons, especially econo-

mists, do not understand the character of mathematics in general.

They imagine that a physicist can sit in his study and with the cal-

culus as a talisman spin out some law of physics. Some economists

have hoped for a similar mysterious use of mathematics in their own

science.

§'-^-

We must distinguish carefully between what may be designated

as mathematics and mathematical method. The former belongs, as

Prof. Peirce says, to every science. In this sense economics has

always been mathematical. The latter has reference to the use of

symbols and their operations. It is this which is to be discussed

here. A symbol may be a letter, a diagram, or a model. All three

are used in geometry and physics.

f

By an operation on symbols is meant a rule the formulation of

which depends on the mention of those symbols (as the operation of

differentiation). To employ mathematical method is to pass from

what is given to what is required by the aid of such a rule. To
avoid mathematical metliod is to do it Avithout the rule. Symbols

and their operations are aids to the human memory and imagina-

tion.

§3.

The utility of mathematical method is ))urely relative, as is all

utility. It helps greatly some peisons, slightly others, is even a

hindrance to some.

Before a schoolboy studies " mechanics " he is usualh' given in

his arithmetic problems of uniform motion. It would sorely puzzle

him if he were compelled to use the formula s=.xit. The employ-

ment of symbols has for him only disutility. But when in

* Cf . Grassmann, Ausdehntingslehre, Introduction.

f Few are aware how important models sometimes are in the treatment of

these sciences. Maxwell's model to represent the relations of volume, entropy

and energy in thermodynamics is an excellent example.
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"mechanics" proper a few years later the same boy studies " falling

bodies " he finds it helpful to use the formula v=.gt which contrasts

with the preceding formula only in that space (s) is replaced by

space per unit of time (u) and velocity (?<) by velocity acquired per

unit of time {g). The increased complexity of the magnitudes

makes a formula relatively desirable. Yet for some minds the latter

formula is of no use. Experience in teaching this very subject has

convinced me that there are a few who understand it better without

the aid of the formula, but they are just those individuals whose

comprehension of the relations involved is the vaguest and the

weakest.

The formulae, diagrams and models are the instruments. of higher

study. The trained mathematician uses them to clarify and extend

his previous unsymbolic knowledge. When he reviews the mathe-

matics of his childhood, the elementary mechanics is to him

illumined by the conceptions and notation of the calculus and qua-

ternions. To think of velocity, acceleration, force, as fluxions is not

to abandon but to supplement the old notions and to think of

momentum, work, energy, as integrals is greatly to extend them.

Yet he is well aware or ought to be that to load all this on the

beginner is to impede his progress and produce disgust. So also the

beginner in economics might be mystified, while the advanced

student is enlightened b}^ the mathematical method.

The utility of a mathematical treatment varies then according to

the characteristics of the user, according to the degree of his mathe-

matical development and according to the intricacy of the subject

handled. There is a higher economics just as there is a higher

phys'cs, to both of which a mathematical treatment is appropriate.

It is said that mathematics has given no new theorems to economics.

This is true and untrue according to the elasticity of our terms-

The challenge of Cairnes might be answered by a counter challenge

to show the contents of Cournot, Walras, or Auspitz und Lieben in

any non-mathematical writer.

If I may venture a speculation, those who frown on the mathe-

matical economist because he " wraps up his mysterious conclusions

in symbols " seem to me in some cases to i)oint their finger at those

" conclusions " which when " unwrapt " of symbols they recognize as

old friends and lustily complain that they are not new; at the same

time they seem to ignore completely those " mysterious " conclu-
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sions which are new because they think the former and admitted

theorems exhaust all that is important on the subject. Why should

the mathematician be obliged to vindicate the exercise of his science

by overturning- economics or by deducing some " laAvs " more funda-

mental than those already admitted ?

Elementary ph^^sics is the fundamental physics and it can be

taught with little or no mathematical symbols. Advanced physics

is relatively less popular while more mathematical. By actual count

Ganot's elementary physics of 986 pages contains a formula for

every three and one-third pages. The chapter on electricity and

magnetism of 320 pages, a formula for every \\ pages, while the

jjrofound treatise of Mascart and Joubert on Electricity and Mag-

netism, vol. I, of 640 pages, contains 3^ formula^ for each page or 15

times as man}^ per page as the same subject in Ganot.

Similarly in economics, mathematical treatment is relatively use-

ful as the relations become relatively complicated. The introduction

of mathematical method marks a stage of growth—perhaps it is not

too extravagant to say, the entrance of political economy on a scien-

tific era.

§ ^•

Has the mathematical method attained a firm footing '? Before

Jevons all the many attempts at mathematical treatment fell flat.

Every writer suffered complete oblivion until Jevons unearthed their

volumes in his bibliography. One chief reason for this is that these

writers misconceived the application of mathematics. I think this

was true even of the distinguished Whewell. Jevons thinks it is so

of Canard though his work was crowned by the French institute.

The second reason for this oblivion is that the world was not pre-

pared for it. The movement was too advanced and premature.

Cournot certainly, Gossen possibly, now exert considei'able influence

on economic thought. Marshall, whose recent book is acknowledged

to be to modern economics what Mill's was to the economics of a

generation ago repeatedly expresses his admiration for and obliga-

tion to Cournot.

Thus the mathematical method really began with Jevons in 18*71.

Up to this time pol. eeon. had been the favorite field for those per-

sons whose tastes Avere semi-scientific and semi-literary or historical.

But the scientific and literary temper are seldom equally balanced

and as might have been expected after once beginning to divide

they have steadily differentiated. On the one extreme is the histori-
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cal school of Roscher and Leslie, on the other the mathematical,

deductive, -Of so-called Austrian school of Jevons, Menger and

Wah'as, while the " orthodox " economists the legitimate successors

of Adam Smith, Ricardo and Mill constitute the central body from

which both have split. This cleavage is, however, largeh^ a division

of the field of research rather than opposed theories or methods on

the same field.

The mathematical economics apparently has its warmest adherents

in Austria, Italy and Denmark. France occupies the next position,

while England, America and Germany have their individual enthu-

siasts but are still restrained largely by classic traditions. Prof.

Pantaleoni thinks "the most active movement in Italian pol.

econ. is that of the new school styled rather inexactly the " Aus-

trian,"* while Graziani says that the utility theory of value " seems

to close the evolutionaiy c^^cle of Italian thought."*

In England, Prof. Edgeworth, noted for his enthusiasm on mathe-

matical economics, has recently been elected to the chair of pol.

econ. at Oxford, while Prof. Marshall is carrying forwai'd the same

movement at Cambridge.

There has been a great increase in mathematico-economic litera-

ture since 1871. Just two decades have passed by since Jevons'

epoch-making books appeared. Of the mathematico-economic

writingsf appearing in this period which here come to my notice,

the number in the first decade was 30, representing 12 writers,

while in the second decade it was 66, representing -23 writers. From

all apparent evidence the mathematical method has come to stay.

§6.

We can see why this is so if we glance at the work which the

mathematical method has already accomplished. It is perhaps fair

to credit the idea of marginal utility to mathematical method. This

idea had five independent origins Avith Dupuit, Gossen, Jevons,

Menger, and Walras, All except Menger presented this idea and

presumably attained it by mathematical methods. No idea has been

more fruitful in the history of the science. This one achievement

is a sufticient vindication of the mathematical method.

* Article on Economics in Italy, by Prof. Ugo Rabberio, Pol. Sci. Quart., Sept.,

1891, pp. 439-473.

f I have not even included here Menger, Bohm-Bawerk and other writers of the

Austrian school, who in spite of a mathematical tone have omitted to use math-

ematical symbols.
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To pass in review all that has been done in expanding and apply-

ing the idea of marginal utility (and most of this expansion has

been purely mathematical) would not be possible here, nor would it

be. possible to state all the other notions which have grown out of a

mathematical treatment. It has corrected numerous errors and con-

fusion of thought. This correcting function has really been the

chief mission of mathematics in the field of physics though few not

themselves physicists are aware of the fact.

In fact the ideas of marginal utility and disutility may be re-

garded as corrections of two old and apparently inconsistent theories

of value—the utility theory and the cost of production theory.

Utility Avas first thought of as proportional to commodity. (That

this was never explicitly assumed is a splendid illustration of how
without a careful mathematical analysis in which every magnitude

has definite meaning, tacit assumjDtions creep in and confuse the

mind). It was next pointed out that utility could not explain price

since water was useful. So " utility " and " scarcity " were jointly

privileged to determine price. It was Jevons' clear and mathemat-

ical exjjosition of utility which showed the shallowness of the for-

mer discussion and brought to light the preposterous tacit assump-

tion, unchallenged because unseen, that each glass of water has an

inherent utility independent of the number of glasses already drunk.

Jevons laid emphasis on demand. Many who accepted his work

were still applying the analogous errors to supply. Ricardo* had

indicated the idea of marginal cost. But even Mill did not perceive

its extension beyond agricultural produce. Considerable credit

belongs to Auspitz und Lieben for working out the legitimate con-

sequences and showing by a beautiful mathematical presentation

that the marginal utility theory and the marginal cost theory are

not opposed but supplementary. In fact the " margin " itself is

determined by the condition that the utility and the cost of final

increments shall be equal (when measured in money).

Mathematical method is to be ci'edited with the development of

the ideas of consumers' and producers' rent or gain so ingeniously

applied by Auspitz und Lieben and so conspicuous in the orig-

inal article of Prof. J. B. Clark on the law of the three rents.f

The intimate and mathematically necessary relation between the

equality of marginal utilities and disutilities and the maximum sum
of consumers' and producers' rent, a theorem emphasized by Auspitz

und Lieben, and Edgeworth, is of course due to the mathematical

instrument.

*Pol, Econ., Ch. 2. f Quart. Jour. Econ., April, 1891.
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Matliematical method is making a new set of classifications based

on mathematical properties. Thus the classification by Auspitz und

Lieben of all commodities into three groups* is, I believe, a new
one, and one suggested by, and readily discussed by the use of their

diagrams. The classification of capital into free and sunk is one

which is emphasized by the mathematical writers, as Marshall, and

is bearing fruit.

f

I believe therefore that mathematical method has made several

real contributions to economics, and that it is destined to make more.

To verify this statement I would refer the reader to the books men-

tioned in the bibliography among recent writers, especially Walras,

Auspitz & Lieben, Marshall, Edgeworth, Wicksteed and Cunyng-

harae ; also, if it is proper to include those writers, who while

avoiding mathematical language are interpreting and extending

the same ideas, Menger, Wieser, Bohm-Bawerk, Clark and Hobson.

It may not be amiss to present a list of quotations from those who
have pursued or admired the mathematical path :

WJieioell'l says : [Mathematical method in mechanics saves scien-

tists three errors, viz :]
" They luight have assumed their principles

wrongly, they might have reasoned falsely from them in conse-

quence of the coraplexit}' of the problem, or they might have

neglected the disturbing causes which interfered with the effect of

the principal forces. * * * It appears, I think, that the sciences of

mechanics and political economy are so far analogous that some-

thing of the same advantage may be looked for from the application

of mathematics in the case of political economy." Again :§ "This

mode of treatment might be expected to show more clearly than

any other within what limits and under what conditions propositions

in political economy are true."

Cotirnot :\ L'emploi des signes mathematiques, est chose naturelle

toutes les fois qu'il s'agit de discuter des relations entre des gran-

deurs ; et lors m^me qu'ils ne seraient pas rigoureusemtnt necess-

aires, s'ils peuvent faciliter I'exposition, la rendre plus concise, mettre

sur la voie de developpements plus etendus, prevenir les ecarts

* Page 46.

f See Cunynghame, Geom. Math, of treating exchange value, monopoly, and

rent. Econ. Jour., March, '92, \). 35.

X Cambridge Philosophical Transactions, 1830, p. 194.

^ Cambridge Philosophical Transactions, 1856, p. 1.

II
Principes math, de la theorie des richesses, 1838. Preface, p. viii.
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cl'une vague argumentation, il serait i)eu philosophic] ue de les

rebuter, pareo qu'ils ne sont pas egalement familiers ii tous les

lecteurs et qu'on s'en est (juelquefois servi a faux."

Gossen,:* Was eineni Kopernikus zur Erklarung des Zusammen-

seins der Welten im Raum zu leisten gelang, das glaube ich ftir die

Erklarung des Zusararaenseins der Menschen auf der Erdoberfliiche

zu leisten. * * * Darum ist es denn ebeu so unmoglich, die wahre

Nationalokononiie ohne Hiilfe der Mathematik vorzutragen, wie

dieses bei der wahren Astrononiie, der wahren Physik, Mechanik

u. s. w,"

Jevons :\ "I have long thought that as it deals throughout with

quantities, it must be a mathematical science in matter if not in

language. I have endeavored to arrive at accurate quantitative

notions concerning utility, value, labor, capital, etc., and I have

often been surprised to find how clearly some of the most difhcult

notions, especially that most puzzling of notions value, admits of

mathematical analysis and expression."

Walras
.'l

" Je crois bien que les notations qui y sont employees

paraitrout tout d'abord un pen compliquees; mais je prie le lecteur

de ne ponit se rebuter de cette complication qui est inherents au

sejet et qui en constitue d'ailleurs le seule difficulte mathematique.

Le systeme de ces notations une fois compris le systeme des phe-

nomenes economiques est en quelque sorte compris par cela meme."

JVewcomb .•§ "To ultimately expect from pol. econ. results of such

certainty and exactness, that it can present the legislator with

numerical predictions like those we have described is by no means

hopeless." * * * * " Mathematical analysis is simply the application

to logical deduction of a language more unambiguous, more precise,

and for this particular purpose, more powerful than ordinary lan-

guage."

Launhardt :\ "Es ist ja die Mathematik nichts anderes als eine

Sprache, welclie in strenger Folgerichtigkeit die Beziehungen mess-

bare Dinge zu einander darstellt, was durch die gewohnliche

Sprache entweder gar nicht oder doch nur in weitschweifiger

unuenauer Weise erreicht werden kann."

* Menschlicher Verkehr. Preface, p. v.

f Preface to first edition, p. vii.

:j: Econ. pol. pure, 1874, Preface, p. vi.

§ The method and province of pol. econ. [Review of Cairne's logical method

in pol. econ.], N. Amer. Rev., No. CCXLIX, 1875, p. 259.

II
Volkswirthschaftslehre : Preface, p. v.

Trans. Conn. Acad., Vol. IX. 8 July, 1892.
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Wieksteef? :* "The diagrammatic method of studying economics

may be regarded from three points of view : (I) many teachers iSiid

in it a stimulating and helpful appeal to the eye and use it as a

short and telling way of making statements and registering results.

(II) a few students treat it as a potent instrument for giving pre-

cision to hypotheses in the first instance and then for rigorously

analysing and investigating the results that flow from them. (HI)

a very few investigators (among whom I think we must rank

Jevons), have hoped ultimately to pass beyond the field of pure

hypotheses and analysis and to build up constructive results upon

empirical curves of economic phenomena established by observa-

tion."

Foxwell] [speaking of the mathematics of Jevons and Marshall] :

" It has made it impossible for the educated economist to mistake

the limits of theory and practice or to repeat the confusion which

brought the study into discredit and almost arrested its growth."

Auspitz unci Lieben:\ " Wir haben uns bei unseren Untersuch-

ungen der analytischen Methode und namentlich der graphischen

Darstellung bediehnt, nicht nur well sich diese Behandlungsweise

iiberall, wo sie iiberhaupt anwendbar ist, und namentlich in den

naturwissenschaftlichen Fachern glanzend bewiihrt hat, sondern

hauptsachlich auch darum weil sie eine Prazision mit sich bringt,

welche alle aus vieldeutigen Wort-definitionen entspringender Miss-

verstiindnisse ausschliest.'"

Edgeworth .-§*** " the various effects of a tax or other impedi-

ment, which most students find it so diflicult to trace in Mill's laboi'i-

ous chapters, are visible almost at a glance by the aid of the mathe-

matical instrument. It takes Prof. Sidgwick a good many words to

convey by way of a ])articular instance that it is possible for a

nation by a judiciously regulated tariff, to benefit itself at the

expense of the foreigner. The truth in its generality is more clearly

contemplated by the aid of diagrams. * * * * There seems to be a

natural affinity between the phenomena of supply and demand, and

some of the fundamental conceptions of mathematics, such as the

relation between function and variable * * * and the first principle

* On certain passages in Jevons' " Theory of pol. econ." Quart. Jonr. Econ.,

April, '89, p. 298.

f The Economic Movement in England, Quart. Jour. Econ.. Oct., '88.

:j;
Untersuchnugen. Preface, p. xiii.

J5 Address before Brit. Assoc, as president of the section on economic, science

and statistics. Published in ^atxirv, Sept. 19, '89, p. 497.
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of the differential calculus ; especially in its application to the

determination of maxima and minima.'''' [It seems to] " supply to

political economy what Whewell would have called 'appropriate

and clear ' conce})tions. * * * Algebra and geometry are to ordinary

language in political economy somewhat as quaternions are to

ordinary algebraic geometry in mathematical physics " (Quotes

Maxwell on quaternions : "1 am convinced that the introduction of

the ideas as distinguished from the operations and methods * * *

will be of great use.")

Again :* " I do not mean that the mathematical method should

form part of the curriculum as w^e make Greek ol>ligatory for the

students of philosophy. But may we not hope that the higher path

will sometimes be pursued by those candidates who offer special

snhjects for examination."

Marshall :\ "It is not easy to get a clear full view of continuity

in this aspect without the aid either of mathematical symbols or

diagrams. * * * * experience seems to show that they give a firmer

grasp of many important principles than can be got without their

aid ; and there are many problems of pure theory, which no one

who has once learnt to use diagrams will willingly handle in any

other way.

The chief use of pure mathematics in economic questions seems

to be in helping a person to write down quickly, shortly and exactly,

some of his thoughts for his ow'u use : and to make sure that he has

enough, and only enough, premises for his conclusions (i. e. that his

equations are neither more nor less in number than his unknowns).

[Jut wdien a great many symbols have to be used, they become very

laborious to any one but the writer himself. And though Cournot's

genius must give a new mental activity to every one who passes

through his hands, and mathematicians of calibre similar to his

may use their favorite weapons in clearing a way for themselves to

the center of some of those difficult problems of economic theory,

of which only the outer fringe has yet been touched
;
yet it is

doubtful whether any one spends his time well in reading lengthy

translations of economic doctrines into mathematics, that have not

been made by himself. A few specimens of those applications of

mathematical language which have proved most useful for my own
purpose have, however, been added in an Appendix."

*An introductory lecture on pol. econ. delivered before the University of

Oxford, Oct. 33d, 1891, published in Economic Journal, Vol. i. No. 4, p. 629.

f Priu. of Econ. Preface to first Ed., p. xiv ; in 2d ed.
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(Junynghame :* " But curves play in the study of })ol. econ.

much the same part as the moods and figures play in logic. Tliey

do not perhaps assist in original thought, but they afford a

system by means of which error can be promptly and certainly

detected and demonstrated. And as in logic so in graphic pol.

«con. the chief difficulty is not to solve the problem, but to state it

in geometrical language."

Contrast with the preceding the following statements from a few

who can see nothing good in mathematical method :

A writer in the " Saturday Review" (Nov. 11, 1871), quoted by

Prof. Edgeworthf says of Jevons :
" The equations, * * * assum-

ing them to be legitimate, seem to us to be simply useless so long as

the functions are obviously indeterminable." [Mathematics studies

relations as well as caleulations. Numerical indetei'minability is

common even in mathematical physics.]

Ca,irnes:\ "Having weighed Prof. Jevons's argument to the best

of my ability, and so far as this is possible for one unversed in

mathematics, I still adhere to my original view. So far as I can see,

economic truths are not discoverable through the instrumentality of

mathematics. If this view be unsound, there is at hand an easy

means of refutation—the })roduction of an economic truth, not

before known, which has been thus arrived at ; but I am not aware

that up to the present any such evidence has been furnished of the

efficiency of the mathematical method. In taking this ground, I

have no desire to deny that it may be possible to employ geometrical

diagrams or mathematical formula3 for the ])urpose of exhibiting

economic doctrines reached by other paths, and it may be that there

are minds for which this mode of presenting the subject has advan-

tages. What I venture to deny is the doctrine which Prof. Jevons

and others have advanced—that economic knowledge can be ex-

tended by such means ; that mathematics can be applied to the

development of economic truth, as it has been applied to the devel-

opment of mechanical and physical truth ; and, unless it can be

"' Geometrical methods of treating exchange valiie, monoiioly and rent. H.

Cnnynghame. Econ. Jonr. , March, '92, p. 35.

f Math. -Psychics, j). 119.

X The Character and Logical Method of pol. econ. A^*-?;; York, 1875. Prefaoa

See also, p. 122 ;
also: Some leading principles of pol. econ. newly expounded.

Preface.
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shown either that mental feelings admit of being expressed in ])re-

cise quantitative forms, or, on the other hand, that economic ])he-

nomena do not depend upon mental feelings, I am unable to see how

this conclusion can be avoided." [There are examples in Cournot,

Walras, Auspitz und Lieben, Marshall, etc., which I think are fair

instances of the "production of an economic truth, not before

known." It is admitted, however, that each of these truths could

have been discovered without "mathematical method" by some

remarkably clear headed reasoner. Bid the same is true in phAjsics.

The deduction used in every physical truth could be reasoned out

without diagrams or formulae. A railway will best convey a man

from New York to San Francisco though it is perfectly possible to

walk. Cairnes certainly has an erroneous idea of the use of mathe-

matical method in physical investigations. Mathematics afford the

l)hysicist a complete and precise view of his subject, and this con-

dition of mind permits and facilitates his discovery. The discovery

is only indirectly due to mathematics though it might never have

been made without it. Cairnes apparently thinks that physical truth

has been discovered by the manipulation of equations. The history

of physics will not bear him out. So far as I know only one physi-

cal discovery was made in that Avay—a discovery in light. See the

quotation from Peirce at the beginning of this appendix.]

Wagner*' [in reviewing Marshall's Prin. of Econ.]: "I do not

believe that this mode of treating the subject has an independent

value of its own for solving our problems. Indeed Marshall himself

admits as much [does he ? Cf. preceding statement of Marshall.]

* * * He has used diagrams and formulje only for purposes of

illustration and for greater precision of statement." [Diagrams and

formulae are never used for any otiier purpose yet they surely have

an independent value in (saj') physics. Cf. § 1.]

Ingram :\ " There is not much encouragement to pursue such

researches, which will in fact never be anything more than academic

playthings, and which involve the very real evil of restoring the

metaphysical entities previously discarded." Also,^ " Units of animal

or moral satisfaction, of utility and the like are as foreign to positive

science as a unit of dormative faculty would be." [See Part I, Ch. I].

Also:§ " Mathematics can indeed formulate ratios of exchange when

* Quart. Jour. Ec, April. '91, p. 827.

t
Ency. Brit., 9th ed. Vol. xix, p. 399.

:j:Ency. Brit., 9th ed. Vol. xix, p. 386.

g Hist. Pol. Econ., New York, 1888, p. 183.
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they have once been obvServed; l)ut it cannot by any process of its

own determine those ratios; for quantitative conclusions imply quan-

titative premises and these are wanting. There is then no future

for this kind of study, and it is only waste of intellectual power to

pursue it." [What a "therefore"! Why require mathematics to

.predict prices in order to be admitted into good society with the his-

torical school ? No mathematical economist has ever tried to do

this. Dr. Ingram does not discuss what mathematics has done or

attempted, but complains loudly that it cannot do everything and

therefore has no future.]

Mahberio* in speaking of Prof. Pantaleoni's Principi di Economia

Pura says: "As a monument of abstract logic, it bears fresh witness

to the unusual qualities of the author's genius; but it is based on a

method which, frankly speaking, I consider dangerous. In the face

of pressing practical problems of every kind, both in production and

in distribution, economic thought is drawn ojff into the field of bar-

ren abstractions. Under an attractive semblance of mathematical

accuracy these abstractions conceal much that is really false ; for

they do not correspond in the least to the complexity of concrete

facts. W^hile they distract the student with an imaginaiy logical

construction, they lessen his interest in that positive study which

tells us what is, whereas logic by itself gives us only what is

thought. Thus in last result they deprive economic science of that

great practical importance which it should have in society." [I am
not acquainted with Prof. 'Pantaleoni's book nor with any Italian

writer. As to the criticism on mathematical method, however, I

may say that experience in other sciences shows that " in face of

many practical problems" it is wisest to ''draw off thought " for a

time to pure theory. Before solving the problems of cannon pro-

jectiles it is best to solve the problem of projectiles in general.

Before an engineer is fit to build the Brooklyn bridge or to pro-

nounce on it after it is built it is necessary to study mathematics,

mechanics, the theory of stress and of the natural curve of a hang-

ing rope, etc., etc. So also before applying political economy to

railway rates, to the problems of trusts, to the explanation of some

current crisis, it is best to develop the theory of pol. econ. in general.

When these special " practical problems " are examined the mathe-

inatical instrument will, I believe, often be the one to get the best

results.

I am far from denying, however, that some mathematical econo-

mists have exhibited a " false accuracy." It has been due to

* Economics in Italy, Prof. Ugo Ruliberio, Pol. Sci. Quart., Sept. 1891, p. 4G3.
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making special atssuinptioiis not with the purpose of facilitating

economic investigation hut for permitting algebraic transformation,

A writer who intentionally j»arades his mathematics really does the

cause of mathematical economics much harm. I venture to think

that Launhardt's Volkswirtschaftslehre which contains some excel-

lent things would have exhibited these excellencies better if the

author had contented himself with solving prol)lems in all their

generality].

§9.

1 cannot refrain from venturing an opinion the a])plication of

which may not a])];»ly to all of those writers just (juoted but Avhich

certainly applies to many : Mathematics is looked upon as an

intruder by those students (;f economics who have not had the

mathematical education to understand and make use of them, and

who are unwilling to l)elieve that others enjoy a point of view

unattainable by themselves. A friend of mine much interested in

economics asked me what was the service of mathematics in the

subject. On hearing my reply he said :
" Well, I don't like to

admit that I can't understand economics as well as those who have

studied higher mathematics."

Thus part at least of the opposition to mathematical method is a

mere incident to its novelty. It must be remembered that the

character of economists is itself a variable and from generation to

generation those choose or reject the pursuit of economics according

to what it is at the time of choice. It may not be rash to exjjcct

that the next generation of the theoretical (as distinct from histori-

cal) economists will have fitted themselves by mathematical training

for this mode of treating their theme, and that they will be such

men as by natural aptitude can so fit themselves.

§10.

The effort of the economist is to see, to picture the interplay of

economic elements. The more clearly cut these elements appear in

his vision, the better; the more elements he can grasp and hold in

mind at once, the better. The economic world is a misty region.

The first explorers used unaided vision. Mathematics is the lantern

by which what before was dimly visible now looms up in firm, bold

outlines. The old phantasmagoria disappear. We see better. We
also see further.
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APPENDIX IV.

BIBLIOGRAPHY OF MATHEMATICO ECONOMIC WRITINGS.

SI.

A bi])liography of mathcmatico-economic writings was constructed

by Jevons and extended*^ by his wife up to 1888, This list con-

tains a number of works mathematical in tone only. I have selected

out of the whole number (196), those 50 which are either undoubt-

edly mathematical or are closely associated logically or historically

with the mathematical method. Thus Menger, though his writings

are not explicitly mathematical, is included for he founded the

"Austrian School " which has ever since been allied with the mathe-

matical method. In this selected list the references are much abbre-

viated and only the lirst edition of each work is cited.

The second list is intended to be an extension of that of Jevons up

to the present d?ite, I shall be indebted for information as to inac-

curacies an<l omissions. A star has been placed opposite those writ-

ings in which mathematical method is employed only occasionally or

whose mathematical character is not explicitly expressed in symbols

or diagrams. In the case of Italian and Danish writings, with which

I am wholly unacquainted and in the case of a large number of others

which I have not been able to see and examine, I have been guided

by book notices or the wording of the title.

The list in Jevons' appendix and the second list here given may

be taken as a reasonably complete bibliographer of mathematico-

economic writings in the broadest sense, while the unstarred writings

in the abridged list of Jevons here quoted together with the un-

starred writings in the second list represent the economic literature

which is strictly and avowedly mathematical. The distinction

between these two classes is tolerablj^ well marked.

§2.

SELECTED FROM JEVONS.

1711 Ceva—De re nummaria quoad fieri pohiit geometrice Nactata.

1765 Beccaria—Tentative analitico sui contrabandi. Etc.

1801 Canard—Principes d'economie politique.

1824 Thompson—Instrument of Exchange.

1826 von Thunen—Der isolirte Staat, etc.

* Pol. Ecun., Appendix I to third edition, 1888.



in the theory of value and prices. 121

1S29 Whewell—Mathematical Exposition of some Doctrines of Pol. Econ.

1H38 CouRNOT—Recherches snr les jirinciiies math, tie la theorie des richesses.

1888 TozER—Math. Investigation of the Effect of Machinery, etc.

1840 Anonymous—On Currency.

1840 TozER—On the Effect of the Non-Residence of Landlords, etc.

1844 DuPUiT—De la mesiire de I'utilite des travaux publics.

1844 Hagen—Die Nothwendigkeit der Handelsfreiheit, etc.

1 847 BoRDAS—De la mestire de I'titilit^ des travaux publics.

1849 DuPUiT—De I'intiueuce des peages stir I'utilite des voies de communication.

1850 Lardner—Railway Economy (chapter xiii).

1850 Whewell—Mathematical Exposition of Certain Doctrines of Pol. Econ.

1854 GossEN—Entwiekelung der Gesetze des menschlichen Verkehrs, etc.

1856 Benner—Theorie mathematique de I'economie politiqiie.

1863 Mangoldt—Grundriss der Volkswirthschaftslehre.

1864 Fauveau—Considerations math, sur la theorie de 1' impot.

1867 Fauveau—Considerations math, sur la theorie de la valeur.

1870 Jenkin—The Graphic Representation of the laws of Slip, and Demand, etc.

1871 Jevons—The Theory of Political Economy.

1871''- Menger—Grundsatze der Volkswirthschaftslehre.

1872 Launhardt—Kommerzielle Trassirung der Verkehrswege.

1878 PocHET—G^ometrie des jeux de Bourse.

1874 Walras—Principe d'une theorie math, de I'echange.

1874 Walras—Elements d'^conomie politique pure.

1874* Letort—De I'application des math, k I'^tude de I'econ. pol.

1875""' Darwin—The Theory of Exchange Value.

1875* BoccARDO—Deir applicazione dei metodi quantitativi, etc.

1876 Walras—Equations de I'echange, etc.

1876 Walras—Eqtiations de la capitalisation.

1876 Westergaard—Den moralske Formue og det moralske Haab.

1878* Weisz—Die mathematische Methode in der Nationalokonomie.

1879 Walras—Theorie math, du billet de banque.

1 881 Edgeworth—Mathematical Psychics.

1881 Walras—Theorie math, du bimetallisme.

1883 Launhardt—Wirthschaftliche Fragen des Eisenbahnwesens.

1884* WiESER—Hauptgesetze des wirthschaftlichen Werthes.

1885 Launhardt—Math. Begriindung der Volkswirthshaftslehre.

1886 Grossman—Die Math, im Dienste der Nationalokonomie. I Liefertmg.

1886* Newcomb—Principles of Political Economy.

1886* Bohm-Bawerk—Theorie des wirtschaftlichen Giiterwerts.

1886 Antonelli—Teoria math, della economica j)olitica.

1886 Grossman—Die Math, im Dienste der NationaliJkcniomie. II Lielerung.

1887 Van Dorsten—Math, onderzoekingen op het gebied Staathuishoudkunde.

1887 Westergaard—Math, i Nationalokonomiens Tjeneste.

1887 Pantaleoni—Teoria della pressione tribtitaria, etc.

1888 Wicksteed—The Alphabet of Economic Science.

Trans. Conn. Acad., Vol. IX. 9 July, 189?.
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EXTENSION OF JEVONS' BIBLIOGRAPHY.

1867 WiTTSTEiN—Mathem. Statistik. Hanover.

1882 Pantaleoni (M.)—La Traslazione dei Tributi. Rome. Paolini.

1884 ScHROEDER (E. A.)—Das Unternehmen und der Unternehmergewinn vom
historischeii, theoretischen iind praktischen Standpunkte. Wien. 92 pp.

1884* Sax (E.)—Das Wesen und die Atifgabe der Natioualokonoiuie.

1887* Sax (E.)—Grundlegiing der theoretischen Staatswithschaft.

1887 PiCARD (A.)—Traite des Chemins de fer. 4 vols. Paris: Rothschild.

1888 Edgewokth (F. Y.)—New method of measuring variations in general

prices. Jour. Stat. Soc. Londoyi, p. 347.

1888* Sax (E.)—Die neusten Fortschritte der nationalokonomischen Theorie.

Vortrag gehalten in Di'esden ]narz. Leix)zig : Duncker & Humhlot . 8vo.

38 pp.

1888* Menger (C.)—Contribution k la theorie du Capital. [Trans, from Jahrb.

fiir Nat. Oek., by C. Secretan.] Rev. d''Econ. Pol., Dec. ^S8.

1888* Salerno (Ricca)—Manuale di Scienza delle Finanze. Florence. Barbera.

1888 Hadley (A. T.)—Railroad Transportation, its History and its Laws. New

Yo7-k and London. 269 pp. [Appendix II.]

1888 Gossen (H. ¥.)—Entwickelung der Gesetze des menschichen Verkehrs.

[New edition.] Berlin: Prager. 8vo. 286 pp.

1888* Menger (C.)—Zur Theorie des Kapitals. Jahrh. Nat. Oek., 17 Heft 1.

1889 Pantaleoni (M.)—Principi di Economia Pura. Florence. Barbera.

1889 AusPiTZ UND Lieben—Untersuchungen iiber die Theorie des Preises.

Leipzig : Duncker dt Humblot. 555 pp.

1889* Zuckerkandl (R.)—Zur Theorie des Preises mit besonderer Beriick-

sichtigung der geschichtlichen entwicklung der Lehre. Leipzig. 348 pp.

1889* Wieser (F. von)—Der natiirliche Werth. Wien. 237 pp.

1889* Bohm-Bawerk (E.)—Kapital imd Kapitalzins. Translated into English

by Wm. Smart. 1890. London and New York: Macmillan.

1889* Lehr (J.)—Wert, Grenzwert, und Preise. Jahrb. Nat. Oek., 1!) Heft I.

1889 SuPiNO (C.)—La Teoria del Valore e la Legge del minimo mezzo. Giorn.

degli Econ. Aug. ^89.

1889 Walras (L.)—Theoreme de I'Utilite maxima des CaiJitaux Neufs. Rev.

d''Econ. Polit., .Tune 'S9.

1889* MACLEOD (H. D.)—The Theory of Credit. Vol. I. London: Longmans di-

Co. 8vo. 342 pp.

1889 St. Marc (H.)—Les Procedes d'Analyse Graphiqiie h I'Exposition Uni-

verselle. Rev. d''Econ. Polit., Aug. ^S9.

1889 Virgilii (F.)—La Statistica Storica e Mathematica. Giorn. degli Econ.,

Aug. ^89, concluded Oct. '.9.9.

1889* Hearn (W. E.)—Plutology ; or, The Theory of the Efforts to satisfy Hu-

man Wants. [New edition.] Melbourne: Robertson. 8vo. 486 pp.

1889* KoMARZYNSKi (J.)—Der Werth in der isolirten Wirthschaft. Wien.

Manz. 8vo. 105 pp.

1889 Rossi (G.)—La Mathematica applicata alia Teoria della Ricchezza Soeiale :

Studt Bibliograjici. Storici, e Critici. Vol. 1, fuse. I. fieggio Emilia

Artegianelli. 8vo. 103 pp., 4 charts.
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1889* Bohm-Bawerk (E. von)—Uue Ncmvelle Theorie siir le CajHtal. Rev.

d^Econ. Pol., April, 1889.

1889* Bohm-Bawerk (E. von)—Kapital und Kapitalzins. Zweite Abteilung :

Positive Theorie de.s Kapitals. Innsbruck. 8vo.

1889* Clark (J. B.)—Possibility of a Scientific law of Wages. [Pnbl. of Am.
Econ. Assoc] Baltimore. 8vo. 32 pp.

1889 WiCKSTEED (P. H.)—On certain Passages in Jevons' " Theory of Political

Economy." Quart. Jour. Econ., Aiwil, \^9, p. 293.

1889 Edgeworth (F. Y.)—On the application of Mathematics to Pol. Econ.

Journ. Stat. Soc. London, Dec. \S'9.

liSyO* DiETZEL—Die Klassische Werttheorie nnd die Theorie vom Orenznntzen.

Conrad's Jahrhuch N. F. Band 20. pp. 561-606.

189n* MACLEOD (H. D.)—The Theory of Credit. Vol. II, Part I. London:

Longmans. 8vo.

1890 Marshall (A.)—Principles of Economics. Vol. 1, 1st ed. London:

Macmilfan. 770 jjp. [Mathematical Footnotes and Appendix.]

1890 Pantaleoni(M.)—Principi di Eeonomia Piira. Florence: Barbh-a. 16mo.

376 pp.

1890 JuRiscH (K. W.)—Mathematische Diskussion des Eutwickeliingsgesetzes

der Werterzengung durch industrielle Prodiiktionsgruppen. Viertelj. f.

Volksw. 27 Band 3, 1. Second paper, same title, 27 Band 3, 2.

1890 Vauthier (Li L.)—Quelqnes Considerations Elementaires sur les Consti-uc-

tions Graphiqnes et leur Emploi en Statistique. .Journ. de la Soc. Sta-

tist., .June, '.W.

1890* AuspiTZ (R.)—Die klassische Werttheorie nnd die Lehre vom Grenznntzen.

.Jahrb. Nat. Oek. 21 Heft 3 ; reply to Dietzel, same journal, 20 Heft 6.

1890* ZucKERKANDLE (R.)—Die klassische Werttheorie und die Theorie vom
Grenznutzen. .Jahrb. Nat. Oek. 21 Heft 5. Reply to Dietzel.

1890 CoLSON (G.)^—Transports et Tarifs. Precis du Regime, Lois Economiques

de la Determination des Prix de Transport, Tarifs de Chemins de Fer,

etc. Paris: Rothschild. 8vo. 479 jJi).

1890 .Launhardt (W.)—Theorie der Tarifbildung der Eisenbahnen. Berlin:

Springer. 8vo. 84 pp.

1,S90 Westergaard (H.)—Die Grundziige der Theorie der Statistik. .Jena:

Fischer. 8vo. 286 pp.

1890 CossA (E.)—Le Forme Natural! della Economia Sociale. Milan: Hoe.pli.

1890 Marshall (A.)—Principles of Economics. Vol. I, 2nd ed. London

:

Macmillan. 770 pp. [Mathematical Footnotes and Ajjpendix.]

1891* HoBSON (J. A.)—The law of the three rents. Quart. .Jour. Econ., April,

1801, p. 263.

1891* Clark (J. B.)—Distribution determined by a law of rent. Quart. .Jour.

Econ., April, 1891, p. 289.

1891 Edgeworth (F. Y.)—Osservarioni sulla Teoria matematica dell' Economia
Politica con riguardo speciale ai Principi di Economia di Alfredo Mar-

shall. Giorn. degli Econ., March, '91.

1891* Smart (W.)—An Introduction to the Theory of Value on the lines of

Menger, Wieser and Bohm-Bawerk. London and Neiv York: Macmillan.

16mo. 88 pp.
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1891* Clark (J. B.)—The statics and tlip d>niamics of Distribution. Quart.

.Tour. Econ., Oct. '91, p. 111.

1891* WiESER (F.)—The Austrian School and the Theory of Value. Economic

.Journal, March, '91.

1891* Bohm-Bawerk (E. von)—The Austrian Economist. Annals of Am. Acad.

of Pollf. Sci., .Jan. '91.

1891 Edgeworth (F. Y.)—La Theorie Mathematique de I'Offre et de la Demande
et le Coiit de Production. Rev. d'Econ. Polit., Jan. '91.

1893* Bohm-Bawerk (E. von)—Wert, Kosten und Grenznutzen. .Jahrbuchvr

fur Nationalokonomic und Siatistik, Dritte Folge, Dritter Band, Drittes

Heft, pp. 321-378.

1892 Bilgram (H.)—Comments on the "Positive Theory of Capital" [of

Bohm-Bawerk]. Quart. Jour. Econ., .Jan. '93, jjp. 190-20(5.

1892 Grossman (L.)—Die Mathematik in Dienste der Nationalokonomie unter

Beriicksichtigung auf die praktische Handhabung der Finanzwissenschaf

t

und der Versicherungstechnik [schluss Lieferung]. Vienna.

1892* WiESRR (F. von)—The Theory of Value. A reply to Prof. Macvane. An-

nals of Am. Acad, of Pol. and Soc. Sci., March, '9:?.

1893* Seligman (E. E. A.)—On the Shifting and Incidence of Taxation. Publ.

of Amer. Econ. Asso., Vol. VII, Nos. :!i and 3.

1892* Patten (S. N.)—The Theory of Dynamic Economics. Puhl. of Univ. of

Penn., Pol. Econ. and Public Law Series, Vol. Ill, No. 2. Phila. 8vo.

153 pp.

1893* Bohm-Bawerk (E.)—Wert, Kosten, \\m\ Grenznutzen. .Jahrb. Nat. Oek.,

J, Heft 3.

1892 CuNYNGHAME (H.)—Geometrical methods of treating Exchange-value, Mo-

nopoly, and Rent. Econ. Journ., March, '92.

1892 Pareto (V.)—Considerazione sui Concipi Fondamentali dell' Economia

Politica Pura. Giorn. degli Econ., May, '92.

1892 Pareto (V.)—-La Teoria dei Prezzi dei Signori Auspitz e Lieben e la Osser-

vazioni del Professore Walras. Giorn. degli Econ. , March, '92.

1892* Voigt (A.)—Der Oekonomische Wert der Gtiter. Zeitschr. f. Ges. Staatsiv.,

4S, Heft 2.

1892 Walras (L.)—Geometrical Theory of the Determination of Prices. Annals

Anicr. Acad. Polit. and Social Sci., Phila., .July, '92. Translated under

the supervision of Irving Fisher. Part I was published in French in

the Bulletin of Soc. of Civil Eng. of Paris, Jan. 1891, and Parts II and

III in the Recueil inaugural of Univ. of Lausanne, July (?) '93.

1892 Fisher (I.)—Mathematical Investigations in the Theory of Value and

Prices. Transactions of the Connecticut Academy of Arts and Sciences.

Vol. IX, pp. 1-124.
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THE DRAMATIC ELEMENT IN THE LITURGY.

The tragic drama demands a noble soul seeking expression amid

adverse conditions, or held back from its goal through collision with

opposing circumstance. When the ideal dies out from society the

drama dies, or lives only as an echo of the masters so long as the

remembrance of former ambitions dwells in the minds of men. For

this reason the Roman drama died. At best it was but an echo of

the Greek, since ideality was not a Roman trait. At worst, when the

integrity of the Roman had yielded to a disbelief in all high aims, it

became abhorrent to all right-thinking men. The vulgar called for

realistic brutality in the amphitheatre and for beastly lust upon the

stage, and the nobles, with a cynicism born of negations, hastened

to do their bidding. The genius of the drama forsook the stage for

the byeways and hedges, where, as mime and farce, it could still

appeal to nature in the primitive man.

The Western world was again without a drama. It had broken

the traditions that bound it to the old, and must seek in some new

channel for thoughts worthy of dramatic expression. The early

Greeks found such in the worship of Dionysus ; the inheritors of

their worn-out civilization felt in the profoundest sense a dynamic

idea in the Christian faith.

We have, then, to seek the sources of the new drama in the Chris-

tian ideals.

The climax of a tragedy in life was recognized in the marvelous

aelf-sacrifice of Christ. Around the Eucharist, the memorial of

thanksgiving for that death and resurrection, grew up the Christian

worship. As a fit approach to that solemn feast, various acts of

preparation were introduced, until, as a result, an established mode

of procedure, a formal liturgy, expressed the devotion of the disciple

not less by action than by word.

At first the familiar worship of the synagogue suggested appro-

priate additions ; and prayers' in common, consisting of praise,

reading, and supplication,^ formed a fit introduction to the Eucha-

1 Acts 2, 43. 2 Burbidiio, j). 3.
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rist. That this did not, however, become a fixed form within the

first century is evident, since The Teaching of the Twelve Apos-

tles, after the short outline of a service, adds "But permit the proph-

ets to give thanks in what terras they will,'" and Clemens Roraanus

(97 A. D.) exhorts the Corinthian Church to preserve due order and

unity, and makes mention of the Jewish system of priests and sacri-

fices as furnishing patterns for Christians to follow." Such instruc-

tions reveal the pervading influence of Jewish rites and the fluidity

of prevailing customs.

The Church, however, was passing into the hands of the Greeks,

whose logical and artistic bent of mind sought immediate expression

in their adopted worship. There are many evidences to show that

the Greeks from the first sought to adorn and extend the ritual from

the stores of their own civilization. Dr. Schaff' declares that "the

Hellenists were much more liberal than the Palestinian Jews. This

is evident in the whole Church at Antioch." To the Gi'eeks, then,

must we look for the liberalizing of the provincial notions of the Jew.

P"'rom such sources, combining Jewish and Grecian elements, the

Christian liturgy slowly grew up, until in 103 A. D. Pliny could

report* to the Emperor Trajan, on the testimony of renegade

Christians,

That they had been accustomed on a stated day to assemble before light, and

sing amongst themselves in turn a hymn to Christ as God, and to bind them-

selves by an oath not to commit any crime, but that they would not commit theft

or robbery or adultery, nor break their word, nor be false in that which was en-

trasted to them ; and that after this it was their custom to separate, and to

meet again to take a meal, but that it was in common and harmless.

This report would seem to reveal to us a divided service ; in the

ear]}^ morning a song service with a solemn oath before the day's

duties, and later the communion ; but we must remember that this

is the report of an outsider who may have understood the matter but

imperfectly. The Christians adopted fixed hours of prayer from the

Jews,^ one of which was in the early morning. It is quite possible

that Pliny confused the morning hour of prayer with the day serv-

ice. This seems the more probable, since thirty-six years later

(A. D. 139) Justin Martyr reports a much more developed service.

He saj'^s :"

1 Burbidge, p. 20. 2 Burbidge, p. 5. s Schaff, vol. 1, p. 87.

* Burbidge, p. 26. "> Burbidge, p. 112. 6 Burbidge, p. 27.
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On the day called Sunday a meeting takes place of all who dwell in cities or

in the conntry, and the memoirs of the Apostles or the writings of the Prophets

are read as long as time permits. Then, when the reader ceases, the one who
takes the lead admonishes by word of mouth and exhorts to the imitation of

these good things. Then we all rise together and put up prayers ; and, as was said

before, when we have ceased from prayer, bread is offered and wine and water,

.and he who takes the lead puts up prayers likewise, and thanksgivings according

to his ability, and the people give their assent, saying, Amen.

Justin Martyr knew the church service, and his report is authori-

tative. It reveals a more formal service than that of the first de-

cades, the exercises consisting of Reading, Exhortations, Prayer,

the Eucharist, and Thanksgiving. These he names, as we judge

from later liturgies, in the order of service. The Eucharist, a

thanksgiving in act, closing appropriately with a thanksgiving in

word, is fitly introduced by the Prophets or Acts, with exhortation

and prayer.

Two hundred years pass by within which is found no extended

report of the manner of worship. Then appear the Apostolic

Constitutions, from which is drawn the so-called Clementine Liturgy,

which is as follows :'

Lection from Law and Proj^hets.^

Lection from Epistles.

Lection from Gospels.

Sermon.

Litanies for Catechumens, etc., and Dismissal.

Litany for Faithful.

The Peace of God be with you all.

Kiss of Peace.

Washing of Hands.

Offering of the Gifts.*

Prayer of Bishop.

The Grace of Almighty God, and the Love, etc.

Sursum Corda.

Preface ending with Sanctiis.

Commejnoration of the work of Redemption.

Words of Institution : In the night in which He was betrayed.

Offering in remembrance of Passion.

Invocation of Holy Sjiirit.

Prayer for the whole Church, including the faithful departed.

Peace of God be with you all. Prayer of Humble Access.

Holy things to Holy. R. One holy, etc. Glory to God in the highest, etc.

Communion. Psalm xxxiv.

Thanksgiving.

Blessing.

1 Burbidge, Front. 2 The Little Entrance or Introit.

3 The Great Entrance or Offertory.
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In this liturgy of the fourth century we see much more clearly the

dramatic character of the service, which may now be roughly divided

into two acts. The Eucharist holds as ever the commanding posi-

tion. The first act is one of preparation ; the second leads directly

to the Eucharist, its fitting climax.

As to the method of division in this inchoate drama there may be

different views. Klein," having in mind the Liturgy of St. Chi'ysos-

tom,^ in which a ' Preparation ' precedes the Introit, casts the church

service into three act.s, the first closing immediately before the In-

troit, the second before the Great Entrance. Dr. Schaff' holds that

every Oriental liturgy is a symbolical drama of two acts, the second

act beginning with Sursum Corda. It might be as satisfactory to

consider the liturgy as a drama of two acts, the first beginning with

the Introit—the Introduction, where there is one, being treated

as a species of prologue—and the second opening with the Great

Entrance.

The exact method of division is immaterial. The fact remains

that we have in the Clementine Liturgy a dramatic framework which

needed only the interspersion of the quick exchange of act and

speech to form a veritable drama. This need, however, was a serious

one, and a rival sect was not slow, as we shall see, to take advan-

tage of the defect.

In some form singing of psalms had been a feature of the church

worship from the first. There had been some definite assignment of

musical parts in temple and synagogue worship ;* moreover, Psalms

24 and 134 appear to have been composed for antiphonal singing.

Philo speaks of such singing among the Essenes, in language which

agrees closely with that used by Basil, Bishop of Ca^sarea, in

370 A. D., when he says," "And now, divided into two parts, they

sing alternately to each other. Afterwards they commit the leading

of the melody to one, and the rest follow him," Pliny's statement

that the Christians sang " amongst themselves in turn " proves its

survival among the Christians.

Nevertheless, whatever the method of singing may have been, that

lively alternation, which gives movement and interest to antiphonal

singing, must have been lacking. Indeed there are signs that music

itself fell into disuse or was of little prominence, for no writer after

St. Chrysostom could have omitted, as did Justin Martyr,' all men-

tion of it, in a description of the service.

I Klein, vol. 4, p. 10. 2 Burbidge, Front. 3 SchafE, vol. 3, p. 534.

* Smith's Diet, of Christian Biog-. s. v. Ignatius. s Burbidge, p. 13. 6 See p. 133.

Trans. Conn. Acad., Vol. IX. October, 1892.
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About the middle of the fourth century the orthodox church saw

dark days. The Arian sect, with its taking hyranology, was militant

in the Christian world. The orthodox Bishop of Antioch was driven

into exile, and the fortunes of the faithful sank to a low ebb. It

was at this time, tradition says, that Flavins' and Diodorus of

Antioch revived—or, possibly more accurately, invented—antiphonal

singing. In any case, the time was ripe for it. St. John Chrysos-

tom" used it in processions to combat Arian hymnology, and Am-
brose,° Bishop of Milan, brought it to the West.

For many characteristics of antiphonal singing the church was

probably indebted to the Greek drama. The Arian hymnology had

made clear the need of a more prominent musical element, but

does not, so far as can now be determined, satisfactorily explain the

peculiar arrangement of antiphonal singing. If one will place the

liturgical service side by side with one of the old Greek tragic dra-

mas, he will be struck by the correspondence of function between the

choir of the one and the chorus of the other. This pertains not

alone to the frequent dividing and reuniting of chorus and choir

respectively, nor to the distribution of the singing throughout the

action of the play and liturgy, but is present in a more subtle sense.

The chorus interprets and accentuates the action of the drama, but

rarely advances it. The choir discharges the same office continually

for the service of the liturgy, as it passes on to its climax in the

Eucharist.

If now the Responsoria are added to this forming liturgy—which,

however, tradition assigns to the Italians, but which seem so close a

copy of the interchange of speech between the protagonist and

chorus, and are so strikingly akin to the antiphon that one must

suspect a common origin—the liturgy has received in the fourth

century that final form and texture which through the use of fifteen

centuries has remained practically unaltered. Additions, expansions,

intrusions, have at times been made, but the Roman and English

liturgies of to-day are essentially the same as St. Clirysostom's Lit-

urgy of the fourth century.

Nor should it be thought singular that the Fathers looked to

the classic theater for aid. The theater had a strong hold upon the

people ; witness Tertullian's* De Spectaculis (A. D. 200) against plays,

and St. John Chrysostom's* threat of excommunication, if any of his

1 Smith's Diet, of Christian Bioji-. s. v. Flavius. 2 Schaflf, vol. 3, p. 579.

8 Smith's Diet, of Christian Biog. s. v. Ambrose. < Hase, p. 1.

s Hase, p. 5.
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flock attended theaters on holy days. That they should go for aid

to the classic plays, which were still used for closet study, is no

stranger than that they should adopt the Roman basilica for a

church type, or plant Christmas' upon the Roman Saturnalia. The

church had need of these things, and used thera so wisely that

it made out of the skeleton of the Clementine Liturgy an artis-

tically complete symbolical drama in the St. Chrysostom Liturgy,

The symbolical character of their worship was emphasized by his-

torical, typical, and allegoricaP pictures, among which ' Adam and

Eve,' the 'Adoration of the Magi,' and the 'Shepherd who carries

the Lost Lamb upon his Shoulders ' are enumerated.' Some of these

were passing out of use by the middle of the fourth century, as

discarded molds, no longer suitable for the thought of the church.

Furthermore, the readiness with which the church assimilated Greek

culture is easily accounted for when we I'eflect that* " to Justin

Martyr, Origen, and Clement of Alexandria, Greek philosophy was

the bridge to the Christian faith."

However, the distance from the symbolical drama to the tragic

is not easily passed. It cannot be bridged by any development of

symbolism itself. The difi^erence is essential and intrinsic. In the

first place, abstract thought that does not admit of concrete presenta-

tion cannot form even a symbolical drama. Hence where philoso-

phy, as in India, has dominated thought since the rise of literature,

there can be no true drama.

The Hindoos' one attempt to form a mystery play, the Prabodha-

Chandrodaya,^ the Birth of Ideas, shows, through the superlative

hideousness of its allegorical actors, the violent forcing of material

into unnatural expression. Even in the florescence of Attic tragedy

the authors recognized vaguely that the rising schools of philosophy

were their foes. When the domination of Attic thought by philos-

ophy was finally complete, the drama forsook its ideals, and sought

for motive in society and intrigue.

In the Christian liturgy, symbolism presented at second hand the

concrete embodiment of the profoundest ethical philosophy, since

the tableaux and allegories pictured the story of Christ, who offered

in his own life and action a solution of the ethical problems of the

race. The true literary expression of this material was found in the

allegorical poems so abundant in the Middle Ages, which ultimately

1 Wilken, pp. 1, 2. 2 Schaflf, vol. 3, p. 374.

3 I And no evidence of living tableaux in the church at this date, as given by Klein, vol.

4, p. 11. 4 Schafif, vol. 1, p. 78. s Klein, vol. 3, p. 15.
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attained their richest flowering in the Divina Comraedia and the

Fairy Queen. The true drama demands material that can be made
one with the actor. The profoundest philosophy can be presented,

as in Hamlet or King Lear, but it must be presented indirectly

through the life, or the results arising from the life, of the actor.

The tragic drama demands situations that shall excite the deepest

emotions in the spectator, and as agent a soul great enough to combat

mighty influences, that the beholder's liveliest sympathy may be

called into action. Can these conditions be met by a drama that

attains its climax in a thank-offering ? If not, then, after the sym-

bolical drama was established in the Christian liturgy, further dra-

matic advance was impossible. The service might be loaded with

ornament—incense, genuflections, vestments ; but these could only

cloud the simple dramatic outline of the early liturgy. The passage

to true dramatic expression remained impossible.

Meanwhile, the old drama had sunk into utter darkness, beneath

the contempt of men and through the puerility and grossness of its

matter. For five centuries the world waited for the drama. From
the Christian worship, its proper source, it could not come without

some essential change within the liturgy itself, yet the thought of

Europe was Avholly taken up with the story of the Christ and the

wonderful plan of salvation which had been elaborated by the

theologians.

It is true that there are signs that a drama might have arisen in

time from another source. The pastoral of Theocritus had devel-

oped in dialogue. Whether, without the aid of the religious drama,

it could have acquired sufficient plot of dramatic quality to form

even the pastoral drama which later spread through Western Europe,

is an interesting question. Its indebtedness to the religious drama

can be plainly seen in Spain, where Enzina' used the church drama

as an aid to the pastoral, and set the type for Spain and Portugal.

But the passage from pastoral to tragedy would have been a giant

stride, and proved unnecessary, for within the liturgy grew up the

needful tragic motive, and from that sprang the religious drama. It

becomes our next task to show the shifting of standpoint within the

liturgy which arose from the acceptance of a new theological dogma,

to detect the inti'oduction of a genuinely tragic moment, and to trace

the growth of dramatic expression within the church service itself.

1 Ticknor, vol. 1, p. 345.
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11.

THE DOCTRINE OF TRANSUBSTANTIATION AS A DRAMATIC
MOTIVE.

It is probable that from a very early day the church considered

the Eucharist as something more than a commemorative breaking of

bread. It is certain that within the first centuries the belief that in

some mystical, spiritual sense Christ was present in the Lord's

Supper was prevalent in the church. But this mysticism, so

attractive to the mind of the Oriental, is contrary to the habits of

Western thought, which seeks for reality beneath speculation, and

for a philosophy that can be mirrored in the life. Therefore we

see without surprise as early as the sixth centurj' signs of approach-

ipg materialistic views of the Eucharist. St. Gregory's words,'

" Take this bread and offer it as a sacrifice for my sins," show that

the propitiatory idea was superseding the idea of thank offering.

Still it won its way but slowly. It is not found in the Liturgy of

St. Gregory, upon which the mediaeval Mass was built, though with

many additions.^

Not until the ninth century' did the doctrine of the Sacrament

become an object of controversy. The issue was defined when Rad-

bertus propounded the doctrine of Transubstantiation, in his treatise

addressed to Charles the Bald.* The controversy that immediately

arose shows how foreign such views were to the theological thought

of the time. Nevertheless, once formulated, the tenet rapidly

gained credence, and the treatment which Berengar' received in the

eleventh century, because he held that Christ was present in the

Eucharist in a spiritual sense only, proves how completely the doc-

trine of the Real Presence had gained the day.

Within these two centuries, from the last half of the ninth to the

first half of the eleventh, this most momentous change had taken

place in Christian thought. Within these two centuries the dra-

matic development of the liturgy began in all countries of the Roman
Catholic faith. This is more than coincidence. It- is cause and

effect. The dramatic element, hitherto lacking in tlie Christian

liturgy, was now present through a belief that aroused the most

intense emotions in the worshiper. Day after day the 'devout among

the clergy saw the Son of God offered up, a present sacrifice, for

their sins. What act of more awful import could be imagined !

1 Burbidgre, p. 95. 2 Burbidge, p. 67. ' Schafif, vol. 3, p. 492.

4 McClintock and Strong, s. v. Lord's Supper. 5 Schaff, vol. 4, p. 556.
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And when the church services, following the incidents of His life,

came around to the dates of His death and resurrection, what longing

must have possessed them to present vividly to the ignorant and

heedless multitude those moments now stored for them with such

sacred meaning !

The liturgical drama, therefore, is the legitimate outgi'owth of a

situation well stated by Dr. Schaff :

In the sacrifice of the mass the whole mysterious fulness and glory of the

Catholic worship is concentrated. Here the idea of the priesthood reaches its

dizzy summit, and here the devotion and awe of the spectator rises to the high-

est pitch of adoration.^

Or it may be stated in words which the Catholic Church accepts :

The Church commemorates every day the bloody sacrifice of Jesus Christ on

the Cross, by a true and real \inbloody sacrifice ; in which she offers to God the

same body and blood that were given for the sins of the world. '^

These words, through continual repetition and the unbelief of our

day, no longer appeal, even to those who accept them, with a tithe

of the force with which they impressed the credulous minds of

mediaeval times. To them the immediate result was a notable

increase in the spirit of devotion, which expressed itself in the elabo-

rate rituals, and in the desire to present this awful sacrifice to the

people as vividly as the priests themselves felt it. This dramatic

development of the liturgy did not owe its origin to the frivolous

and irreverent among the clergy, though these, doubtless, eagerly

seized upon it for amusement, but to the reverent desire of the pious

to present Christ's life vividly to the people, a desire that could now
find true dramatic expression, since the Mass was no longer a symbol,

but a veritable life history, closing before the eyes of the spectators

in a most sublime self-sacrifice.

Thus it came about that under the new view of the Eucharist the

liturgy presented dramatic moments of heightened interest at each

salient point of Christ's career. These fall naturally into two groups :

those of his birth and childhood, and those that pertain to his death

and resurrection, the latter forming a group of most intensely dra-

matic value.

As Sunday after Sunday the people see the Christ actually lifted

up before them, the sense of the reality of the sacrifice grows.

When with Holy Week the altars are stripped and continual suppli-

cation and lamentation fill the church, they are prepared to feel on

I Schafif, vol. 3, p. 506. 2 The Office of the Holy Week.
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Good Friday that an actual sacrifice of momentous consequence to

them is taking place. The new sense of the import of this sacrifice

heightens the devotional feeling in the clergy, and they long to

make this as real lo the people as it is to themselves, and sometimes

to make it as vivid to their own consciousness as it is to their faith.

This led to a more realistic presentation of the awful sacrifice and of

the joy of the Resurrection.

We must not, however, expect that the history of these dramatic

moments will he the same. The Crucifixion was too solemn a thing

for elaborate realism, but the Resurrection readily lent itself to dra-

matic presentation. Therefore we must expect to find the Cruci-

fixion a reverent but slightly developed drama, until it passed into

the hands of the people, and time and custom had deadened their

sense of its sacredness.

III.

THE DRAMA OF HOLY WEEK IN THE CATHOLIC LITURGY
OF MODERN TIMES.

We turn now to the records that remain, and will attempt to trace

the development of these two dramatic moments, considering first

the dramatic traces in the modern Roman Liturgy of Holy Week,

and next in the old English liturgies, passing thence to the more

elaborate development in the liturgies of the continent, where we
will trace the Crucifixion and the Resurrection independently.

The liturgy of modern times, according to the author' chosen,

admits of the following sketch of dramatic action.

THE MORNING OFFICE FOR GOOD FRIDAY.

THE MASS.

The Priest and his Ministers, in black vestments, go to the Altar, without

lights and incense, and prostrate themselves before it; while the Acolytes cover it

with one linen cloth. The gospel is St. John 18. After the prayers the

Priest puts off his vestment, and taking from the Altar the Cross covered with

a veil, he goes to the epistle-corner, where he uncovers the top of it, and shows

it to the people, singing the Antiphon: Eece lignum craeis. Tlien the Deacon

and Subdeacon join with him in singing the rest: In quo salus mitndi pependit.

And the choir prostrate on the ground answers: Venite, adoremiis. From thence

the Priest proceeds to the right side of the Altar, where he uncovers the right

arm of the Cross, singing a second time, ecce lignum, as before. Lastly, he goes

1 The Office of the Holy Week.
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to the middle of the Altar, and uncovers the whole Cross, singing a third time,

ecee lignum. After this, he carries it to a place prepared before the Altar,

where he adores first himself, and then the clergy and laity, all kneeling thrice

on both knees, and kissing the feet of the Crucifix. When the adoration of the

Cross is almost finished, the candles iipon the Altar are lighted, and after the

adoration the Cross is placed again upon the Altar.

Afterwards the Priest receives in communion the host that has

been consecrated on Maundy Thursday, and placed in a tabernacle

appropriately decorated and lighted.

There is in this no sign of the medieval custom of placing Christ

in the sepulchre, but our author states that a custom, which is very

significant, is observed by the laity. After the host is placed in the

tabernacle on Maundy Thursday, it is visited by the laity, who call

this ' Visiting Sepulchres,' ' which our author cannot reconcile with

" lights and the richest ornaments ; things very unbecoming a sep-

ulchre."

This custom is, however, easily explained, if we compare with the

modern service the ceremony as given by the York MissaP of the

twelfth century. I omit all before the adoration, as the variations

are unimportant and foreign to our purpose. It reads :

Dum populus adorat, canatur Antiphona cum Versti. . . . Tandem adorata

Cruce, bajulent earn duo Vicarii usque ad locum sepulcri, ubi Praelatus earn

accipiens incipiat has Antiphonas, et Chorus fiuiat. . . . Postea Praelatus ponat

flexis genibtis Crticem in sepulchro et duos cereos accensos cum duobus urceis

;

postea thurificet eam, et tunc erectus incipiat Autiphonam.

Although in the Missal for Good Friday nothing is said about

placing a host with the crucifix in the sepulchre, we know that it

was done ; for, in the Missal for Thursday, Feria V. in die Cenae,

we read:^

Poiiantur a Diacono tres hostife ad consecrandum, quarum duae reserventur in

crastinum, una ad percipiendum ab Executore Officii; reliqua, tit ponatur cum
Cmce in Sepulchro.''

1 The Office of the Holy Week, p. 183.

2 The York Missal, vol. 1, pp. 106-7. Note.—MS. A, owned by Kev. John Gott, Leeds,

Eng., is in part of the twelfth century, in part of the fifteenth. MS. D is in the library

of Sidney Sussex College, Cambridge. It is of the fifteenth century, and contains many
rubrics not given in the other si.x MSS. The portion of MS. A used in this work is of

the twelfth century. The portions from MS. D are noted.

3 The York Missal, p. 97, MS. D.
•1 In the abbey church of Durham the host was inclosed in crystal, and set into the

breast of the image of the Savior. Hone's Ancient Mysteries, p. 233, quoting from
Davies's Kites of the Cathedral of Durham.
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That is, the first of the three is used on Thursday, the second on

Friday after the priest returns to the altar, and the third rests in

the sepulchre.'

1 Parker's Glossary of Architecture gives under ' Sepulchi-e ' the following: " A rep-

resentation of the entombment of our Savior, set up in the Roman Catholic church at

Easter on the north side of the chancel, near the altar ; in this country previous to the

Reformation, it was most commonly a wooden erection, and placed within a recess in the

wall or upon a tomb, but several churches still contain permanent stone structures that

were built for that purpose, some of which are very elaborate, and are ornamented
with a variety of decorations, as at Navenby and Heckington, Lincolnshire; and Haw-
ton, Nottinghamshire, all of which ai-e beautiful specimens of the Decorated style

:

sepulchres of this kind also remain in the churches at Northwold, Norfolk; Holcombe
Burnell, Southpool, and Woodleigh, Devonshire ; and in several others. . . . The lower

part generally contains representations of sleeping soldiers, intended for the Roman
guard."

Britton's RedclifCe Church, p. 37, quoted by Parker :—

Item, That Maister Canynge hath deliver'd this 4th day of July, in the year of our

Lord, 1470, to Maister Nicholas Fetters, vicar of St. Mary Redcliffe : Moses Conterin,

Philip Barthelmew, procurators of St. Mary Redcliffe, aforesaid : a new sepulchre well

gilt with golde, and a civer thereto.

Item, An image of God Almighty rising out of the same sepulchre, with all the ordi-

nance that 'longeth thereto, (that is to say) a lathe made of timber and the iron-work

thereto.

Item, Thereto 'longeth Heaven, made of timber and stain'd clothes.

Item, Hell made of timber, and iron-work thereto, witli Divels to the number of 13.

Item, 4 Knights armed, keeping the sepulchre, with their weapons in their hands

;

that is to say, 'i axes and 2 spears, with 2 paves.

Item, 4 payr of Angels' wings for 4 Angels, made of timber and well painted.

Item, The Fadre, the Crowne and Visage, the ball with a Cross upon it, well gilt with

line gould.

Item, The Holy Ghosht coming out of Heaven into the sepulchre.

Item, Longeth to the 4 Angels 4 Chevelers.

Articles of Visitation, by Abp. Cranmer, 3 Ed. VI., quoted by Parker :—

Item, Whether they had upon Good Friday last past the sepulchres with their lights,

having the Sacrament therein.

Test. Johan. de Ledes, 1379. Test. Ebor. 196, quoted by Parker :—

Lego duo tapeta rubea dictas ecclesiaa mesB pro reparacione sepulchri in die parascues.

Accompts of S. Helen's, Abingdon. Archasol. vol. 1, p. 16, quoted by Parker:—
A. D. 1558 : Payde for making the Sepulture, Kte.

For peynting the same sepulture, 3.s.

For stones, and other charges about it, 4s. 6c?.

To the se.Yton for meat and drink, and watching the sepulture, according

to custom, 22d.

Hone's Ancient Mysteries, p. 321, quoting the Beehive of the Romish Church, saj's

:

" Yea, and in some places, they make the grave in a hie place in the church where men
must goe up manie steppes, which are decked with blacke cloth from above to beneath,

and vpon euery steppe standeth a siluer candlesticke with a Avaxe candle burning in it,

and there do walke souldiours in harnesse, as bright as Saint George, which keepe the

grave, till the priests come and take him up : and then commeth sodenlie a flash of fire,

wherewith they are all afraid and fall downe : and then vpstarts the man, and they

begin to sing Alleluia, on all hands, and then the clock strikes eleuen."
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IV.

THE DRAMA OF HOLY WEEK IN THE YORK LITURGY.

We turn now to the Easter service in the media?val liturgies, and

place the York liturgy in comparison with the continental order of

service. An interesting situation is revealed. In the York Missal

the traces of dramatic action are scattered, as in the modei'n liturgy,

through the services of Easter, Easter Monday, and Easter Tuesday,

not concentrated, as in the continental liturgies, in the service of

Easter, In the Victimse Paschali Laudes occurs :

Die nobis, Maria ! quid vidisti in via ?

Sepulchrum Christi viventis, et gloriam vidi resurgentis,

Angelicos testes, sudarium et vestes.

Surrexit Christus spes mea, praecedet vos in Galilaeam.

This is repeated also on Monday and Tuesday. On Monday we find

the verse preceding to be :

Angelus Domini descendit de caelo, et accedens revolvit lapidem, et sedebat

super eum.

On Tuesday the verse is :

Sun-exit Domiuus de sepulchro, qui pro nobis pependit in ligno.

In the York Missal the Resurrection Drama also appears in a

broken and disconnected condition. On Easter Sunday, after bless-

ing the fire and the water, the clergy assume festal garments, but the

Victimae Paschali Laudes is not the Sequence for the day, so there is

absolutely nothing of a dramatic nature in the Easter service. In

Feria ii post Pascha, however, we find clear traces. Luke 24. 13-

35, is read. The Offertorium gives :'

Angelus Domini descendit de cgelo, et dixit mulieribus : quem quaeritis ?

surrexit, sieut dixit, alleluya.

In Feria iii post Pascha appears :"

V. Angelus Domini descendit de cselo, et accedens revolvit lapidem, et sedebat

super eum.

V. Eespondens autem angelus dixit mulieribus : Quem quaeritis ? Illae autem

dixerunt : Jesum Nazarenem.

Then follow the Victimae Paschali Laudes, containing :

Die nobis, Maria, quid vidisti in via ?

Sepulchrum Christi viventis, et gloriam vidi resurgentis,

Angelicos testes, sudarium et vestes.

Surrexit Christus spes nostra, praecedet vos in Galilasam.

Credendum est magis soli Mariae veraci, quam Judaeorum turbae fallaci.

Scimus Christum surrexisse a mortuis vere ; tu nobis, victor Rex, miserere.

1 York Missal, p. 128. 2 York Missal, p. 129.
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How much acting accompanied this song it is impossible to state

with certainty, but one may venture the supposition that a portion

of the choir or certain priests sang the question :
" Die nobis, Maria,

quid vidisti in via ?," that the three following lines were sung by

single voices personating the three Maries respectively, that the

former singers then followed with the line beginning " Credendum,"

and that all joined in the last line. There is nothing in the text to

indicate the method of rendering. The passage is in prose as given

above, not in verse, as the passage given by Pollard' seems to be.

This ends the direct evidence from the York Missal, but not the

indirect. There must have been more to this drama than that indi-

cated in the text. In the Good Friday service the crucifix and host

were placed in the sepulchre to await a resurrection on Easter, as

we know from the continental liturgies. No account of this resur-

rection is given, and, as there is a distinct change in the service on

Easter, when, after days of mourning vestures and lamentation,

Praelatus cum septein vel quinque Diaconibus dalmaticatis, et totidem Sub-

diaconibus tuiiicatis festive paratis, prjecedentibus Cereferariis et diiobus

Thuriferis, introeat ad Altare,

I incline to the opinion that the Resurrection Play took place

immediately before that action.

That the directions for the drama should be omitted is not strange,

as in many churches, continental as well as English, the Play was

regarded as foreign to the service and excluded from the Missal.

Moreover, we have direct references to such plays in two places in

the York Missal. On Christmas—Ad Missam in Gallicantu," MS.

D says :

Peractisqvie ibidem omnibus quae juxta morem dicenda vel facienda sunt,

incipiat Exeeutoi* Officiis ad Altare Gloria in exeelsis cum nota de angelis.

And for Ad Magnam Missam MS. D adds :'

Et peractis omnibus ibidem, quae peragenda sunt, incipiat Sacerdos orationem.

These prove the recognized standing of such plays, though out-

side of the Missal, and also that the directions for them were not

always inserted, as MS. D alone has them, the other MSS. being

notably deficient in rubrics in many places. This closes the York
testimony concerning these plays, and we pass to the continent, as

I have not the Sarum Use at hand.

I Pollard, p. XV. 2 York Missal, p. 14. 3 York Missal, p. 18.
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V.

THE DRAMA OF HOLY WEEK IN EARLY CONTINENTAL
LITURGIES.

The traces left in the Alemannic liturgy will serve to illustrate the

dramatic features of the continental service.

Ot^do in Parasceve:^

& cruce salutata, & in suo loco reposita.

Ordo in Parasceve :'^

Interim Sacerdos fumat viaticum, eatque ad sepiilchrum cum incenso & can-

delis cantando I^ . Agnus Dei Christus. Ecce quomodo moritur, cum Versibus &
repetitionibus, ponensque illud in sepulchrum incenset, & claudens illud cantet

5. Sepulto Domino, cum Versu & repetitione, ponaturque eereus ardens ante

sepulchrum.

These extracts will suffice to show that the German churches were

practically in accord with the English as regards the Burial Play.

The act of crucifixion we might suppose too painful a scene for

realistic presentation in the service, and so it seems to have been in

England, but on the continent it received a peculiar dramatic treat-

ment. The lamentation on Good Friday for the death of Christ

was, in Germany, Jei*em. chap, i, sung with a touching melody.^

This was superseded by a lamentation of Mary of which we have

examples in both Latin and German. There are many of these

' Marienklagen.' They were not all, however, designed for the Good

Friday service. Some are addressed to Christ upon the cross; others

show plainly by their content that they were sung by Mary in the

Easter service, sometimes just before the Maries began their walk

to the tomb, at other times on the way and leading up to the Resur-

rection proper. The dramatic development of the former was evi-

dently suggested by the Biblical narrative. Mary addresses her

Son and He replies. As to how the response was contrived we have

no information.

Probably the first steps of this development have been lost, since

the earliest form that we have is in metre and in a somewhat com-

plicated stanza. From a Saint Blasien MS. of 1440 at Karlsruhe

Mone gives :*

1 Gerbertus, vol. 2, p. 204. 2 Gerbertus, vol. 2, p. 235.

3 Mone, p. 204. ! Mone, p. 43.
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Planetus B. Marice virginis ad filium in cruce x>endentem,

:

Virgo plorans filium

ductus ad suppliciiam :

Die o rex humiliuin,

fili quid fecisti ?

quia gens incredula,

mordax velut vipera,

te traxit ad vincula

et crucem subisti.

This continues through thirteen stanzas. Then :

Responsio afflicti fllii ad mcestisshnam niatrem.

This Responsio closes the song in five stanzas.

The next step of dramatic development is shown in a MS. of

1439, now in the library of Karlsruhe, but wi'itten in Florence.*

The metre is more simple, but the lyrical dialogue has been greatly

expanded. It begins :

Ante crucem virgo stabat,

Christi poenas cogitabat,

totam se dilaniabat,

vultum lavat lacrimis,

and continues through eight stanzas, when Christ replies in four

stanzas, Mary answering in three. Then, Respondet crux Marim
in seven stanzas, Mary replies in three, and the cross closes the dia-

logue in four.*

Our next example passes from the language of the church to the

tongue of the people. The MS. is judged to be of about 1430.' I

give it in full, as it is comparatively short, and yet contains all the

distinctive features of the lamentation after it had passed into the

vulgar tongue.*

1 Mone, p. 37.

2 Note.—Compare with these the "Stabat Mater: The Lamentation of the Blessed

Virgin Mary, a Sequence or Prose, appointed, in the Roman Missal, to be sung between

the Epistle and the Gospel, at High Mass, on the Friday in Passion Week, and the

Third Sunday in September. The Poem, written towards the close of the thirteenth

century by Jacobus de Benedictus, is one of the finest examples of mediiBval Latin

prose."—Grove's Dictionary of Music and Musicians s. v. Stabat Mater.

3 Note.—It should be borne in mind that most of these plays are older than the MSS.

containing them. Nevertheless, the development in Germany seems to have been

slower than elsewhere, and consequently many steps of development, elsewhere lost,

have been preserved there.

4 Hoffman, vol. 3, p. 281.
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Marie klage.

Planctus in magna sexta feria.

Primo lohannes dicit :

Hoeret lieben liute liberal

Einen jaeinerlichen schal.

Maria ist herkomen

Und hat leidigiu maere vernonien :

Ir liebez kint si gevangen

Und an ein kriuze gehangen.

Maria dicit:

Johannes lieber vriimt min

Daz du sselec miiezest sin,

Wise mich an die stat

Da du min kint gelazen hast.

lohannes dicit demonstrando super. . . . :

Maria sich an din kint,

Daz die argen jiiden blint

An ein kriuze habent geslagen :

Des muz ich dir helfen klagen.

Maria cantando iwocecUt

:

Owe owe des gauges des ich gan

Mit jamer und mit riuwen.

Ich mac gesitzen noch gestan,

Min leit wil sich verniuwen.

lesus cantat:

Eli, lamma sabacthani, Deus

meus ut quam dereliquisti me ?

«. Judcei annectant clavos.

Maria cantat

:

Owe ich hoere einen ruf :

Daz ist min kint Jesus der mich

beschuf,

Daz vernim ich an der stimme.

Ich hoere die hemer klingen

Und in sin in angest und not.

Owe und waerich vor im tot

!

Owe ich gen Avider oder viir,

Ez trit ouch nieman viir die tiir

Der dise marter wende :

Des windich mine hende.

Ich schrie lut owe owe,

Nu toetet mich und lat in gen.

Maria dicit

:

Johannes lieber vriunt min,

Nu gewir zu der marter sin,

Und hilf mir klagen miniu leit

Diu min sendez herze treit,
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lohannes dicit:

Maria muter reine,

Weinen muge wir beide,

Wan uns nieman troestet mer :

Owe mir hiute iind immermer.

Maria cantat :

Sihestu wie er henget

Und wie daz blut rennet

Uz sinem reinen libe ?

(lesus dicit ;)

Sich, muter, sich ! Din kint

bin ich

Und daz jaemerlichen hange.

Des sunders tot ich nicht enwil,

Johanni dem bevilh ich dich.

lohannes dicit ad Mariarn:

Muter laz din tmren sin,

Johannes sol wesen der sun din

Und du diu muter sin.

lesus ad lohannem dicit

:

Du solt ir sun wesen,

So muget ir beide wol genesen.

Maria cantat :

Owe ow§ ! weinen was mir tmbekant,

Sit ich muter was genant

Und doch mannes &ne.

Ow§ ! nu ist ze weinen mir geschehen,

Sint ich sinen tot muz sehen .,

Den ich ane smerzen gar

Muter unde meit gebar.

[Here follow some illegible Latin verses

of which the following is the trans-

lation] :

Sun Johannes unde neve min,

Du solt klagen min leit und daz din.

Sider unz ze leid ist geschehn,

Herzeleide miieze wir jehn.

Owg ach und jamers zit

Diu an sinem tode lit,

Davon mir ein scharpfez swert

Mine sele gar durchvert.

lohannes:

O Maria stella maris

our tam grave contristaris ? etc.

A still further development is shown by a plaint of the thirteenth

century—the MS. is, however, of the fifteenth century—which is
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also given b}'' Hoffmann/ It begins ' Incipit planctns Marise vir-

ginis,' contains 406 verses, and is accompanied, as is the case with

nearly all German Marienklagen, with the music. The stage direc-

tions are in Latin, and the first song that John and Peter sing is in

prose Latin. The Savior also says :
" Miilier, ecce filius tuus," and

" Ecce mater tua " in speaking to John, but follows each with four

verses in German. The actors are Mary, John, Peter, and the cru-

cified Savior. The passage of time is shown, and is evidently

intended to cover the time that Mary was by the cross in the Bib-

lical narrative.

As kindred to the above plaints we can best consider here the

lamentations that precede the Resurrection Play on Easter. In a

parchment MS. in the cloister of Lichtenthal near Baden, in a hand-

writing of the thirteenth century, is found what Mone^ declares to

be the oldest German piece that he has discovered. It begins :

[maria :]

Awe der iemeiieichen clag,

di ich muter eine trag

von dez totez wanne !

weinen waz mir unbechant,

sit ich mutei" was genant,

und doch mannes anne :

nu ist ze beineu mfr geschehen,

seit ich deinen tot muz sehen.

aube der laiden merre !

wainen, clagen muz ich ban,

sam der freude ni gewan,

von meinez hertzen swerre.

aube tot,

dfseu not

maht du mir wol enden,

wilt du von dir

her zu mir

deinnen poten senden.

Three stanzas of the same construction follow, then John speaks

one stanza, then Mary and John continue the conversation through

six stanzas of a different construction. The preparation for the

walk to the sepulchre is announced by six Latin verses, and Mary's

decision to visit the sepulchre is given in the words :

Sed eamus et ad ejus

properemus tumulum,

si dileximus viventem,^

diligamus mortuum.

1 Hoffmann, vol. 2, p. 260. 2 Mone, p. 27 and p. 31. ^ gee pp. 149, 157.
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This leads las to the consideration of the songs, not lamentations,

which sometimes contained the Easter Play in embryo, and some-

times were introductory to it. Of the former we have this of the

foui-teenth century :'

Duo pueri [maria magdalena] :

Certe multis argumentis sudariiim et vestes.

vidi signa resurgentis. surrexit Christus spes mea,

Chorus

:

prsecedet suos in Galilaea.

Die nobis Maria-, [Chorus:]

quid vidisti in via ? Credendum est magis soli Maiiae veraci

Duo pueri [maria m. J
:^ ^^^i^ Jndjeornm turbae fallaci

;

Sepulchrum Christi viventis scimus Christum surrexisse

et gloriam vidi resurgentis, ®^ mortuis vere
;

angelicos testes, t^^ nobis, victor rex, miserere.

Of the second the introductory songs in the plays below, given as

Milchsack's fourth group,* will serve as examples. Our considera-

tion of these lyrics may well close with Hoffman's ' Ludus de Nocte

Pasche,' which I give in full, as showing what parts in the transition

the Latin and vernacular tongues held respectively in these plays,*

INCIPIT LTJDUS DE NOCTE PASCHE.

Prima Maria cantat :

Heu nobis intemas mentes^

quanti pulsant gemitus

pro nostro cousolatore,

quo privantur miseri,

quem crudelis ludaeorum

morti dedit populus.

lam percusso heu pastore

oves errant misere,

sic magistro discedente

turbantur discipuli

atque nos absente eo

dolor tenet nimius.

Sed eamus et ad eius

properemus tumulum.

si dileximus viventem,''

diligamus et mortuum

et ungamus corpus eius

oleo sanctissimo.

1 Mone, p. 22.

2 Compare (p. 36) with the VictimiB Paschali Laudes of the York Missal.

3 Almost all important MSS. of the liturgical drama are monastic MSS. (Les Mysteres,

par L. Petit de Julleville, p. 31, referring- to M. L. Gautier). Consequently, in those

monasteries where women were not permitted to enter, the Maries were represented by
boys. * See p. 156. •> Hoffmann, 3, 373. e See p. 157. • See pp. 148, 157.

Trans. Conn. Acad., Vol. IX. October, 1892.

12
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Prima Maria elicit Rhythmum :

Owe, owe der vil grimmigen hant

Din aller werlde heilant

An daz kriuze hat gehangen.

Er hat durch den menschen die martel enpfangen:

Owe ir iuden, welch ein groz mort!

Wie michel nnd ungehort

Versteinet iuwer herzeu sint!

Ir hat gekriuzeget die muter als daz kint

Secunda^ Maria dicit R :

Owe! wie gar irreclichen ez stet

Da daz vihe ane hirten get:

Daz mac man wol beschouwen

An uns drin armen vrouwen.

Tertia Maria dicit :

Swester, wir wellen vor dem tage

Gen zu nnsers meisters grabe,

;
Und bestrichen sine wunden almitalle

Mit tiurer guter salben.

Ich han ein altgesprochen wort

Von minen eltern dicke gehort,

Daz din triuwe si allerbest

Die man nach dem tode leist.

Waere uns nu liep der lip sin,

Des solden wir im tun guten schin.

Et in momento x>rocedentes ad sepuJchrum, simul cantando Angelis

.

Sed eamus ungnentum emere,

cum quo possimus unguere

corpus domini sacratum.

Quis revolvet nobis ab ostio lapidem,'

quem tegere sanetvim cernimus sepulchnim ?

Tertia Maria dicit Rhythum :

Wer will uns von diseme grabe

Den stein heben herabe ?

Daz got darumbe si sin Ion

Unde helfe in in den obersten tron.

Tunc Angeli cantant :

Quem quseritis, o tremulae mulieres in hoc tumulo plorantes ?**

Et primus Angelus dicit R :

Wen siichet ir dri vrouwen

Mit jamer unde mit rouwen

Also vrii in diseme grabe

An diseme osterllchen tage ?

1 See p. 168. > See p. 158.
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Marice simxil cantant Angelis

:

lesum Nazarenum crucifixum quaerimus.

Tertia Maria dicit R :

Wir suchen Jesum unsern trost,

Der Tins von siinden hat erlost.

Angeli simul cantant :

Non est hie quern quaeritis, sed cito euntes nunciate discipulis eius et Petro

quia surrexit lesus.

Secundus Angelus dicit R

:

Er enist niht hie, er ist uferstanden

Und is zii Galilea gegangen:

Daz saget sinen jungern unde Petro,

Darumbe diu ganze werlde sol wesen vro.

Et tunc Angeli simul cantant :

Venite' et videte locum ubi positus erat dominus, alleluia alleluia!

Sehet in daz grap

Da got selber in lac.

Er ist uferstanden

Und ist zu Galilea gegangen.

Tunc Marice recedendo simul cantant .-^

Ad monumentum venimus gementes,

angelos domini sedentes

vidimus et dicentes

quia surrexit lesus.

Wir waren gegangen zu dem grabe,

Da was der stein gehaben herabe.

Do sprachen zwene engel klar

Genzllchen viirw&r:

lesus ist erstanden

Von des todes banden,

Und sprachen: saget Petro und den jungern stn,

Daz er von dem tode erstanden si.

This drama continues with the incident of the Savior's appearing

as the gardener' to Mary, and closes with the Victimse Paschali."

A most notable fusion of the Latin with the vernacular, in this

case Proven9al, is given by Wright/ the 'Mysterium Fatuarum

Virginum.' It is of the twelfth century probably, though judged

by Raynouard to be of the eleventh. A comparison of the German
and Proven5al plays will be profitable. Both begin in Latin. The
important and stereotyped expressions in each are in Latin, and in

1 See p. 161. J See p. 158. s See p. 160. * See p. 160.

6 Wright, p. xiii and p. 57.
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each there is an attempt to translate such sentences for the people.

Thus we have in the above, " Quis revolvet nobis ab ostio," etc.,

followed by " Wer wil uns von diseme grabe," etc.; " Quem quser-

itis," etc., with " Wen suchet ir dri vrouwen ;" while in the second

in Christ's speech :

Amen, dico, vos ignosco,

Nam caretis lumine,

Qiaod qui perdunt proctil pergunt

Htijus aiilffi limine.

Alet, chaitivas! alet, malaureas!

A tot jors mais vos so penas livreas,

En enfem ora seret meneias.

In the former there is a feeling that violent lamentation as lack-

ing dignity, and speech of common things, can be exj^ressed in the

vulgar tongue; in the second the speech of inferior characters, in

this case the merchants and Gabriel, is in the vernacular.

VI.

THE RISE OF THE RESURRECTION PLAY.

We will now return to the liturgy and trace the Resurrection

Play, but, as an aid toward the better comprehension of its intimate

connection at first with the church service, I will cite somewhat in

detail the Easter service' as given in the Alemannic liturgy in the

service ' In die sacro Resurrectionis Dominicae,' omitting the first

part.

Ad tertium psalmnm indnit se Levita, qui primam Evangelicum lectionem

lectuiiis est, Stola & Dalmatica, & accedens ad analogium, in qiio liber matuti-

nalis est repositus, praecedantque eum tres Conversi, iinus portans incensum,

alii duo candelabra, & stent iuxta eum. Delude Diaconus petat benedietionem

dicens, tube Domne, & pronuntians Evangelium secundum Marcum dicens

:

Lectio S. Evangelii secundum Marcum. In illo tempore Maria Magdalena,

cumque dixit, Et reliqua, tunc recedant Conversi ab eo, & incendant omnia

lumina. Interim induant illi se, qui debent primum Responsorium cantare,

cappis, & incensent principale Altare : venientes autem ad Fratres in superior-

ibus locis debent sedere usque in finem lectionis ; Tunc accipiant duo Conversi

thuribula ad ipsis, & offerant incensum omnibus, qui sunt in utroque choro.

Post lectionem incipiant Angelus Dominiciun & Gloria. Similiter faciendum est

ad secundam & tertiam lectionem atque Responsoria. Qui secundam lectionem

1 Gerbertus, vol. 2, pp. 236, 237.
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legit, debit remanere in sola Alba : Similiter qm tertiam legit, faciat, exeepto

Abbate, qui debet legere in cappa. Tertium vero Respousorium cantent tres

Cantores in cappis, quorum duo incensent Altare, ut supra scriptum est. 5 • Dum
transissent, quod post Gloria Patri reincipiendum est. Interim duo Sacerdotes

se cappis induunt summentes duo thuribula, & humeraria in capita ponent,

intrantes ehorum, paulatim euntes versus sepulchram, voce mediocri cantantes,

Quis revolvef nobis lapidem. Quos Diaconus, qui debet esse retro sepulchrum,

interroget psallendo. Quern qumritis, deinde illi, lesum Nazarenum. Quibus

Diaconus respoudet, Non est hie, mox incensent sepulchrum,^ & dicente Dia-

cono, Ite, nuntiate, vertent se ad ehorum remanentes super gradum, & cantent,

Surreadt Dominus de sepulchro usque in finem. Finita antiphona Domnus

Abbas incipiat Te Deum laudamus in medio ante Altare, moxque campanae

sonentur in angularibus. Cum cantatur Per singulos dies sonentur omnia signa

in choro.

This was the service of the fourteenth century at St. Blasien in

the Black Forest/ Martene' gives an Easter service in which the

actors at the sepulchre are increased to four:

Quorum unus alba indutus acsi ad aliud agendum ingrediatur, atque latenter

sepulchri locum adeat : ibique, manu tenens palmam quietus sedeat.

This one personates the angel, while the remaining three represent

the three Maries.

The twenty-eight published Plaj^s of the Resui-rection Milchsack

has exploited so successfully as to leave little work for a successor.

He divides them according to development into four groups, of which

we will consider in a somewhat condensed form the first and fourth.

To the first- class five plays are assigned

—

A. Einsiedeln play of the twelfth century;

B. Paris play of the eleventh century;

C. St. Martial, Limoges, of the eleventh century, forming an

introduction to the Mysterium' Fatuarum Virginum;

D. St. Blasien in Schwarzwalde, given above;

E. Dunstanus, Concordia, published by Martene.

These plays, omitting introductions, can be tabulated as follows:'

1 Mone gives p. 8, a cut of the three Maries censing' the sepulchre and the angel ; the
sketch he found at the beg-inning of the Good Friday choirsongs in a MS. at Karlsruhe.

2 Milchsack, p. 34, note.—Milchsack gives a full bibliography of the published Latin
liturgical plays. s Milchsack, p. 38.

i See p. 151. 6 Milchsack, p. 38.
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as given above.' In E the people are invited" to come and see the

place where the Lord was laid. The sepulchre is found to contain

grave clothes, which are taken out and shown to the clergy, who
forthwith sing " Surrexit," etc. The linen is laid upon the altar,

and the Prior begins " Te deura laudamus."

An examination of these plays seems to lead irresistibly to one of

two conclusions; either they spring from a common source in the

liturgy, or they are copies, with modifications, of one original. The

three possible sources in the Gospels are:^

—

Matth. 28. 5-7.

5. Respondens autem

angelus dixit mulieribus

Nolite timere vos : scio

enim quod lesiiin qui cru-

cifixus est qxueritis :

6. Non est hie, surrexit

eniin sicut dixit : venite

et videte lociim ubi posi-

tus erat dominus.

7. Et cito euntes dicite

discipulis eius quia sur-

reocit, et ecce prcecedit vos

in Galilceam : ibi eum
videbitis. Ecce prasdixi

vobis.

Mark 16. 6-7.

6. Qui [sc. angelus] dicit

illis : Nolite expavescere :

lesum quceritis Nazare-

num crucifixuin: surrexit,

non est hie : ecce locus ubi

posuerunt eum.

7. Sed ite dicite disci-

pulis eius et Petro quia

prcecedit vos in Galilceam :

ibi eum videbitis, sicut

dixit vobis.

Luke 34. 5-8.

5. Cum timerent autem

et declinarent vultum in

terram, dixerunt ad illas

:

Qxiid quceritis viventem

ciim mortuis f

6. Non est hie, sed sur-

rexit : recordamini quali-

ter locutus est vobis, cum
adhuc in Galilaea esset.

7. Dicens quia oportet

filium hominis tradi in

manus hominum pecca-

torum et crucifigi et die

tertia resurgere.

The question now arises as to what part of the service contained

the germ of these earliest dramas. Mone' believes that they sprang

from the responses and antiphons, as the most dramatic portion of

the liturgy; Wilken,^ that they arose from the first part of the

Victimae Paschali with the Responsorium belonging thereto, in-

fluenced, however, by the Gospel text. Milchsack,* after a close

analysis, bases all the plays upon Matthew and Mark. 1 do not

know that it would betoken any unaccountable originality, if some

priest, thoroughly familar with the Gospel passages and with the

Victimae Paschali with its introductory verse and response, should

have borne all in mind while shaping the Easter drama. If, as

Milchsack' thinks, we have here actually the first step in the devel-

opment of the drama, it is a sufficiently serious departure from the

ritual to imply conscious authorship rather than the slow, uncon-

scious modification of an existing custom; and this, as it seems to

1 See p. 153. 2 See p. 151. 3 Milchsack, p. 30. i Mone 1, 5.

6 Wilken, p. 68 fif. « Milchsack, p. 34. ^ Milchsack, p. 34.
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me, is an additional argument for the author's resting his invention

upon all the recognized dramatic elements, suitable for his purpose,

in the liturgy. Furthermore, this view is reinforced by the fact that

the play did not have a fixed position in the Easter service, as it

would have had if developed from one only of the elements of the

service. Durandus says, as quoted by Milchsack :'

Quidam etiam faciunt [sc. reprpesentationem] ad missain, cum dicitur sequentia

ilia Victimcp- paschali, cum dicitur versus Die nobis et sequentes.

These five earliest plays, to which the one from Utrecht may be

added, are found in Germany and France, and the question of

independent derivation from the church service, or of a common
source in some one earliest drama, becomes a matter of great inter-

est. If, as Milchsack" believes, they spring from the New Testa-

ment directly, the fact that they rest upon Matthew and Mark, and

none of them upon Luke, distinctively argues for a single author.

When we consider the many methods of possible dramatic develop-

ment of the common material, and note the evident agreement, it

seems difficult to dispute Milchsack's conclusion' that they sprang

from one form, the work of one author. These remains are not of

the same date. There is no lack of time within which the inmates

of one cloister, proud of its author and play, could carry the drama

in memory or in MS. in their visits to even distant cloisters. There

is, apparently, no valid objection to the theory, however reasonable

an independent development ma}^ seem to us.

VII.

THE DEVELOPED RESURRECTION PLAY.

For compai'ison with the above plays we will take two plays of

Milchsack's fourth group, ^ Evidences that the redactor used Luke

are present in these plays, which are the most elaborate of the Latin

liturgical plays of the resurrection. This group contains, according

to Milchsack's classification, twelve plays. We will compare one of

Germany found in a MS. of the thirteenth century, at Einsiedeln—
the entire text is accompanied by music notes*— and one of France

found in the Orleans MS. of the thirteenth century.*

1 Milchsack, p. 86. 3 Milchsack, p. 34. 3 Milchsack, p. 34.

* Milchsack, p. 64. s Mone, vol. 1, pp. 15-19. 6 Wright, pp. 33-36.
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Einsiedeln, XIII century.

IN BESURRECTIONE DOMINI.

Ad visitandum dominicam sepidturam.

UNA DE MTJLIERIBUS cantet sola :

Heu nobis, intemas nientes'

quauti pulsant gemitus

pro nostro consolatore,

quo privamur miserae,

quern crudelis ludaeoitiui

morti dedit populus.

ALTERA item sola :

lam percusso ceu pastore,

eves errant miserae :

sic, magistro decedente,

turbantur discipuli,

atque nos, eo absente,

dolor tenet nimius.

MARIA MAGDALENA :

Sed eamus et ad eius

properemus tumulum

;

si dileximus viventem,^

diligamus mortuum.

Orleans, XIII century.

Ad faciendam similitudinem dominici

sepidchri primum procedant tres fra-

TRES, prceparati et vestiti IN similitud-

inem TRiUM MARiARUM, jjedetentim et,

quasi tristes alternantes, hos versus can-

tantes

:

PRIMA earum dicat

:

Heu ! pius pastor occidit,

Quem culpa niiUa infecit

!

O res plangenda

!

SECUNDA

•

Heu ! verus pastor obiit.

Qui vitam Sanctis contulit

!

mors lugenda

!

TERTIA :

Heu ! nequam gens Judaica I

Quam dira frendens vesania !

Plebs execranda !

PRIMA :

Cur nece pium impia

Dampnasti Jhesum invida ?

ira nefanda

!

SECUNDA :

Quid iustus hie promeruit

Quod ci-ucifigi debuit ?

O gens dampnanda I

TERTIA :

Heu, quid agamus, miserae,

Dulci magistro orbatse ?

Heu ! sors lacrymanda !

PRIMA :

Eamus ergo propere.

Quod solum quimus facere,

Mente devota.

SECUNDA

:

Condimentis aroniatum

Wngamus corpus sanctissimum ;

Quo pretiosa.

TERTIA :

Nardi vetet commixtio.

Ne putrescat in tumulo

Caro beata.

1 See p. 149. 2 See p. 148.
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Einsiedeln, XIII century.

Simul cantent [sc. mariae :]

Quis revolvet nobis lapidem

ab ostio momimenti ?'

Quern vos qiiem [qiaieritis]

flentes f

MULIERES :

Nos Jhesum Christum

!

Item ANGELUS

:

Orleans, XIII century.

Cum autem venerint in chorum,, eant ad

tnonumentum, quasi qumrentes et can-

tentes omnes [sc. mariae] simul hune

versum. Sed nequimus hoc patere sine

adiutorio
;
quisnam saxum hoc revolvet

ab monumenti ostio ?

Quibus respondeat angelus, sedens foris

ad caput sepulchri, vestitus alba deau-

rata, mitra tectus caput, etsi deinfu-

latus, palmam in sinistra, ramutn

candelarum plenum tenens in manu
dextra, et dicat moderata et admodum.

gravi voce :

Quern quferitis in sepnlchro, o

christicolfe ?

MtTLIERES :

Jesum Nazarenum crucitixnm, o

coelicola

!

Quibus respondeat angelus :

Quid, christicolse, viventem quseritis

cum mortuis ?

Non est hie vere

!

Non est hie, sed surrexit, praedixit ut

discipulis. «

Mementote quid iam vobis locutus est

Galil^ea,

Quod Christum oportebat pati, atque

die tertia

Eesurgere cum gloria.

MULIERES revertentes cantent ad chorum:^ mulieres conversce ad populum cantent

:

Ad monumentum venimus gemeutes. Ad monumentum domini venimus ge-

angelum domini sedentem vidimus et mentes, angelum dei sedentem vidimus

dicentem quia surrexit Jhesus. et dicentem quod surrexit a morte.

Post hcec MARIA magdalena, relictis

duabus aliis, accedat ad sepulchrum, in

quod scepe aspiciens dicat

:

Heu ! dolor ! heu ! quam dira doloris an-

gustia

!

, Quod dilecti sum orbata magistri praj-

sentia

;

Heu ! quis corpus tarn dilectum sustulit

e tumulo ?

Deinde pergat velociter ad illos, qui in

similitudine Petri et Johannis prcestare

debent erecti, stansque ante eos quasi

1 See p. 150. 2 See p. 150. 3 See p. 151.
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Einsiedelu, XIII centiiry. Orleans, XIII century.

tristis, dicat [maria magdalena :]

Tulerunt Dominum meum,

Et nescio ubi posuenint euni,

Et moniimentum vacuum est inventum,

Et sudarium cum sindone repositum.

Illi autem, hoe audientes, pergant ad

sepulcruni ac si currentes, sed junior,

sanctus lohannes, perveniens stet extra

sepulchrutn ; senior vero, sanctus Petrus,

sequens eum, statim intret ; postquam

et lohannes intrH ; cum inde exierint,

lOHANNES dicat :

Miranda sunt, quae vidimus !

An furtim sublatus est dominus.

Cui PETRUS

:

Imo, ut pi-ciedixit vivxis,

Surrexit, credo, Dominus.

lOHANNES :

Sed cur liquit in sepulcro

Sudarium cum linteo ?

PETRUS

:

Ista, quia resurgenti

Non erant necessaria,

Imo resurrectionis

Restant hfec indicia.

Illis autem, abeuntibus, accedat maria

ad sepulcrum et prius dicat

:

Heu ! dolor ! heu ! quam dira doloris

augustia

!

Quod dilecti sum orbata magistri prae-

sentia

!

Heu ! Quis corpus tam dilectum sustulit

e tumulo ?

Quam alloquantur duo angeli, sedentes

infra sepulcrum, dicentes :

Mulier, quid ploras ?

MARIA :

Quia tulerunt dominum meiim,

Et nescio ubi posuenant eum.

ANGELUS

:

Noli flere, Maria ; resun-exit dominus.

Alleluia !

MARIA :

Ardens est cor meum desiderio

Videre dominum meum

;

Qucero et non invenio

Ubi posaerunt eum.

Alleluia !
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Einsiedeln, XIII century. Orleans, XIII century,

MULIERES, vertentes se ad personam Petri

apostoU, omnes cantent :

En angeli aspectum vidimus

et responsum eius audivimus,

qui testatur dominum Advere
;

sic oportet te, Symon, credere.

MARIA MAGDALENA sola cantct hos fres

versus

:

Cum venissem ungere mortuum,

monumentum inveni vacuum

;

heu, nescio locum discernere,

ubi possim magistram quserere.

Dolor crescit, tremunt prjecordia

de magistri pii absentia,

qui sanavit me plenam vitiis

pvilsis a me septem dfemoniis.

En lapis est vere depositus,

qui fuerat in signum positus
;

munierant locum militibus

:

locus vacat, illis absentibus.

CHORUS

:

Una [autem] sabbati [Maria

Magdalene venit mane, cum adhuc

tenebrse essent, ad

monumentum, et vidit lapidem

sublatum a monumento.]

Mulieres reccurrentes iterura ad sepul-

turam nichil dicant. maria magda-

iiENA qucerendo circumquaque cantet

:

Victimse Paschali^ etc. usque: Die

nobis.

DOMINICA PERSONA, subito Marice Mag- ^^^^''^''^ ««^^'«* 0^^°^^ praeparatus in

dalenw apparens, dicat:' similitudinem hortulani, stansque ad

caput sepulchri dicat :^

Mulier, quid ploras ? quern quaeris ? Mulier, quid ploras ? quern quaeris ?

MARIA respondeat

:

maria :

Domine, si tu sustulisti eum, dicito Domine, situsustulisti eum, dicitomihi,

michi, ubi posuisti eum, quod ego eum ubi posuisti eum. et ego eum tollam.

toUam. Alleluia ! Allehiia

!

DOMINICA PERSONA iterum ad earn

:

Et ILLE :

Maria ! Maria ! Maria !
Maria !

ILLA procidens dicat:
Atq^ie pirocidens ad pedes eius maria

dicat

:

Eabbi ! (quod dicitur, Magister). Rabboni !

1 See p. 151. 2 See p. 151.



Charles Davidson-^English Mystery Plays. 161

Einsiedeln, XIII century.

DOMINUS ab ea paulolum divertens dicat :

Noli me tangere ; nondum enim ascendi

ad Patrem meum. Alleluia ! AUehiia !

DOMINICA PERSONA stans cmitct :

Prima quidem suffragia

stola tulit camalia,

exhibendo communia

se per naturae munia.

MARIA adorans in terra cantet :

Sancte deus !

DOMINICA PERSONA :

Hsec (est) priori dissimilis,

hsec est incorruptibilis,

quae dum fuit passibilis,

iam non erit solubilis.

MARIA eodem modo quo xtrimus

:

Sancte fortis.

DOMINUS iteruvi ibidem stans dicat

:

Ergo noli me tangere,

nee ultra velis plangere,

quern mox in puro sidere

cemes ad patrem scandere.

MARIA, ut supra :

Sancte immortalis, miserere nobis !

Item DOMINUS ad earn :

Nunc ignaros huius rei

fi'atres certos reddes mei

:

Galilseam, die, ut eant,

et me viventem videant.

Orleans, XIII century.

At ILLE subtrahat se, et quasi taction

eiiis devitans, dicat :

Noli me tangere : nondum enim ascendi

ad Patrem meum et Patrem vestrum,

Dominum meum et Dominum vestrum.

Sic discedat hortulanus, maria vero

conversa ad populum dicat :

Congratulamini michi omnes qui dili-

gitis Dominum, quia quem quan-ebam

apparait michi et, dum flerem ad monu-

mentum, vidi Dominum meum. Alleluia!

Tunc DUO angeli exeant ad ostium

sepidchri, ita ut appareant foris, et

dicant :

Venite' et videte locum, ubi positus erat

dominus. Alleluia !

Nolite timere vos

;

Vultum tristem iam mutate,

lesum vivum nuntiate,

Galilaeam iam adite,

Si placet videre, festinate.

Cito euntes dicite discipulis, quod Sur-

rexit Dominus. Alleluia

!

1 See p. 151.
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Einsiedeln, XIII century. Orleans, XIII century.

MARIA, reliquis comitanfibus, ad cho- Tunc mulieres, discedentes a sepulchro,

rum sola dicat

:

dicant ad plebem

:

Surrexit enim, sicut [dixit Dominus, SiUTexit Dominus de sepulchro,

praecedit vos in Galilaeam, alleluia ! ibi Qui pro nobis pependit in ligno.

eum videbitis. Alleluia !] Alleluia !

CHORUS ad earn :

Die nobis, Maria, [quid vidisti in via ?]

IPSA ad chorion :

Sepulchrum Christi cum r. [sc. viventis

et gloriam \'idi resurgentis ;^

Angelicos testes, sudarium et vestes
;

Snrrexit Christus spes mea,

prsecedet suos in Galilaea.]

CHORUS

:

Credendum est [magis soli Marise veraci,

quam ludseorum turbte fallaci.]

Scimus, Christum [sun'exisse a mortuis

vere

;

tu nobis, victor rex, miserere !]

Item CHORUS

:

Currebant duo simul [et ille alius disci-

pulus praecucuiTit citius Petro et venit

primus ad monumentum].

Interea cum mulieribus PETRUS et

lOHANNES currant, et Johannes prce-

currens eoepectet Petrum, et nichil inven- Hoc facto, expandant [sc. mulieres] sin-

ientes revertantur melodiam cantantes : donem, dicentes ad plebem :

Ergo die ista exultemus, [qua nobis Cemite vos, socii, sunt corporis ista

viam vitae resurgens patefecit Jesus], beati

Astra, solum, mare [iocundentur et Linea, qu^ vacuo iacuere relicta sepul-

cuncti gratulentur in ccelis, Spiritales cro,

chori trinitati].

Posted ponant sindonem super altare,

atque revertentes alternent hos versus.

PRIMA [sc. MARIA magdalena] dicut

:

Eesurrexit hodie Deus Deorum !

SECUNDA [maria jacobi] :

Frustra signas lapidem, plebs ludse-

onxm.

tertia [maria Salome] :

lungere iam populo christianormn.

Item PRIMA [maria magdalena] dicat :

Eesurrexit hodie rex angelorum.

1 See p. 149.
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Einsiedeln, XIII century.

CHORUS alta voce :

Te Deum landamus

!

Orleans, XIII century.

SECUNDA [maria jacobi] :

Ducitur de tenebris turba piorum.

TERTIA [maria SALOME] :

Eeseratur aditiis regni ccelorum !

Interea is, qui ante fuit Hortulanus,

in similHudinem Domini veniat dalmat-

icatus Candida dalmatica, Candida in-

fula infulatus, phylacteria pretiosa in

capite, crucem cum labaro in dextra,

texturn auro paratorium in sinisti'a

habens, et dicat mulieribus :

Nolito timere vos : ito, nunciate fratri-

bu8 meis, ut eant in Galilaeam : ibi me
videbunt, sicut prtedixi eis.

CHORUS

:

Alleluia, resurrexit hodie dominus !

Quo finite, dicant omnes [mari^J

insimul

:

Leo fortis, Christus, filius dei !

Et chorus dicat :

Te Deum laudamus !

We note the following extensions in E and O, as shown by com-

parison with Group I :

a. The song during the progress to the tomb. A song, but of very

different character, introduces A only in Group I.

b. Situation of replying angel in O, "foris ad caput sepulchri,'"

while in D, Group I, " debet esse retro sepulchrum."

c. In O, "Why do you seek the living among the dead?"—an

extension from Luke 24. 5.

d. In O, the lines beginning, " Mementote," etc.

e. In E and O, the short song of the women.

f. In O, the episode of Mary Magdalene's lamentation.

g. In O, the running of Peter and John, their entering the tomb,

and the discussion of the meaning of their discover3^ Note

that the running in E is out of place and lacks dramatic

motive.

1 The position is significant. In Mont St. Michel it is ' super altare ;' in Rouen, 'ante

sepulchrum;' in Sens, ' Puer, in vestitu angelico sedens super pulpitum a cornu altaris

sinistro.' Therefore in these French plays is i-ecorded the appearance of a stage or

platform for the church play.
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h. In O, Mary's return and lamentation.

i. In O, Mary's seeing the two angels in the tomb and their con-

versation.

j. In E, the turning of the women to Peter, and Mary's song in

three stanzas.

k. In E, the use of Victiraae Paschali.

1. In E and O, the appearance of the Savior to Mary.

m. In E, the Savior's song.

n. In O, the angel's invitation to view the sepulchre, the display

of linen with, later, the placing of it upon the altar.

o. In E, the use of the remainder of Victinife Paschali.

p. In E, the running of Peter, John, and the women.

q. The chorus in E, the part song in O.

r. In O, the return of the Savior to speak to the audience, at

which time he speaks the part assigned to the priest in

Group I.

s. In E and O, the close with the Te Deum.

The redactor whose work we have in the Orleans play has sought

additional material, portions of points f, g, i, and 1, which ha&

greatly improved his play, in St. John, Chap. 20. The author of

E has drawn but little from this, the most dramatic account of the

incident ; he seems, however, to have found p in Luke [24. 12],

which may account for its undramatic position in the play.

A comparison of E and O reveals instantly certain characteristic

differences. Peter and John's dialogue after entering the tomb,

included in g, and Mary Magdalene's conversation with the angels,

point i, are wholly lacking in E. The higher dramatic chai'acter of

O is evident not only in points g and i, since Mary's action in f and

h is for di'amatic effect. The part song in a, the use of the grave

clothes in n, and the return of the Savior in r, all improve the dra-

matic quality of the play. E as plainly shows a desire for lyrical

features. The song in a, e, and especially in j, together with the

somewhat cumbersome device for using the two parts of the Vie-

timfe Paschali, sufficiently demonstrate the lyrical tendency. It

may be added here that the other French plays of this group agree

so closely with O as to argue a common origin, but the German,

while not agreeing so closely with E, still show evidently the lyrical

drift.

This lyrical tendency becomes more evident if we compare E
with the Ludus de Nocte Pasche,' into which the vernacular is

1 See p. 149.
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finding its way. The introductory song is the same, but extended

in I, and repeated in part in the vulgar tongue. The two angels

who greet the Maries in I are evidently an innovation to render it

possible for one to sing in German the substance of the Latin pi-e-

viously sung by the two.

Furthermore, we note that E and 1 agree in omitting f, g, i, and

1, of O. The divergence of the German plays from the P^rench has

evidently taken place, and we have followed the course of the Burial

and Resurrection group until we have found the plays on an inde-

pendent footing, shaping themselves in accordance with the national

spirit, and admitting largely the language of the people. We will

now turn to our second group, the plays that cluster about the

infancy of Jesus.

YIII.

THE GENESIS OF CHRISTMAS.

The development of the Christmas plays is so directly dependent

upon the genesis of Christmas itself that we must glance once more

at the customs of the early church.

The Syrian Gnostics of the third century celebrated the union of

God and man as taking place in Jesus at His baptism, which they

placed on Jan. 6th.' The orthodox adojjted this as the feast of bap-

tism, or of the first appearance of the Godhead in man. St.

Chrysostom mentions it in the fourth century as an ancient feast in

Asia of the manifestation of Christ." This feast was celebrated in

Vienna in 360 A. D., and passed into the western church as Christ's

manifestation of Himself to the heathen world.

The Feast of the Nativity on Dec. 25th was established in Rome
after 350 A. D. by Bishop Liberius,' and in the East not earlier than

376 A. D., since Chrysostom said in 386 A. D. that the feast had

been known less than ten years. Whether, as Neander thinks, the

feast was established in accordance with some apocryphal authority,

or, as many think, to supply a counter-attraction to the Roman
Saturnalia, may not be susceptible of proof. In any case it became

heir to the customs of the Saturnalia, and continued them in

unbroken tradition.

In pagan Rome the Saturnalia, because of the confusion arising

from the adoption of the Julian calendar, was extended by Augustus

1 Wilken, p. 1. 2 Neander, vol. 3, p. 415. 3 Neander, vol. 3, p. 416.

Trans. Conn. Acad.. Vol. IX. October. 1892.

13
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to three days, but was often prolonged by the people to seven.' On
these days presents were sent to friends, the children held holiday,

and slaves had the privileges of freemen.

The Roman chnrch established the Nativity upon the Saturnalia,

and within the following week the Feast of St. Stephen, Holy Inno-

cents' Day, and Sunday within the Octave or the first Advent Sun-

day, which answered to the Roman-heathen New Year, accepting

from the Eastern chui'ch the feast of the sixth of January for the

Adoration by the Magi. This made the whole time fr(>m Christmas

day until the Octave of Epiphany, the seventh day after the sixth

of January, a festival season. That in the minds^^of the people the

pagan tradition was unbroken is proved by the charge of the Mani-

chean Faustus'' that the Christians celebrated the solstitia with the

pagans, and by the complaint of Leo the Great that the Christians

still paid obeisance from some lofty eminence to the rising sun.

These festivals passed directly into the church of France—which

may, however, have received the feast of Epiphany from the Greeks

—but the church of Germany was much slower in adopting them.'

Advent was not given among the holy times by the synod of Mainz

in 813 A. D.,^ and it seems certain that it was not generally recognized

as a church festival until late in the ninth century.

As a result of this later adoption of the religious festivities by the

church of German}^, we find an original difference of custom in the

French and German churches regarding Christmas, instead of that

striking similarity exhibited by the Resurrection plays. With both

the plays sprang from the same source, the church ritual, but they

held from the first a different relation to the church festival days,

and received at an early date the stamp of the national life and

customs.

France, like Italy, probably enjoyed from the first an uninterrupted

succession of the Roman comedy as performed by jugglers, mimes, and

comic actors.^ The pagan festivities of the Saturnalia were, it would

1 Neander, vol. 3, p. 419.

2 Neander, vol. 3, p. 420, quotes Augustine 1. 20, c. Faustus.

3 Neander, vol. 3, p. 420, quotes Leo, p. 26, c. 4.

i Weinhold, p. 44.

5 a. It is said that Louis le Debonnaire (778-840) never laughed when thymelici, surrse,

mimi, came forward to amuse the people at festivals.— Hase, 310.

b. Thomas Aquinas, Summa ii, 2, qu. 168, art. 3, as referred to by Hase, expounds the

olBce of a player as being serviceable for the enlivenment of men, and as not blame-

worthy if the players lead an upright life.

c. Sed forte perconteris : fuerunt-ne Sseculis barbaricis inter publicos Ludos Tragoe-

diae, aut saltern Comcedia3? Equidem in remotis Sajculis nullum apertum hujusce rei

vestigium hactenus offendi. Post SjBculum vero a Christo nato Undecimum aliquid
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appear, transported to the colonies in France. At any rate the

religious festivities of the holiday season in the Roman church were

so closely copied in France as to argue a similar preparation through

the existing customs of the people. The rural unformed comedy,

continuing among the people simultaneously with these ecclesiastical

festivities, naturally drew nearer to them as they became more

dramatic in character, and imparted to them color and license

wherever entrance could be obtained. This was the easier to accom-

plish, since both were the expression of joy and gaiety.

It becomes, therefore, less strange that the feast of St. Stephen,

which was under the charge of the young deacons, or the Day of

the Holy Innocents, which belonged to the choir boys, should more

and more incline to the buffoonery of the holiday time until it

became the reproach of the church. That these and the custom of

the Boy Bishop and the Feast of the Ass were originally devotional

in character, and that their degeneration took place through outside

influences and in spite of the church, are easy to prove. In the

Limoges ritual we find the Feast of the Innocents in the days of its

innocence, and the Boy Bishop, when he first appears in the thir-

teenth centur}^ Freising play of the Nativity,' is a very proper

person.

The course of development of the Feast of the Ass demonstrates

from another side the intimate connection of all Mystery plays with

the church services, and the impossibility of attributing the rise of

every play to any one portion of the service. In the Middle Ages a

reputed sermon of St. Augustine formed one of the lessons of

Christmas.'' It was not delivered as a sermon, but declaimed as a

species of dramatic chant, and was very popular. It cited all the

Old Testament witnesses to the coming of Christ, together with

Virgil, the Sibyl, and such others as were believed to have foretold

the Savior's advent. It was highly dramatic in form, summoning each

witness to give his testimony ; thus it was but a step forAvard when

persons differently habited gave the responses. This literary idea

found epic expression in the Old English Elene' as early as the ninth

century, and dramatic form in The Prophets of Christ of the twelfth

century, as appended to the Drama of the Foolish Virgins in the

inveni ;
quamquam in ea opinione sim, nunquam ita excidisse veterum Latinorum His-

trionicam Artem, ut abolita prorsus fuerit apud Italos ejus memoria atque usus

Arbitror etiam, aliquid inconditsB Comcedia3 semper tuisse Italis Muratori Anti-

quitates, vol. 3, col. 847.

d. JuUeville, les Comediens en France au Moyen Age, p. 17.

1 JuUeville, vol. 1, p. 43. 2 JuUeville, vol. 1, p, 35. s Cynewulfs Elene, 1. 337 ff.
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Orleans MS.' Among these prophets Balaam is often introduced

riding upon his ass, as in the Rouen ritual.' Since each prophet

gave his testimony, it was easy, by adding adventitious circum-

stances, to develop his part into a separate scene, and what was more

natural than for the ass to speak as in the Bible narrative ? Here

comedy stepped in, and when the transition from scene to inde-

pendent play was made, as we see in the Daniel of Hilarius, of

the twelfth century, and the Daniel of Beauvais, which joins the

vernacular with the Latin tongue, the Feast named from the ass,

now become more prominent than its rider Balaam, begins its

unsacerdotal course, to the horror of the devout.'

We cannot tarry longer on this most interesting subject, except

to note that these customs, transported to England by French

ecclesiastics, either quickly lost or never acquired the reckless pro-

fanity of the French customs. The moral sobriety of the English

mind makes it averse to religious frivolity. The Boy Bishop

became an illustrious example of the good boy;^ otherwise Dean

Colet would hardl}^ have required the boys of St. Paul's school" to

attend the ministrations of the child bishop in St. Paul's."

As we turn now to Germany a very different situation unfolds

itself. The pagan Roman beliefs never superseded the heathen

beliefs of the Teutonic peoples. The early customs of all the fam-

ilies of the Germanic race have proved wonderfully tenacious of life,

and the church in Germany found itself obliged to tolerate much,

though less in the South than in the North.

During the centuries before the church of Germany adopted the

church festival of Christmas, it had accustomed itself to the holiday

festivities of the people. The Jul-fire burned in the homes of Ger-

many, Sweden, and Norway like the Yule log in the English home.

The Schimmelreiter, on his steed covered with white, a direct descend-

ant of Wodan,' rode among the holiday makers, as did his kin of the

1 Wright, p. 30.

2 Du Cang-e, Festum Asinorum: Duo missi a Rege Balec dicant, Balaam, veni ct fac.

Tunc Balaam ornatus, sedens super asinam (hinc festo nomcn), habens cdlcaria, reti-

neat lora, et calcaribus percutiat asinam, et quidam juvenis, tenens g-ladium, obstet

asinae. Quidam sub asina dicat : Cur me calcarihus miseram sic Ueditis f

3 For the genesis of the ' sottie ' and ' sermon joyeux' from the Fete des Fous, see

Julleville, Les Comediens en France au Moyen Ag-e, p. 32 if.

* That he sometimes died young was proved by the discovery of the monument of a

Boy Bishop at Salisbury.—Hone, 196.

5 In the statutes of St. Paul's school, founded 1512, Dean Colet orders the scholars to
" come to Paulis Churche and hear the Chylde-Byshop's sermon ; and after be at the

hygh masse, and each of them offer a penny to the Chylde-Byshop."—Hone, p. 198.

6 The entire subject of comedy in the early Middle Ages, and its development in the

church of France, demands an independent investigation.

1 Haupt's Zeitschrift, vol. 5, p. 473, art. Wodan, by Kuhn.
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hobby-horse in the halls of old England. Many other customs

derived from the old faith still held the hearts of the German peo-

ple, and were incorporated into or modified the later celebration of

Christmas. As one result of these customs, the church festivities

naturally fell in with the holiday temper of the season, grew ra))idly

in popularity, and quickly passed more or less into the hands of the

people. The Christ-child made the visits from house to house in

company with Ruprecht, Fi'au Mary rocked his cradle in the drama,

and Goodman Joseph lent a willing hand.'

We cannot stop now to consider the Christmas songs and carols

in their bearing upon the drama, or to trace the growth of folk-

humor and devil-play within the dramas themselves, all of which

bear testimony to the heartiness with which the common people

adopted these holiday plays, and the extent to which they made

them the vehicle of their own humor and the expression of their

rough, hearty good nature. After a similar fashion the York and

Woodkirk plaj^s of England embody the folk spirit of Yorkshire.

A comparison of plays so kindred in spirit, but wholly unconnected

in literary development, would prove an instructive study in racial

characteristics.

s

1 Thus in a play glsen by Weinhold we read, p. 106:

MARIA :

Ach Joseph lieber, .Joseph mein,

wieg'e mir das kleine Kindelein.

JOSEPH :

Kindla wiega, Klndla wie^a !

Ich koan nich menne Finger biega

!

Hunni sausi,

der Kitsche thut der Bauch wih !

ALLE singen

:

Lasst uns das Kindlein wiegen,

das in dem Kripplein thut liegen.

O Jesulein siiss, o Jesulein siiss.

Lasst uns das Kindlein speisen,

Ihm grossen Dank erweisen.

O Jesulein siiss, o Jesulein stiss.

Gloria in excelsis Deo.
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IX.

THE GROWTH OF THE CHRISTMAS CYCLE,

We will now consider, but briefly, since the process of develop-

ment is similar to that of the Resurrection plays, the growth of the

dramas of the star or Magi, and that of the shepherds, within the

liturgy of the church itself.

In the tirst place we note that the signs of their presence are even

less evident in the York Missal than were those of the Resurrection

Plays. In the service for Epiphany, in the Sequence for the second

day, appears the following :

Thure Deum praedicant, auro regem magnum, hominem mortalem myrrha.

In somnis hos monet angelus, ne redeant ad regem commotum propter regna.

Pavebat etenim nimium regem natum, verens amittere regni jura.

For the third day :

Magi sibi stella micante praevia pergunt alacres itinera patriam quae eos ducebant

ad propriam ; linquentes Herodis mandata.

Qui percussus corde nimia prje ira extemijlo mandat infantium agmina inquiri

Bethlehem per confinia, et mox privari eos vita.'

These cannot, perhaps, be considered sure traces of the drama,

but in the rubrics of MS. D. for Christmas occur these significant

words, which are not found elsewhere in the Missal

:

Ad Missam in Gallicantu :

—

Paratus interim festive Decanus vel Praecentor sen aliquis de majoribus personis

procedat ad Altare cum siiis Ministris etiam festive indutis. Peractisque

ibidem omnibus quae juxta morem dicenda vel facienda sunt, incipiat Executor

officii ad Altare Gloria in excelsis cum nota de angelis.'-

In die Nativitatis Domini. Ad Magnam Missam. Interim Praelatus vel Decanus

sive unus de majoribus dignitatibus cum suis Ministris exeat ad Altare. Et

peractis omnibus ibidem, quae peragenda sunt, incipiat Sacerdos orationem.^

These comprise, I think, all the passages in the York Missal that

have any bearing upon the plays.

We have no means of determining how elaborate these dramas

were to which the York Missal refers. As they were kept out of the

Missal itself, it is probable that they were re-written, expanded, or

otherwise changed, as the fancy of succeeding generations of

monks might suggest.

Of the continental plays several specimens are extant, and the

literary relations in the Catholic church were, at that time, so close

throughout the West, that the plays of one cathedral church did not

I York Missal, p. 32. J York Missal, p. 14. s York Missal, p. 18.
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differ essentially from those of another. That we may see, how-

ever, what this difference was, as well as learn something of the

character of the plays themselves, I give three extended plays

which include the Office of the Shepherds and that of the Magi.

Of these plays, the first, the Rouen Play, still held its place in the

service, and was, therefore, acted as two plays, the Office of the

Shepherds falling on Christmas day, and that of the Magi on Epi-

phany (Jan. 6th). The third, the Orleans Play, had passed out of

the church, and was played " ad januas monasterii." It shows a

fusion of the two plays, as does also that of Freising. The play is

no longer a part of the church service ; therefore there is no proces-

sion, as in the Rouen Play. The excision of the procession

suggested a use for the separate play of the Magi ; it was inserted

in the place of the procession.

The Orleans Play affords us a view of a first step in cyclic for-

mation. But this method of insertion could find but a limited field

of operation, since the earliest plays did not dramatize some world-

epic, thus affording a framework for numberless insertions, but were

illustrative of some single motive contained in the liturgy.

How the Resurrection Cycle was joined to the Christmas Cycle,

and how the resulting cycle of Christ's life was, through the aid of

the prophecies, extended back to the creation of the world, will be

considered in the following chapters.

Our concern, at present, is with the methods employed for com-

bining the Play of the Shepherds with that of the Magi, i. e., with

the formation of the Christmas Cycle itself. Here the Freising Play

is of value as illustrating the uniform tradition throughout the

churches, for it is certain that the Freising is not immediately

derived from the Orleans, nor the Orleans from the Freising.

Neither was the Freising play formed from the Rouen, though *

possibly the Orleans play may have been.

These positions are supported by many proofs. The most evi-

dent, as regards the Freising, is the absence of the Adoration by the

Shepherds. This shepherd episode in F would seem to point to an

early liturgical form for model. The angel makes the announce-

ment ; the shepherds say. Let us go ; the Magi meet them returning,

and they announce that they have seen the child. The dramatic

situation involved in the adoration is entirely omitted. This is the

case also in the Nantes and Laon rituals.

Elsewhere in the development of dramatic incident, F, R and O
do not agree. In the first recognition of the star F agrees with R,
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and gives a more dramatic form than that of O, since in O the Third

Magus is silent. This is one point in evidence that O, if derived

from R, must be derived from an older form of R. The kiss of

peace is found in O alone. The Herod episodes in F and O show

such striking agreement in parts as to preclude the supposition of

absolutely independent construction ; still there are such transposi-

tions and developments of detail as render it equally incredible that

either was taken directly from the other.

It would carry me too far from the direct course of tliis investiga-

tion to trace these developments to their sources, if, indeed, it

would prove possible with the material extant. It may be profitable

to state briefly the characteristics here presented, and leave it for

others to modify the statements through comparison with other plays.'

1. The Herod play in F and in O is developed from a common
original.

2. The Herod play was introduced to supersede the procession,

possibly because the play was taken out of the service in obedience

to some reforming impulse, and played, like the Orleans play, " ad

januas monasterii."

3. Herod has already his conventional anger and brusqueness, but

not his later bombast.

4. The son's part is defined in O, and the action of the scribes in

both F and O.

5. F plainly points to the succeeding play of the Slaughter of the

Innocents, yet strangely enough puts into the mouth of the soldier

in " Discerne, domine," the words of the Interfectio Puerorum of the

Orleans MS. instead of those of the Ordo Rachelis, though the Ordo

Rachelis appears to belong to the same section as F.

6. The King uses in all three inlays, viz : F, Interfectio Puerorum,

and Ordo Rachelis, the much-mentioned Sallust tag, " Incendium

meum ruina extinguam."

Many minor points of interest will be briefly indicated in the

notes accompanying the plaj-s. I cannot refrain, in passing, from

the remark that an investigation confined to the steps of develop-

ment and relationship among the early plays of the Christmas time

would probably yield rich results, if all the extant material were at

command.

1 Important agreements with F and O are shown by a play upon the same subject in

Carmina Burana, Stuttgart, 1847 ; op. Weinhold, p. 57.
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Rouen/ XIV Century.

Finito Te Deuui laiidamiis, peragatur

Officium Pastoruni hoc modo secundum

Rothomagensem usum. Prcesepe sit pa-

ratum retro altare, et imago S. Marice

sit in eo posita. In primis quidam

PITER ante chorum in excelso in simili-

tudinem Angeli Nativitatem Domini

annuntians ad quinque Canonicos quin-

decim m,archarum et librarum, vel ad

eorum vicarios de secunda sede, pas-

TORKS intrantes, per magnum ostium

chori, per medium chorum transeuntes,

tunicis et amictis indutos, hunc versutn

ita dicens :

Nolite timere, ecce enim evangelizo

vobis gaudium magnum quod erit omni

populo, quia natus est vobis hodie Sal-

vator, qui est Christus Domini, in civi-

tate David. Et hoc vobis signum

:

invenietis infantem pannis involutum,

et positum in praesepio.

Sint PLTJRES PUERi^ in voltis Ecclesice,

quasi Angeli, qui aUa voce incipiant ;

Gloria in excelsis Deo, et in terra pax

hominibus bonae voluntatis.

Freising,- X Century.

Ascendant rex et sedeat in solio,^ au-

diat sententianv" querat

consiUum, exeat edictum ut pereant

continuo qui detrahunt ejus imperio.

angelus" inquit imprimis:

Pastores, annuntio vobis gaudium mag-

num.

PASTORES

:

Transeamus BetMeem ut videamus hoc

verbum.

angeltjs :

Gloria in excelsis Deo, et in terra pax

hominibus bone voluntatis.

Hcec audientes pastores, ad locum in

quo paratum est prwsepe, accedant can-

tantes hunc versum :

Pax in terris,^ etc.

Quod dum intraverint, DUO presbyteri^

dalmatieati de majori sede, quasi ob-

stetrices, qui ad j^rcesepe fuerint, dicant :

Quem quseritis in praesepe, pastores ?

Dicite.

pastores^" respondeant

:

Salvatorem Christum Dominum

;

Infantem pannis involutum,

Secundum sermonem angelicum.
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Orleans,^ XII Century.

HERODES, SIVE MAGORUM ADORATIO.

Incipit ordo ad reprcesentandxim Her-

odem.

Parato Herode et cceteris personis,* tunc

QtriDAM ANGELUS cuiu multitudine in

excelsis appareat.

1 From Du Can^e—Pastorum Offlcium—

amplified from Weinhold and Du Meril.

2 From Weinhold and Du Meril.

3 From Wright, p. 33.

* See discussion of manner of presenta-

tion.

5 In many places illegible.

Qiio viso PASTORES perterriti, salutem

annunciet eis, de cceteris adhuc tacen-

tibus

:

Nolite timei'e vos, ecce enim euvange-

lizo vobis gaudium magnum, quod erit

omni populo, quia natus nobis hodie

Salvator Mundi, in civitate David, et

hoc vobis signum : invenietis infantem

pannis involutum et positum in prae-

sepio, in medio duum animalium.

Et SUbito OMNIS MULTITUDO^ Citlil An-

gelo dicat :

Gloria in excelsis Deo, et in teiTa pax

hominibus bones voluntatis. Alleluia !

Alleluia !

Tunc deinum surgentes cantent intra se

:

Transeamus, etc., et sic proeedant

usque ad prcesepe,'' quod ad januas

monasterii paraturn erit:

Transeamus usque Bethleem, ut videa-

mus hoc Verbum quod factum est, quod

fecit Dominus et ostendit nobis.

6 The original actors were boys, as per R,

' In O, cradle at the monastery gate ; in

R, behind the altar.

8 The five stanzas are given by Du Meril,

p. 146.

Tunc r>X!M mulieres' cusfodientes prce-

sepe interrogent pastores, dicentes

:

Quem quaeritis, pastores, dicite ?

9 Presbyters personated women. At Nan-
tes the Cantor asks the question ; at Laon
the Cantor and Subcantor.

pastores'" respondeant

:

Salvatorem Christiim dominum
;

Infantum pannis involutum,

Secundum sermonem angelicum.

10 Priests at Laon, boys at Nantes, who
use the words in which the shepherds reply

to the Magi in F. The adoration is omitted

at Laon and Nantes.
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Rouen, XIV Century. Freising, X Century.

Item OBSTETKiCES cortinam aperientes,

Puerum demonstrent, dicentes :

Adest hie parvulus cum Maria matre

sua, de qua duduiii vaticinando Isaias

dixerat propheta.

Hcc ostendant matrem^ pxieri, dicentes:

Ecce Virgo concipiet et pariet filium,

et nunc euntes dicite quia natus est.

Tunc, eo viso, inclinatis cervicibus ador-

ent Puerum, et salutent, dicentes :

Salve Virgo- singularis,^ etc.

Deinde vertant se ad chorum redeuntes,

et dicentes .•*

Alleluia, Alleluia, jam vere scimus

Christum natum in terris : de quo

canite omnes, cum Propheta dicentes.

Hoc finito, incipiatur Missa,^ et pas-

tores regant chorum. Dam. Archie-

piscopus, si pra'sens fuerit, cantet Mis-

snm,.

This ends the Rouen Pastorum Offi-

cium for Christmas.

Officium Eecjum Trium, secundum usum

Rotomag. Die Epijjhanice, Tertia can-

tata, tres de majori, sede more Regum

induti, et debent esse scnpti in tabula.

Ex tribus partibus ante altare conven-

iant cum suis famulis portantibus Re-

gum oblationes, induti tunicis et amictis.

Et debent esse de secunda sede scripti in

tabula ad placitum scriptoris. Ex tri-

bus Regibus medius ab oriente veniens,

stellam cum baculo ostendens, dicat alte

:

magus primus :

SteUa fulgore nimio rutilat. Stella fulgore nimio rutilat.

SECUNDUS REX (X dextraioarte respondeat: secundus :

QuiB Regem Regum natum demonstrat. Q^e regem regum natum monstrat.

TERTius REX ct sinistra parte dicat

:

tertius :

Quem venturum olim prophetise signa- Quem venturum olim prophetie signa-

verant. verant.
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MULIERES :

Adest parvuhis, cum Maria matre ejus,

de quo dudum vaticinando Ysaias pro-

pheta dixerat : Ecce virgo concipiet et

pariet filium.

1 The image of Mary, a special develop-

ment of R.

Tunc PA STORES procedentes adorent in-

fantem dieentes

:

Salve rex saeculorum !

Postea siirgentes invitent populum, cir-

cumstantes, ad adorandum infantem,

dieentes turbis vicinis ;•*

Venite, venite, adoremus Dominum,

quia ipse est Salvator noster.

2 Note the greater prominence given to

the Virgin in R.

3 The two stanzas are given by Du Meril,

p. 150.

J Note that the closing of R at this point

leads to an important variation.

» These words prove that the Office of

the Shepherds immediately preceded the

Mass of the Day, for which the Introit was

Isaiah 9. 6.—Du Meril, p. 1.50.

Interim magi, prodeuntes^ quisque de

angulo suo, quasi de regione sua, con-

veniant ante altare, vel ad ortum stellce,

et dum appropinquant primus dicat :

Stella fulgore nimis rutilat.

SECUNDUS

:

Quern venturum dim propheta signa-

verat.

Tunc stantes coUaterales, dicat dexter

ad medium : Pax tibi frater ; et ille

respondeat : Pax quoque tibi ; et oscu-

lentur sese : sic medius ad sinistrum, sic

sinister ad dextrum. Salutatio cuique.

dexter ad medium :

Pax tibi, frater

!

" In O, the people are watching the cra-

dle when the Magi enter unobserved. The
Limoges ritual introduces them with i)omp.
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siMTJL cantent :

Eamus' ergo et inquiramus eum, offer-

entes ei muuera ; aiinim, thus, et

mirram.

Tunc MAGI ante altare sese osculentur,

et simul cantent :

Eamus^ ergo, et inquiramus eum, offer-

entes ei munera ; aurum, thus, et

mirrhain.

Hoc finito, CANTOR incipiat Responso-

rium :

Magi veniunt,- etc.

Et moveat processio.^

Versus

:

Cum natus esset Jesus in Bethleem

Jiidae, in diebus Herodis regis, ecce

Magi ab Oriente venerunt Jerosohauam,

dicentes : Ubi est qui natus est ? Ciijus

stellam vidimus, et venimus adorare

Dominum.

Sequatur aliud Responsorium, si nec-

esse fuerit :

Inten'ogabat Magos,* etc.

iNTERNUNCius^ cuwens :

Salve, rex Judeorum !

rex:

Quid rnmoris aft'ers ?

INTERNUNCIUS :^

Assmit nobis, domine, tres viri ignoti

Processio in navi Ecclesice constituta, ab oriente venientes, noviter natum

slationem faciat. regem quendam querentes.

Dicite' nobis, Hierosolymitani cives,

ubi est exsj)ectatio gentium, noviter

natus rex Judeonim, quem siguis celes-

tibus agnitum venimus adorare ?

Que sit catisa vere, jamjam citus, im-

pero, quere.

INTERNUNCIUS ad Mogos :

Que rerum novitas aut que vos^ causa

subegit

Ignotas temptare vias ? quo tenditis

ergo ?

Quod genus ? unde domo ? pacemne hue

fertis an arma ?

MAGI :

Chaldei sumus, pacem ferimus,

Regem regum querimus,

Quem natum esse stella indicat

Que fulgore ceteris clarior i-utilat.*
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Responsio CUJUSQUE :

Pax quoque tibi

!

Tunc ostendant sibi mutuo [stellam] :

Ecce Stella ! ecce stella ! ecce stella !

Procedente autem stella, sequentur IPSI

prcecedentem stellam dicentes :

Eamus' ergo et inquiramus eum, offer-

entes ei munera, aurum, thus, et vayr-

rham, quia sciiptum didicimus : Ador-

abiint eum omnes reges, omnes gentes

servient ei.

Venientes ad ostium chori, interrogenf

astantes :

I Also at Limoges.

Dicite^ nobis, O lerosolimitani elves, 2 Given in full by Du Meril, p. 154.

ubi est expectatio gentium, ubi est qui ^ f and O insert Herofl episode, R the

natus est rex Juditoram, quern signis P'-ocession. At Limoges the magi lay down

coelestibus agnitum venimus adorare
their presents and go to the offering

Quibus visis, Herodes mittat ad eos

ARMIGERUM, qiii dicut :

Quae reram novitas atit quae vos causa

subegit

Ignotas temptare vias ? quo tenditis

ergo ?

Quod genus ? unde domo ? pacemne

hue fertis an arma ?

•• Given by Du Meril, p. 154.

5 F informs the king by a messenger of

the approach of the magi ; O allows Herod
to perceive it for himself.

6 Authors seem to disagree as to position

of this. Probably the position in O is the

original one.

Lines illegible, partly supplied from O.

MAGI :

Chaldtei sumus
;
pacem ferimus

;

Eegem regum quaerimus,

Quem natum esse stella indicat,

Quae fulgore casteris clarior ratilat.
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iNTERNUNCius ad reyem

:

Vive rex in feternum :

REX :'

Quid . . . habesque . . . uunti

vives.

INTERNUNTIUS :

Eex mir . . . regis . . .

. . . vocemiis nt eorum sermones au . . .

INTERNUNTIUS ad Macjos :

Regia vos mandata vocant, non segniter

ite.

ad regem :

En Magi veninnt et regem<regum natum,

Stella duce, requinint.
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ARMIGER reversus saluted regem ; flexo

genu dicat

:

Vivat rex in feternuin ! i The normal form of this episode prob-

ably differs from both of these. The num-

ber of actors appears to have confused the
Salvet te gratia mea ! authors.

ARMIGER :

Adsunt nobis, Domine, tres viri ignoti,

ab oriente veiiientes, novum natum

qnemdam regem quaeritantes.

Tunc mittat herodes oratores vel inter-

jjretes suos ad magos, dicens :

Laeti inquisitores, qui sunt inquirite

reges,

Affore quos nostris jam fama revolvit

in oris.

interpretes ad Magos

:

Principis edictu, reges, praescire veni-

miis

Quo sit profectus hie vester et unde

profectus ?

MAGI :

Regem qufesitiim, duce stella signifi-

catum,

Munere proviso, properamus eum ven-

erando.

ORATORES, reversi ad Herodem :

Reges sunt Arabum ; cum trino munere

natum

Quserunt infantem, quem monstrant

sidera regem.

HERODES, mittens Armigerum lyro

Magis

:

Ante venire jube, quo possim singula

scire.

Qui sunt ? cur veniant ? quo nos ru-

more requiraiit ?

ARMIGER :

Quo mandas citius, rex indite, proti-

cietur.

ARMIGER ad Magos

:

Regia vos mandata vocant, non segniter

ite.

ARMIGER, adducens Magos ad Herodem :

En Magi veniunt, et regem natum,

stella duce, requirunt.

Trans. Coxn. Acad., Vol. IX. October, 1892.

14
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REX ad intemuntiuin :

Ante venire jube, quo possim singula

scire, qui sint, ciu' veniant, quo nos ru-

more requirant . . . iude . . . aut . . .

die . . . suavis ex . . .

REX ad Magum prHmum :

Tu mihi responde stans primus in

ordine, fari

!

Respondeat primus :

Impero Chaldeis dominans rex omnibus

illis.

Ad Secundum

:

Tu, autem, unde es ?

Respondeat secundus :

Tharsensis regio me rege . . . Zoroastro.

Ad Tertium :

Tute .... unde es ?

Respondeat tertius :

Me Arabes, mihi parent usque

fideles.

rex:

Eegem, quern queritis, natum esse, quo

signo didicistis ?

Respondeant :

Ilium natum esse didicimus in oriente

;

Stella monstravit.

REX:

Ex quo ilium regnare creditis, dicite

nobis.

Nunc respondeant :

Hunc regnare fatentes, cum mysticis

muneribus

de terra longinqua adorare venimus.

PRIMUS :^

Auro regem.

SECUNDUS

:

Thure deum.

TERTIUS :

Mirra mortalem.

REX ad milites :

Vos mei sinistri, accite disertos pagina

scribas prophetica.
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HERODES, ad Magos :

Quae sit causa viae ? qui vos ? vel unde

venitis ?

Dicite.

MAGI :

Rex est causa viae ; regea siimus ex

Arabitis
;

Hue quaerimus Regem regnantibus im-

peritantem,

Quern natum niundo lactat Judaica

virgo.

HERODES

:

Regem qviem quceritis natum esse quo

signo didicistis ?

MAGI :

Ilium regnare fatentes,

Cum mystieis muneribus

De terra longinqua adorare venimiis

Ternum Deum venerantes tribus cum
muneribus.

Tunc ostendant munera ; primus' dicat : ' At Limoges g-iven in song with action

luro regem while advancing- throug-h the choir, before
the star has been seen.

SECUNDUS

:

Thtire Deum.

TERTIUS :

Myrrha mortalem.

Tunc HERODES impercit sinistris qui cum
eo sedent in habitu juvenili, ut addu-

cant Scribas qui in diversorio parati sunt

barbati

:

Vos, mei sinistri,

Legisperitos aseite,

Ut discant in prophetis

Qtiod sentiant ex his.
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MILES ad scnbas :

Vos legis periti/

ad regem vocati,

ciim proplietarum libris

properaudo venite.

REX, ad scribas :

O vos scribe,

interrogati dicite,

si quid de hoc puero

scrijptum habetis in libro.

Eespondeant SCRIBE :

Vidimus domine in proplietarum libris,

nasci Christum in Bethlehem civitate,

David propheta sic vaticinante.

AnUphona Bethlehem.

REX- ad scribas

:

. . . finem spectat prudentia rerum ?

Vadite cum vestris . . . estis !

et jjrojiciat librum.

REX ad, proceres

:

Consilium nobis, Proceres, date laudis,

honoris

ARMIGER^ ad regem :

Audi que facias, rex, audi patica sed

apta ! mox des dona Magis, ne

morari, ut noviter nato quern querunt

rege reperto, rex, per te redeant ut te

ipse scias quod adores.

REX ad armigerum :

Abduc externos citius, vasalle, tyrannos.

ARMIGER ad m agos :

Regia vos mandata vocant.
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siNisTRi ad Seribas, et aclducant eos

cum libris prophetaruin :

Vos, legispeiiti,'

Ad regem vocati,

Cum prophetarum libris

Properando venite.

Posted HERODES intervoget Seribas,

dicens :

O vos, scribae,

Interrogati dicite,

Si quid de hoc puero

Scriptum videritis in libro.

Tunc SCRIBE dill revolvant librum, et

tandem inventa quasiprophetica, dicant:

Vidimus, Domine, etc., et ostendentes

cum digitoregiincredulo tradant librum:

Vidimus, Domine, in prophetanim

Lineis, nasci Christum

In Bethleem Judfe civitate,

David propheta sic vaticinante.

Chorus. Bethleem non est minima, etc.

Tunc HERODES,'- visa ijrophetica, furore

accensus, projiciat librum ; et filius

ejus, audita tumidtu, procedat pacifica-

turus patrem, et staiis salutet emn :

Salve, pater indite,

Salve, rex egregie.

Qui ubique imperas,

Sceptra tenens regia.

HERODES.

Fili amantissime,

Digne laudis munere,

Laudis pompam regiee

Tuo gerens nomine.

Rex est natus fortior.

Nobis [que] jjotentior

;

Vereor ne solio

Nos extrahet regio.

Tunc FILIUS despective loquens, afferat

se ad vindictam, dicens :

Contra ilium reguhim.

Contra natum parvulum,

Jube, pater, filium

Hoc inire praelium.

Tunc demum dimittat herodes Magos

tit inquirant de puero, et coram eis

spondeat regi nato, dicens

:

1 This incident seems'to have been exactly

copied from one original.

2 Here there is variation ag'ain. The wrath

IS the same, but the wording is different.

3 The soldier in F gives the advice upon
which the king acts ; in O he acts without
advice. The introduction of the son seems
to have led the author astray.
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Dum autem processio navem Ecclesice in-

trare cceperit, corona ante crucem pendens

in modum stellce accendatur, et magi

stellam ostendentes, ad imaginem sanctce

Marice super altare erucis prius positam

eqntantes pergant :

Ecce Stella in Oriente pi'fevisa'

iterum prascedit nos hicida,- etc.

Freising, X Century.

Ite, et de puero diligenter investigate,

et, invento, redeuntes mihi renunciate,

ut ego veniens adorem eum.

MAGI aspicientes stellam canant

:

Ecce Stella in oriente pryevisa'

iterum prsecedit nos lucida.

MAGi^ ad pastores :

Pastores, dicite, quidam vidistis ?

PASTORES

:

Tnfantem vidimus pannis involutum.

Hoc finite, duo^ de majori sede ctun Dal-

maticis et utraque altaris parte stantes,

snaviter respondeant :

Qui sunt hi qui, stella duce, nos adeiin-

tes inaudita ferunt ?

MAGI® dicunt :

Nos sumus, quos cemitis, reges Tharsis

et Arabum et Sabae, dona fereutes

Christo regi nato, domino, quem, stella

deducente, adorare venimus.

ANGELUS :"

Qui sunt lii qui stella duce, nos adeun-

tes inaudita ferunt ?

MAGI® respondeant:

Nos sumus, quos cemitis, reges Tharsis

et Arabum et Sabae, dona ferentes

Christo nato, regi domino, quem, stella

duce, adorare venimus.
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1 Here the procession and Herod episode

closing', the three plays agree again.

2 Given in full by Du Meril, p. 155.

3 In O the shepherds have an appropriate

introduction, in F none.
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Ite, et de puero cliligenter investigate,

Et invento, redeiiutes michi renimciate,

Ut ego veniens adorern enm.

Magis egredientibus, prcecednt stella eos,

quce nondum in conspectu He.rodis appa-

ruit, qxiani ipsi sibi mutuo ostendentes,

procedant. Qua visa Herodes et filius

minentur cum glad lis.

Ecce ! stella in oriente praevisa'

Iterum prJBcedit nos lucida.

Interim pastores, redeuntes a prcesepe,

veniant gaudentes et cantantes in eundo.

regem coeli

!

Ad quos MAGI :^

Queni vidistis ?

PASTORES

:

Secundum quod dictum est nobis ab

angelo de puero isto, invenimus infan-

tem pannis iuvolutum et positum in

praesepio, in medio duum animalium.

Postea, pastoribus abeuntibus* magi

procedant post stellam usque ad prai-

sepe, cantantes:

Quae non praevalent propria magnitudine,

Caelum, terra, atque maria lata capere,

De virgineo natus utero,

Ponitur in praesepio,

Sermo cecinit quem vatidicus :

Stat simiil bos et asinus.

Sed oritur stella lucida

Praebitum Domino obsequia,

Quem Balaam ex Judaica

Naseiturum dixerat prosajiia.

Haec nostrorum oculos fulguranti lu-

mine perstrinxit lucida,

Et nos ipsos provide ducens ad cuna-

bula resplendens fulgida.

Tunc OBSTETRiCES* videntcs, Magos allo-

quantur

:

Qui stint hii qui, stella duce,

Nos adeuntes inaudita ferunt ?

MAGI :*' 6 These lines would seem to argue a com
Nos sumus quos ceruitis reges Tharsis mon dramatic oi-igin.

et Arabum et Saba, dona ferentes

Christo nato, regi Domino, quem, stella

ducente, adorare venimus.

* The introduction of this song is one of

many proofs of the higher artistic finish

of O.

5 Presbyters, evidently.



188 Charles Damdson—English Mystery Plays.

Rouen, XIV Century. Freising, X Century.

Tunc DUO DALMATICATI apertentes eorti-

nam, dicant

:

obstetrices :

Ecce, puer adest quern quseritis. Jam Ecce, piier adest quern queritis. Jam
properate adorare, qiiia ipse est redemp- properate et orate qiiia ipse est redemp-

tio mundi. tio mundi.

Tunc procidentes reges ad terram simul,

salutent puerum, ita dicentes

:

Intrantes magi :

Salve Princeps ssectilorum.
,

Salve princeps seculorum.

Tunc UNUS a suo famulo aurimi acci-

piat, et diced

:

Suscipe, rex, aurum.

SECUNDXJS Eex ita dicat, et offerat

:

Tolle thus, tu vere deus !

TERTius ita dicat, et offerat :

Myrrham, signum sepulturse.

Interim fiant oblationes a clero et pop-

xdo, et dividatur oblatio iwoidictis

Canonicis.

Tunc Magis orantibus, et quasi somno

Hopitis, QUIDAM PUER alba indutus, et

quasi Angelus, in pulpito^ illis dicat

hanc antiphonani :

Impleta sunt omnia quse Prophetice

dicta sunt. Ite ab viam remeantes

aliam ne delatores tanti regis puniendi

eritis.'*

Hoc finito, CANTOR incijnat ad mtroituni

Chori responsoriuni :

Tria sunt munera."

Versus.'' Salutis nostras auctor.

Ad Missam tres Reges Chormn regant,

qui festive cantent:

Kyrie Fons bonitatis, AUeluija.

Sanctus, et Agnus.

Officium

:

Ecce advenit.

PRIMUS :'

Suscipe, rex, aurum !

SECUNDUS

:

Tolle thus, tu vere deus !

TERTIUS

:

Mirram, signum sepulture.

ANGELUS ad ijrostratos magos

:

Impleta sunt omnia que prophetice

dicta sunt. Ite, viam remeantes aliam,

ne delatores tanti regis puniendi sitis.

MAGI redeuntes antiphonam canant:

O regem cell.''

INTERNUNCIUS :

In .leternum vive domine !

Magi viam redierant aliam.

REX prosiliens :

Incendium meum ruina extinguam !*

ARMIGER :

Discerne,' domine, vindicare iram tuam

et stricto mucrone querere jube pueros
;

forte inter occisos occidetur et puer.

REX gladinm versans armigero reddit

dicens

:

Armiger eximie, pueros fac ense pe-

rire !
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OBSTETRiCES ostendentes pxierum :

Ecce, puer adest quern qureritis. Jam
properate et adorate, quia ipse est

redemptio mundi.

MAGI :

Salve, rex saeculorum !'

Salve, Deus Deoruui !

Salve, salus mortuorum !

Tunc procedentes magi, adorent Piierum

et afferent.

primus" dicat

:

Suscipe, rex, atirum, regis signum.

SECUNDUS

:

Suscipe myrrham, signum sepulturae.

TERTIUS :

Suscipe thus, tu vere Deus.

Istis factis, Magi incipiant dormire ibi

ante prcesepe, donee angelus desiqjer

apparens, moneat in somnis ut redeant

in regionem suam per aliam viani :

Impleta sunt omnia quae prophetice

scripta sunt. Ite viam remeantes aliam,

nee delatores tauti regis puniendi eritis.

magi evigilantes :

Deo gratias ! surgamus ergo, visione

moniti angelica et, calle mutato, lateant

Herodem qtite vidimus de puero.

Tunc MAGI abeuntes per aliam viam,

non ridente Herode, cantent :

admirabile commercium !

Creator omnium.

Tunc venientes choro, dicent :

Gaudete, fratres,

Christus nobis natus est,

Deus homo factus est

!

Tunc CANTOR incipit

:

Te Deum, etc.

1 Another proof of artistic superiority in

O.

2 An episode common in earler ritualistic

plays, probably the invention of one author
there.

3 A platform necessary as in Sens resur-

rection play, p. 191.

4 Note.—Then the three kings go through

the side aisles out of the church and reenter

by the left door into the choir.

5 Given in fviU by Du Meril, p. 153.

" The closing- of F is evidently a reminis-

cence of some play of the slaughter of the

innocents.
" The closhig of R shows its affinity to

the church service.

^ The Sallust tag which occurs also in

' Interfcctio Puerorum' and in ' Ordo Rach-

elis.' Sallust is quoted also in the second

.iournee of Saint Didier, and other classics

elsewhere.—Julleville, Les Mysteres, vol. 1,

p. 261.

9 Agrees M'ith ' Interfcctio Puerorum.'
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Here we close the second step of our investigation. We have

seen the simple liturgy of the early church grow into an elaborate

symbolism, which presented the life and work of Jesus so indirectly

that the hearts of men were seldom touched by its teachings. This

symbolism the new faith in a daily sacrifice revivified, and through

it men's hearts were again melted by the tragedy of the cross. In

the Western church the desire to view concretely that which had

touched the heart so profoundly, led to theatrical representation of

the highest dramatic moments of the ritual. Two groups of such

moments we have followed down : the first, until we found it pass-

ing over to the vernacular, a sure sign of severance from the church

offices ; the second, until single plays became but scenes or episodes

in a more complicated drama, another sign of approaching inde-

pendence, since such plays could no longer hold their appropriate

places in the church calendar.'

As these plays conform more and more to the popular taste, the

sphere of their influence broadens, and their volume expands.

Soon they will supplant the chanson de geste in the affections of

the French, and the literati of a nation will express through them

the mocking spirit of the Gaul, cutting with its satire the foibles

of church and nation.

It is no part of our present plan to seek in these later plays of the

continent for testimony concerning niedifeval thoughts and manners,

nor to examine, except cursorily, into their development or stage-

setting. We are nearing the time when the English plays,

evidently the outcome of long-established literary traditions, will

present themselves fully developed, the most sympathetic exponent

of the popular life of England in their day, and will offer to us, in

the question of their literary ancestry and relationships what, to my
mind, is the most interesting literary problem of the Middle Ages.

Some knowledge, however, of the impress of the national sj^irit

ujjon the cyclic pla3^s of the continent, as shown in their form and

in the manner of their presentation, will give increased significance

to many features of the English plays. Accordingly, we turn again

to the continental jjlays to learn how cycles were built up, with

something of their content and dependence upon the devices for

their presentation. It will be necessary, also, to consider the atti-

tude of the church towards the plays while they remained within

the church edifice, as well as after they had passed out from under

clerical authority, and to notice in passing the organizations, liter-

ary and otherwise, that made them their care.

1 It must be borne in mind that the simple plays of the church oflBces held their own
until the Reformation, side by side with the expanded plays, and that sometimes clergy

and laity were in active competition.
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X.

THE STAGE AND THE PLAY IN FRANCE.

In the Orleans and Freising plays we have seen one method of

combination by which single and ritual plays formed a continued

drama. A related development is connected with the evolution of

the stage. In the Mont St. Michel and Sens resurrection plays

we are informed that the angel had a station ' super altare,' ' in

pulpito." In the ' Officium Peregrinorum ' of Rouen are these

words :
" Et ita cantantes, ducant eum usque ad tabernaculum in

medio navis ecclesiae, similitudinem castelli Eraau prjeparatum."

In the Orleans play we read as a stage direction :
" Parato Herode

et caeteris personis," and in the Freising play •.'^ " Ascendat rex et

sedeat in solio."

From these directions it is evident that all the actors took their

assigned positions upon the stage at the opening of the play, and

were conventionally absent when not performing their parts. Thus

we read in the Orleans play :' " Tunc Magi abeuntes per aliam

viara, non vidente Herode ; " so, in ' Interfectio Puerorum,' ^

"Joseph abiens, non vidente Herode."

The greater number of the actors did not move about the stage,

but held fixed stations which were marked out upon the platform^

—

here a throne and palace hall, there the interior of a dwelling—while

one or two actors passed from group to group, connecting through

their action the different episodes, each of which embodied a single

ritual play. These platforms were originally erected in the nave
;

at Rouen, ° "in medio navis ecclesiae." Upon the platform the sta-

tions,' at first but slightly marked off, were afterwards defined by

upright posts and cross-beams, the platform extending farther down
the nave as the stations increased in number. The plays seem often

to require an unobstructed view across the stage, which would

necessitate stations without sides, and as nearly as possible free from

theatrical furniture and scenery.'

How these primitive theatrical arrangements were used we learn

from certain miracle and myster}^ plays. In the ' Secundum Mirac-

ulum Sancti Nicholai' of the Orleans^ MS., there is one station, the

house of Senex. The action is as follows :

1 See p. 189. 2 See p. 174. a See p. 189. * Wright.
s Ebert, vol. 5, p. 68. ° Du Cange, Peregrinorum OflScium.

' Cp. Julleville, vol, 1, p. 388. » Mone, vol. 2, p. 158. » Wright.



192 Charles Davidson—English Mystery Plays.

The traveling students approach, converse, enter, dine, and go to sleep. Their death

is planned and in some way, probably by dumb show, represented. St. Nicholas applies

for admission, enters, in dining brings conviction to Senex by his words, prays that the

students may be restored to life, and students and all join in the closing ' Te Deum
laudamus.'i

In the ' Quartnm' Miraculnm Saiicti Nicbolai,' of the same MS.,''

the stations have grown to three. On one side Kex Marmorinus sits

enthroned, with armed guards ; on the other side Rex Getron with

wife, son, and attendants ; in the centre stands the church of St.

Nicholas. The action is carried on principally by messengers, is

brief, and illustrates the use of fixed stations.

The attendants salute Rex Marmorinus :
" Salve, princeps, salve, rex optime 1" The

king orders them to go forth, subjugate the world, and slay those resisting them.

Getron with wife, son, and pi-iests goes to the church as to some church festival. At
the sight of the guards of Marmorinus, who are carrying out their lord's mandates by
an advance upon the church, Getron flees, leaving the boy behind, who is led in triumph

by the soldiers to their king, to whom they announce :
" Quod jussisti, I'ex bone, feci-

mus."
The king ascribes praise to Apollo and inquires of the boy his parentage. This ques-

tion gives occasion for sI.y quatrains, rhyming in couplets, in which the king aflQrms

:

" Deus mens Apollo Deus est," and the boy stoutly maintains :
" Deus tuus raendax et

malusest."

Meanwhile, Getron's wife, discovering her loss, returns to the church in search for

her son. and now bursts forth into lamentations. Her attendants seek to comfort her,

and she prays to Nicholas for the return of her son :

Nicholtf, pater sanctissime,******
Fac ut mens redeat Alius.

It seems that she then returns home, although the stage direction is lacking, and her

husband in four quatrains, rhyming in couplets, advises dependence upon Nicholas.

They then arise, go to the church, and she again prays to St. Nicholas. Afterwards

they return home, and the table is spread with bread and wine, of which the clergy and

beggars partake,—possibly a hint to the lookers-on of the proper treatment of the stu-

dent actors.

About this time. Rex Marmorinus decides that he is hungry, and calls for food, which

his attendants bring. Water also is brought; the king washes his hands, and eats.

He is thirsty, and bids the son of Getron bring wine. The boy sighs heavily, the king

demands the cause, and emphasizes the impossibility of rescue. Incidentally, the boy

states that he has been prisoner a year. Now enters " aliquis in similitudine Nicholai,"

and leads the boy out of the king's house. This, in spite of the attention centered upon

the boy, no one discovers

!

A citizen of Getron's dominions, who for unexplained reasons is in hostile territory,

asks the lad's name, and runs to Getron with the news :

Gaude, Getron, nee fleas amplius;

Extra fores stat tuus Alius.

Nicholai laudat magnalia,

Cujus eum reduxit gratia.

The mother hurries to her son, kisses him repeatedly and praises God and St. Nicholas.

The play ends, " Chorus Omnia."

1 The Salisbury Missal of 1534 has a picture of St. Nicholas, with the children rising

from a tub, where their members have been placed in pickle by the inn-keeper.—Hone's

Ancient Mysteries, p. 191. 2 Wright.
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Such plays make us conscious of the feeble beginnings from

which dramatic art has arisen. This play reads like a children's

play for an improvised theater. The playwright succeeds fairly

well in the ca])ture, though the absurdity shown in the confidence of

the soldiers that such a capture fulfilled such a command is appar-

ently not evident to the author. The child is now in the king's

power; how to contrive a reasonable escape would seem a difiS-

cult problem, but it does not trouble our dramatist. The boy is

reintroduced through his conversation with the king, though this

expedient would seem lo make his unobserved escape a difiicult

matter. Not at all ; an invisible St. Nicholas enters and sets the

boy over the threshold, when he is free to go where he will. The

infancy of art alone possesses such resources, l^ex Marmorinus

does not leave his seat during the play, and Rex Getron simply

walks to the church and back. Such simplicity of action requires

a narrative play with no complexity of situation and but few lead-

ing characters. To such requirements the Bible story readily adapts

itself, as we shall now see in the condensed cyclic play found in

the earliest extant Italian mj^stery play, and in one of the thir-

teenth centur}^ in Germany.

XL

THE STAGE AND THE PLAY IN ITALY,

According to Klein the oldest Italian plays,' known as " Devo-

zioni," Avere designed, the first for Maundy Thursday, the second

for Good Friday.^ An analysis ma}- be given as follows :^

The scene opens with the meal at the house of Lazarus six daj-s before Easter.i

Christ enters as from Jerusalem. Mary, followed by Mary Mag'dalene and Martha,

K'oes to meet Him, embraces Him, and conjures Him not to return, as the Jews will

kill him. Christ answers that He must do the will of His Father, but that she must
not be sad, as He will tell her before He goes. They embrace again.

At that the meal is served. Marj' remains standing by Christ, saying continually,
" My Son, My Son." In the meal Lazarus takes part. At the close Christ calls Mary Mag-
dalene to his side and Informs her, while she kneels before Him, that He will go to-day

1 Dialect old and mixed ; Palermo, as referred to by Klein, vol. 4, p. 165. Date in first

half of fourteenth century.— Klein, vol. 4, p. 165.

2 The only Italian representative of this step of development.—Ebert, vol. 5, p. 66.

The play not in the liturgy but acted during service.—Ebert, vol. 5, p. 67.

3 The following abstract follows Klein 4, p. 157 If., and Ebert in Jahrbuch fiir Roman-
ische und Englische Literatur 5, p. 58 ff.

4 Ebert believes that there was a scaffold in the middle aisle, upon which Bethany and
the Mount of Olives were located.—Ebert, vol. 5, p. 68 ; cp. p. 104.
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to Jerusalem, where He will suffer the death of the cross. He commends to her care

His mother, who will be so deeply troubled. She herself Is to keep this news a secret

until He is taken. i Mary Magdalene promises this, then kisses His feet. He, thereupon,

retires and joins the rest of the company, but Mary Magdalene remains. Mary comes to

Mary Magdalene and wishes to know what her Son has said, but Mary Magdalene

declines to tell. Both, then, go to Christ. Mary would kneel to Him, but is prevented

by Him. She asks why He is so sad, and shows great anxiety. Christ now tells her that

for the redemption of the world He goes to His death. Mary swoons. Reviving, she

bewails her fate. " Call me henceforth no more Mary, since I have lost Thee, my Son !"

At the close of the conversation both fall in a swoon. They rise and embrace. Christ

then goes to His seat.2

Mary kneels to Judas, begging him not to forsake Jesus, if He should fall into the

hands of the people.s Judas permits her to kneel, and replies ambiguously, " It is not

necessary to entreat me more, as I know what I have to do." She then kneels to Peter,

who will not permit it, and vows that he will protect Christ against the world. Now go
Mary, Mary Magdalene, Martha, and Lazarus to Christ, who embraces His mother, and
offers to depart. Mary Magdalene prays that they may accompany Him to the gate of

the city, to which Christ assents. They proceed together to Jerusalem. When they

reach the gate, Mary declares that she is unwilling to leave her Son. He insists, but

promises to send to her the angel Gabriel until John can come. Instantly the angel

appears. Mai-y blesses her Son. Again they swoon. Jesus rises and " steps through

another door into Jerusalem." Mary Magdalene and Martha raise and support Mary
while she speaks to the people :

O Figlio mio lauto amoroso

O Figlio mio, due se' tu andato ?*******
Diteml, o done, per amore de Dio,

Dov' h andato el Figlio mio ?

She then turns to the angel, and entreats him to tell her all the sorrows of Christ, that

through the hearing she may find death. Mary Magdalene entreats Mary to return to

Bethany and await John's arrival. Mary beseeches the two sisters not to leave her,

kneeling before them. They now return to Bethany, Mary speaking touching words

to the women by the way.J All enter Bethany together.^

Forthwith, the scene of Christ's prayer upon the Mount of Olives begins. He takes

with Him Peter, James, and John, commands them to rest but watch, while He goes to

pray. He kneels down, takes the cupe in His hand, and, lifting up His eyes, prays. He
returns to His followers, as in the Bible narrative. The second time, Christ puts a

stone under His head and sleeps a little. After the third prayer an angel appears.

Christ now wakens the three young men while, according to the stage direction,

the armed men prepare to take Him prisoner. Christ goes to the other apostles. The

thief-catchers with Judas come. "Quern quitritis?" and the following words of Christ

are in Latin. The arrest follows. Fastened by a thong, Christ is led away, while all His

foUowei's forsake Him.

Here ends the play, but there is little break between this and the

' Devozion ' of Good Friday Avhich, beginning when the preacher

comes to the passage where Pilate commands that Christ shall be

scourged/ is as follows :

1 Note that Jesus informs His mother soon after, and this requirement of secrecy

seems to be satisfied by Mary Magdalene's refusal to tell Mary.

3 The conventional exit. Cp. Julleville, vol. 1, p. 389.

3 One of the most artistic touches in the early dramas.
• This consciousness of an audience appears elsewhere in this play, notably where

John reminds the women of their sons. •' A conventional exit.

6 The prostrations, kissing, blood, and cup are all liturgical traces.—Ebert, vol. 5, p. 70.

^ The lesson for the day was Chaps. 18 and 19 of John's Gospel, the nineteenth begin-

ning, " Then Pilate took Jesus and scourged him."—Ebert, vol. 5, p. 67.
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Christ enters, stripped for the scourging-, with His tormentors, who lead Him through
the throng- to the assigned spot wlicre the column stands. John stands near Christ. The
scourgers strike Him a little reverently, and listen to Christ's words to John, who kneels

before Him. He bids John call the Virgin. The men now strike and revile Christ and
lead Him away. John asks the people where Mary is. He shows a black garment
which he would carry to her, and seeks to rouse feeling by reminding the women of

their own sons.i

Mary Magdalene now comes from the women's side of the church to the stages and
steps before John while she bewails the sad news she has heard. John prays her to

accompany him to Mary, as he has not the heart to go alone. Meanwhile Mary appears
on the otiier side and they go to her. She laments when she sees the black garment.
Mary Magdalene informs her of Christ's captivity, and invites her to take the garment.
Christ now appears bearing His cross, accompanied by a throng of women, to whom He
teaches the words of the Bible. Meanwhile, He approaches the spot where Mary, Mary
Magdalene, and John stand. Mary hastens to Him to embrace Him. The Jews drive

her away. Christ drops His cross. Mary, bemoaning her fate, would take the cross,*

but the Jews drive her back. She falls fainting, and Christ passes on to Golgotha.
Mary revives, seeks for her Son, intiuires of the women, then goes with Mary Magda-
lene and John to the place of execution.

Now the preacher* explains the situation, and at a signal from him the Jews nail

Christ to the cross and lift it up. Christ speaks, and prays for His enemies. Mary
addresses the cross. " Bow down thy branches that thy Creator may find rest."

Inclina li toi rami, o croce alta,

E dola [dona] reposo a lo tuo Creatore

;

Lo corpo precioso ja se spianta

;

Lasa la tua forza e lo tuo vigore.

Here again the preacher speaks, while the play pauses until he gives the sign, when
Chi'ist's speech with the robbers follows. Now the dead= arise. Three of these speak to

Jesus, declaring that the souls in Hell expect Him, the Patriarchs and Prophets ; one

has also come to stand by Marj' and serve her.

The preacher finds it necessary to explain this. Again at the signal the play goes on.

The Virgin prays Mary Magdalene to direct Christ's attention to her, saying that He
had spoken to the robbers, but not a word to her." Mar3^ Magdalene complies, and

Christ commends His Mother to the care of John, who, kneeling and kissing- Mary's

feet, strives to comfoi-t her. Mary laments, embraces the cross, and faints.'

The preacher takes up his discourse until Jesus cries out, "My God, My God, why
hast Thou forsaken me ?" Meanwhile, God says to His angels that they must strengthen

His Son. 8 The angels prostrate themselves, withdraw and descend.9 They examine to

see which is the Son. Meanwhile, the devil appeai-s and approaches the cross upon the

right side. One of the angels now descends fully, to receive the blood of Christ. Jesus

thirsts. The Jews hand Him with jokes the vinegar mingled with gall, and He refuses

to taste it. Mary bewails the malice of the Jews. Jesus exclaims, " It is finished."

1 See note 4, p. 194.

2 The stage is only one location. The action is in different parts of the church.—Klein,

vol. 4, p. 164.

3 So Mary desires to take the cross in the Woodkirk Mj'steries. The Towneley Mys-
teries, p. 213.

•t Compare the preacher with the expositor in the Chester plays.

5 See cut, p. 199.

G This complaint Mar.y addresses to Christ in the Coventry Mysteries, p. 332.

1 Note the author's repeated recourse to this as an expedient for removing Mary tem-
porarily from the action.

8 Ebert believes there was a scaffold in the choir which repi'esented Heaven, that

there was a Hell mouth and a post for scourging, but that some action took place in

the aisles of the church.—Ebert, vol. 5, p. 68.

9 There must have been a stairway from Golgotha to Heaven, or some means for paus-
ing midway.
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The preacher again explains. At a sign the devil speaks in humble tone, trj-ingr to per-

suade Christ to resign the world to him and save himself from death. Christ turns

from him—"Thou wilt never see me rest until I have driven thee out." The devil

speaks louder and more threateningly, promising him the lordship of the world. The
lance thrust of Longinusi follows, his healing and gratitude. Jesus again speaks, com-
mending His spirit to God, at which the devil throws himself upon the ground.

Again the preacher speaks to the people. Mary and John address the people,

bewailing Christ's death. Joseph and Nicodemus enter, and take Christ from the cross.

They ask of Mary permission to burj' Him. She grants it, but will first embrace Him.
This is a touching scene. Joseph stands at Christ's head, Mary Magdalene at His feet.

Marj' kisses the limbs of Christ, His eyes, cheeks, mouth, sides, and feet, while she

speaks touching words to the others or they to her. She shows John the lacerated

hands. " These are the holy hands wherewith He blessed all," says John. The angel

Gabriel appears to comfort Mary and advise her to permit the burial. Mary grants it

with much lamentation. Joseph and Nicodemus carry Christ to the grave, while Mary,
John, and Mary Magdalene go down the women's aisle. Mary turns and shows the peo-

ple the nails of the cross which she carries. Mary Magdalene exhorts them to resist

the devil as Jesus had done. Here they enter Jerusalem and the play closes.

XII.

THE STAGE AND THE PLAY IN GERMANY.

The following' play is of the thirteenth century." It shows an

intermixture of Latin and German, similar to that observed in the

Ludus de Nocte Pasche.' A comparison of the German and Ital-

ian plays will serve to show how widely accepted were the same

literary conventions among the writers of mysteries. The fixed

stations, the continual presence of the actors, their supposed absence

when sitting, the avoidance of any complexity of action, such as

the advancement of plot through bye- play ; all are common charac-

teristics. In development the German play is evidently the older,

since it is still largely in Latin. It also lacks many of the dramatic

features of the Italian, adhering closely to the Biblical narrative

where the Italian artist strikes out a path of his own.

The following abstract was made from Hoffmann's edition of the

play:

Pilate and wife with soldiei-s take their places, then Herod with his soldiers, then the

priests, the merchant and his wife, lastly Mary Magdalene. Afterwards, the 'dominica

persona '•> goes alone to the shore to call Peter and Andrew, and finds them fishing.

The Lord says to them, " Follow me ; I will make you fishers of men." Thej' reply,

" Lord, what thou wishest, we will do." Then the Lord goes to Zacchcus, and a blind

man meets him,—"Domine lesu, fili David, miserere mei." Jesus heals him. He then

bids Zaccheus descend from the tree, as he would tarry at his house.s Jesus passes on.

1 Longinus, the centurion, stood by the cross. The Gospel of Nicodemus. [II.]

Longinus, the soldier, pierced Christ's side.—The Gospel of Nicodemus. FL]

2 Holfraani!, vol. 2, p. :i4.5. 3 See p. 14:9 ; also Hoffmann, vol. 2, p. 272.

* Cf. ' Figura ' for the Almighty in 'Adam.' 6 He does not visit Zaccheus, however.



Charles Dax)ldson—English Mystery Plays. 19Y

Children strew branches and fiarments before him, sinking Gloria and Laus. Now the

Pharisee invites him to dinner. He accepts, and the Pharisee urges his servants to

hasten the preparations.!

Mary Magdalencs sings in Latin of the joys of this world, and seeks the merchant
with her girl companions to buy for herself ointment. The merchant offers his wares
in Latin. Mary sings a German love song with the chorus

:

Seht mich an, junge man,
Lat mich eu gevallen.

She now enters the house, and an angel announces to her that Jesus, the Nazarene, who
forgives the sins of the people, is dining with Simon. She rises, and again sings her
song of the delights of life,—" Mundi delectatio dulcis est et grata," etc. A lover enters,

whom Mary salutes. They converse, then Mary sings to the girls

:

Koufe wir die varwe da.

Die uns machen schoene unde wolgetane.

She now appeals again to the merchant, who tenders his wares this time in German.
The ointment purchased, she again enters the house, and the angel meets her as before,

and disappears. She rises once more and repeats her song of the pleasures of the
world, then falls asleep, and the angel appearing repeats his song of Jesus who for-

gives sinners.

Mary awakes and breaks into lamentation :
" Hen vita prasterita, vita plena malis,"

etc.

The angel appears and says :
" I declare unto you that there is joy in Heaven over one

sinner that repenteth."

Mary scorns her secular garb and lays aside her robes, putting on a black garment.
The lover and the devil retire.^ She goes again to the merchant, seeking precious

ointment,! which the merchant sells her for a talent of gold.

The chorus sings :
" Accessit ad pedes." s

Mary now enters the house of Simon, and, weeping, approaches Jesus. As she anoints

his feet she sings one stanza in Latin, followed by two in German. The Pharisee utters

the well-known words, and Judas bewails the waste. Jesus declares the work a good
one, addresses to Simon Peter his question about the debtors, asking which of those for-

given would love the more. Peter replies, and Christ announces to Mary the forgive-

ness of her sins. Mary, at this, retires lamenting

:

Awe, awe daz ich ie wart geborn.

Jesus now departs to raise Lazarus and is met by the sisters,^ wailing for their brother.

There is no expansion of the Biblical narrative. The incident closes with " Lazare, veni

foras,"i after which there is a chant bj' the clergy.

Judas, meanwhile, hastens to the priests exclaiming. "O Pontiflces, o viri magni
consilii, lesum volo nobis tradere." The bargain is struck, the sign is agreed upon, and
the Jews follow Judas with swords and lights.

1 This requires four stations, beginning at the sea-shore. Peter and Andrew appar-
ently follow Christ to the house of the Pharisee. He crosses the boundary and sits

down.
2 Evidently rises from her place and advances to the merchant's station.

3 It would seem that the lover has been sitting in the house since his first entrance,

although he has said nothing. The devil is hard to account for.

4 It is there supposed that some time has elapsed, and that her precious purchase is

exhausted.

5 An evidence of intimate connection with the service.

6 Evidently Mary withdrew to join her sister in the Bethany station. Such examples
of preparation for future situations are comparatively rare.

' Lazarus probably did not appear upon the stage. The symbolic nature of this inci-

dent illustrates the intimacy existing between the symbolism of the ritual and the

realism of the play. In the six lines given to the scene, three are chanted by the clergy:

it is practically a leaf of the church service slipped into the drama, and seems to have
satisfied author and audience, although the motived utterance, " Lazare, veni foras,"

leads to no issue.

Trans. Conn. Acad., Vol. IX. October, 1892.

15
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Meanwhile, Jesus does 'as is the custom at a feast.'i Now he takes four disciples,

ascends Mount Olivet, and enacts this scene in the words of the Biblical narrative. The
Jews appear, and Jesus asks: "Quem qua?ritis?" They reply: "lesum Nazarenum."
Jesus replies :

" Ego sum," and the crowd falls back. When he is taken, all the apostles

except Peter and Judas leave him. Peter forthwith denies him twice. The priests

chant appropriate Bible verses. Jesus is led to Pilate, then to Herod who clothes him in

white and returns him to PilatSi. The action passes on in the fewest words possible till

Jesus is led out for scourging-, 2 when he is clad in purple and crowned with thorns.

Pilate says: "Ecce homo." The Jews cry: "Cruciflge, cruciflge eum." The dialogue

in short Bible verses continues until Pilate washes his hands, and Jesus is led away for

crucifixion.

Now Judas comes penitent, weeping, to the priests, who reject him. The devil ap-

pears and persuades him to hang himself.3

The women follow Jesus,* weeping. He is placed upon the cross and the title affixed

:

" lesus Nazarenus Kex ludaeorum." The Jews object, and Pilate answers :
" Quod

scripsi scripsi."

The Virgin now enters with John and, lamenting, beholds the crucified. "Awe, awfe

mich hiut unde immer me " begins the lamentation of Mary, so similar to those of

earlier date.? This is continued in Latin, as, smiting her breast, she addresses the weep-
ing women. She concludes by embracing John and speaking eight lines while holding

him in her arms, concluding:

Immolemus intimas

Lacrimorum victimas

Christo morienti.

The direction here reads :
" Et per horam quiescat sedendo,"6 after which she again rises,

addresses John, and John replies. Jesus now says, while John supports the Virgin

:

"Mulier, ecce Alius tuus," and to John: "Ecce mater tua."

John and Mary withdraw from the cross.' Jesus thirsts, tastes the vinegar and cries,

"It is finished." Longinus appears and pierces Christ's side. Jesus cries: "Eli, Eli,

lamma sabacthani," and expires. Longinus gives his testimony in Latin and German.

Vere Alius Dei erat iste.

Dirre is des waren Gotes sun,

adding,

Er hat zeichen an mir getan

"Wan ich min sehen wider han,8

while the Jews tarry to see whether Ellas will come to help him, and one closes the

scene with : "Alios salvos fecit, se ipsum non potest salvum facere."

An epilogue of sixteen German verses closes the play; of these Joseph of Arimathea

sings the first eight, and Pilate concludes the song.

1 Jesus must have returned to the Jerusalem station, adjoining which Mount Olivet

was probably situated. This bye-play during the performance of a leading action is

very rare in these early plays.

2 Since the mocking, though brief, is represented, it is probable that the scourging

was also.

3 Compare with the appearance of the devil in the Italian play, p. 195.

4 In the former play Jesus teaches the women, p. 195.

5 See p. 145.

6 This must mean that the play is suspended for a sermon, the priest explaining at

once the whole mystery instead of interposing his remarks as in the Italian play.

7 Does Mary withdraw because of the improbability of her silence during agonizing

moments while others carry on the play? In the Italian play she swoons at such

moments.
8 Compare the Italian play, p. 196.
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XIII.

THE OUT-DOOR STAGE.

If we compare the above abstracts of action with the following

sketch of the open-air stage of the sixteenth century, as found

attached to a MS. of the fifteenth century Easter Play/ we shall

obtain an idea of the use of fixed stations in the developed cycle,

sufiiciently clear for our purpose.

@=a [c

A, B, C. The three divisions of the the stag-e.2

1. The first door.

2. Hell.

3. The Garden of Gethsemane.
4. Mount Olivet.

5. The second door.

6. Herod's palace.

7. Pilate's palace.

8. The pillar of scourging.

9. The pillar upon which stands the cock.

10. The house of Caiaphas.

11. The house of Annas.

12. The house of the Last Supper.

13. The third door.

14, 15, 16, 17. Gi'aves from which the dead
arise.

18, 19. Crosses of the two thieves.

20. Cross of Christ.

21. The Holy Sepulcher.

22. Heaven.

The three divisions of the stage correspond to the three divisions

of the church : the nave, choir, and sanctuary.' The action begins

in the nave, and passes, station by station, through the choir into

the sanctuary. The distribution of stations bears some relation to

the sanctity of the division. The cross and Heaven are in the

sanctuary, Hell is in the nave. This remoteness of position was not

objectionable for the Inferno, as it was customary for the devils to

make excursions about the stage and even among the audience.

This we see in the Norman play of Adam, York Plays, etc. They
even acted as police within boundaries,^ and the unlucky wight who
crossed the line became the prey of tl^B devils, to the amusement of

the audience.

In regai'd to the genesis of the out-door stage for the mystery

plays, I cannot agree with Mone,^ who derives the scafibld from the

1 Mone, vol. 2, p. 156. « Cp. Julleville, vol. 1, p. 392.

3 Cp. Julleville, vol. 1, p. 393. At Rouen in 1474, paradise was in the east or sanctuary-

end of the church. * Mone, vol. 2, p. 129. s Mone, vol. 2, p. 159.
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remains of the Roman amphitheater, then existing in France. This

theory, as it seems to me, is founded upon two misconceptions :

first, that the German plays were later than the French and bor-

rowed from them ; but we have found them of about the same date,

and, while slower of development, not by any means servile imita-

tions of the French ; secondly, that the French plays were survivals

of the Roman, a favorite theory with the French, but now rejected

by their most careful writers, except so far as it applies to the early,

unformed comedy. On the contrary, the form of the stage, its

traditions and customs, point directly to the platform within the

church. When the plays were taken out of the church, whether

because of clerical prohibition, into which we will look shortly, or

because space was too limited for the crowds and the platform, or

for other reasons, the stage was simply transplanted, and suffered

change no more rapidly than the developing plays demanded.

I am aware that we cannot fully solve the problem of seating

such vast audiences' so that all could see and hear. It is very

possible that all the audience did not have favorable positions.

Such conditions have existed at anniversary meetings and foot-ball

games without seriously diminishing the audience. Yet a familiar

play, upon a platform erected in a public square surrounded by

houses whose roofs" and windows would furnish a favorable outlook

for many, could be seen satisfactorily by thousands.^

This stationary platform, often of great size and sometimes of

three stories,* with Hell beneath and Heaven above, and crowded

with persons^ and paraphei'nalia, was a distinctive feature of the

continental play. To this the English cycles presented a marked

contrast. The gild plays of England changed the station of the

continental stage into a movable pageant, or platform, and instead

of calling the population of a city to the stage, rolled the platform

through the streets in orderly succession from audience to audience.

1 At Reims in 1490, it is said, there were 16,000 spectators.—Julleville, vol. 1, p. 409.

1 A portion of a house, upon whose roof many people sat as spectators, fell, killing: 33

men.—Hoffman, 2, p. 343, referring to Flogel, Geschichte der komischen Literatur, vol.

4, Th. S. 250.

3 At Lyons in 1540 one Jean Neyron erected a vast theatre with balconies and boxes,

where plays of the Old and New Testaments were acted for two or three years on feast-

days and Sundays.—Julleville, vol. 1, p. 357. The French, in the 15th and 16th centuries,

built bo.ves for the aristocratic spectators and placed benches for others, at great

expense, which was partlj' met by entrance fees.—Julleville, vol. 1, pp. 401, 405.

4 Not immediately over each other necessarily, but with Hell covered over at one end

of the platform, and Heaven rising at the other end.—Julleville, vol. 1, p. 388.

5 A Resurrection Play in the library of Lucerne, MS. date 1494, employed 40 persons

;

one of Frankfort, date 1498, 265 persons; one of Seurre on the Saone, date 1496, 163

persons.-Mone, vol. 3, p. 123.
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Of this movable stage I have found no trace upon the continent,

except in the Jew plays of Italy, where, on wagon-stages drawn by

oxen, the Jew in Q^^y was mocked, tormented, and finally burned,'

and in the representations upon chariots, given by the Basoche in

the provinces, but unknown in Paris,"

XIV.

EVIDENCES OF EARLY ITALIAN AND SPANISH PLAYS.

Such aid as the continental plays, prior to the date of the extant

English plays, can give towards the study of the English cycles has,

according to my knowledge, been presented ; not in its detail, which

will serve better as illustration when taken with the English plays,

but in the general outline, as showing the trend of development in

the various stages of advancement and severance from the church

ritual. Our reliance has been almost entirely upon the Fi'ench and

German plays. The notices of the Italian drama, prior to the

" Devozioni " that we have outlined, are quickly given.

We hear of Italian plays first in 1244, the records stating that on

that date a Passion and Resurrection Play was presented.' On Whit-

suntide and the two following days, in 1238, according to the chron-

icle of Julianus, Canon of Cividale, the Passion, Resurrection,

Ascension, and Outpouring of the Holy Spirit* were acted,* form-

ing a cycle of no mean proportions. But already other portions of

the Bible narrative, which the church linked with the Advent plays

as prophetic or explanatory of Christ's coming, were claiming atten-

tion, and six years later, according to the same authority, the Creation

of Adam and Eve, the Annunciation, and Birth were played. Thus

we find in Italy as early as 1306, in two cycles, probably written in

Latin, and surely played under the direction or patronage of the

highest clergy, the principal scenes of the future world-cycle that

should extend from the Creation of the Angels to the Last Judgment.

It is evident that the mystery plan's must have arisen in Italy as

in France, although but scanty remains of the liturgical plays are

extant ; otherwise cyclic dramas so early as 1298 would be impossible

of explanation. That they also had a recognized standing in the

1 Klein, vol. 4, p. 239. 2 Julleville, Lcs Comediens, p. 133. 3 Ebert, vol. 5, p. 51.

4 Evidently the Passion, Resurrection, Ascension, were considered as forming a fitting

introduction to the Giving of the Holy Spirit of which the celebration was a com-

memoration. •' Ebert, vol. 5, p. 54.
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Spanish church ' as early as the thirteenth century is proved by the

code of Alfonso the Tenth, of about 1260, which, while forbidding

buffoonery plays, expressly states that " Exhibitions there be, that

clergymen may make, such as that of the birth of our Lord Jesus

Christ, which shows how the angel came to the shepherds and how
he told them that Jesus Christ was born, and, moreover, of his

appearance when the Three Kings came to visit him, and of his

resurrection, which shows how he was crucified and rose the third

day." ' It adds, however, that these should be in the cities vmder

the eye of the bishop or archbishop, not in the villages, nor to gain

money thereby.

But in Spain, through adverse circumstances, the development of

the plaj" was arrested, and when at last, in 1496, the early dramatic

type for Spain was set by the Representaciones of Enzina," its direct

inspiration was the Latin pastoral rather than the liturgical drama.

In Italy, on the contrary, the influences were favorable. Com-

mercial cities and wealthy patrons fostered literature. Monasteries

and religious brotherhoods lavished wealth upon their Rappresenta-

zioni, in some respects, it must be confessed, to the injury of the

plays, since their prodigal expenditure encouraged spectacular effects

to the detriment of dramatic power.

In brief, then, as we turn to the more specific problem of the

English plays, we shall look to Spain for little assistance, to Italy

for much ; but our most important aids will be found in Germany

and France. The French church plays furnished the models for the

liturgical plays of England. The German plays will afford most

instructive illustrations of the gradual intrusion of the Teutonic

humor, so evident in the York and Woodkirk Flays.

The universality of tradition in ecclesiastical literature gave rise

to uniformity of treatment, and to the choice of similar, oftentimes

of the same, literary motives, throughout the Roman church. The

result may be monotonous as literature, but is invaluable as supplying

a common starting point for national literatures. Upon this material

the folk-spii'it impressed its individuality. In the changing treat-

ment and interpretation we detect the compelling influence of suc-

cessive phases of thought. From this vast store-house, as from a

quarry, the later generations have selected according to their needs

and fashioned according to their taste. Here the students of mod-

ern literature stand on common ground, and, viewing each several

stream on its divergent course, can take note of each deflection due

1 Ticknor, vol. 1, p. 230. "- Ticknor, vol. 1, p. 245.



Charles Davidson—Englisli. Mystery Plays. 203

to a foi'eign cause, of each break or eddy that betokens the vexation,

dubiety, or sudden illumination of the national life that lies at the

bottom of, and is faithfully mirrored in, every literature worthy of

the name.

XV.

THE ATTITUDE OF THE CLERGY TOWARD THE PLAY.

There still remain for our consideration, before we turn to England,

the question of the divorce of the play from the church, and that of

the status of the writers of these later plays, whose number is

legion and whose prolixity' appals the reader.

The writers upon mystery plays agree Avith great unanimity that

the plays were driven out of the churches by the disapproval of the

higher clergy. It is stated that the introduction of lay actors, of

the vernacular speech, and, above all, of burlesque and comic epi-

sodes, scandalized the devout and provoked the prohibitions of popes

and councils. It seems to me that the statement is true only in a

much narrower sense.

In the first place the plays did not leave the chui'ches,^ but, in their

less developed ritualistic form, remained a part of the service until

the Reformation, and indeed in many countries or sections long

after. The people delighted in pageants, masques, and shows of

every kind, and the church did not yield its right to make the ser-

vice attractive by tableau, puppet-show, and liturgical drama,

although such plays received comment less often than the open-air

plays.

If, then, these plays survived in the churches, it must have been

understood that the clerical prohibition was not directed against

every species of mystery play, for no play within the church could

have withstood for centuries the uniform opposition of the higher

clergy. A glance at the attitude of the church toward plays before

the mystery arose may aid us in understanding the situation, for

the Roman church has usually kept in touch with its earlier tradi-

tions.

From the beginning of the third century, when Tertullian wrote

his De Spectaculis, until the tenth century, the church held con-

1 The history of Joseph in the 'Viel Testament' fills 7000 verses. Les Actes des
Apotres, par Arnoul et Simon Greban, is given in 61,908 verses. The Mystere de Sainte

Marguerite contains 10,000 verses. 2 Julleville, vol. 1, p. 78.
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sistently a condemnatory attitude. In 610, at the second council of

Braga, so in 813, and again in 816, the councils spoke in no uncer-

tain tone. They condemned absolutely the performances of the

Histriones, Musici, and Mimi. These continued the traditions of

the Roman stage, which had adopted the Greek drama of intrigue,

and exhibited realistically what the earlier drama had but insinuated.

The Fathers use clear language, and show unmistakably that they

condemn these because they teach immorality and all manner of

iniquity. Indeed, St. Augustine carefully makes a distinction be-

tween the mimes and the comedies and tragedies, " the latter class

being at least free from filthy language, while their study is approved

by elders in their scheme of liberal education." The plays of the

day pandered to the lowest imaginations of man. The classic

drama had been relegated to the closet. The attitude of the broader-

minded of the clergy—of those who did not consider all mental

activity a sinful waste when not devoted to the offices of the church

—was a reasonable one, distinguishing between lasciviousness of

motive and salutary instruction and diversion by theatrical repre-

sentation.

We have seen' that these licentious and comic plays survived until

the time of the mystery, and that in France they formed a partial

fusion with the sacred drama, giying rise to certain abnormal devel-

opments, such as the Feast of the Ass. When, therefore, we find

the church condemning certain plays and classes of actors under the

names of histriones, joculatores, etc., it is necessary to infer that the

same classes of play and actor are meant as aforetime, that their

intrusion into the church is reprobated, and that mystery plays that

have the taint within them are condemned.

In the northern countries, as in France, the popular festivities of

the national holidays continually sought expression within and about

the church edifice. The chui'ch had made itself the centre of all

communal interests, so with the quickening of the national spirit an

expression was sought within the walls of the church home. But

this brought irreverence and indecorum. The hobby-horse in Eng-

land, the Schimmelreiter in Germany and other ' monstra lavarum '

*

must keep out of the churches. This will explain various interdicts,

and will serve to show how in the Middle Ages many a distinction

1 See p. Ifi6.

2 In a MS. of the twelfth century at Strasburg is a drawing- of a ' Ludus monstrorum
;'

it is a puppet-sliow. For the use of monsters, dragons, giants, etc. in religious proces-

sions see JVIagnin, Histoire des Marionettes, pp. 61, 66, 213.
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was made of which we lose sight because our knowledge of their

life is vague and general.

The primary cause for the departure of the play from the church

must, as it seems to me, be sought for elsewhere. We have studied

the gradual exj^ansion within the church of the mystery from the

rudimentary play of the ritual to the independent but condensed

cyclic play. Either development must stop here or the play must

leave the church. The nave could not contain the necessary stage,

nor the edifice the audience. Great numbers brought confusion and

disorder. As a consequence the play moved out of the church into

the churchyard, as shown in the Norman play of Adam, or into the

open space about the monastery, as the direction " ad januas mon-

asterii " of the Orleans play' indicates.

Other motives, as is usual, emphasized a tendency. The longer

play led to the introduction of interludes and comic scenes to relieve

the tedium. The development of devil-play put upon the fiends,

through the traditional license of devilish behavior, the onus of

enlivening the people wlien wearied by the continued play. Their

language might be plain, and to us blasphemous, but it was not

lascivious, and often contained a telling moral lesson. If we make

allowance for the frank realism of the day, we must accept these

plays as devout in nature, with the purpose to instruct the people

and promote religion. Therefore the priests could encourage them,

take part in them, or write them. They could be made the vehicle

for sermons upon morals of which the instances, especially in Eng-

lish plays, are many, and the papal benediction could be sought and

given, as was, probably, the case with the Chester plays.

^

Furthermore, as the commercial spirit grew, the concourse of peo-

ple at the church on sacred festal days offered facilities for barter,

and booths became fairs. These festal days were also the days of

the mystery play, and thus in England a connection between play

and fair was established ; not, as Warton maintains, that the play

was fashioned to draw to the fair, but fair and play depended upon

the church holy day. No one will doubt but that merchants and

monks were shrewd enough to turn both to their advantage, when
once the connection was established.

1 p. 175.

8 The text of prohibitions is g-iven by D'Ancona, Orig-ini del Teatro in Italia, vol. 1,

p. 51. Hoffmann, vol. 2, pp. 241-1; Mone, vol. 2, pp. 367-8; Wriffht, p. XII, taken from
Hoffman. The subject is discussed in Smith's Diet, of Christian Ant. under Theatre,

Actor, closing-, however, before the rise of the mystery; Prynne's Histrio-Masti-ix is

important for clues, but the author's bias must be borne in mind.
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XVI.

THE PX7Y.

The agencies that took part in the composition and representation

of the plays, after they ceased to be liturgical, are many. As has

been shown, the church did not take an attitude of opposition unless

certain objectionable features were present.' Therefore monkish

and other religious authoi's often wrote plays,^ and even acted lead-

ing roles.* Again, monasteries often bore the burden of presentation.

This was most frequently the case in Italy." The religious brother-

hoods^ that spread over Catholic Europe as early as the twelfth

century were oftentimes the promoters of the mystery play. If, as

seems probable, the craft gilds had a religious origin,* or assumed

functions akin to those of religious brotherhoods, their connection

with the play is easily understood. Through connection with the

craft gilds the Meistersanger of Germany also shared in the develop-

mental history of the drama. Indeed, Mone attributes the downfall

of the myster}^ in Germany—though probably other agencies were

more potent—to the prolixity of the Meistersanger plays, involving

the introduction of so many actors and so much machinery that the

unskilled craft players could not successfully present the action.

In France, the Puy, that shadowy literary academy of the Middle

Ages, was the immediate successor of the clergy.' These Puys,

semi-religious, semi -literary, were very numerous in the West and

North of France. During the eleventh and twelfth centuries they

were devoted to the service of the Virgin, and the members com-

posed verse in her honor, but in the thirteenth century the influence

of the lay members led to a broader literary life, and they cultivated

zealously the religious drama. To some Puy the cycle of Notre

Dame is attributed. In the Puy d'Arras, it is believed, the comedies

of Adam de la Halle were played. These literary societies, about the

fifteenth century, turned to other lines of literary activity, to morali-

1 In France, the play passed from the hands of the clergy in the twelfth century, but

they were interested in it even in the fifteenth century.—JuUeville, vol. 1, p. 347.

2 JuUeville gives sketches of the eighteen known authors of French mystery plays.

Among these there were nUie religious or ecclesiastical authors, one lawyer, one notary,

one physician, two valets de chambre, and one princess.—Les Myst^res, vol. 1, p. 314 ff.

3 JuUeville, vol. 1, p. 367. » Ebert, vol. 5, p. 56.

3 Compagnia de Battuti of Treviso established 1261, Ebert, vol. 5, p. 52. Compagnia del

Gonfalone of Rome, Hase, p. 18, and Ebert, vol. 5, p. 53. Brethren of St. Luke of Ant-

werp, artisans, Hase, p. 18.

6 Wilda, Gildenwesen im Mittelalter ; also Gross, Gild-Merchant, p. 175.

7 JuUeville, vol. 1, p. 115 If.
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ties, farces, chansons, chants royaux, etc., the mystery falling to the

various societies of confreres of which the Confreres de la Passion,

of Paris, was the most famous. The sources and makers of the

English plays will be the subject of the following chapters.

XVII.

PAGEANTRY IN MEDIAEVAL ENGLAND.

As we enter the English field, we are confronted by a confusion of

names that is bewildering. It would seem as though writers classed

everything from a wrestling bout to a mystery as a play. Some do

not hesitate to affirm that pageant and play were synonymous terms,*

So little regard has been paid to classification by such writers as

Warton, Collier, and Ward, that the student cannot trust their

conclusions, but must patiently gather his data for himself at first

hand, and classify them as his conception of the mediaeval life of

England becomes clearer. Gradually he will perceive that society

in that day was a great stickler for tradition, that the custom found

in a given city in one century probably existed there in but slightly

altered form in the next century, that the customs in a given city

were many and various, and were, within certain limits, sharply

defined and kept separate. England was, indeed, Merrie England in

those days, but she went about her amusements as though they were

very serious, and usually very thirsty, business.

It would take me too far from my theme to attempt to describe all

the shows and plays that formed part of a city's life for even one

year. The royal entries, the ridings of different social or religious

gilds, the church processions in which the laity took part with their

pageants of tableaux, their giants and monsters, the plays in the

chui'ches, by the craft gilds, at the entertainment of notables, the

setting of the watch, the May-day festivities, etc., if faithfully por-

trayed for a single city, would fill a thesis, and give a new and

valuable picture of civic life. If to this we add the direct literary

influence of France upon the nobility and court society of England

at a time when England and a large part of France were politically

one, the subject of amusements in mediaeval England assumes vast

proportions and becomes exceedingly intricate. As a result, writers

upon this subject have failed to observe distinctions that were clear

1 Collier says that in 1502 pageant was only another name for a play.
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to the people of that day, and, still further misled by the frequent

use of a single favorite name for different species of amusements,

have included in their discussion of mystery plays' much that was

but indirectly related to the matter in hand. It becomes, then, our

task to attempt to disentangle some threads, and to segregate the

plays of the craft gilds which were presented on movable scaffolds,

or pageants, from the multitude of similar but not closely connected

phenomena.

I. The Pay and the Gild of Parish Clerks in London.

We have noted in France the rise of the Puy, and its position as a

cultivator of the mystery. England at this time contained many
French ecclesiastics, and it would not be surprising if we found,

where sufficient numbers were congregated, something similar to the

French Puy on English soil. The following points of similarity

seem to me to establish at least a strong prei5umption in favor of

kinship between the Puy and the Gild of Parish Clei'ks in London.

These are characteristics of the Puy :

1. Date, the eleventh and twelfth centuries.

2. In the thirteenth century admitted la}^ members.

3. In the thirteenth century cultivated the mystery.^

4. In the fifteenth century abandoned the mystery.

5. Was dedicated to the Virgin.

6. Object, the cultivation of literature, probably music also, and

sometimes had philanthropic features.

7. Most numerous in the West and North of France.

8. Often formed of parish clerks with or without lay members.*

9. Sometimes given to jilaying in honor of Saint Nicholas,*

These are the characteristics of the Gild of Parish Clerks :

1. Incorporated as a gild by Henry III about 1240."

2. Formed of ecclesiastics and lay members.^

3. Object, the cultivation of church music and literature." It had,

also, philanthropic features.

°

1 Collier, vol. 1, p. 53, considers what was probably a Fi-ench shepherd play presented

before the Queen, a French woman, a mystery play.

' The Miracles de Notre Dame in the fourteenth century were the work of a Puy.—
Julleville, vol. 1, p. 120.

3 The Puy de I'Assomption at Douai was formed about IWO under the name of the

Confrerie des Clercs Parisicns, called 'clercs parisiens' because they spoke French.—

Julleville, vol. 1, p. 119.

i As the Saint Nicholas of Jean Bodel of the Puy d'Arras.—Julleville, La Comedie, p. 27.

!> Hone, p. 208. 6 Survey of London, ed. 1843, p. 64.
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4. Dedicated to Saint Nicholas.'

5. Played stationary plays at Skinner's Well."

6. In 1390 a three days' play at Skinner's Well.'

7. In 1409 an eight days' play at Skinner's Well.

8. Plays attended by most of the nobles and gentry of England,

9. In 1554, feast at Guildhall College, with singing, playing, and

the next day a great procession.*

Among the points to be considered are the following :

I. The social or religious gilds of England are, in general, a

century later in origin. Thus, to cite a few illustrations

—

1327. Fraternity of Corpus Christi in Skinner's Company in London.'*

1348. The Gild of Corpus Christi at Coventry."

1358. The Gild of Corpus Christi at Kingston-upon-Hull.'

1355. The Gild of St. Mary at Beverly.*

1378. The Gild of St. Elene at Beverly.'

II. Their plays followed continental, not English, ti'aditions.

a. They were stationary plays as were all the plays of France.

b. They continued three and eight days, as did the continental plays.

c. They were especially patronized by the nobility.

One might venture to say that they were probably in the French

language.

III. The most marked discrepancy is that touching the patron

saint. On the continent the Virgin seems to have been universally

adopted, but the Puys later did not hesitate to write in honor of

St. Nicholas, and, finally, after the opening of the fifteenth century,

to cultivate profane poetry.

II. The Royal Entry.

Nothing illustrates better the community of custom and literary

standards among the nobility of England and France than the cere-

monies observed when the King, or a high church or state official,

entered a city. Indeed, we need not limit our study to England and

France, as the same customs obtained in the Netherlands and in

Scotland. Two elements of the royal entry concern us here, the

pageants and the 'riding.'

I Hone, p. 208. " Survey of London, p. 7 ;
given as 1391, p. 36.

3 Survey of London, p. 143 ;
given as 1490 by Hone, and 1407 by Pollard.

4 Strype, vol. 3, chap. 13, p. 121 ;
given as 1051 by Hone.

s Herbert, vol. 2, p. 399. e English Gilds, p. 233. i English Gilds, p. 161.

8 English Gilds, p. 149. s English Gilds, p. 148.
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These pageants were originally stationary, mute mysteries, placed

upon stages of elaborate construction along the route which the

King would take within the city. That these shows should be sta-

tionary is reasonable, since in such case the King and his retinue

need be detained no longer than they wished. That they should be

mute, though usually indulging in pantomimic action, is moi'e

strange, but of the fact there is abundant evidence. It will aid us

to understand the progress from pure mystery to allegory, if we con-

sider somewhat at length these mute mysteries.

1313. A mute play of the history of Jesus Christ from Nativity

to Passion was exhibited at Paris before Edward II and his wife

Isabella.'

1377. At the coronation of Richard II, a castle was erected by

the goldsmiths on Cheapside. Of the pageants exhibited two are

described by Herbert."

1420, Dec. 1st. In the entry of Charles VI and Henry V into

Paris, a mute mystery, consisting of stationary pageants represent-

ing a connected story, the Passion of our Savior, was shown,—

a

bas-relief of living figures counterfeiting a bas-relief of stone.'

1424, Sept. 8th. The pageant at the entiy of the Duke of Beau-

fort into Paris was described by an eye-witness in these words :

" Devant le Chastelet, avoit ung moult bel mystere du Vieil testa-

ment, et du Nouvel, que les enffens de Paris firent ; et fut fait sans

parler ne sans signer, comme ce feussent ymaiges enlevez centre ung
554mur.

1430. At the entry of Henry VI into London there were many

stationary pageants, some with verses attached and some where per-

sonages spoke.
^

We have passed over a century, recording here and there one of

the royal entries. All are alike, stationary, mute, and representa-

tions of some portion of the Bible story. I find earlier a curious

exception, as though uniformity of custom had not established itself

prior to 1300.

1293. To welcome Edward I upon his return from Scotland, the

London Gilds held a procession, with what appears to have been

moving pageants indicative of trade.* But very early in the four-

teenth century the type became fixed, and we find little variation

until the time of Henry VI.

Before 1430 the pageants had been taken from the Bible story,

and were easily recognized by all in their conventionalized form,

1 Julleville, vol. 2, p. 188. 2 Herbert, vol. 3, pp. 317, 331. 3 JuUeville, vol. 2, p. 189.

4 Julleville, vol. 2, p. 190. s Fabyan, pp. 603-7. « Herbert, vol. 1, p. 89.
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but now we find that other subjects are crowding in, breaking the

sequence of the story, and rendering some designation necessary to

interpret them to the beholder ; for this reason verses were attached.

But when the necessity of choosing a Biblical theme was no longer

present, the artist naturally selected some subject that would be

complimentary to the high personage in whose honor the pageant

was set up. Affixed verses he could not easily read, so the compli-

mentary address to the King arose, or a laudatory conversation was

carried on between actors. This is approaching very near to the

borders of the spoken drama, but I have found no instance of royal

entry where a genuine, spoken drama was acted. Further, it would

seem that this development of the pageant arose earlier in England

than in France.

1431, Dec. 2. Of the entry of Henry VI of England into Paris

this description is given :

" Depuis le poncelet en tirant vers la seconde porte de la rue Saint

Denis avoit personnages, sans parler, de la nativite Notre Dame, de

son mariage et de I'adoration des trois Rois, des Innocents' et du

bonhomme qui semoit son ble."

1432. Entry of Henry VI into London after his coronation at

Paris. Allegorical pageants with verses by Lydgate."

1445. Entry of Queen Margaret into London. Seven pageants

with verses by John Lydgate.^

1461, Aug. 31. Entry of Louis IX into Paris,

—

"y avoit une

passion par personnages et sans parler, Dieu estendu en la croix, et

les deux larrons a dextre et a sinistre.*

1461, Sept. 20. Entry of Louis IX into Orleans. Twelve pa-

geants, stationary, laborers, moral virtues, David and Goliath,* etc.

1498, July 2. Entry of Louis XII into Paris. All the pageants

were allegorical except those of the Confreres de la Passion Avho

presented The Trinity, Abraham's Sacrifice, and the Crucifixion.^

So, fifty years after London, Paris bows to the popular demand

for allegory.

1514, Nov. 6. Entry of Mary of England into Paris.

1515, Feb. 15. Entry of Francis I into Paris.

1517, May 12. Entry of the Queen into Paris, In these three the

subjects were allegorical."

1521. Entry of the Emperor, Charles V, into London.

1 JuUeville, vol. 2, p. 191, quoting Enguerrand de Monstrelet.

2 Fabyan, p. 603, fol. 190. s stow, p. 385. -i JuUeville, vol. 2, p. 196.

6 JuUeville, vol. 2, p. 201. 6 JuUeville, vol. 2, pp. 205-6.
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The London Drapers resolved to have no Midsummer pageant,

because there were so many pageants ready standing for the Empe-
ror's coming into London, but they afterwards agreed to renew the

old pageants and to establish a new one of the Golden Flees, also to

bring out their giant, Lord Moryspys," and to present a morys dance/

. This item furnishes us one clue to the absence of plays by the

craft guilds of London. The royal entries called for frequent and

costly pageants from the gilds. These pageants were preserved, and

refurbished when occasion demanded them. A cursory reading of

the gild accounts shows that the pageants and ridings were felt as a

heavy tax,^ though a necessary one, and make it reasonable that the

gilds, having these pageants on hand, should be reluctant to build

movable pageants also for Corpus Chi'isti and other religious or civic

festivities. They accordingly used their stationary pageants, as the

Drapers did in the Midsummer festival.

1577. Visit of the Prince of Orange to Ghent. Tableaux vivants,

allegorical, with address to the Prince.^

1578, Jan 18. Entry of Governor-General Matthias into Brussels.

Tableaux vivants, allegoi'ical, stationary.*

1595, Entry of the Archduke Ernest into Antwerp. Allegorical

pageants."

The pageants of these three entries mark the decay of pageantry.

After the allegoi'ical and complimentary pageant had established

itself, there naturally followed on the part of the artists a straining

for striking effects and quaint conceits. All sense of unity was lost,

and mj^sterious or grotesque representations, that would make the

vulgar gape, became the fashion. The custom had become absurd,

and was out of place in the new life that Avas stirring the hearts of

men. Our latest item knits the old to the new.

1603. Entry of James I into London. Ben Jonson's pageant 50

feet high and 50 feet long, a representation of the city of London,

with verses attached.'

1 These giants were a necessary adjunct to a display. They were sometimes station-

ary, more often movable. Gog-magog- and Coi-ina3US, otherwise called Gog and Magog,
now at Guildhall, are relics of the olden time.—Hone, pp. 262-270; also Magnin, p. 61; also

Fabyn, p. 603.

2 Herbert, vol. 1, p. 455.

3 Canterbury, as a halting place en route for the continent, would have suffered a

heavy tax for pageantry, but avoided it by entertaining outside the city walls,—in a

booth erected for the purpose and stocked with victuals and liquors if the halt were

for refreshment, in a monastery if a night's lodging were desired. See Ninth Report of

the Royal Commission ob Historical MSS.
4 Motley, vol. 3, p. 295. 5 Motley, vol, 3, p. 305.

6 Sharp, a cut of a pageant is given, pp. 24, 25. " Sharp, p. 4.
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We close with a description of a royal entr^-, Queen Margaret's

entry into Aberdeen in 1511, as given in Dunbar's 'The Queiue's

Reception at Abei'deen.'

1. The burgesses ride out to meet her

—

And first Hir mett the burgess of the toun,

Richelie arrayit as become thame to be,

Of quh(>m they chesit four men of renoun,

In 8;ounes of velvot, young, abill, and lustie,

To beir the paill of velvet cramase.

Above Hir heid, as the custome hes bein.

2. The Procession meets her at tlie gate.

Ane fair processiouu mett hir at the Port,

In cap of gold and silk, full pleasantlie.

3. In the first streets were many pageants.

Syne at hir Entrie, with many fair disport.

Ressavit hir on streittis lustilie.

[a) The Salutation.

Quhair first the Salutation honorabilly

Of the sweitt Vli-gin, guidlie mycht be seine ;

The sound of menstrallis blowing to the skj'.

{h) The Magi ; The Three Kings of Culane.

And syne thow gart the Orient Kingls thrie

Ofler to Chryst, with beuying reverence.

Gold, sence, and mir, with all humilitie,

Schawand him King with most magnificence.

(c) The Expulsion from Eden.

Syne quhow the Angill, with sword of violence,

Furth of the joy of Paradice putt cleln

Adame and Eve for innobedience.

{d) The giant Emperor, Brace.

And syne the Bruce, that evir was bold in stour,

Thou gart as Roy cum rydand under croun,

Right awfull, Strang, and large of portratour.

As nobill, dreidfvill, michtie campioun.

(e) The Stewarts.

The (nobill Stewarts) syne, of great renoun,

Thow gart upspring, with branches new and greine.

So gloriouslie, quhill glaided all the toun.

4. After the pageants twenty-four maidens singing.

The matter is summed up in

—

The streittis war all hung with tapestrie.

Great was the press of peopill dwelt about.

And pleasant padyheanes playit prattelie.

The connection of the tableaux of pageantry with mediaeval paint-

ing and sculpture would form an interesting and fruitful investiga-

tion, but would carry us too far afield.

Trans. Conn. Acad., Vol. IX. October, 1892.
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For the ' ridings ' a word will suffice. As the burghers of Aber-

deen met Queen Margaret without the city walls, so selected mem-
bers of each gild in other cities went out wearing their liveries and

bearing their banners/ and, riding two and two, escorted the king or

other dignitary into the city and over the designated route to the

palace where he was to lodge.

The Processions.

The Christian church probably held processions from the first

century.'^ These multiplied in the Middle Ages and modified greatly

many other customs. Thus the royal riding and the procession

simulated each other, and were sometimes combined especially in

England in the Procession of St. George.^ Indeed, in many places

this ceremony was known as 'Riding the George.'* Many j^roces-

sions after the thirteenth century contained one or more pageants.

These were carried on moving pageant wagons, but sometimes, in

place of the pageant, groups* afoot personated characters. Of mov-

ing pageants the best illustrations are afforded by the Loi'd Mayor's

Show in London. Thus, the pageant of the Assumjition was borne

before the new Lord Mayor from the Tower to Guildhall," and later,

when allegorical devices were in vogue, many elaborate pageants

were devised, of which the descriptions have been preserved.'' Of

those where individuals walking personated characters, we notice

the Whit-Monday procession at Leicester, where the Virgin Mary

was carried as a pageant and the twelve apostles walked,* and the

pageant groups at Aberdeen.* The pageantry was sometimes very

elaborate, as at Dublin in the Procession of St. George,'" which pre-

sented the Emperor and Empress attended by two doctors, two

knights and two maidens ; St. George who received three shillings

1 Herbert, (a) The gilds of London bore banners of trade at the coronation of Henry
IV, 1399, vol. 1, p. 90.

(Z>) The order of gilds of London in royal entries, vol. 1, pp. 101-2.

(c) A cut of the procession, vol. 1, p. 129.

(cl) The citizens of London met the king at Blackheath, vol. 1, p. 91.

2 The procession was greatly developed by St. John Chrj^sostom.

3 The Gild of St. George, Norwich, had a pageant with a ' riding ' in procession.—

English Gilds, p. 44T.

* As at Leicester, Kelly, p. 38.

5 These groups oftentimes contained beasts of wondrous shape, formed of hoops and

canvas or wicker-work. 6 Herbert, vol. 1, p. 457.

T There are in pi-int thirteen pageants of the Drapers, eleven of the Gi-ocers, and

many produced by the other companies during the years from 1588-1691. They bear the

names of Thomas Middleton, Thomas .Jordan, Thomas Heywood, etc., as authors.—Her-

bert, pp. SJi, 459-61.

8 Kelly, p. 7. ^ See p. 322. lo Hist, of Dublin, vol. 1, p. 109.
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four pence for his labor ; standard, pole-ax, and swords for the Em-
peror and St. George ; then a maiden who led the dragon by a

golden line ; four trumpets ; the King and Queen of Dele, accom-

panied by two knights and two maidens in black/

III. 2Vie Corpus Christi Procession.

The most splendid of all the church processions was the Proces-

sion of Corpus Christi, out of which grew in many cases^ the craft-

gild plays. The church fast of Corpus Christi was instituted by
Pope Urban IV about the middle of the thirteenth century, 1264,

and appointed for the first Thursday after Trinity Sunday. It was

endorsed by the Council of Vienne in 1818, and was soon celebrated

with great pomp throughout Western Europe. Its office consisted of

hymns, anthems, responses, etc., taken from the figurative portions

of the Old Testament, and selected, or, at least, digested into form

by Thomas Aquinas. From the first the leading feature of the

celebration was the procession of the ecclesiastics and laity, in

which all civic bodies took part, with tapers, banners, shields of

the gilds, and after a time with pageant-tableaux and individuals

personating characters at first Biblical, later oftentimes legendary.

In the procession the lay societies preceded the host, which was

followed by the ecclesiastics.' The position next to the host was

the place of honor, and we read of many disputes among the gilds

about their i-elative positions.* This order of the gilds is a matter

of importance to us, as the earliest order of the gilds in the craft-

gild plays was doubtless the same as in the procession. Thus in

many towns the Mercers, as the most powerful gild, marched next

the host—so in York and Coventry—and the Mercers stand last in

the York plays.

1 The Gild of St. Elene at Beverly, founded 1378, carried a youth clad as St. Elene.

An old man preceded him carrying- a cross, and one followed bearing- a shovel. The
Gild of St. Mary at Beverly, founded 1355, carried in procession on the feast of the

Purification a pageant of the Virg-in with what seemed a son in her arms. Joseph and
Simeon accompanied her, with two angels carrying a candle-bearer of twenty-four

lights.-English Gilds, pp. 148, 149.

2 At York and Coventry, the Chester plays were connected with the Whit-Monday
procession.

3 Sharp, p. 105. The order was, however, reversed at York.—Davies, York Records of

the XVth century, p. 247 ; also in Skinner's Procession, p. 69.

* 1538, June 31. In records of Aberdeen complaint of hammermen that others usurp

their place in the Corpus Christi procession.—Records of Aberdeen, p. 452.

1.554. Another complaint by the same. p. 457.

See the quarrel between the Weavei'S and Coi-dwainers of York. The Cordwainers

refused to march on the left of the Weavers. This difference was a matter of some
years' standing, and the Cordwainers submitted only under the pressure of a heavy fine

and the threatened interference of the king.—Davies, pp. 250-7.
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At first, presence in the procession may have been considered

evidence of acceptance of the dogma of transubstantiation,' to

which, as we have seen, the rise of the liturgical play was due ;"

but later the spontaneous expressions of piety did not satisfy the

desire for a splendid procession. Accordingly in the fourteenth

century the Gilds of Corpus Christi arose, which took the procession

under their special care. These gilds did not usually foster plays,

and were indeed in some cases necessary to preserve the splendor

of the procession after the popular interest had. turned from the

procession to the pi ays.
^

How early pageant-tableaux were introduced it is impossible at

present to state,^ but it must have been at an aarly date and in close

connection Avith the royal entry. The bod}' of Christ received in a

sense royal honors, and it may be that at first stationary pageants,

a marked tribute to royalty, were sometimes used. It seems evident

that movable pageants were carried by the gild in connection with

the gild banner, and usuallj' bore the insignia or arms of the gild
;

also that at first they presented a connected Biblical story, but after-

wards passed through nearly the same developmental stages as did

the pageants of the royal entry. These changes, like those of the

royal entry, were in the main the same throughout "Western Europe,

although the intrusion of the civic element doubtless contributed to

local variations. The records do not enable us to trace these changes

so clearly as in the royal entry, but certain evidences are found.

1437. The village of Dragulgnan gave a florin to the manager of the procession, " A
cause du jeu que chaque annee il a coutume de faire a faire a la fete du corps du

Christ, et qu'il ne peut faire sans aucuu subside."

Similar entries in the records of the village occur until 1558, May

8, when the following explanatory note is found :

" Le dit jeu jora avec la procession comme auparadvant et le plus d'istoeres et plus

brieves que puront estre seront et se dira tout en cheminant sans ce que personne du

jeu s'areste pour eviter prolixite et confusion tant de ladite procession que jeu et que

les estrangiers le voient aisement."^

This attempt to talk while walking could hardly have been a suc-

cess. The spoken play was probably oratorical rather than dramatic.

These so-called plays were maintained until 1615. There are records

of similar exhibitions at Bethune from 1544. In the 'remonstrance'

of 1549 there is a list of the tableaux, showing the participation of

1 English Gilds, p. LXXXV. 2 See p. 137.

3 As at York, though so great was the passion for plays that the Gild presented one,

the Creed play, once in ten years.

4 Davles, p. 228. ° Julleville, vol. 2, p. 209.
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the trades, and furnishing conchisive evidence that these were not

spoken plays, but mute, whether with or without action I cannot de-

termine.'

Early in the fourteenth century gilds of Corpus Christi began to

rise in England. The fraternity of Corpus Christi of the Skinners

of London dates from 1327.

"This fraternitj' had also once every year, on Corpus Christi day afternoon, a proces-

sion whicli passed through the principal streets of the city, wherein was borne more
than one hundred torches of wax (costly garnished) burning light, and above two hun-

dred clerks and priests, in surplices and capes, singing. After the which were the sher-

iff's servants, the clerks of the compters, chaplains for the sheriffs, the mayor's sergeants,

the counsel of the city, the mayor and aldermen in scarlet, and then the Skinners in their

best liveries."2

1348. The Gild of Corpus Christi at Coventry was instituted. It was to carry eight

torches about the body of Christ in procession.

3

1349-50. The Gild of Corpus Christi of Leicester, which contributed to the most splen-

did procession in the city except that of St. George.-i

1408. The Gild of Corpus Christi at York, which, after the separation of procession

and plays in 1426, became responsible for the procession.

Before 1349. The Gild of Corpus Christi at Cambridge, which held a procession with

pixies and shields until 1,5.35, when Dr. Leigh, deputy to Lord Cromwell, ordered it abro-

gated.5

As at York so at Coventry, it became necessary to separate the

procession from the plays. At York this was done by appointing

the vigil of Corpus Christi" for the plaj^s ; at Coventry by bringing

the procession early in the morning."

It seems, then, that shortly after the confirmation of Corpus

Christi in 1318 pageants of the Biblical story were introduced in

conjunction with the banners of the crafts. These at first were

mute mysteries expressed by action. In a short time, however,

spoken drama, found also in isolated cases in France, became an

established custom in England, A spoken drama necessitated fre-

quent halts by the procession, as it was impossible to act satisfactorily

in motion. Indeed, connected pantomimic action would seem im-

possible in a moving procession ; therefore this custom may be

older than the spoken drama. These halts prolonged the procession

beyond reasonable limit, and were avoided by transferring the pa-

geants to the rear of the procession. A division of the procession

immediately arose through the slower movement of the pageants,

but the plays, though much belated, followed the traditional course

1 Cp. p. 232. 2 Survey of London, p. 87. 3 English Gilds, p. 232.

i Kelly, p. 36. = Masters, p. 80.

6 The citizens, however, continued to hold their plays on Corpus Christi day, and the

clergy were compelled to postpone the procession until the morrow.—Davies, p. 244.

' The description of the Corpus Christi procession as given in the Popish Kingdom

illustrates the demoralization of the pageantry.—Sharp, p. 170.
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of the procession through the city. Such seems to be a reasonable

interjaretation of the facts as presented by the records.

Tlie Prevalence of Craft Cycles.

To the student of records it soon becomes evident that the gilds

considered their plays a great financial burden, though one that was

usually borne willingly. The account books contain frequent items

of expenditure for the plan's ; the regulations provide for the pay-

ment of pageant money by every member of the gild. These plays

were a matter of moment also to the city authorities, whose records

abound in regulations concerning them, penalties to be laid upon

every craft, owning or contributing to a pageant, that does not

faithfully discharge its trust. Repeatedl}^ tbey are said to be to the

city's honor and profit, showing that the authorities were not un-

conscious of the advantage to trade arising from the influx of

strangers. Frequently, especially at York, a gild that has become

weak is released from the charge of a pageant, and made contribu-

tory to one according to its ability. So numerous are the references

to the plays in the records of city and gild that I cannot but think

that silence on the part of the records in any city is proof that such

plays were not maintained in that city.

It is necessary for an understanding of the mutual relationships

of these cycles of plays to segregate the gild plays from the multi-

tude of occasional plays and processional shows with which the time

aboiinded. Fortunately, the task of cataloguing the towns that

maintained such plays is greatly lightened by a list formed by Miss

Lucy Toulmin Smith and published in her edition of York Plays,'

and reprinted by F. H. Stoddard.^ This list may include all the

towns, though we do not know what further study of town records

may bring to light. It surely contains many plays that are not

gild plays, and it becomes necessary by a process of elimination to

determine what are true craft plays.

1 pp. LXIV-LXVIII. 2 Stoddard.
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NOTES ON THE PUBLISHED LIST OF PLAYS.

I. "Aberdeen, 1443-1531. [Candlemas play, Oflerand of Our Lady; also Corpus

Christi play, 9, 7, 10 pageants named.]

1440, May 13. Notice of appointment of one Richard Klntor,i Abbot of Bon-Accord,

and notice of play of Halyblude at Wyndmylhill.2

1442. Thir craftes underwritten sal find yearly in ye offerand of our Lady at Candle-

mas thir personnes underwritten, yat is to say :—

1442. Aberdeen Pageants/

The Llttistaris sal fynd,

The Empriour and twa Doctouris and als-

mony honeste Squiares as thai may.

The Smythis and Hamermen sal fynd.

The Three Kingis of Culane and alsmony

honeste Squiares as thai may.

The Talsoures sal fynd.

Our Lady, Sancte Bride, Sancte Helene,

Joseph and alsmony Squiares as thai may.

The Skynnares sal fynd

Twa Bischopes, four Angels, and alsmony

honeste Squiares as they may.

The Wobstares and Walkares sal fynd

Symion and his disciples and alsmony hon-

este Squiares, etc.

The Cordonares sal fynd

The Messyngear and Moyses and alsmony

honeste Squiares, etc.

The Fleschowares sal fynd

Twa or four Wodmen and alsmony honeste

Squiares.

The Brethren of the Glide sal fynd

The Knyghtes in harnace and Squiares hon-

estly arait, etc.

The Baxtaris sal fynd
The Menstrals and alsmony honeste

Squiares, etc.

1549. Bethune Pageants.''

Lingiers. L'Annonciation, 2 personnes.

Viessiers. La Visitation, 2 personnes.

Tanneurs, cordouaniers. LaNativite, 5 per-

sonnes, Les trois Roi.\, 6 personnes.

Chavettiers. Les Innocents, 12 personnes.

Parmentiers. Purification, 7 personnes.

Marchands et crocqueteurs de gr^s.

Tentation, 6 personnes.

Marchands de ble. Entree tl Jerusalem, 16

personnes.

Drapiers. Resurrection du Lazaire, 8 per-

sonnes.

Confreres de Dieu et Mgr. Saint Jacques

J^a Chesne, 13 personnes.

Voiaige de Emalix.

Barbiers. Jardin d'olivier, 8 personnes.

Porteurs au sac. Prise de Jesus, 30 per-

sonnes. Dieu portant sa croix, 20 personnes.

Cordiers, cailliers. Comment N-S. fut mene
devant Anne, 5 pei-sonnes.

Dechargeurs. Les deniers que Judas rec^eut.

5 personnes.

Bouchyeis. Comment Judas se pendit.

Jesus mene devant Ca'iphe, et Herode, 16

personnes.

Feronniers. candreliers, maricaulx esta-

miers, orphevres. Comment Dieu fut

battu a I'estacq, 12 personnes.

Taverniers, brasseurs. Ecce homo. Pilate

lavant ses mains, 12 i)ersonnes.

Merchiers, julliers. Comment Jesus fut

cloie a la croix, 18 personnes. Ysaulde for-

geant les cloux Dieu, 2 personnes.

Tainturiers, satiniers. Cruciflment, a plus-

ieurs personnes.

Ceulx de la poterne. Le Limbe, 7 per-

sonnes.

1 Merchant and Craft Guilds, p. 49.

2 On Corpus Christi day the procession was under the direction of the Abbot of Bon-

Accord, later under that of Robin Hood. A fusion of May-day and Corpus Christi

seems probable. Wyndmylhill, later Womanhill, seems to have been a play-field like

that at Edinburgh.
3 Julleville, vol. 2, pp. 212-13.

4 Records of Aberdeen, p. 432 ; also, Merchant and Craft Guilds, p. 49.
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1442. Aberdeen Pageants. 1549. Bethune Pageants.

Poissoniers. Descente de la croix, 8 per-

sonnes.

Hugriers, marchands de bois, cuveliers. Le
sepulcre, 8 personnes.

Foullons, tistrau de drap, pareurs de laiue.

La Resuri-ection, 5 personnes.

Fourniers. Les trois Maries et I'Ange.

Jesus en conforme de ung- jardinier, 4 per-

sonnes.

Compaignons du pourpoin.

La remonstrance des Patouriaux, 5 per-

sonnes.

Tappiers de velours, tisserans de toille.

L'incredulite de saint Thomas, 12 personnes.

Paintres. Les quatre Evangelistes, et saint

Jerosme.

AVantiers, marchands de laine. Le Juge-

ment a plusieurs personnes.

A comparison of the Aberdeen pageants with those of Bethune

reveals instantly a kinship, yet the Bethune pageants M^ere a

' myst^re mime,' We are forced to conclude that French influ-

ence was exerted in the cities of Scotland upon their plays as well

as upon their municipal government, for there can be no doubt that

this French series of tableaux is a direct descendant of those that

antedate the tableaux of Aberdeen, and that the Aberdeen pageants

have their direct antecedents in France and not in England.' It is

stated that there were at Bethune twentj'-eight pageant wagons. It

is probable that the pageant of the Fleshers of Aberdeen and the

succeeding ones were not carried ; the remainder were, as we read

(1531) "and tua of ilke craft to pass with the pageant that thair

furnyss to keip thair geir."'

In these processional tableaux we have evidence of the intrusion

of allegory, as in the royal entr3^' The Bethune series is still a

cycle of mysteries, but in the Aberdeen plays, although more than

a century older, the tableaux no longer have any connection, and we

tind, a century later, that a representation of the legends of the

saints has almost excluded Biblical themes.

1531, May 23. The craftis are charg'it to furneiss thair panzeanis vnder written :—

The flescharis, Sanct Bestian and his Tormentouris.

The barbouris, Sanct Lowrance and his Tormentouris.

The skynnaris, Sanct Stewin and his Tormentouris.

The cordinaris, Sanct Martyne.

1 A curious survival of Candlemas pageantry in Yorkshire is found in the Bishop

Blaize Festival. At Bradford in 1835 the procession contained a King, Queen, Jason,

Princess Medea, Bishop Blaize and chaplain, and shepherds. The pageantry is supposed

to refer to the woolen industry.—Old Yorkshire, vol. 2, pp. 151-4.

2 Records of Aberdeen, p. 433. s Cp. p. 311.
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The tailzeouris, the Coronatioun of our Lady.

Litstaris, Sanct Nicholes.

Wobstaris, walcaris, and bonet makaris, Saint John.

Baxtaris, Sanct Gcorg.

Wrichtis, messonig, sclateris, and cuparis, The Resurrectioun.

The smithis and hammirmen to furneiss The Bearmen of the Croce.i

The impossibility of forming a connected play out of these tableaux

is sufficiently evident. Many other references to the procession

might be given ; thus in 1484 the penalty of absenteeism was the

loss of freedom for a year, i. e., the freedom of the craft, not per-

sonal freedom; in 1531, the craft that failed to furnish its pageant

must pay a fine of forty shillings.

The order in procession was established by the city fathers and

was apparently the same for every procession. The Candlemas and

Corpus Christi processions are sometimes mentioned together, but

the regulation of 1531 established beyond question that the pageants

were for Candlemas. It seems that on Corpus Christi day after the

procession a play was usually performed on Windmill-hill. The play

is mentioned in a regulation of 1440 and again in 1479, but it prob-

ably changed from year to year, and was under the care of the

Abbot of Bon-Accord. It certainly was not the charge of the gilds.

II. " Bassing-bourne, Carabridg-eshire, 1511 (Play of St. George)". Players and musi-

cians were secured in Cambridge. Labor and materials contributed by individuals and
by twenty-seven neighborin;? villages.2

III. Bethersden, Kent. 1522 (Ludi beatse Christinse). Evidence not published. Prob-

ably a church play.

IV. Cambridge, about 13503 (Ludus Filiorum Isrtelis). A school play,^ probably.

William de Leune and Isabel his wife gave at their admission into the gild of Corpus
Christi 30 s. 13 d. for alms, and expended in Ludo FDiorum Israelis half-a-mark.

After 1544 there were man}'^ plays. In 1546 Jephtha Avas acted at

Christmas. In 1564 Queen Elizabeth was present on Sunday,^ Aug.

6, at a performance of Aulularia, on Monday of Dido, on Tuesday of

Ezechias, which was written by Nicholas Udall. School plays, even

when on Biblical themes, are an offshoot from the mystery play, and

should be kept distinct.

V. Canterbury, time of Henry IV (Play of Corpus Christi by the crafts). Evidence
not at hand. Possible, but out of the district where such plays were in vogue. The lack

of allusions to these plays is significant.

1501-3 (Three Kyngs of Coleyn, on Twelfth Day).6 A special play in ponnection with

a banquet at the Guildhall. Noteworthy for a description of horses constructed of can-

1 Records of Aberdeen, p. 451.

2 Sharp, p. .%; also Lyson's Magna Britannia, Cambridgeshire, p, 89; also for items,

The Antiquary, vol. 7, 1883, p. 25.

3 Xot 1355, as given by Stoddard.
i Retrospective Review, vol. 12, pp. 7-11 ; Masters, vol. 1, p. 5.

5 Nichols, vol. 1, p. 186. 6 Ninth Report of Hist. MSS. Commission, p. 197.
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vas distended with hoops and laths and painted after nature, at a cost of three shillings.

No evidence that the play was ever repeated.

VI. Dublin, loth century (cycle, 11 plaj's known; Co'rpu.s Christi). Pageants for

Corpus Christi, Dublin.

i

1. Glovers. Adam and Eve with angel bearing sword before them.

2. Corrisees (perhaps curriers). Cain and Abel with offering and altar.

3. Mariners and vintners. Noah and the persons in the ark appareled as carpenters

and salmon-takers.

4. Weavers. Abraham and Isaac with offering and altar.

5. Smiths. Pharaoh and his host,

6. Skinners. Camels with children of Israel.

7. Goldsmiths. King of Cullen.

8. Hoopers. Shephei'ds with an angel singing Gloria in excelsis Deo.

9. Corpus Christi gild. Christ in his passion with the Marys and angels.

10. Taylors. Pilate with his fellowship, and his wife cloathed accordinglj'.

11. Barbers. Anna and Caiaphas.

12. Fishers. The Apostles.

1-3. Merchants. The Prophets.

14. Butchers. The Tormentors.

A comparison of these pageants with those of Aberdeen and

Bethiine^ reveals such striking similarities as compel ns to pro-

nounce them a series of mute pageants and not a cycle of spoken

plays.*

This series is much nearer the primitive tyi^e than that of Aber-

deen, the only breaks in the story appearing in 13 and 14, and in

the introduction of the cameP in 6.

Furthermore, the allusions in the records to jjlays and Corpus

Christi processions justify this conclusion. In 1541 the j^rocession

of Corpus Christi was followed by the play of the Nine Worthies.

We read of no cases where the genuine craft plays were so easily

abandoned for a new play. It was no unusual thing, however, for

the crafts to present plays on festival occasions and before notables.

In 1528 certain crafts acted plays during Christmas week before

certain high officials.* The plays were chosen for some supposed

reference to the craft ; thus the taylors played Adam and Eve ; the

shoe-makers, Crispin and Crispianus ; the vintners, Bacchus and his

story ; the carpenters, Joseph and Mary ; the smiths, Yulcan and

what related to him ; the bakers, a comedy of Ceres, the goddess of

corn. The Priors of St. John of Jerusalem, of the Blessed Trinity,

of All-Hallows, presented, the one the Passion of our Saviour, the

others the several deaths which the Apostles suffered. It would

1 Hist, of Dublin, vol. 1, p. 110.

2 Cp. with the camel In the pageant show on Midsummer-eve at Chester.—Lyon's

Magna Britannica, Cheshire, pp. 583-4.

3 See p. 219. •« Vs. ten Brink, vol. 2, p. 290.

'• This was possiblj- copied from some spoken mystery play, though I do not recall one

that refers to the camel. « Hist, of Dublin, vol. 1, p. 108.
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seem that the play which is extant, Abraliam and Isaac, was such an

isolated play, and not one of a cycle.'

"VII. Dunstable, 12th century (St. Catherine). A cloister-drama, probably in Latin.

VIII. Edinburg-h, 1.t03. A play by John English and his company, being the players of

the King- of England, before James IV at his nuptials Avith the Princess Margaret at

Edinburgh. 2 The records say-
Dec. 15.54. The "litill farsche and play" made by William Lander to be performed

before the Queen.

3

1558. Payment to William Adamsoan for a play made for the triumi)li of our sover-

eign Lady's marriage.

Payment to AVilliam Lamb for setting forth the play.

Payment to all the writers who wrote the pla.v.

Payment to Patrick Doran for writing certain plays. •

The Records of Edinburgh are remarkable for their silence con-

cerning plays. In 1503 an ordinance in restraint of plays was passed,

from which one infers that English innovations were not viewed

wholly with approfal. In 1554 the city built a play-field^ at heavy

expense, and there are several entries of that j'ear relating to plays.*

Plays, however, do not seem to have prospered in Edinburgh, and

evidently the city had no craft plays.

IX. "Gloucestershire, 16th century. At Christmas. A kind of miracle play with

the charactei'S of Herod, Belzebub, and others." Probably a mumming in character,

surely no mystery play,'

X. Heybridge, Essex, 1.533, no data accessible.

XL Lancashire, 1809. A mumming similar to that of Gloucestershire.

XII. Leicester, 1477 (Passion Play). A play presented by cei'tain players who ac-

counted to the city for receipts. The money and stage properties were devoted to the

support of the processional pageants.

s

1546-1571. Church plays at Church of St. Martin probably. The above appear to have
been connected with the " Reading of the Passion on Palm Sunday." 9

There were plays also at other churches.io

St. Mai-y's church, 1491. Paid to the players on New-Year's da.v at Even in the

church, vi d.

1499. Paid for a play in the church in Dominica infra octave Epiph., ii s.

XIII. Lincoln, 1564 (Play of Old Tobit). An occasional play, played at Broadgate in

July. There is no sign that it was repeated.

u

XIV. London, 12th century (miracle plays). "London, instead of theatrical shows
and scenic entertainments, has dramatic performances of a more sacred kind, either

representations of the miracles which holy confessors have wrought, or of the passions

and sufferings in which the constancy of martyrs was signally displayed." 12

These were probably Latin plays in churches and cloisters.

1 Modern Language Notes, vol. 7, No. 6, p. 339 ff.

2 Colliei-, vol. 1, p. 39; also Warton, vol. 2, p. 395, note.

3 Extracts from the Records of Edinburg, p. 206. * Dalzell, p. 32.

5 Cp. with Windmillhill at Aberdeen, the play-field of Newcastle-on-Tyne, and the

plain for sports in Cornwall.
6 Extracts from the Records of Edinburgh.
1 For text of a similar play, see Notices of Leicester, Wm. Kelly, p. .53.

8 Kelly, p. 27. s Kelly, p. 23. 10 Kelly, p. 14.

11 Gentleman's Magazine, vol. 54, p. 103. 12 Survey of London, p. 214.
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1390, July 18, 19, 20. Skinner's Well (Passion of our Lord and the Creation of the

World). Played by the Parish-clerk gild.i Probably in French and closely modeled
upon the plays of the Puj's of France. 2 The King contributed 10 ?.3

1409, Skinner's Well, lasted eight days ('of matter from the creation of the world').

By the same gild. The eight days' duration a significant link to continental tradition,

being the octave of a church holy day. Patronized as before by the nobility.

These plays of the Parish clerks hold common traditions with the

French plays, and should not be confounded with the other cycle

plays of England. There were no craft-gild plays in London. The

constant calls upon the gilds for stationary pageants for Royal

Entries and for movable pageants for the Lord Mayor's Show,

together with their many processions, seem to have made them

averse to the additional expense of the craft-gild plays/

1464. The Holy Ti-inity Gild, St. Botolph without Aldersgate, possessed a roll con-

taining the pageants of the Holy Trinitj', St. Fabyan, St. Sebastian, St. Botulf and 'the

terement' (The Burial of Christ), ' paynted and lemenyd with gold.'* These were in no
sense mystery plays, but the roll contained a description and representation of the

pageants which were carried in pi'ocession by the gild.

1557, June 7th, Grey Friars (Passion of Christ). " The sam day be-gane a stage play at

the Grey freers of the Passyon of Cryst." s An attempt under Queen Mary to revive

old customs.

1557. Church in Silver Street, or Saint Olave's Day (Miraculous History of Saint

Olave).' Played from 8 p. m. till 13 at night, four hours. A miracle play of the patron

saint. An incident in the attempt of the lovers of the old customs to i-evive them under

Queen Mary.

1603. Elie House in Holborn (Christ's Passion). " Witnesse the acting of Christ's

Passion at Elie house in Holborne when Gundemore lay there, on Good-Friday at night,

at which there were thousands present."

s

XV. Northumberland, 1512 (Nativity and Resurrection). Plays in the Earl's chapel.

The entries of the Household-Book are interesting as showing the prominence given to

plays and the station and remuneration of players. The plays are examples of the

multitude of occasional plays presented at that time throughout England. It seems

that one qualification for my Lord's chaplain was that he "be a maker of Interludes."

9

XVI. Paris, France, 1313. Special performance before Edward II of England. A
myst^re mime.i» If such are to be listed, there should be added :

1420, Dec. 1st. At entry of Charles VI and Henry V.

1424, Sept. 8th. At entry of the Duke of Beaufort.

1431, Dec. 2nd. At entry of Henry VI, etc.

XVII. Reading, 1498-1557. Evidence not at hand. Evidently church plays such as

were presented in every prominent church in the kingdom.

XVIII. Shrewsbury, 1574 (A stage-play acted in the High Street). A play by the

playei's of the Earl of Essex.u A study of those companies of players that were coinci-

1 Survey of London, p. 7 ; Hone's Ancient Mysteries, p. 206. 2 Sec p. 209.

3 Notices of Leicester, p. 29, referring to Devon's Issues of the Exchequer, p. 244.

4 It would seem that the entry in Stowe's Survey, p. 7,—" Other smaller wells were

many near unto Clarkes well, namely. Skinner's well, so called for that the skinners of

London held there certain plays yearly, played of Holy Scripture," etc.—were due to a

confusion about the clerks' plays which were played at the skinners' well. I find no

other reference to any plays by the skinners.

5 Hone, p. i^L e Machyn's Diary, p. 138 ; Strype, vol. 3, part 2, p. 6.

1 Strype, vol. 3, part 2, p. 6. » Prynne, Histrio-Mastix, p. 117.

9 Percy, p. 139. 10 Julleville, vol. 2, p. 188 ; also, see p. 148. u Fosbroke, vol. 2, p. 665.
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dent with the decline of the mystery play would be instructive, but foreign to the study

of the mysterj-.

XIX. Sleaford, 1477. Gild of Holy Trinity (Three Kings of Cologne on Corpus

Christi day. and Play of the Ascension). Probably tableaux with explanatory speeches.

Possibly full plays By the crafts.'

XX. Tewkesbury, 1578, 1.585. Probably church plays.

XXI. Winchester, 1487. By alms boys (Christi descensus ad inferos). Played by the

choir-boys of Hyde Abbey and Saint Swithin's Priory before Henry VII on Sunday

during- dinner, on occasion of the birth of Prince Arthur.2 A cloister drama.

XXII. Windsor, 1416 (St. George of Cappadocia).3 To entertain the Emperor Sigis-

mund. Probably a dumb show. Belongs with the pageants and plays of St. George

elsewhere exhibited.

^

XXIII. Witney, Oxfordshire, 16th century (The Resurrection. A dumb show). A
puppet show in the church.'; The same authority refers to similar shows in St. Paul's,

London.
XXIV. York. Before 1384. (Our Lord's Prayer). This play when first presented so

commended itself to the inhabitants of York that a Gild of the Lord's Prayer was

formed to maintain it. A play of the vices and virtues. The MS., delivered to Arch-

bishop Grindal for criticism in 1572, disappeared. Played on movable pageant wagons.e

XXV. York, 1446. (Creed Play). Given by the will of William Kevetor, keeper of

the Corpus Christi Gild, to the gild with the condition that it should be publicly per-

formed every tenth year in various parts of the city. A considerable play, since in 1535

the gild plays were omitted because of it. In 1568 it was sent to Dean Hutton for exam-

ination. He advised that it should not be played. t Played on movable pageant wagons.

XXVI. Kendall, Preston, and Lancaster. (Corpus Christi plays seen in the reign of

James I). " They call this Corpus Christi Play in my countrey which I have scene acted

at Preston, and Lancaster, and last of all at Kendall, in the beginning of the raigne of

King ,Tames."3

An anecdote by Rev. John Shaw, 1664, of a man sixty years old who saw once at

Kendall a Corpus Christi play where there was a man on a tree and blood ran down.

9

XXVII. Cornwall, Queen Elizabeth's reign. (Guary myracle play). A cycle of three

plays. Played in a circular plain prepared for the purpose.io

XXVIII. Newcastle-on-Tyne, 142(i-158i). Plays undoubtedly older than 1426. Played

in a fixed, spot, not on movable pageant wagons.u The pageants were, however, carried

in procession to the place of acting.

XXIX. Wymondham, 1549. "This was doone before Midsummer, and so it rested

till the slxt of Julie, at which time there should be a publike plaie kept at Wimondham,
a town distant from Norwich six miles, which plaie had beene accustomed yearelie to

be kept in that towne continuing for the space of one night and one dale at least."

Advantage Avas taken of the concourse of people to foment rebellion. i2

The list as analyzed yield the following :

—

1. Cycle mystery plays by craft gilds, on movable pageant wagons,

—Chester (IV), Coventry (V), Worcester, and York.

2. Cycle mystery plays by craft gilds, not on pageant wagons,

—

Newcastle-on-Tyne (XXVIII), Woodkirk.

1 Oliver, History of the Holy Trinity Guild at Sleaford.

2 Warton, vol. 2, p. 394. s Collier, vol. 1, p. 20; Marriott, p. xxvi.

•• See p. 214. 5 Lambarde, p. 459.

6 Toulmin Smith, p. 138 ; York Plays, pp. xxviii, xxix ; Davies, p. 265.

1 Smith, p. xxx : Davies, p. 258; Register of the Gild of Corpus Christi, p. 24.

8 Weever's Funeral Monuments, as given by Shai-p, p. 133.

9 Halliwell-Phillipps, vol. 1, p. 48. lo Cut of field, Borlase, p. 197.

11 Brand, vol. 2, pp. 369-379; also in the account of each craft.

IS Holinshead, vol. 3, p. 963.



226 Charles Davidson—English Mystery Plays.

3. Cycle mystery plays by craft gilds, mode of presentation un-

known,—Beverly.

4. Possibly cycle mystery plays by craft gilds,—Sleaford (XIX) (?)

Preston, Lancaster, Kendall (XXVI), Canterbury in time of Henry
IV, Wymondbam (XXIX).

. 5. Cycle plays, not mystery, on pageant wagons,—York, Our
Lord's Prayer (XXIV); York, Creed Play (XXV).

6. Cycle mystery plays, not by craft gilds,

—

a. By literary society,—London by Parish clerks (XIV).

b. By wandering troupe (?)—Coventry.

c. By the parish and the priests,—CoruAvall (XXVII).

7. Single religious play by religious gild,—Sleaford (XIX).

8. Single religious play in connection Avith church sei'vice,—Beth-

ersden, Heybridge (X), Leicester, 1546-71 (XII), Reading (XVII),

Tewksbury (XX).

9. Plays in the chapels and castles of nobility,—Northumberland

(XV).

10. Puppet mystery, a foi'm of church mute mystery,—Witney

(XXIII).

11. Occasional plays, mystery or otherwise,—Bassingbourne, Can-

terbury, 1501-2, Edinburgh (VIII), Leicester, 1477 (XII), Lincoln

(XIII), London, 1556, 1557, 1603 (XIV), Windsor (XXII).

12. School or cloister dramas,—Cambridge, Dmistable (VII), Lon-

don, 12th century (XIV), Winchester (XXI).

18. Processional pageants,—Aberdeen, Dublin (VI), London by

Holy Trinity Gild (XIV).

14. Christmas mummings,—Gloucestershire (IX), Lancashire (XI).

15. Royal entry,—Paris (XVI).

16. Play by company under the protection of some noble,

—

Shrewsbury (XVIII).

XVIIL

THE DEVELOPMENT OF THE NORTHERN SEPTENAR
STANZA.

The English Mystery Plays present a bewildering variety of

metres and stanzas. In this variety, however, it may be expected

that individuality of authorship will reveal itself, since a scribe is

less likely to distort beyond recognition stanzaic structure than to

destroy dialectal peculiarities in the changes of transcription. But
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a study of the prosodN^ of the plays involves the discussion of nearly

all the forms of Middle English metre. It seems best, therefore, to

consider in brief the genesis of the leading types of English mediae-

val metres.

The Latin of the Middle Ages was the reservoir from which the

Western literatures in common drew their metres. Within the cen-

turies preceding the rise of national literatures, the Latin of the

church had ceased to regard quantity, and had conformed to the

vulgar dialects in placing the stress upon the root syllable. Conse-

quently the monkish verse was an accentual verse, which, however,

although regardless of quantity, still gave heed to the regular suc-

cession of stressed and unstressed syllables.

This verse under the influence of accent assumed new characteris-

tics. The metrical foot and the word became coincident, the line

with feminine ending prevailed, rime arose, and because of the fre-

quent occurrence of similar endings in Latin, that species of rime

known to the French as ' entrelacee,' or * lace,' where a succession of

lines, mounting sometimes into the hundreds, have but one rime, be-

came a famous metrical resource.
,

The verse forms became fixed as types which were recognized as

the proper vehicles of expression, each for a variety of literature.

Thus the V-accent line, or septenar, was used in satirical or political

poetry. Stanzaic formations, from which arose the 12-line stanza to

which the English meti'ical romance writers were so partial, are

found in church proses and Latin church mysteries.

From these Latin metres directly, or through the medium of the

French, arose the English metrical lines, which were, in general, of

three varieties : the Y-accent line, or septenar, the 6-accent line, or

Alexandrine, and the 4-accent line. These lines were combined in

various ways to form stanzas ; sometimes a model already established

in French or Latin was followed; sometimes a new stanzaic form,

the product of national genius, was originated ; but in ultimate

analysis each stanza can be resolved into lines of the three types

—

the possible occurrence of a 5-accent line will be discussed later

—

unless it be a direct imitation of a less usual French or Latin type.

The Latin septenar was cultivated in England. It was used for

political poems from the time of King John, and probably earlier,

and was the customary form for the goliardic poems which usually

pass under the name of Walter Map. From this line and the stan-

zaic structure arising therefrom, sprang, without the aid of French

influence, as I think, the typical form of the septenar stanza in the
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poetiy of the north of England. To this we will turn our attention

first.

In studying the English poetry of the septenar stanza, attention

must be paid to the mode of publication, for the poetic form was

closely molded to the known needs of utterance. In the North the

gleeman was still welcome to the home of the franklin or the hut of

the peasant. The tradition of the fathers had not been broken, as

in the South, by the intrusion of the jongleur with the fashions and

tales of France. We may believe that, harp in hand, the bard still

recited the warlike deeds of the fathers in the alliterative measures

of the Old English, until the church poets furnished him with bal-

lads and pious songs, formed, as we shall see, upon the Latin sep-

tenar. These were sung with the accompaniment of the harp in a

recitative delivery, imitated, it may be, in part from the rhythmic

intonation of the church service.

For such delivery the harp is preeminently the instrument. It is

wholly responsive to the will of the reciter, who can heighten the

accent of his lines, and even supply a rhythmic stress, where the

poet's art failed him, by a touch of the harp-string. A succession

of light unstressed syllables can be run, or two stressed syllables in

juxtaposition separated, by a slide of the voice, with the aid of the

instrument. To poet and reciter alike the feet of classical metres

were unknown ; so long as the musical rhythm of the verse was

maintained, he cared, nothing for trochees or anapaests, and for this

task the harp was his ablest coadjutoi-.

The discussion here concerns itself directly with the septenar

stanza of the ancient Bernicia, that district extending from the

Humber through the Lowlands of Scotland. No position is taken

regarding the scansion of later English metres, formed under the in-

fluence of classical models, or dominated by French metrical sys-

tems. The stanza was formed from a Latin measure that had cast

off all the laws of the classics. Under the law of accent, subject

only to the requirements of recitative delivery, it ran its career, as

we shall see, from the regularity of the Latin septenar to a lawless-

ness that tolerated an excess of unstressed syllables so extreme that

the voice of the reciter must needs find rest in irregular stresses.

Indirectly, our contention touches also the metres whose district

lies south of this, for the regularity of the Latin and French metres

was corrupted through contact with the popular measure of the

North. Indeed, it was this principle, best illustrated in the sep-

tenar, that, through its sturdy resistance to the classicists of the
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Elizabethan age, compelled a compromise and saved our prosody

from the level monotony of excessive uniformity of movement.

However, it is sufficient for this discussion that the reader should

abandon as futile all attempts to analyze into classical feet the Eng-

lish verses which follow, and read them with natural stresses, run-

ning the unstressed syllables as neai'ly as possible in a recitative mono-

tone. Semi-stresses occur, occasionally two semi-stresses take the

place of a full stress, and often a slide or prolongation of a stressed

syllable, or a caesura, is the only separation between two stressed

syllables ; but these semi-stresses, for the sake of simplicity of pre-

sentation, I have ignored, using only the breve and the macron for

unstressed and stressed syllables respectively.

Another agent in the' formation of this stanza was alliteration, for

which the poetic consciousness of the people still made its demands.

The letter-rime, coinciding with the stress, heightened the accent,

and rendered the unstressed syllables of still less importance. The

old alliterative verse was very similar to the first half-verse of the

7-accent line. The Northern poets took the septenar line in its

stanzaic form and laid upon it the requirements of their ancient

poetry, thus building for themselves a characteristic stanza, distinc-

tive, as I believe, of the poets north of the Humber.

It becomes necessary now for us to trace in support of these prop-

ositions the rise of the septenar stanza, and to note carefully the

laws of its formation. Of the Latin septenar of the thirteenth cen-

tury examples ai'e abundant. It was the usual vehicle, as has been

said, for political song and satire.

Ex. 1. The Battle of Lewes. Middle of thirteenth century.

Lines 1-4.

Calamus velociter II scribe sic scribeutis.

Lingua laudabiliter II te benedicentis,

Dei patris dexterd II domine virtutem.

Qui das tuis prosperil II tjuando vis ad nutum:

^— sj —~ \j ~~~ u -~- H — w— yj >-^

..^ >_, u— U —II -^—KJ—u—- ^
— Kj —^ Kj -^— u— II ly —^ (_» -^— vj V

_^ v/___ u __ " 11 __ ^ ^— ^J-— yJ^

a a b b etc.

Characteristics :—Rime by couplets, no stanzaic structure, mascu-

line caesura, feminine rime, stress follows the caesura, trochaic move-

ment, regular succession of stressed and unstressed syllables, caesura

regularly divides verse into a first half of four accents and second

1 Wright, p. T2.

Trans. Conn. Acad., Vol. IX. Octobek, 1892.

IV
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half of three accents, attempt at coincidence of verse and word ac-

cent,' but not fully carried out in the second half-verse, riming caesuras.

This is the typical form of the Latin septenar, and shows clearly

its derivation from the classical dactylic hexameter.'' The masculine

caesura and feminine verse-ending have been retained. Quantity has

been exchanged for accent, the trochaic movement has superseded

the dactylic, and an accent has been added to the first half-verse.

Ex. 2. The Song of the Welsh.^ Thirteenth century. Last

tetrastich.

istis suis finibus
II
contigit regniii-e

;

Illis duces, pra?sifles,
II
reg'es triumphare,

Quibus nuUo merito 1 fee possint a;quare

;

Est quam regnare longe II
plus induperdre.

Characteristics :—Rime entrelacee, caesuras without rime, other-

wise as Ex. 1.

The frequent occurrence in Latin of the same termination made

it possible for the poet to continue his verse indefinitely with a sin-

gle rime; thus in the ' Dialogus Inter Corpus et Animam' fifteen

lines rime entrelacee. The French poets, however, excelled in this

species of verbal gymnastic, the author of the Thesaur de Pierre de

Corbian* riming its eight hundred and forty lines on the ending

'ens.'

Ex. 3. Dialogus inter Corpus et Animam.^ Lines 105-109.

Mundus et dajmonium II
legem stlnxire miituam,

fniudis Ad consortium II cdrnem trdhentes fiituam

eorumque blandltiis II caro seducit dnimam
qudm a vlrtutum culmine II

trdhit ad partem inflmam,

quffe statim cdrnem sequitur II
ut bos ductus ad victimam.

1 See ' Der lateinische accent,' by P. Lange, Philologus, vol. 31, p. 107; also Handbuch

der Klassischen Altertums-Wissenschaft, vol. 2, p. 5a5, art. 138, 5.

2 The trochaic septenar was favored by the late Latin writers, but differed from the

mediaeval septenar in essential points.—Handbuch, p. 596, art. 131.

3 Wright, p. 58.

4 Grand Dictionnaire Universelle s. v. Rime.

6 Poems of Walter Mapes, p. 99.
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Characteristics : —The intrusion of the dactylic movement in every

verse position except the second, otherwise as Ex. 2. In the poem
this stanza is preceded and followed by septenar stanzas on the

model of Ex. 2.

Ex, 4. De Pravitate Sseculi.* Lines 29-38.

Sed ne v6s detineAm II turbine sermonura,
mundi cAput corruit

II non Imbi'-t patronum :

xibiiirtm est liodie
II
virtus Scipiunum,

Mi'u'cclli'isque loquiix || et nomina vdna Catonum ?

Characteristics :—The tendency shown in Ex. 3 has been reduced

to system, the fourth verse becoming dactylic by the loss of one

stress in the first half-verse and the removal of stress from the

syllable immediately following the caesura. There are many irregu-

larities in this poem, but the intention of the author seems evident

from such fourth lines as—Jupiter esse pitim
||
statuit quodctimque

juvaret.

We return now to Ex. 1. This passage rimes at the caesuras by
couplets, and can thei-efore be written as two quatrains. But these

quatrains were easily bound together into one stanza by alternating

rime, as is shown by the following lines taken from the same poem.

Ex. 5. Lines 159-162.

Inferentes raiseris -— u — u — o —
Qui non sunt corddti, — u — u —

Nee divini muneris — <-'— <-» — u —
Gr&tiil flrmati, — <-• — ^ —

Carnis desiderlis ^ ~~ ^ ""~ ^ ~
dnimiiles diiti, ^ — '-'

~
, , , — c»— u — u —

Cujus immunditiis, y ^
brutis comparAti, i, , . ^abababab.

Since the Latin 7-accent line was not inconveniently lono-, it was
usually written as such ; but in English the above form was favored

and, through the prominence thus given to the caesura, riming half-

verses increased in frequency, and one type of English stanza be-

came fixed.

Another form of stanza arises from a different combination of

7-accent couplets of the type of Ex. 1. The two couplets given as

Ex. 1 may be written by taking the first half-verses alternately, and

1 Poems of Walter Mapes, p. 159.
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then the second half-verses in like order,

as follows

—

The stanza thus becomes

a b a b c d c d.

But rhythmical proportion seems to require that the first stanzaic

section shall exceed the second in the number of verses, standing

either six to four, or eight to four or six. The correspondence be-

tAveen the octet and sestet of the sonnet and the eight and six of

the septenar stanza would seem to argue a psychological basis for

this division.

Ex. 6. De Nummo.' First stanza.

Mdnus ferens inunerA

pium fdcit impium
;

nummus jungit fVedeni,

nummus dat consilium

;

nummus levit lisperd,

nummus sedat pnt-liv'im

;

nummus in praslatis,

est pro jure siltis ;

nuramo locum diitis,

vos, qui jiidicatis.

u o o/

u u __o^
abababcccc.

That these verses are derived from the septenar is proved

—

1. By the retention of the masculine rimes in the first six lines.

2. By the use of feminine rimes in last four lines.

3. By the entrelacee rime of the last four lines, a favorite rime in

septenar lines.

In the six examples given above the movement is without excep-

tion trochaic. This was not an essential chai'acteristic of the 7-accent

line. The Latin septenar was usually trochaic, but the French and

English were more frequently iambic.

Ex. 7. Song from 'Carmina Burana.'"

Fortunns rota volvitur, II
descendo minoi-iitus;

alter in tlltum tollitur
ll
nimis exaltatus;

rex sedit in vertice, 11 csiveat ruinam,

niim sub dxe legimus,
II
Hecubam reginam.

^ VJ O O »U " <-' ^\

o

—

Kj— o o— 't —o—o

—

ir

^—o -^u-^C^— « •^— o——o— ci»

' f < " _u.^_o— u/

1 Poems of Walter Mapes, p. 326. 2 Schipper, vol. 1, p. 90.
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Characteristics :—On the model of Ex. 1, but with confusion of

trochaic and iambic movement, a tendency to insert an unstressed

syllable after the caesura in iambic lines ; usually the first half-

verses of couplets have the same movement, the change, when made,

arising from the stressed or unstressed condition of the vowel follow-

ing the cresura. The example illustrates unintentional rimes, the

first couplet riming at the caesura, the second not so riming.

Ex. 8. The Lament of Simon de Montfort.' First stanza.

Chaunter m'estoit, raon cuer le voft, II
eu I'ln dure langage,

Tut en ploraunt fust fet le ehaunt
i
de nostre dus baroiijige,

Que pur la pees, si loynz apres II se lesserent detrere,

Lur cors trencher, e demenbrer,
II
pur salver Engleterre,

Ore est ocys la llur de pris, II qe taunt savoit de guere,

Ly quens Montfort, sa dure mort
II
molt enplorra la terre.

^J-^^J— <j — «j — uo -~ Kj—o—

V

,U ——u —— O ^—'J —— "w — oo—o—

'

(J u— u—« "u— O

—

O—

^

• O no— o— O—

.

. w no u o '

Characteristics :—This stanza is formed according to one form

cited by Dante," two couplets (pedes), and a closing couplet (cauda).

The change to iambic movement is complete, and is accompanied

by the insertion of an unstressed syllable after the ctesura ; the rimes

become masculine through the infiuence of the iambic movement.

The lines, however, contain concealed rimes at the second and

fourth stresses, rendering possible a stanzaic scheme as iambic

dimeter. The first couplet forms, then, a stanza thus

—

O W -A

U O ^

U O O ^o_ u — A
o— o— -y

a a b c c b.

This stanzaic structure passed into English, and was cultivated by

Dunbar,' Wyatt,* and others.

As derived from the Latin septenar with double feminine rime and

trochaic movement, it must be of a very early date, as it is found in

the hymn on the Epiphany^ of the ninth century, with the following

scheme

—

— o— o ^— «j——u -'

(J y oc >.

O O
''J

1 Wright, p. 125. 2 Dante, p. 232.

3 Vol. 1, p. 93,—" Of the Ladyis Solistaris at Court." •> Guest, p. 587. s Guest, p. 586.
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This stanza became very popi;lar for cliurch lyrics in England'

and France.

The form passed also into English, but, as English taste is averse

to double feminine rimes, the second unstressed syllable received a

stress, and oftentimes other verses were given masculine rimes by

•dropping final unstressed syllables ; such an example is, in Shakes-

peare, Puck's song,^ " On the ground," etc. ; this is in sharp contrast

with the song of Pyramus, " But stay, O spite !" which is in the same

stanza with iambic movement,^

From this stanza as type many other forms arose in church prosae,

and passed thence into profane literature ; but, as they are foreign to

our purpose, we turn to the consideration of the 7-accent line in

English.

Ex. 9. Poema Morale,* date of MS. about 1200, of poem about

1170. Dialect South-English. First couplet.

Ic am elder, thanne ic wes,
II a wintre and ec a lore

;

I ic etUdl more, thdune ic dede :
II
mi wit oghte to bi more.

—u— u— u no—uu— u—v.y\

Characteristics :—In common with Ex. 1, rime by couplets, no

stanzaic structure, masculine caesura divides verse into a tirst half-

verse of four stresses and a second of three stresses. As different

from Ex. 1, confusion of trochaic and iambic movements, irregular

succession of stressed and unstressed syllables, unstressed syllable

following caesura, or stressed, as

—

Ne mdi him no man k\ swo wel 1 demen ne swo rihte

:

Two points are, however, fairly well established

—

1. If a stressed syllable follows the caesura, the line will usually

begin with the trochaic movement.

2. The two verses of the couplet will usually agree in this matter-

This measure, written in stanzas of four verses, second and fourth

riming, or in quatrains, is termed in English hymnology 'Common
Metre.' It forms also a favorite ballad measure for Northern ballads.

Ex. 10. St. Stephen and Herod. ^ Second stanza.

Steuyn out of kechone cam II wyth boris hed on honde,

He sAw a sterre was ft'iyr and brygt || ouer Bedlem stonde.

o=£u=su_-u II_ o__u= oy

1 Analecta Liturg-ica, Fasciculus V, Prosaj Ecclesitc Abrincensis, p. 319; also in Pro-

sae EcclesiiK Sancti Dionysii, p. 360.

2 M. N. D. 8, 2. 3 M. N. D. 5, 1. 4 Anglia 1, p. 6. s Child, vol. 1, p. 241.

6 For discussion of alliteration in septenar stanzas see p. 237 if.
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The ballad stanza is, however, customarily written in four verses
;

thus, in 'Lady Isabel and the Elf-Knight,' first stanza.'

o u "~-~ o—— u ——oo— o —
y_— L»o __ o f „

o o __ o _

Or in ' Georgie,' " second stanza

—

o— o— u — t/ _

It may be added in passing that a rare form of ballad stanza, that

of the 'Not-browne Mayd," is derived from the iambic dimeter

under Ex. 8. Second stanza.

This affords an illustration of the resolution of the full stanza of

Ex. 8, and keeps the proportion of the type between ' pedes ' and

' Cauda.'

To return again to the septenar, and cite additional illustrations

of the close modeling of the English stanza upon the Latin.

Ex. 11. A song.* Fifth stanza. Southern dialect.

Be stille, ]?ou fol, y cAlle ]?ou riht, II cost Jjou neuer blynne?

bou art wayted ddy & nyht 1 wijj Mder & al my kynue ;

be 'bou In ml hour yuike, II lete ^ey for no synne

me to holde, & \k to slou :
!! Jje dej? so J?ou maht wyune?

\J— u — u — u — " <J — u—

__ o O — O "U— C O— 'J '

Characteristics :—Those of Ex. 2 and Ex. 9 feminine rimes and

entrelacee.

1 Child, vol 1, p. 57. 2 Child, vol. 7, p. 140.

3 Percy, vol. 3, p. 193. * Boddeker, p. 173.
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Ex, 12. A Song against the Monks/ Dialect of Mercia.

Freeres, freeres, wo go be

!

ministri malorum,
For many a mannes soule bring- ?e

ad poenas infernorum.

There are many poems in wliich the first half-verse is in English and

the second in Latin.

The septenar couplet with riming ctesuras is very common in

English of every period, and is usually written in quatrain stanzas.

The romancei's, however, rarely used it ; still, examples can be found

in the metrical romances.

Ex.13. Sir Ferumbras.^ Supposed date 1377. Lines 2401-2.

Wanne ]je day him was a-falle

& tyme was come to walke,

Maubj'n toward ^pe castel walle

pryuyllche g-an him stalke

:

This measure continues through line 3410. The dialect is thought

to be Southern.

Ex. 14. The Five Joys of the Virgin.' Southern dialect. Stanza 5,

Jje kin^ I
]?at wes of J^e |

ibore. o— u— *J '^—
to heouene he 'be Aette. o— u— o —

-

To ]?are blisse II Jiat Aves for-lore. '^— <-"— ^"— o —
and bi hym scolue sette. ^ *-' '-'

Vor
I
he hedde he \

icore. ^ " ^

wel vej^re he Jje grette.

B].v]?e I
were J>ii |

Jjer-vore. ^j ^J ^
ho engles Ije imettc.

This stanza is of frequent occurrence ; in the Southern dialect

both with and without feminine* rimes, in the Northern dialect

more often with masculine rimes.

Ex. 15. The Duty of Christians.'

ababababs

o— u — o — u— -^

o u u _ /

This is upon the model of Ex. 5.

1 Schipper, vol. 1, p. 350. 2 E. E. T. S. No. 34. a E. E. T. S. No. 49, p. 87.

* I shall not attempt to solve the problem of the syllabification of unstressed final e.

In general, I believe it to have been pronounced in the South, and silent in the North,

but it was pronounced over a wider area in the earlier centuries under review than in

the later, and Avas at all times subject to various rules and to the exigencies of prosody.

6 E. E. T. S. No. 49, p. 141.

6 The metrical scheme as printed is not quite right. At the end of each of the even

lines (2, 4, 0, 8) there should be added a breve (u).
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The examples of the septenar stanza have so far been drawn from

the Southern and Midland dialects, with the exception of certain

ballad forms. Alliteration has played no important part in the verse.

The stanza has been bound by no laws not absolutely necessary for

its formation. As we pass to the North, however, an important

difference appears. Great technical mastery of this, the favorite

stanza, is evident. Alliteration becomes prominent and obligatory.

The verses receive a different arrangement from that known in the

South, A new type of stanza is established, with a life history of its

own.

Of the process by Avhich this result was attained, we know but lit-

tle. Few records of the early attempts of these poets have sur-

vived. We find the typical stanza, with verse arrangement as in

the Latin, Ex. 6, fully established, certain requirements in allitera-

tion recognized, and the poets experimenting with various methods

of ornamentation.

It seems best to consider first the varieties of ornamentation and

structure in a familiar stanzaic form. The exaTiiple chosen might be

written as iambic dimeter,' as in Ex. 10, but the stanza would be

inordinately long. Moreover, this leonine rime was cultivated in

the North when, oftentimes, it was not carried out with sufficient

regularity to admit of resolution. In my opinion the author in-

tended this for a septenar stanza in 4's and 3's, without riming pri-

mary caesuras, i. e. at the close of the 4's, and with entrelacee long

lines, i. e. entrelacee 3's, although the lack of rime with the primary

caesuras is very unusual.

The development of the stanza can, then, be briefly stated as fol-

lows

—

1. A septenar stanza of six verses, the first four constituting the

' pedes,' the last two a closing couplet, ox 'cauda.'

2. The first four verses rime entrelacee.

3. Structural alliteration imposed upon the 7-stress line,

4. Resolution of the 7-siress lines, forming a l2-verse stanza,

without I'iming primary caesuras, but with secondary caesuras fol-

lowing the second stress in the 4-stress verse.

5. Leonine rime in the 4-stress verse, which might, therefore, be

written as dimeter, since the rime is carried consistently through

the poem.

A word concerning structural alliteration is here in place. The

Old English verse measure was based in great part on alliteration.

1 Schipper, vol. 1, p. 366.
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The law of sti'ucture has been most concisely given in the words ;'

*'It [alliteration] consists in the employment of the same or similar

sounds at the beginning of a sj^llable which receives the primary-

stress. The second hemistich contains one such alliterative syllable,

as a rule that which has the first primary stress ; the first hemistich

has regularly two, though frequently only one. The alliterative

sound must be the same throughout, if consonantal ; if vocalic, it is

usually different in the three sj-llables."

It may be affirmed, in general, that the laws of Old English allit-

eration obtained in the Middle English period in the septenar line

of the Northern English. Sometimes, however, the 7-stress verse

was considered as a whole, as in the following example ; sometimes

the 4-stress line constituted the verse, and in neither case does the

author hesitate to place the two alliterative syllables in either half-

verse, as may best suit his convenience. Structural alliteration in

Middle English, then, consists of three alliterative syllables under

the primary stress, two of which should be in one half-verse—more

generally in the first—and one in the other.

Alliteration for ornament continually increased both in the North

and South, showing itself in the following ways

—

1. By excessive alliteration.

2. By alliteration in semi-stressed syllables.

3. By alliteration in unstressed syllables.

4. By alliteration of different consonantal sounds, as f with v or w,

s with sh, etc."

5. By disregard of the primary stress in placing alliteration.

Ex. 16. Moral Poem, by Richard Rolle de Hampole."

When Adam ddlfe II and Eve spdne,

So spire if Jjou may spede,

Whare was 'ban II the pride of man,

Jjat now merres his mede ?

Of erthe and Jame II as wds Addm,
Niikede to noye and nede.

We er, als he. 11 naked to be,

Whills we J)is lyfe sail lede.

With i and oe 1 borne er we,

As Siilamon vs highte.

To trdvell here 11 whills we er fere,

As fewle vn-t6 ]?e flyghte.

1 Cook, p. li.

2 Die Alliterierende Langzeile, by Rosenthal, Anglia I, p. 440.

3 E. E. T. S. No. 26.
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^ O U I'D U

xbxbxbxbxcxc.

As regards the alliteration,—in three cases, one syllable in the first

half-verse, two in second, of full septenar line ; in one case all thi*ee

syllables in second half-verse. This is probably due to the difficulty

of preserving both leonine rime and alliteration in the first half-verse.

In one verse, the first of the closing couplet, there is no alliteration.

The above example was an ambitious attempt at leonine rime by

an author who had apparently found no model for a complicated

stanzaic structure. Such a type was perfected by other poets, the

earliest and most radical divergence appearing, so far as we know,

in the Northern ' Evanwelium Nicodemi.'

'

<J u

O == (J

0=0=0— ^
0=:0 =0 A
<^= o -.u = / ababababcdcd.

In this the double quatrain with masculine rimes, an important

modification of Ex. 15, is established, and the 3-stress quatrain cauda

appears. This form of cauda is one distinguishing feature of the

Northern stanza, but we refrain from discussing the stanza until it

appears in its full development.

This, the typical stanza of the North, is reached by the substitu-

tion of 4-stress lines for the 3-stress lines of the double quatrain of

Ex, 17,

1 Evangelium Nicodemi, Archiv fUr neuere Sprachen, 1874-5, Nos, 53, 54.
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Ex. 18. York Plays, No. X, stanza 1.

Grett god,
| Jiat Alle Jjis world ]

has wrought.

And wisely wote II
both g-iid and ille,

I thilnk hym thrilly II
in mj^ thought

Of i'lll his hUie !l he lens me tille.

That Jji'is fro Mrenhede II htls me broght,

A hundereth wynter
I!
to fulfille,

Thou griiunte me myg-ht || so bdt I raought

Ordan my werkis
II
dfter ]pi wille.

For in this erthelj' lyfife

Ar non to g'od more boi'ine.

Then is I and my wyffe

For frenshippe we haue foiine.

y
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4. In alliteration this stanza shows

—

a) The type, in verse 3.

h) Cross alliteration, in verse 8.

c) Double alliteration with one syllable a semi-stress, in verses 1

and 5.

d) Alliteration with unstressed syllable, in verse 7.

e) Deficient alliteration, in verses 2, 4, and 6.

/) The presence of but little alliteration in the second section.

All (he stanzas of these York plays show some irregularities, but

many have fewer exceptions than this.

5. Distinguishing marks of early formation—
a) Lack of excessive alliteration.

h) Regularity of iambic movement.

c) Typical rime in second section.

d) Absence of ' bob.'

Whether the double quatrain stanza, with structural alliteration

and masculine rimes throughout, is of earlier or later construction

than examples \1 and 18, admits of doubt. I incline to think it later,

and formed from Ex. IS by omitting the cauda. In any case there

is proof that the same author wrote in both stanzas at a time Avhen,

if the evidence can be trusted, a poet usually confined his efforts to

one style of English verse. The similarity of these double quatrains

to Ex. 18 is quickly seen.

Ex. 19. York Plays No. VIII, last stanza

—

a b a b a b a b.2

In Ex. 18 the beginning of stanzaic deterioration, as shown by ir-

regularities of alliteration, was noted, but in neither Ex. 17 nor Ex.

18 was there any variation from alternate riming. This, together

with masculine verse endings, must be retained so long as conscious-

ness of the origin of the stanza from the English septenar is present.

But with the loss of the tradition a departure from the type may be

expected. Now in the Latin stanza the entrelacee rime was the

favorite ; therefore contamination of the English type through

1 See p. 2(57. 2 A curve should extend to the last line, as to the preceding.

u
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entrelacee rime might be expected. Furthermore, as a correspon-

dence between the sonnet and this stanza oftentimes holds as regards

the division into octet and sestet, so here we might expect to find, as

in the sonnet, that the cauda departs more readily from the estab-

lished type than does the double quatrain. Accordingly, since we

have found deterioration in alliteration in the work of this poet,

we need not be surprised at finding entrelacee rime in the cauda of

his stanza.

Ex.20. York Plays. No. IX. Stanza).

babababcdcccd.

The author is evidently experimenting, since he misses through

the insertion of the first line of the cauda a favorite riming form of

the Coventry and Woodkirk plays, a type that had at a later date a

profound influence upon the septenar stanza.

The alliteration is excessive, but the iambic movement is fairly

regular, and rime tests, as we shall see later, go to prove this play

the work of the author of X and VIII. Comparison with play

XXVI, which follows, will immediately reveal the difference in

stanza, although the riming is the same.

Ex. 21. York Plays. No. XXVI. Stanza 4.

^<ou-
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The direction of the deterioration is evident. All stressed sylla-

bles but two, and four unstressed syllables, have alliteration in this

stanza. Such overloading with alliterative sounds destroyed all

sense of their proper function. The first half-verses have passed the

bounds of anapaestic movement. The voice naturally places a stress

upon the first unstressed syllable, thus transforming the verse into

a 5-stress line and destroying the stanza. It is significant that this

quasi 5-stress line was considered the most suitable for royal person-

ages. Many instances might be cited of this anticipation of ' Mar-

lowe's mighty line.'

XIX.

CERTAIN STANZAS OF THE MYSTERY PLAYS.

The later forms of the seplenar stanza do not particularly concern

us, as they lie outside of the Mystery Plays. I will therefore pass

over them rapidly, giving the stanzaic schemes for completeness of

view and for comparison with the Southern stanza toward which

they gravitated.

Ex. 22. Prologue to the Eighth Book of the ^neid by Gawain

Douglas, date 1513.' Last stanza.

\JUIJ



244 Charles Davidson—English Mystery Plays.

VJ
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Lines 1 and 2 alliterate on g, lines 3 and 4 on b, lines 5 and 6 on 1,

lines 8 and 9 on t, lines 12 and 13 on b.

So similar are examples 22, 23, and 24, that I do not hestitate to

pronounce them products of the same school. Examples 23 and 24

were possibly by the same author, and written in the neighborhood

of Carlisle.

It would seem, then, from the evidence of the stanza, that 1500 is

too late for Gawan and Gologras, and 1350 a date much too early

for the ' Anf^rs.'

Ex. 26. Of Saynt John the Euaungelist,' date about 1440."

Stanza 1.

O(j==yo(j == II (J
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This poem is assigned by Horstraann' to the Northern dialect, by-

Morris, as stated by Hoi'stmann, to the West-Midland. The stanza is

fonnd in the Woodkirk plays in ' Tlie Conspiracy' and 'The As-

cension.' It is one of the favorite stanzas in the so-called Coventiy

cycle, occurring in the following plays

—

The Prologue,

II. The Fall of Man,

IV. Noah's Flood,

X. Mary's Betroth ment,

XII. Joseph's Return,

XVI. The Adoration by Shepherds,

XXI. The Baptism of Christ,

XXII. The Temptation.

XXVI. The Entry into Jerusalem,

XXVII. The Last Supper,

XXIX. King Herod,

' XLl. The Assumption of the Virgin,

XLII. Doomsday.

These Coventry plays are probably of East-Midland origin.^ The

same district appears to have been the locale of this stanza, which is

found also in 'The Castell of Perseverance.'^ It would appear,

therefore, that the poem of Susanna should be assigned to a poet

south of York, whose style was affected by Northern extravagances

in alliteration.

The stanza was also of late date, since it passed into the Morali-

ties.

From a fusion of the septenar stanza with this East-Midland

stanza arose a new type with the following characteristics

—

1. Alliteration in greatest excess.

2. So great an overplus of unstressed syllables that the recitation

must have simulated chanting when the integrity of the stanza was

preserved.

3. Surreptitious stress increased the accents to five and six in a

line.

4. The rime of the East-Midland stanza was adopted.

This measure, with the reiteration of alliteration, was considered

the proper introduction for persons of dignity, and is used in all four

cycles, although the Ch and the Co soften greatly the alliteration.

As the actor of royal rank usually appears at the beginning of the

1 Anglia, 1, p. 93. 2 Pollard, p. XXXVIII. 3 Pollard, p. 64.
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play, modification of the pla}'^ in compliance with the taste of the

period was an easy matter. This stanza, with various modifications,

appears in York plays XXVIII, XXIX, XXX, XXXI, XXXIII, and

stanzas or portions of stanzas, formed unmistakably upon the same

verse pattern, are found in the Woodkirk, the so-called Coventry,

and even in the Chester plays.

This stanza, as the earlier septenar, had a life history of change

and deterioration. Sometimes the excessively long lines broke into

two, with riming caesuras and the development of new stresses. Such

verses, in process of resolution, exist in Pilate's speech in the Ch

play, ' The Resurrection :'

For I am prince pearles,

Most royal man of riches,

I may deale and I may dresse,

My name is Sir Pilate.

In these lines the alliteration has suffered injury, and the rime has

been lost. They are a weak imitation, almost a prose version, of

such lines as York XXXII

:

For sir Pilate of pounce as prince am y preued

As renke most royall in richeste array

—

and the Woodkirk ' Flagellation :

'

Say, wote ye not that I am Pylate, perles to behold ?

An earlier form of the same appears in W, ' Consp. & Captio :

'

Cayphas.

Syr Pilate, prince of mekylle price.

That prevyd Is withoutten pere

—

which lines form the beginning of an ababababcdcd stanza.

Furthermore, the bonds of rime were loosened, and sometimes the

long lines passed towards the boundaries of rhythmical prose. This

is illustrated by Y XXXI, "And drawe to no drofyng, but dresse

you to drede, with dasshis," where "drede" rimes with the second

line below, and " dasshis" with the fourth ; also by Y XXXII, 1, 10,

where "To knawe" has no affiliation with the verse structure, and

calls to mind similar versification in legends and romances.

Again, the breaking of stanzaic structure by the indefinite exten-

sion of the pedes of the stanza, as in Y XXXII, stanza 2 ; in Co
XV, in Joseph's second speech ; in Sir Gawain and The Green

Knight, and elsewhere, led to the establishment of a species of

verse, riming in most cases it is true, but with an irregular suc-

cession of stresses and tending toward a rhythmical prose. An
investigation of the transformation and relationship of this stanza

would yield rich results, but we must leave it as a task for others.
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A fourth stanza invites our attention. In the French a simple

4-accent coujilet was popular at an early date.

Ex. 27.

\J <u \J U N

yj \j v/» \j

\j \j V w \

\j \j w \j J

In this measure were written the ' Roman de Brut ' of Wace, the

' Roman de Rou,' * ' Guillaume D'Engleterre,' and many others. In

English it is preserved in such ballads as 'A mery Ballet of the

Hawthorne Tree," and in other styles of verse too familiar for

reference.

These couplets were early fashioned into stanzas by the insertion

of a short line, riming with the second couplet, and became popular

in the 15th century with the French writers of Miracles. The stanza

occurs repeatedly in ' Les Miracles de Notre Dame.'

Ex. 28.

This type probably gave rise to the English stanza-

Ex. 29.

\J \J \J W X

\j (J w <j
-^

but the method of riming is, regularly in English, the riming of sim-

ilar verses, never in a succession of stanzas, as in French, by ' con-

catenatio."

This stanza is found in the Woodkirk plays as follows

—

I. Creation, the character of Deus,

X. Annunciation, the play exclusive of Deus.

XI. Mary and Elizabeth.

XII. The Crucifixion, together with other stanzas.

XXVIII. The Incredulity of Thomas, with other stanzas.

It is used also for the second part of ' Sir Ferumbras,' * for ' The

Woman of Samai'ia,' ^ for Minot's * Edward in Brabant," and else-

where.

1 Bartsch, col. Ill, col. 143. 2 Ritson, vol. 3, p. 44. s Cp. Schipper in Index.

i E. E. T. S. No. 34. 6 E. E. T. S. No. 49, p. 84. 6 Poems of Lawrence Minot, p. 13.
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With the more difficult rime a a b a a b, this stanza occurs also in

the Woodkirk plays

—

VII. The Prophets.

IX. Caesar Augustus.

XXII. The Flagellation, in the part of the Tormentors.

Also in the Chester play, The Shepherds, among other stanzas.

This stanza is intei'esting as the germ of the metrical-romance

stanza, which was possibly rejected by the writers of drama as too

monotonous. The following partial lists will illustrate its use

—

aabaabccbccb.
Romance of Duke Rowlande and of Sir Ottuell of Spayne.*

aabaabccbddb.
Amis and Amiloun,"

Libius Disconius,^

The King of Tars,'

Mary Legend, No. II.'

aabccbddbeeb.
The Romance of Athelston,^

Emare.'

Romance of the Emporor Octavian,'

Erl of Tolous and the Emperes of Almayn,'*

Le Bone Florence of Rome,"

Sir Isumbras.'"

Rouland and Vernagu,"

Torrent of Portyngale,*^

The Wright's Chaste Wife,"

Sir Amadace,'* etc.

Certain other stanzas were of wide-spread use, and appear in the

different cycles of Mystery Plays. Of their origin it is sufficient to

say in general that they sprang, for the most part, from the Latin

stanzaic forms of the church service, especially from the service of

song. Some of them, also, show evident marks of French influence.

1 E. E. T. S. No. 35. 2 Kolbing, No. 3.

3 Ancient English Metrical Komances.
* Horstmann, p. 503.—Note. Kolbing's criticism, Amis and Amiloun, p. XIV, of

Horstmann's statement concerning the rime, is itself incorrect, as Horstmann speaks

of the Mary Legend, No. II, but Kolbing of the Mary Legend, No. I.

B ReliquEe Antiqua?, vol. 1, p. 85. s Ancient Metrical Romances, v^ol. 3.

' J. O. Halliwell. s G. Liidthe.

9 Ancient English Metrical Romances. 10 J. O. Halliwell. u E. E. T. S. No. 39.

12 E. E. T. S. E.xtra Series, No. 51. is E. E. T. S. No, U. h Robsou.
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and it is probable that the sources of some are to be sought for in

the Proven9al. A general view, as exhaustive as seems necessary

for our purpose, is appended, a a b a b. Ex. 30.

is found in six stanzas spoken by Lucifer, W I.

a a a b a b.

York VI, XXII, XXXVIII, XLII.

Woodkirk XIV, XXVII, XXXII, XXVI (in the part spoken by

Jesus).

aaabaaab and aaabcecb.
Woodkirk XVII, XXIII (Mary's lament), XXIV (the Torment-

ors), XXIX (certain stanzas).

Coventry XIV (a portion of the play), XVI (stanzas by shep-

herds), XVII (stanzas by Magi, and certain 2-accent stanzas), XIX
(one stanza), XXVII (by Judas in part), XXXII (by Jews and

others), XXXIII, XXXIV (by Nychodemus), XXXV (in 4-accent

and 2-accent verses), XXXVI (in part).

Chester. The whole Chester cycle was written by a poet who at-

tempted to use the stanza a a b a a b, but frequently resorted to

a a b c c b as an easier stanza, and sometimes lost his footing com-

pletely.

aaaabcccb.
Woodkirk III, XII, XIII, XVI, XX, XXI, XXII, XXIV (certain

stanzas), XXX (in stanzas by demons).

Many modifications of these stanzas appear infrequently in the

plays. We note in closing our review a favorite stanza of the Cov-

entry plays, ababbcbc, from which it is but a step to Spenser.

Finally, we form from tbe foregoing examination of the stanzas of

English in the mediaeval period certain conclusions

—

1. A distinctive stanza, formed from the septenar line, obtained

in the district—to speak in general tferms—extending from the Hum-

ber to the Forth ; and was not used, except in a much altered form,

outside of those limits.

2. The characteristics of this stanza were—

a) Two 4-verse, 4-stress pedes ; a 4-verse or 6-verse 3-stress cauda.

b) The pedes rimed in two riming quatrains ; the cauda originally

rimed alternately, but variation was permissible.

c) The verse kept carefully the iambic movement.
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d) The caesura was uniformly 23laced after the second stress, ex-

ceptionally after the first and third.'

e) Caesuras and verses were masculine.

/) Alliteration was structural, i. e. confined to three stressed syl-

lables in the verse.

3. This stanza suffered direct change in three ways—
a) By continual increase of alliteration.

h) Through the inordinate multiplication of unstressed syllables,

especially in the first half-verses.

c) Through innovations in the riming of the cauda.

4. These changes were so pronounced in type and limited in time,

that the stanza affords important evidence in dating poems relatively

to each other.*

5. A stanza riming a b a b a b a b c d d d c was cultivated in

East Anglia at a date somewhat later than that of the Northern

stanza of pure type.

6. The Northern stanza, under the influence of the contiguous

East Anglian stanza, formed a second distinct tyj^e.

7. This derived stanza developed as follows

—

a) By the loosening of the bonds of stanzaic structure, the pedes

were indefinitely extended, and the composition approached the

bounds of rhythmical prose ; or,

h) The voice failed to carry the excessive number of unstressed

syllables, surreptitious stresses created a 5-stress line, or the verse

broke into two lines with the development of new stresses.

8. A stanza aabaabccbccb Avas formed for rhythmical

narrative, and became the vehicle of the metrical romance.

9. Other stanzas appear as directly dependent upon church sources

and French influences.

10. A stanza ababbcbc closes the mediaeval period. This

statement applies more directly to the district immediately north of

the Thames.

The cycles of Mystery plays present certain metrical characteris-

tics as individual cycles

—

1. The York cycle, with the exception of a few plays,^ retains one

stanzaic structure through a play, or, in some cases, through a scene.

2. The Woodkirk plays show an attempt to adapt the stanza to the

character, or at least to limit the use of a given stanza to one char-

acter in a given play.

1 Cp. Ex. 19. 2 Cp. Ex. 24.

3 Cp. York XII, XIII, XVI, XXIX, XXXI, XXXII, XL.
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3, The Coventrj^ plays exhibit prevailingly an interchange of

three stanzas, the choice apparently influenced only by a desire for

variety.

4. The Chester plays ai'e, as uniformly as an author of limited

poetical resources could make them, cast in the mold of one stanzaic

form.

The importance of the foregoing conclusions in determining the

structure of the cycles of plays is evident. We proceed now to the

defense of certain propositions relating to the cycles themselves.

XX.

A SURVEY OF THE CYCLES OF MYSTERY PLAYS.

In considering the cycles of plays as wholes, certain general struc-

tural characteristics appear. A discussion of these will prepare us

for a more minute investigation of cycle construction.

I. The York cycle contains plays of widely different styles and

vocabulary. Such plays as X and XI have little in common with

XXXI and XXXII, and still less with XLVI. The differences are

not such as arise from an unskillful re-working of an old play. Such

scribal changes are found in Woodkirk 'Pharao,' when compared

with York XT. They lead to the distortion of the stanza

—

a) By the insertion of extra-stanzaic verses, as the quatrain in W
after the first stanza, or the two verses separating the cauda from

the pedes in stanza 22.

b) By the breaking of rime, as in stanza 25.

c) By the disarrangement or obliteration of the alliteration through

the displacement of alliterative words by non-alliterative synonyms,

as through the substitution of 'words' for 'saws' in 1. 17, or by the

complete loss of alliteration in 1. 23.

d) By the destruction of the iambic movement, as in lines 21, 39,

52, 53, etc.

e) By the loss of a stress, as in line 28.

The differences between the above-named plays are not of this

character, but fundamental. They concern

—

a) The structure of the line, which in XXXI and XXXII is ex-

cessive in alliteration, inordinate in length, irregular in rime, and

contains occasionally an unusual tag, as line 10, XXXII.
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V) The riming, as in XLVJ, where the repetition of ' hyni,' ' us,'

and the frequent use of words ending in 'ioun' is a habit unknown

to the autliov of X and XI.

c) The vocabulary of the writer, in cases where there is no ques-

tion of the substitution of a more familiar synon}^!!. Examples of

such usage are 'bewscheris' and many quasi-French words (cp. line

257, XXXI), and the employment of words of Latin origin Avhich

were used in riming as an ornament of style, especially such as end

in ' ioun.'

These affectations in riming we recognize, from later plays and

from other poetical works, as the ornaments of style at a period later

than the origin of ])lays X and XI.

The municipal books of York show that expansion or contraction

of the cycle, according to the present needs of the different crafts,'

was of common occurrence. Such changes were made by the inser-

tion or excision of whole scenes, or of whole plays, never by the

fusion of plays. This will become clear as we proceed to the more

minute analysis.

IT. The Woodkirk cycle" is a collection of plays drawn from

various sources. The compiler was a man of small poetical ability.

His original verse was confined to couplets, with an occasional at-

tempt at quatrains. He did not hesitate to appropriate good work

wherever he found it, or to do violence to rime or measure, if he con-

sidered the thought unclear or contrary to accepted traditions.

As illustrations of his methods we cite

—

1. For transition between selected parts of plan's, the sixteen

verses by cherubim between the first speech of Deus and that of

1 York plays, pp. XIV to XXVI, notes.

2 Hall, Englische Studien, vol. 9, p. 449, argues that Y Is derived from W because it

contains more alliteration I He arrives at this conclusion by trusting- implicitly to

Skeal's " Law of progress in aUiterative poetry." Preface to Joseph of Arimathea, p. X.
If, as Skeat formulates it, the progress is "from lines with two alliterated letters to lines

with three, and in very late instances, to lines with four," from irregularity to regular-

ity—although he admits that some of the latest examples of alliterative verse relapses

into irregularity;"—then I do not see how Hall's conclusion can be escaped. But the

law seems to run as well from no alliteration to two alliterated Avords. In that case

the re-creation of the old alliteration after the literature containing it had been buried

for centuries would be little short of a miracle.

On the contrary, the old laws of alliteration were preserved by the North in continu-

ous tradition. A sharp division must be made between structural alliteration, which
conforms to ancient law, and alliteration for oi-nament, which gi-adually broke down
the tradition of the fathers by swamping the essentials in a multitude of detail. We
have already traced the progress of demoralization, and need only note that it, in con-

formity with other evidences, makes W the later dependent cycle so far as concerns the

older plays of the collection.
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Lucifer in Creatio. These couplets seem to be a condensation of

some unknown play.

2. For introduction, the four couplets introducing the call of

Deus, " Abraham, Abraham," in the plaj^ of Abraham.

3. For expansion of thought or to convey indirectly a lesson, many
quatrains—sometimes only three verses—that are usually introduced

betAveen stanzas, as in 'Pharao' after 1. 13,' 1. 108, 1. 120; in 'Pagina

Doctorum' after 1. 173, 1. 174, 1. 175.

4. For plays of transition where the compiler desired that certain

incidents of the Bible should be made prominent, and could find no

suitable play, the drama of Isaac—Isaac blessing Jacob—and that of

Jacob—when Jacob was named Israel.

5. For plays that are formed from two or more plays by the use

of selected stanzas or parts of stanzas, ' Flagellacio' and ' Extractio

Animarum.' To this compiler, however, we are indebted for the

preservation of the second ' Shepherd Play,' our earliest farce, and for

the ' Judicium,' which, in the part of Tutivillus,^ contains a satire on

the fashions and manners of the day.

III. The Chester plays are, as Hohlfeld has well said, the work of

a translator.' I incline, however, to the opinion that the cycle was
not French, but Anglo-Norman. The agreements wath the other

cycles are significant. They include

—

1. ' The Salutation,' which shows agreement among Ch, Y, W, and

S & T of Co.

2. ' The Purification,' which shows agreement among Ch, Y, W,
and W of Co.

3. The Song of Jesus, where there is agreement between Ch and W.
4. In ' Christ Betrayed' the agreement between Ch and W in two

lines accompanj^ing the stroke of the sword.

To these may be added the distinctively English passages

—

1. The gossips' song, Ch I, p. 53. •

2. The part of Mulier, Ch II, p. 81.

It may be admitted that the Song of Jesus and the gossips' song

are later additions, that 'The Purification' is an adaptation of the

York play ; still, 'The Salutation' is in the stanza of the cj^cle and

probably by the same translator ; therefore not all of these agree-

ments arose from the late adoption of plays from other cycles.

1 The verse-numbers apply to the corresponding York play.

1 Cp. Tuteville in Rodentiner Osterspiel, pp. 49, 50. The coincidence appears to arise

by independent derivation from 'toute-vilain.'

3 Anglia, vol. 11.
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The wide agreement in these plays seems to me to argue a common

knowledge of models existing in England. These models may have

been in part Anglo-Norman, as the cycle of the Parish Clerks of Lon-

don probably was. Most of them were undoubtedly church plays,

would be often in Latin, possibly sometimes in Anglo-Norman, and

often in English.'

The continual presence of plays in the churches upon appropriate

festival days must be assumed. Few remains of such plays are ex-

tant, but the known opposition of the reforming party to these

plays, and the efficient zeal of King Henry's spoilers, would satisfac-

torily account for their destruction with the dispersion of libraries

that were their proper repositories. The repeated enactment of im-

perative laws'^ forbidding plays in the churches, the presence of sep-

ulchres in many churches to-day, and the occasional references to

them in hostile writings,' are conclusive evidences of their presence.

A mistaken interpretation of phenomena presented by the plays

has often arisen through the failure to give due weight to two facts

that concern the church customs of that day. It may be well to in-

teiTupt for a moment the course of this discussion to present those

facts.

First, the solidarity of custom, as Avell as of belief, throughout the

churches of England and France. This gave rise to a uniformity of

method and expression in the mystery plays, which resulted in such

striking similarities between plays formed on models used in the

churches of England and those that arose from other models on the

continent, that oftentimes direct dependence of the English play

upon the French has been asserted, when, ver^' possibly, each author

knew no plays but those of his own cathedral church and immediate

neighborhood. Churches are conservative bodies, slow to change

their customs ; therefore the church ,plays would diverge from their

common type very slowH'. They were viewed almost as parts of the

liturgy.

1 See the ' Mystery of the Burial of Christ,' ' Off the Wepiuge of the Thre Maries,'

and the 'Mystery of the Kesurrection,' given in Wright's Keliquias Antiqua3, vol. 1,

pp. 134-161. These are English church mysteries, which have been passed by without
remarlf by writers upon this subject.

2 The chief trace that tlie old hierarchy left of its dramatic existence was the acting of

plays in the churches, which was finally ordered to be discontinued by proclamation in

1542, but was continued by choristers of St. Paul and of the Chapel Koyal until the time
of Chas. I.—Hone, p. 229. In MCj, canon 88 of the canons of the Church of England
enacted that church-wardens should not suffer plays in churches, chapels, or church-
yards.—Encyclopasdia Britannica s. v. Theatre.

8 ' The Beehive of the Romish Church' speaks of the shows of Burial, Resurrection,

etc.—Hone, p. 231.
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Seconcll}^, if the tradition was preserved through acted church

plays rather than through the importation and re-casting of texts,

the agreement between plays will be different in kind. The corres-

pondence arising through the remodeling of plays we can study in

the Woodkirk cycle, when compared with the York. They are

found throughout the body of the text, usually in whole stanzas or

in considerable portions of stanzas, wherever the thought seemed

pleasing to the compiler. The agreements, arising from the recollec-

tion of the play as acted, will lie in certain notable actions that are

conventionally present in every church play, and in the appropriate

speech that goes with such action.

A few examples, drawn from French and Italian sources, and

placed in comparison with the English plays, will illustrate my posi-

tion.

In J,' p. 5, Dieu takes Adam and Eve by the hand and tells them

of the tree.

In Y T," vol. 1, p. 34, Dieu takes Arlam and Eve by the band,

pronounces benediction of marriage, and shows them the tree.

In W, p. 6, Cherubyn takes Adam by the hand and the Lord

speaks about the tree.

In Ch, vol. 1, p. 24, God takes Adam by the hand after the dis-

course and causes him to lie down.'

Eve's address to Adam when offering him the apple

—

In J, p. 8, Adam, chier compains et amis.

In Ch, vol. 1, p. 28, Adam, husbande, life and deare.

In Co, p. 28, My semely spouse and good husband.

In W the play is lost.

Adam eats—exclaims, then a) accuses Eve, or b) perceives naked-

ness, or c) combines the two.

In J, p. 9, Ha hay ! je suy raal avoiez.

Ce morcel ne puis avaler.

In V T I, p. 49, O vray Dieu, de moy te souvienne !

Poore maleureux, que ay je fait?

In Y, p. 25, Alias ! what hane I done, for shame !

Ille counsaille woo Avorthe the !

A ! Eve, >on art to blame.

1 J stands for Mysteres inedits par Achille Jubinal.

2 V T stands lor Viel Testament.
3 A similarity here with V T leads to the supposition that God also led Adam into

Paradise and showed him the tree.
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In Ch I, p. 29, Out ! alas ! what aylith me ?

I am nackecl well I see
;

Woman, cursed moth thou be.

In Co, p. 27, Alas ! alas ! ffor this fals dede,

My flesly frend my fo I fynde,

Schameful synne doth us unhede,

1 se us nakyd before and behynde.

In W the play is lost.

The exclamations of devils in torment

—

In J, p. 24, Belgibuz,—Harcu, je suis tout forsonnez.

In V. T, vol. 1, p. 18, Lucifer,—Harau, Harau ! je me repens.

In Y, p. 5, Lucifer,— Ovvte, owte ! harrowe ! helples, slyke bote at'

es here.

In W, p. 4, Demon,—Alas, alas, and wele-wo !

In N,^ Diabolus,—Put off Harro, and well away.

In Ch, vol. 1, p. 17, Demon,—Out ! harrowe ! wher is our mighte.

The salutation

—

In J, Gabriel— Ave Maria gratia plena.

Marie, Dieu te sault, Marie.

In D,' vol. ], p. 188, Gabbriello,—

Salviti Dio, che se' di grazia plena :

Teco si trova il gran Signore Dio.

In y, p. 98, Angel—Hayle ! Marie ! full of grace and blysse,

Oure lord god is with >e.

In W, p. 74, Gabriel

—

Haylle, Mary, and welle thou be.

My lord of heven is wyth the.

In Ch, vol. 1, p. 94, Gabriell—

Heale be thou, Marye, mother ffree,

Full of grace, God is with thee.

In Co, p. 112, Gabriel

—

Ave Maria gratia plena, Dominus tecum !

Heyl, fful of grace, God is with the.

Mary's consent—
In J, p. 50, Ainssy soit fait com tu me dis.

In D, vol. 1 p. 189, Ecco I'Ancilla del Signore Dio :

Sia fatto a me secondo il tuo dir pio.^

1 The use of the pronoun 'at' shows the expression to be old, otherwise the scribe

would have changed it as elsewhere. The evident introduction of 'helples' to alliter-

ate with 'harrowe' shows that the favorite expletive was considered necessary.

2 N stands for Noah's Ark, Newcastle-on-Tyne, Sharp's Diss. p. 224.

3 D stands for A. D'Ancona, Sacre Kappresentazioni.

1 See the extract of the church service on p. 179 of the same work.
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In Y, p. 99, Goddis handiuaydeii, lo ! me here,

To his wille all redy grayd.

In W, p. 75, I am his raadyn at his hand.

In Ch, vol. 1, p. 05, Loe ! Godes cossen meklye here.

In Co, p. 114, Se here the haiid-mayden of oure Lorde,

Aftyr thi worde be it don to me.

The stage direction

—

In J, p. 50, Cy descende 1 coulom qui soit fait par bonne maniere.

In D, ]>. 189, Allora lo Spirito Santo discende sopra di lei, ed in

cielo si fa grandissima festa, e I'Angelo ritorna in

cielo.

\w Co, p. 114. Here the Holy Gost discendit with iij. bemys to

our Lady, the sone of the Godhed vest with iij.

bem3^s to the Holy Gost, the fadyr Godly with iij.

bemys to the sone, and so entre alle thre to her

bosom, and Mary seyth.

It is absurd to suppose, because of the above coincidences, that

the writer of each English play had the Italian and French plays be-

fore him. The Bible narrative was familiar to each writer. This

sometimes necessitates the action, sometimes the language seems the

natural outcome of the situation ; both reasons would operate as con-

servative agents to prevent change in the church play. I think one

is forced to admit that there must have been a uniformity of action

and of expressions closely connected with action, in the important

situations in church plays, similar to that obtaining in the liturgy

itself, and that, in many instances, the agreements of plays in short

passages and in the sequence of action is due to the essential identity

of the church models from which these plays sprang.

But further, if it can be shown that the action of the Chester plays

agrees with the action of other English plays at points where all or

several disagree in action or accompanying words with the continen-

tal plays, a divergence of the English church plays from the customs

of the continent will be established, and the Chester plays will fall

into the category of English plays, though in the Anglo-Norman

tongue.

Unfortunately, the French texts necessary for the settlement of

this question are not accessible to me. I can simply contribute one

item, and must pass on to other matters. A significant agreement

between Ch and W may be a case in point. I refer to Peter's

speech after cutting off the ear of Malchus,

—
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In Ch, vol. 2, p. 31, Goc nowe to Cayphas,

And byde hym doe the righte.

In W, p. 188, Go pleyn the to Sir Cayphas,

And byd hym do the right.

The language in Y and in J is different, although the situation is

the same. We return now to the discussion of the cycles.

IV. The so-called Coventry plays are, I think, the work of one

author. They are of late date, I should say of the early part of the

sixteenth century. They have little or no direct dependence upon

the other cycles. It has been shown as probable that they were

written in the northern part of East Anglia.
*
I am reluctant to advance a theory for their origin, since I cannot

offer sufficient contirmatory data, but I would suggest that they may
be the work of some author connected with one of the great religious

houses of the Fen District, These j^lays appear to me to rest upon

church plays that have received their development at the hands of

those closely connected with the ceremonial of religious life.

It might be expected that plays, made in such a house for the

instruction and diversion of rustics, would emphasize the homiletic

element, and would draw largely upon the Apocrypha.' The fre-

quent intrusion of Latin with explanatory verses was also a char-

acteristic of church plays. The stanzas of dimeters, pp. 159, 164,

180, 348, 353, simulate the Latin hymns of the Christmas time and

of the Resurrection service. A certain restraint pervades the plays,

very different from the spontaneity of the York and Woodkirk plays.

It would seem that these plays w^ere recast by one writer into

cyclic form. The fragmentary condition of many stanzas may
arise in part from imperfect re-working of the material ; but this

conclusion cannot be drawn with confidence, since at this date the

alternation of stanzaic schemes within a single play or poem seems

oftentimes to have been favored for the sake of variety. I have

nothing to offer concerning the indications that the cycle was in the

hands of a traveling troupe, monkish or otherwise.

V. The craft plays of Coventry were in close connection with the

York and Woodkirk cycles, as is proved by the dependence of the

Weavers' play of Coventr}^ and the ' Pagina Doctorum' of Woodkirk

upon York XX. A common source must, I think, be postulated for

the Coventry 'Nativity,' the Chester ' Salutation,' and the York XII.

I For Apocryphal agreements in 'The Barrenness of Anna,' 'Mary in the Temple,'
' Mary's Betrothment,' etc., see Hone.
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Whether this source is an earlier play, or whether each is independ-

ently based upon Luke, Chap. I, will be the theme of a later chapter.'

VI. The cycle of Newcastleon-Tyne has disappeared, except the

jalay of Noah's Ark. This play has been grievously modernized, to

the destruction of tlie stanzaic structure. Here and there a sem-

blance of the original stanza can yet be detected and the stanza

restored, but such instances are rare.

Noah Respondit.

Even wo worth thou fouled sin,

For all too dear thou must be bought,

God for thanks he made mankind.
Or with his hands that he them wroug-ht

:

Therefore or ever you blind.

You mind your wife and turn your thought,

For of my work I will begin.

So well were me all forth brought.

Y IX, stanza 12, contains the rime series—'synne,' 'blynne,'

' raankynne,' ' wynne,' which enables us to restore the above rimes,

' sin ' = ' synne,' ' mankind ' = ' mankynne,' ' blind ' = ' blynne,' and

thus to restore the sense of the fifth line. This is then a double

quatrain stanza, or the pedes of a Northern septenar stanza, possibly

similar to Y IX.

Other changes also are necessary. An improved reading for the

first line would be

—

Ever wo worth the fouled synne.

In the words, ' for thanks,' one fails to detect the verb ' vorl'ence,'^

' forlhinke," meaning 'repents.'

Other portions of the play were, without much doubt, written in

another stanza. This, then, is a play with two or more stanza forms
;

probably a pieced jilay like some of those in W. The introduction

of Deabolus is foreign to other known English plays, apparently,

and indicates French influence, as does the stationary play-field of

Newcastle. More than this we cannot determine from the scanty

and corrupt remains of the Newcastle cj^cle.

From this cursory view of the cycles, we return now to the York

cycle, to question it in regard to the interdependence of its different

plays.

1 See Chap. XXIV. « Stratmann. a Halliwell.
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XXI.

THE PARENT CYCLE OF THE YORK MYSTERY PLAYS.

As we have seen in the preceding chapter, the existing York cycle

is a compilation, containing plays of very different styles and stan-

zaic structure. In the earlier discussion of the life history of the

Northern septenar stanza, it became evident that this stanza passed

through well-defined phases, of which one phase at a time dominated

the writers of its day. Therefore, since the different life stages of

this stanza are found in the present York cycle, it becomes possible

to date the plays relatively to each other by their stanzaic structure.

The earliest form of the stanza found in the Yoi'k plays—a struc-

ture showing already marked evidence of deterioration—is the stanza

of plays II, X, Xi, XXlII, XXI V^, XXVII, XXXV, XXXVII,
XLIV, and portions of XII, XV, XVII. This stanza is also found

in a part of Woodkirk play XX, which has no correspondent in

York. These plays are therefore older than York plays XXVIII,
XXIX, XXX, XXXI, XXXII, which exhibit the stanza at a much
later stage of its development.

The questions that immediately confront us are two: first, do

these plays represent an earliest cycle, which has been extended at

later and different periods by additions from one or more sources ?

and, secondly, are these plays the work of one author? These

questions merit a careful investigation.

As regards the first question, it can be aftirmed

—

1. That these plays are certainly older than the remainder of the

York plays, with the possible exception of a few plays of, as it

would seem, church origin.

2. That they are the only plays of the York cycle, having a

common stanza, that could possibly form a cycle.

3. That they are older than the Woodkirk, true Coventry, and

so-called Coventry cycles.

The first point is proved by the stanzaic structure, which excludes

all competitors, except for those stanzas directly dependent upon

church or French influence.' The second position rests upon the fact

that these plays include the Creation, Abraham and Isaac, the Christ-

mas Cycle, the Crucifixion, and the Harrowing of Hell, the leading

plays of every possible extended cycle. The third point requires

further demonstration.

1 See point 9, p. 251.

Trans. Conn. Acad., Vol. IX. October, 1892.

19



262 Charles Davidson—English Mystery Plays.

These plays are older than the Woodkirk and true Coventry

cycles, because both W and Co borrowed from the York, though

not from the extant text of the York. Since the text is a variant of

the present York, it is probable that the borrowing was prior to the

registi-ation of the play. It is reasonable to suppose that actors'

copies were collated with the registered play after the authoritative

copy was in existence.

The relationship of author's MS., registered play, and actor's copy

must be finally made out for each play, even—where there has been

patchwork—for each scene separately. It is sufficient for our pur-

pose here to state that, in many places, a text better than the present

York can be established by the readings of the other* cycles ; there-

fore, in those plays at least, the borrowing was earlier than the regis-

tration.

Moreover, in plays of the early septenar stanza, W and Co bor-

i-owed from Y, not Y and these from a common original. The

proof of this lies

—

1. In the stanza, which does not occur without variation outside

of the parent cycle.

2. In the evidence of damage suffered by the stanza at the hands

of redactors, which is serious in W and Co, and but slight in Y.

3. In the fact that W pieces plays of Y with stanzas from other

plays ; see Y XXXVII.
As regards the question of authorship, I am of the opinion that

the parent York cycle was the work ol one author. This opinion

rests upon characteristics of phraseology, riming words, style of treat-

ment, uniformity of verse movement, caesura, and general rhythm in

stanzas—matters that must be elucidated in extenso.

We conclude, then,—

1. That there was a parent cycle of plays at York.

2. That W and the true Co borrowed certain plays from this

cycle.

3. That this cycle was the work of one author.

What, then, were the plays that formed this earliest cycle ? My
hypotheses are that it contained

—

1. All the plays of the characteristic stanza.

2. Y VIII and IX as well.

3. Also W, 'Conspiracio' from "Cayphas" to "Tunc dicet

Sanctus Johannes."

The evidence in favor of the admission of Y VIII and Y IX to

the cycle will be considered first.
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In Y IX the stanza departs from the standard in the cauda. The

typical cauda is a quatrain ; the cauda of IX is a sestet, riming

c d c c c d. To my mind this riming series shows Southern influ-

ence. However, in every other particular,—alliteration, verse move-

ment, caesura, the agreement with X and XI is very marked. How
much this may mean we see by comparing the stanza schemes of X,

stanza 1;' IX, stanza 1;^ and XXVI, stanza 4.*

It is well to remember that this Y XXVI is the play to which W
' Conspiracio' answers, and, as we hope to prove later, supplanted the

earlier play of the York cycle, as being more in accord with the

later taste.

The differetices between these stanzas of IX and XXVI are more

important than is the single circumstance of agreement in rime.

They are the differences in alliteration and verse-movement that

mark the degeneration of the stanza. XXVI is later than IX, and

has its connections with XXX, XXXI, and the remainder of a small

group of plays, of which the first supplanted the old ' Conspiracy,'

and the rest presented the trials and various incidents prior to

' Christ led up to Calvary.' This whole group, through style, verse-

movement, and disorganization of stanza, reveals interesting affilia-

tions with the so-called Co, and with certain plays of W."

In Y VIH the stanza is equivalent to the pedes of IX. It would

be nothing surprising if an author who was experimenting with the

cauda of his favorite stanza should try the experiment of dropping

it altogether. The York cycle, however, contains another play in

this double quatrain measure, play XXXIX, for the second stanza

of which the following; scheme can be formed

—

This scheme is very different from that of XXVI. The verse-

movement and alliteration agree well with those of VIII and IX,

but the language seems of a later date.

It is well to remember that this was a favorite stanza for the four-

accent verse that sprang from the iambic tetrameter of the Latin,

1 See p. 240. a See p. 243. 3 See p. 242. 4 See p. 251.
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and was widely cultivated in Southern England through French influ-

ence. In this verse alliteration was never structural, but, especially

on the borders of the Northern district, simulated structural allitera-

tion so closely at times, that other tests must be relied upon to detect

the afiiliations of the verse. In this case the tests will be those that

would reveal a common authorship.

In the poems of this stanza the riming series and the riming words

are important indications of authorship. In each tj'pical stanza there

must be four rimes, of which two must contain a series of four words

each. Redactors may distort the stanza and modernize, or translate

into another dialect, the riming words ; still, so much of the original

riming system will remain intact that restoration is commonly a

comparatively simple task.

Furthermore, the riming series were few, and the number of words

of one rime was limited. The poets were so closely bound by the

fetters of their stanza that a new riming series of six words was a

discovery of prime importance, and the changes were rung in series

of four almost to the limits of possible permutations.

This test, then, of a riming series and of the words that form such

a series is easy of application, and Avould afi^ord a ready solution of

the problem of authorship, were it not for the remarkable uniformity

in these series as used by different writers. Here lies a serious diffi-

culty. Certain riming series were common to all writers of English

for centuries, if, indeed, they are not now employed by the authors

of hymns. Such are the rimes upon ' be,' ' here,' ' will,' ' noght,'

' land,' etc. Other correspondences were confined to certain poems

in common with the York cycle; thus the Northern Gospel of

Nicodemus shows such agreements with the plays of the early

septenar stanza that one is led to suspect the existence of a school

of poetry' with headquarters at York, but with disciples throughout

the North, and continuing through several steps of stanzaic change.

The necessity of a division of riming series into three classes

becomes, therefore, apparent. These classes are formed of

—

1. Those series that were used by all writers of Middle English

verse with masculine rimes.

2. Those series that seem to mark a common tradition among

certain poets working in a somewhat similar manner.

3. Those series that appear to arise from the individual choice of

the author.

1 This subject merits a special investigation.
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Our present search is concerned with the third division only,

although the recognition of the other categories will aid us in the

interpretation of the data obtained.

For these rime tests I have selected Y X, as a play undoubtedly

belonging to the parent cycle ; Y IX, the one whose authorship is

in question because of the irregular cauda ; Y VIIT, one in a differ-

ent stanza through loss of the cauda ; and Y XXXIX, one agreeing

in every particular, so far as it has yet been examined, with VIII.

As a measure for the plays I take Y XI, which is unquestionably of

the parent cycle.

XI ag'rees with X and with no other in rime series upon ' wiste,' ' fell,' ' name,' ' wise,'

'fayle,' 'said,' and 'kepe.'

The identical rimes among these are

—

kepe, schepe, X, 2t), XI, 8.

same, hame, name, blame, X, 4.

same, hame, blame, name, X, 31.

wise, sacryflce, X, 7 and X, 19.

The included rimes ai-e—

fell, telle, X, 17.

telle, fell, emell, Israjll, XI, 3.

dwelle, telle, XI, 9.

tell, Israjll, dwell, emell, XI, 16.

tell, Israeli, hell, dwelle, XI, 18.

name, same, XI, 20.

name, blame, same, shame, XI, 15.

same, hame, name, blame, X, 4.

same, hame, blame, name, X, 31.

saide, grathide, X, 13.

grathid, brayde, saide, payed, X, 16.

saide, paied, XI, 30.

These rime series number 24.

XI contains 63 different varieties of rime.

X contains 47 different varieties of rime.

The rime series of XI number 134.

The rime series of X number 129.

The agreeing- rime series constitute 13/134 of all in XI, and 12/129 of all in X.
The riming words agreeing number 14 in 406 lines of XI, and in 380 lines of X, or 1 in

27 lines of X.

XI agrees with IX and with no other in rime series upon ' before,' ' men,' ' borne,'

'flitte,' ' mene,' 'greve,' 'encresse,' and 'marre.'

Identical rimes among these are-
wore, before, sore, (no) more, IX, 20.

before, wore, sore, more, XI, 23.

sesse, encresse. IX, 17.

sese, encrese, XI, 4.

Included rimes are—
wene, mene, IX, 5.

mene, scene, grene, wene, XI, 9.

greve, myscheue, IX, 8,

meve, greve, leve, myscheue, XI, 24.

sesse, encresse, IX, 17 and XI, 4.

pees, press, sees, encrese, XI, 2.

pees, sesse, messe, encresse, XI, 14.
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pees, encresse, sese, lese, XI, 38.

ferre, warre, XI, 28.

ferre, marre, nari-e, warre, TX, 5.

These rime series number 30.

XI contains 63 different varieties of rime.

IX contains 53 different varieties of rime.

The rime series of XI number 134.

The rime series of IX number 93.

. The agreeing: rime series constitute 18/134 of all in XI, and 13/92 of all in IX.

The riming- woi'ds agreeing number 20 in 406 lines of XI, and in 330 lines of IX, or 1 in

16 lines of IX.

XI agrees with "VIII and with no other in rime series upon 'fall' and ' newe.'

Among these there are no identical rimes.

Included rimes are—
newe, trewe, XI, 13.

trewe, hewe, brewe, newe, VIII, 3.

sewe, newe, rewe, trewe, VIII, 14.

newe, trewe, rewe, sew, XI, 33.

These rime series number 7.

XT contains 63 different varieties of rime.

A'lII contains 39 different varieties of rime.

The rime series of XI number 134.

The rime series of VIII number 38.

The agreeing rime series constitute 4/134 of all in XI and 3/38 of all in VIII.

The riming words agreeing number 7 in 406 lines of XI, and in 151 lines of VIII, or 1 in

21 in VIII.

XI agrees with XXXIX and with no other in no rime series.

XI contains 63 different varieties of rime.

XXXIX contains 18 different varieties of rime.

The rime series of XI number 134.

The rime series of XXXIX number 40.

XI agrees with IX and X and with no other in 20 rime series.

XI agrees with VIII, IX, and X and with no other in 65 rime series.

XI agrees with XXXIX, IX, and X and with no other in 30 rime series.

VIII and IX, not XXXIX, have 11 series in common.
VIII and XXXIX, not IX, have 1 series in common.
IX and XXXIX, not VIII, have 4 series in common.
VIII, IX, and XXXIX, have 9 series in common.

The more important of the above results may be tabulated as

follows—XI in agreement with

—

Eiming sounds

Eiming series

Fractional part of total

number of rimes in

measured play

Word agreements (•

7

24

1/10

lin27
lines.

IX. VIII.

30

1/7

linl6
lines.

1/12

lin21
lines.

XXXIX. IX and VIII, IX TX, X,
X. andX. XXXIX.

20

1/18

65 1 30

1/4 1/9
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This table reveals a closer agreement between IX and XI than

between X and XI, yet X and XI have the same stanzaic structure.

It establishes the connection of VIII with the cycle, since VIII ranks

with X in agreement with XI, and indeed ranks above X, when we
consider that VIII is contined to four-word series, as it has no cauda,

and that this author appears to express his preferences, so far as

they depart from tlie literary conventions of his day, more often in

the two-word series of the double quatrain. It sharply separates

XXXIX from VIII. That this division is not the result of accident

is furtlier demonstrated by the behavior of XXXIX in combination.

The common rimes of VIII, IX, and X agree with XI in one rime in

four, but the common rimes of XXXIX, and IX and X, agree with

XI in only one rime in nine.

In accordance with these results, we conclude that VIII and IX
belong to the cycle, and that XXXIX does not. As a confirmatory

fact, we note that the subjects of plays VIII and IX are interde-

pendent. If one play belongs in the cycle, the other must go with it.

The third hypothesis must now be considered. Is W ' Conspiracio'

from " Cayphas" to " Tunc dicet Sanctus Johannes" the work of the

author of the York cycle ?

This question should admit of an answer through the rime tests

employed in the preceding investigation. It is not necessary to give

the steps in detail. The results obtained for comparison with those

of the table are 8, 31, 1/6, and 1 in 18 lines, a confirmatory result.

Let us beware, however, of accepting these tests as absolutely

conclusive of single authorship. They do seem to establish a com-

mon membership in a parent cycle, to separate the work of one age

from that of another, but the distinguishing of individual authorship

within a school of literature is a very different matter. The number
of rime series known to the Northern writers was limited. Individ-

ual preferences had but little freedom. A similar test made upon

the first four hundred lines of the Northern Evangelium Nicodemi

gives nearly as favorable an answer for single authorship
;
yet it

seems almost certain that this poem is by a different author of the

same school, probably of a slightly earlier date.

The poet of the Nicoderans was individual in his use of riming

plurals, 'dedes,' 'lawes,' of rimes upon ' noM',' 'stout,' 'house,' for

his fondness for certain series, 'Cayphas,' 'pas,' 'was;' 'Pilate,'

' gate.' The latter he uses seven times out of eleven rimes on ' gate,'

although the rime itself is found in none of the plays examined

excepting once in XI. In these details, meagre it is true, and of
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little value in the days of literary liberty, but significant when they

appear in work that knew no innovations, one comes to feel that

here is a personality, seeking expression that shall not be an echo.

Through a like scrutiny the literary workmanship of these plays

reveals to the mind of the investigator evidences of unity of treat-

ment that, to my mind, are worth far more than rime tests.

Again, these results from rime tests must be received with caution

for two additional reasons ; first, because the text needs thorough

emendation, and the quality of the riming sounds must be estab-

lished by wide comparisons, together with the careful definition of

sub-dialects, before we can form our categories with confidence

;

and, secondly, because the classification of data has not been ex-

tended over a sufliciently wide area to admit of safe generalization.

These are tasks for many scholars. My purpose is accomplished, if

my data are sufliciently accurate to establish the unity of the parent

cycle. To that extent I believe them trustworthy, and also that,

taken in conjunction with many rather intangible stylistic evidences,

they form a reasonable basis for belief in a single authorship.

Let us see, then, what plays constitute this parent cycle. The list*

is as follows

—

The Parent Cycle.

Y II, The Creation, to the fifth day\

Y VIII, The Building of the Ark.

Y IX, Noah and his Wife, the Flood and its waning.

Y X, Abraham's Sacrifice of Isaac.

Y XI, The Departure of the Israelites from Egypt, the Ten

Plagues, and the Passage of the Red Sea.

Y XII, The Annunciation, The Prologue.

Y XV, The Angels and the Shepherds.—The first three stanzas

and the last four, omitting the comic episode.

Y XVII, The Coming of the Three Kings to Herod ; the Adora-

tion.—The Salutation, stanzas 22, 23, 24, has perhaps

been reworked, or may have been written in accord-

ance with established custom. Salutations of similar

style appear elsewhere in mediaeval poetry.

Y XX, Christ with the Doctors in the Temple.

Y XXIII, The Transfiguration.

Y XXIV, The Woman taken in Adultery. The Raising of Laz-

arus.

1 Cp. Hohlfeld in Anglia 11, p. 248.
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W XX, Conspiracio—From "Cayphas" to "Tunc dicet Sanctus

Johannes." Supplanted in York.

Y XXVII, The Last Supper.

Y XXXV, Crucifixio Cbristi.

Y XXXVII, The Harrowing of Hell.

Y XLIV, The Descent of the Holy Spirit.

Concerning the above plays a few remarks are necessaiy. Y II is

a monologue. Y III is like it in verse movement, rimes, and stylistic

peculiarities, but is written in quatrains. Y II cannot stand alone.

There must have been either a continuation, that rehearsed the crea-

tion of Adam and Eve, and was superseded by Y III, or Y III must

have been in the parent cycle.

Y III has been transcribed repeatedly. Two copies of it stand in

the Register.' It has been greatly modernized by a scribe of South-

em proclivities. ' Sail ' occurs 24 times in Y II, ' schall ' not at all

;

'schall' occurs 19 times in Y III, 'sail' not at all. 'I' is found 28

times in Y II, ' y ' not at all ;
' I ' is found 1 2 times in Y III, ' y

'

occurs 6 times. The rimes agree sufficiently well. Y II has 32

varieties of rime ; Y HI, 28 varieties. The two plays agree in 15

rimes.

If we knew more of the method of presentation, we might be able

to judge better of the relationship of these two plays. Y II is a

monologue. I suspect that it was largely explanatory of a picture

pageant carried upon the pageant wagon. Perhaps the pictures

were successively exposed to view, as different portions of the world

were created. The parallel to the pageants of royal entry with one

speaker, who explained the tableau, is sufficient.

In Y III, it would seem that the tableau stood fully formed. The

speaker points to each part as he says

—

In heuen ar aungels faire and bright,

Sternes and planetis hev courses to goo,

jje mone serues vnto Ipe nyghte.

The Sonne to lighte he daj' also.

In erthe is trees, and gresse to springe,

Beestes and foules, bothe grete and smale,

Fisshys in flode, all other thynge,

Thrytle and haue my blissynge alle.

But the words of Adam and Eve appear to me conventional, as

bearing marked traces of the church play. Y III may be an old

church play that has supplanted the original play of the cycle.

1 York Plays, p. 14.
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There survives a curious proof that there was a Northern play on

this theme, and in the characteristic stanza. On the margin of the

MS. are written, as following line 44, these lines'

—

And leyd your lyves in good degre,

Adam here make I the

a man of mj'kyll myght.

Thys same shall thy subget be

And Eve her name shall hight.

These lines form the cauda of a stanza, together with the last verse

of the preceding pedes. They are in an Elizabethan hand, and must

be a quotation from some play then extant. Can it have been the

Beverly play ? In any case it establishes the existence of such a

play, and reinforces the hypothesis that the play of the parent cycle

had been supplanted by a church play of an early type. The problem

must be left for the present unsolved.

Y XI closes with a song, W adds a tribute of praise.

In Y XII, the prologue only belongs to the work of our author.

Whether the remainder of his play has given place to a later play,

or whether he took a popular play, wrote a prologue for it, and put

it into his cycle, is a question to be determined with the examination

of all the plays that are paraphrases of Luke I. This will be the

theme of a later chapter.

The author of this cycle did not utilize the comic episodes. As

the plays departed further from the church play, the dramatic ele-

ment became more prominent, and a literary convention called for

some humorous remarks about the angels' singing. This episode

was then inserted, probably with little excision.

Y XX will be given a special examination in connection with the

plays derived from it.

Y XXIV has lost a leaf at a very important action. Jesus has

evidently written on the ground the sins of the accusers, whei'ein

the play agrees with the theological notions of the day."

W XX begins with the introduction of Pilate, with verse move-

ment after the later fashion. The differences between the earlier

and later styles are well exemplified in the stanzas assigned, to Pilate

and Caiaphas at the beginning of the play. The later part of this

play is in a different style, and covers the incidents of the Last

Supper, as does Y XXVII. The speech of Jesus is a paraphrase of

portions of the Gospel of John. This will be considered in another

chapter.

1 York Plays, p. 15. a See the Coventry Mysteries, p. 220.
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Whether a cycle would close with the Descent of the Holy Spirit

is to my mind somewhat doubtful. The Italian short cycle already

cited ' exhibits a play of this character, with the plays of Burial and

Resurrection as introductory^ It is possible that it was considered

on theological grounds a fitting close, though most cycles passed

on to the Judgment Day. On the other hand, it would be nothing

surprising, if the Mercers had discarded their old play for a play of

the later fashion. The York play, ' The Judgment Day,' is a late

play, and will be examined in another chapter.

These sixteen plays, then, can be segregated as an ancient cycle,

which stood as prototype for the craft cycles of Woodkirk and

Coventry, and, probably, of Beverly, There are reasons, however,

for believing that the demand for expansion came soon, and that

certain additions had already been made when the Woodkirk com-

piler looked to York for a part of his material.

We will next consider the status of the plays of the parent cycle

in the other cycles, and then examine into the evidences for the

expansion of this cycle prior to the establishment of the Woodkirk
plays.

XXII.

THE PARENT CYCLE IN THE WOODKIRK PLAYS.

The following plays of the parent cycle are found, in whole or in

part, in the Woodkirk plays. Y XI = W * Pharao ; ' Y XYII = W
* Oblacio Magorum,' one stanza only ; Y XX = W ' Pagina Docto-

rum;' Y XXXVII = W 'Extractio Animarum.'

The relation of W 'Pharao' to Y XI can be best shown by con-

trasting corresponding verses that shall be as nearly consecutive as

possible. I have chosen the first twenty-three lines of the York play;

the verse that seems to me the nearest to the original is given as the

second in each case, and the reason for my decision is suggested by
the word following. These comparisons can hardly be classed as

text emendations— any authoritative settlement of the questions

arising would lead me too far afield—but they will serve to illustrate

the relative purity of the texts.

O pees, I bidde Jjat noman passe, Y, 1.

Peas, of payn that no man pas, W. Alliteration.

And take good hede of hym that has, W.
And takes gud heede to hym J^at hasse, Y, 3. Cp. XXXVII, 1. 37.

1 See p. 201.
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Youre liff all haly in his hande, Y, 4.

Your heltlie alle holy in hys hande,i W. Alliteration.

I am hys hayre as age wylle has, W.

I am hys hayre as elde will asse, Y, 7. Elde, asse.

I wold my myghte were knowne, W.
I will my myght be knawen, Y, 11. Tense.

And of youre wordes looke that ye seasse, "W.

And of youre sawes I rede you sees, Y, 17. Alliteration.

And at my liste lose liff and lyre, Y, 20.

And to my list bowe lyfe and lyre, W. Unstressed alliteration.

My Lord, if any here were, W.
My lorde, yf any were, Y, 21. Verse movement.

If we myghte com thaym nere, W.
And we wist whilke thay were, Y, 23. Alliteration.

With these comparisons we place the following additions and

omissions. W adds

—

After stanza 1. Full low he shalle be thrawne

That harkyns not ray sawe.

Hanged hy and drawne,

Therfor no boste ye blawe.

' After stanza 9. Do of thy shoyes in fere,

Wyth mowth as I the melle.

The place thou standes in there

Forsoth, is halowd welle.

After stanza 10. Bot I wylle not so do.

In me if thay wylle trast

Bondage to brynge thaym fro.

Therfor thou go in hast.

In stanza 22. In no mans time that ever was borne.

Pharao. Telle on, belyfe, and make an end.

In stanza 28. Yit were it better that thai yede.

W omits—
In stanza 22. Sir kyng, we banne J^at we wer borne,

Oure blisse is all with bales blende.

In stanza 25. Als wele on myddyng als on more.

In stanza 28. Lorde, war they wente ban walde it sese.

So shuld we save vs and our seede.

also. Late hym do fourth ! ]je devill hym spede

!

Y Stanza 31 is paralleled by W. The stanza illustrates the methods

by which W often reduces a 4-stress verse to a 3-stress line. The

rime series, ' pay,' ' betray,' ' garray,' ' slay,' makes it probable that

this stanza is an excerpt from some other play.^

Y, stanza 31. For at oure will now sail we wende,

In lande of lykyng for to lende.

i. puer.—Kyng Pharo, that felowns fende.

Will haue grete care fro this be kende,

Than will he schappe hym vs to shende.

And sone his Ooste aftir vs sende.

1 But ' helthe' is a favorite word, cp. Y XXXVII. W uses 'helth' for 'heele,' lines

38, 106. 2 See p. 267.
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Moyses.—Beis noght aferde, god is youre freiide.

Fro alle oure fooes he will vs fende.

Tjarfore comes furthe with me,

Haves done, and drede you noght.

ii. puer.—My lorde, loved mott Jiou bee,

^pB,t ]jus fro bale has brought.

"W.—Com furthe, now salle ye weynd
To land of lykyng you to pay.

Primus Puer.—Bot kyug Pharao, that fals feynd,

He will us eft betray

;

Fulle soyn he wille shape us to sheynd.

And after us send his garray.

Moyses.—Be not abast, God is our freynd,

And alle oure foes wille slay

;

Therfor com on with me,

Have done and drede you noght.

Seoundus Puer.—That Lord blyst might he be.

That us from baylle has broght.

Certain expressions and substitutions of words for differences in

dialects are worthy a passing notice. A favorite oath in W— ' the

ragyd dwylle,' 1. 251, 325, 403.

'in mynde' for 'haue I mende,' W, 131. Misunderstood.
' way ' for ' wothis,' W. 138. wothis = harm. Misunderstood.
' lepre ' for ' serpent,' W, 154. Criticism of his text,

'socoure' for 'belde,' W, 180. Dialectal change.
* Brethere ' for ' Beeths ' (?), W, 197.

' wyle ' for ' wynne,' W, 220.

* loselle ' for ' lurdayne,' W, 229.

' wyth ' for ' Hopp,' W, 245. Dialectal change.
' trow ' for ' hopp,' W, 275 (?).

'lang' for 'lande,' W, 382.

'bond' for 'garre feste,' W, 308. Dialectal change.
' myst ' for ' myrke,' W, 344. Dialectal change.
' fals' for 'felowns,' W. 363 (?).

These changes for dialectal reasons probably mark not alone a

difference of vocabulary in the two districts, but also a change of

obsolescent words for those of accepted currency. This is another

proof that the compilation of the Woodkirk cycle is considerably

later than the date of the parent cycle of York.

W 'Oblacio Magorum,' to which Y XVII corresponds, shows but

slight indebtedness to the York play. The greater portion of the

play is in the stanze a a a b a b. This was a favorite stanza for

church poetry. The play was universally given in connection with

the Christmas service. It is probable that the compiler incorporated

a church play into his cycle. One of two alternatives is certain,

either he had the York play before him, or at a later date the York
introduction of the angel displaced the original message.

From the compiler's known method of work, I judge that he com-

pared the church play with the York,
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The 'Nuncius' enters with the York introduction, "Mi lorde ser

Herode." Mary salutes the Magi with the sanne words as in York,
" Sir kynges." These agreements, however, do not necessarily argue

a borrowing from York. They may be conventional entrances

widely adopted in church plays.' Many other characteristics agree

in general treatment, as might be expected with common clerical

traditions of more than a century's acceptance.

In som.e points, however, these plays follow different traditions.

We know, for example, from the Latin plays extant, that the intro-

duction of the Doctors with their books^ was common,' and that

sometimes the kings were summoned" by a messenger, sometimes

appeared unannounced. In these particulars W and Y follow differ-

ent models. This would seem to argue that the play in question was

used in some church not in close affiliation with York, possibly in the

Midland district.

The direct appropriation of matei-ial from the York play is con-

fined to one stanza, stanza 27 of the York play.* This is taken with-

out change other than a re-arrangement of the cauda by the transpo-

sition of a verse. The original rime a b a b becomes abba in the

Woodkirk play.

Y XX=W ' Pagina Doctorum,' true Co 'The Weavers' Pageant,

Ch ' The Purification,' so-called Co ' Christ Disputing in the Tem-

ple.' The relationships here are so significant, and the results flow-

ing from them so important, that a separate chajater will be given to

this play.

Y XXXVII was made the basis for W 'Extractio Animarum,' and

some unknown play was used to supplement it. This play, therefore,

illustrates the reverse of the method pursued in ' Oblacio Magorum,'

but agrees with 'Pliarao.'

The first eight verses of Y, twelve of W, ai-e different. In the W
verses I seem to detect a lyric, carol-like quality, such as seems pres-

ent in portions of W 'Conspiracio et Captio.'

W adds the following passages. Before stanza 5 Isaias speaks

eight verses

—

Isaias. Adam, thrugh thy syn

Here were we put to dwelle

This wykyd place within,

The name of it is belle;

Here paynes shaile never blyn

That wykyd ar and felle,

Loue that lord withe wyn
His lyfe for vs wold selle.

1 See p. 258.

2 So in the play of the twelfth century at Nevers, Romania, vol. 4, p. 4. Also cp.

FreisinR and Orleans plays, p. 83. 3 Not so in Jubinal, Myst^res inedits, vol. 3, p. 95.

4 This was discovered by Herttrich, p. 4.
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Before stanza 9. Rybald. Sen fyrst that belle was mayde.

And 1 was put therein

Siche sorow never ere I had,

Nor hard I siche a dyn

;

My hart begynnys to brade.

My wytt waxys thyn,

I drede we can not be glad,

Thise saules mon fro us twyn.

With considerable re-arrangement of parts, after the words, "At-

tolite," etc., the line, " Out, harro, out ! what deville is be." This

confusion arises from the rejection of the translation accompanying

the Latin lines.

After line 140. If that brodelle com ne
With vu ay won he shalle.

After line 126. David says— Nay, withe hym may ye not fyght,

For he is kj'Dg and conqueronre.

in the place of— I lered leuand with-outen lees,

He is a kyng of vertues clere.

After line 130. Of hym commys alle this light

That shynjs in this bowre.

After line 136, eight lines are inserted, the last eight of stanza 12

having been used earlier.

How sir Sathanas, com nar

And hark this cursid rowte !

Sathanas. The deville you all to-har!

What ales the so to showte ?

And me, if I com nar

Thy brayn bot I bryst owte.

Belzabub. Thou must com help to spar.

We are beseged abowte.

A transposition of Jesus's speech takes place, and the discarding

of the Latin, while the translation is retained—Y gives both— is

made the excuse for the introduction of two additional lines.

And let my folk furthe gone

Wheder ye wille or none.

Before stanza 17. Rybald. What art thou that spekys so ?

Jesus. A king of blys that hight Jesus.

Rybald. Yee, hens fast I red thou go.

And melle the not with vs.

Belzabub. Oure yates I trow wille last,

Thay ar so strong I weyn,
Bot if oure barres brast

For the thay shalle not twyn.

Before line 198, in place of—Telle lucifer alle is unlokynue.

Belsabub exclaims— Harro ! oure yates begyn to crak.

In sender, I trow, they go.

And helle, I trow will alle-to-shak ;

Alas, what I am wo !

The last two additions improve the dramatic quality of the action.
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Before line 201, Satan exclaims,

Yee, hangyd he thou on a cruke.

Before stanza 26, Sathanas. Whi, and wille thou take theym alle me fro?

Then thynk me thou art vnkynde

;

Nay I pray the do not so,

Vmthynke the better in thy mynde.

Or els let me with the go,

I pray the leyfe me not hehynde.

Jesus. Nay tratur, thou shalle won in wo,

And tille a stake I shalle the bynde.

This serves for the expansion of a favorite motive. Before line

349, a substitution of four verses by Jesus for two by Satan.

Satan. Alias! for dole, and care,

I synke in to helle pitte.

Jesus. Com now furthe my childer alle,

1 forgyf you youre mys

;

Withe me now so ye shalle

To joy and endles blys.

These excerpts are evidently full double quatrain stanzas in four

cases, viz: before stanzas 5, 9, and 26, and in stanza 12." Before

stanza 17 are two half stanzas, and single half-stanzas occur before

lines 198 and 349. I think it safe to conclude that the play was

written in double quatrain stanzas.

Whether these stanzas were composed of 4-stress verses is a more

difficult question. These excerpts are prevailingly 3-stressed, but our

redactor often reduces 4-stress lines to 3-stress by dropping adverbs,

connectives, and unimportant words ; thus in stanza 25, lines 2, 7,

and 8, and in a notable way lines 198-200.

I do not think that structural alliteration was present, though this

author sometimes effaced it beyond recognition. 1 conclude from

the above considerations that the play was not a Northern play.

The redactor followed his own judgment also in the matter of ex-

cision. It is not necessary to quote the lines of the York play that

he dropped. They are, inclusive, lines 15-18, stanza 3 entire, lines

51-2, 55, 58, 60, 122, 124, 127-8, 181, 183, 339-40, 343-4, 347-8.

In some few particulars the W text is more accurate than the Y
;

Y, line 370—
Ofte tymes tolde vntill vs,

is assigned with the remainder of stanza 31 to 'John Baptista.' In

his mouth it lacks point, as he is a new-comer to hell. W gives the

last four lines of the stanza, including this line, to Moses, which

makes the line in character. Y, line 113, gives A for the proper name

which W gives as Anaballe. Y, line 135, reads by blunder of the

scribe 'lady' where W writes correctly 'lad.' The aid that W can
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afford toward a restoration of the text is, liowever, much less in this

play than in Y XI.

There are evidences that the author of W had a slightly illegible

copy of Y, Such mistakes as ' fraude ' for ' frewte,' line 10 ;
' night

'

for ' light,' line 85 ; 'bright' for 'sight,' line 90; ' shalle the sow'

for 'telle the nowe,' line 218, point to a difficulty of decipherment.

Dialectal changes similar to those made in Y XI' occur.

' boght ' for 'getyn,' 1. 1 1. ' tokyn ' for ' signe,' 1. 19, 41.

'shedyng' for 'bying,' 1. 12. 'myrth ' for 'grace,' 1. 20.

' wille ' for ' schall,' 1. 13, 22. ' know ' for ' schewe,' 1. 22.

' helth ' for ' heele,' 1. 38, 106. ' can ' for ' gune,' 1. 47, 286.

'darknes' for ' rairke,' 1. 53. 'Avater' for 'floode,' 1. 76.

' shewid ' for ' mustered,' 1. 86. ' thurt ' for ' neyd,' 1. 242.

' ment ' for ' preched,' 1. 291. ' wille ' for ' liste,' 1. 313.

'trew' for ' soth,' 1. 327. 'sete' for ' selle,' 1. 342.

'In blys to dwelle' for ' wonne in mirthe,' 1. 228.

'It shalbe lang' for 'all schall nogt gang,' 1. 303.

'Rebald,' 1. 99, is understood as a proper name, and, as 'Rybald,' is

assigned to one of the devils. ' (ilory ' for 'gilery,' 1. 160. Now
' gilery ' means ' deceit ;' consequently, this guess was I'ather wild.

'like' for 'obitte,' 1. 269. This attempt to Anglicize the Latin

' obit ' was not appreciated. The indebtedness of W to the York

cycle is not confined to these plays of the parent cycle. We shall

return again to the discussion in a later chapter.

XXIII.

THE WOODKIRK PLAY, 'CONSPIRACIO ET CAPTIO.'

This play, which has preserved a fragment of the parent cycle,

lost to the York cycle, is a pieced play, containing, within the com-

pass of a single pla}^, work of the earliest and of the latest period,

as well as something by that author whose plays mark the beginnings

of English comedy. It is a canto, containing in its eight hundred

and eighty-five verses specimens of almost every age and stj'le of

mystery play from the date of separation from the church service

until the spirit of the Reformation transformed the mystery into the

morality, the chronicle history, and the comedy.

1 See p. 273.

TnANS. Conn. Aoad., Vol. IX. Octobek, 1892.

20
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A. The introduction consists of six stanzas by 'Pilatus' in the

late style/ The verses of the first stanzaic section might easily be

read Avith five or six stresses/ The rime is verj' striking, a a a a

b c c c b.

This same stanza, with more or less irregularity of structure, is

found in nine plays : 'Processus Noe;' 'Prima Pastorum;' 'Secunda

Pastorum;' 'Magnus Herodes;' 'Conspiracio et Captio,' first six

stanzas; ' Colaphizacio ;' ' Flagellacio,' from 'Primus Tortor' to

'Johannes Apostolus;' 'Processus Talentorum,' perhaps, though the

confusion is extreme ; the devil play in ' Juditium,' which is the

development of a minor motive in the York 'The Judgment Day.'

These plays are notable in that they contain the first attempts in

English literature at the construction of a comedy of manners. In

other mystery plays we find shrewd references to existing customs,

comic episodes for the diversion of the audience ; thus in Ch, 'Mulier'

in 'The Harrowing of Hell,' Joseph's part in 'The Weavers' Pageant,'

and elsewhere, but here only does the comedy seek its own ends with

dramatic movement.

There is an evident attempt at faithful presentation of the life of

the day. The detail of the meal in ' Prima Pastorum;' the farce, the

complaints about landlords and taxation, against the weather, the

remarks about the burden of many children in poor families, the

fondness for proverbs, and the comments upon wedlock— all of

which occur in 'Secunda Pastorum'— mark this writer as the herald

of a neAV era, the pioneer of an advance in English literature.

The later satire of manners is fitly introduced by him. Tutivillus

in ' Juditium' is a precursor of the Vice, far more trenchant and dra-

matic than many a later Vice, whose remarks lay bare the follies,

extortion, and oppression of the day. How far this writer had

advanced beyond his fellows in dramatic power is revealed by a

comparison of Joseph's attempts at home thrusts in 'The Weavers'

Pageant" with the action in ' Processus Noe' and the 'Secunda Pas-

torum.' In the first the phrasing is awkward, retards the action in

many cases ; in the second the thought comes sharp, quick, and the

action knows no halt.

This author neglects no opportunity of exposing the iniquities of

his day ; even in the six introductory stanzas of the 'Conspiracio et

Captio,' Pilate represents a later generation of politician :

1 See p. 251. « Schipper, vol. ] , p. 391.

3 The Presentation in the Temple: A Pageant as originally represented by the Corpo-

ration of the Weavers of Coventry : Edinburgh, Printed by the Abbotsford Club.
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For I am he tliat may make or mar a man,

My self if I it say as men of cowrte now say

;

Supporte a man to-day, to-morne agans him than,

On both pai'ties thus 1 play and fenys me to ordan

The right;

Bot alle fals indytars.

Quest mangers and jiirers.

And alle thise fals out ryders,

Ar welcom to my sigigt.

The coarseness of the early English comedy, of Gammar Gurton's

Needle, is here, but it is probably no coarser than the life it depicts.

The shepherd folk, the Mak of the hovel, the peasant and his wife,

were prone to call a spade a spade. The fun is old English fun,

rude, coarse, outspoken, and fond of hard knocks, but not lascivious.

But where in the history of these cycles does this author stand ?

The stanza is late. In ' Conspiracio et Captio' his work is an intro-

duction; in ' Flagellacio ' it is the play to which a foreign introduction

has been prefixed. I judge him a late contributor to a cycle already

long established. His plays seem to me a direct contribution to the

cycle, rather than plays elsewhere popular which finally gained a

position in the cycle, because his work in ' Conspiracio et Captio ' is of

the nature of a new introduction to a play with Avhich he was con-

versant. His other plays, especially those of the shepherds, super-

seded the plays of the original compilation.

Possibly one significant agreement may point to his church affilia-

tions, since it seems to prove an acquaintance with one set of church

plays rather than another :
—

'

Noah's answer to Deus, " What art thou," W.
Noah's answer to Angel, " What art thou," Newcastle.

Noah's answer to Deus, " A ! Lorde, I lowe >e lowde and stille," Y.

Noah's answer to God, "O, Lorde, I thanke thee lowde and stille,"

Ch.

It is not impossible that light might be shed upon the literary in-

terpendence of the churches by an exhaustive study of such passages.

B. The passage from "Cayphas" to "Tunc dicet Sanctus Johan-

nes " is the fragment of the parent cycle whose characteristics we
have already discussed.^

C. This passage extends from " Tunc dicet Sanctus Johannes " to

the words—"Now wote ye what I have done," in Jesus' speech.

This is introductory to the final instructions of Jesus to his disciples.

It is written in couplets, which, towards the last, approach the suc-

ceeding extract in the literalness of its rendering of the Biblical nar-

1 See p. 256. 2 See p. 267.
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ration. Such passages, as we have already shown," are to be attrib-

uted to the hand of the compiler himself.

D. The passage, beginning—"Now wote ye what I have done,"

and closing with the introduction of Pilate, is of a different char-

acter. With the exception of the part assigned to ' Trinitas,'

it is almost an exact translation of the Biblical narrative, though

usuall}^ taken in sequence. If we begin for example, at the words

—

In my fader house, for sotUe.

Is manj- a wonnyng- stede,

the author paraphrases very literally the following passages,—John

XIV, 2, 3, 6, 18, 19, 20, 28, 29, 30, 31, Mark XIV, 33, 38, 34, Luke

XXlI, 42, Mark XIV, 37, etc. The selection seems to be made with

reference to dramatic quality, when possible ; thus, he chooses from

Mark, " Simon, dormis ?" in preference to Luke's, "Et ait illis : Quid

dormitis ?
"

The stanza is the quatrain. One may venture to say that the

verses were originally alternate 4's and 3's, i. e. septenar couplets

with riming csesuras, but the alterations have been such that we
cannot pronounce upon the verse with certainty.

E. The passage, beginning with 'Pilatua' and closing with the

introduction of ' Malcus Miles,' shows signs of connection with the

York plays upon the same subject, or was modeled upon work of

that school.

W begins—Peas I comaunde you, carles unkynde.
To stand as stylle as any stone.

In donyon depe he shalbe pynde.

That will not sesse his tong- anone.

In Y XIX Herod exclaims—
Stente of youre steuenes stoute.

And stille as stone re stande.

In Y XXXII Pilatus commands—
And loke Jjat ye stirre with no striffe but stand stone still.

These may be stock expressions, but the use of them would argue

some community of interest between the authors.

F. Beginning with ' Malcus Miles,' four stanzas are inserted into

the play, whose structure we recognize as that of the so-called Cov-

entry plays : a b a b a b c d d d c. It would seem that this passage

and that marked E must be late interpolations, for the words of

Jesus—
" Ryse up, Peter, and go with me," should follow the last speech of

Jesus, i. e. the close of passage D, without break.

1 See p. 253.
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There are, then, in this cento seven distinct passages, the work of

six different authors. Indeed, I suspect that single sentences, which

were favorite expressions of the day, are imbedded in O, but am not

sufficiently conversant with the literature of the day to locate them.

We will now consider another i)lay which exhibits marked cor-

respondences in all the cycles.

XXIV.

THE PLAY OF THE ANNUNCIATION.

y. The Annunciation, and Visit of Elizabeth to Mary.

W. Annunciacio.

W. Salutacio Elizabeth.

Ch. The Salutation and Nativity.

Co. The Salutation and Conception.

Co. The Visit to Elizabeth.

S & T. The Pageant of the Shearmen and Tajiors of Coventry.

The Prologue of Yis in the stanza of the parent cycle. We will

make that the basis of the comparison of Prologue :

Y, 2. Howe man was made with-outen mysse.

W, 3. And Adam with my handes hath wrought.

Y, 3. And sette whare he sulde euer haue bene.

W, 5. To won ther in, as that I weynd.

Y, 6. And was putte oute fro paradys.

W, 7. Then I hyme put out of that place,

Y, 7. And sithen what sorouse sor warre sene

Sente vn-to hym and to al his.

W, 11. For he has bought his syn fulle sore.

Y, 9. And howe they lay lange space

In helle lokyn fro lyg'ht.

W, 13. Thise V thousand yeris and more,

Fyrst in erth, and sythen in helle.

Y, 11. Tille god graunted Jiam grace

Of holpe, als he hadde hj^ght.

W, 14. Bot long therin simile he not dwelle,

Outt of payn he shalle lie boght,

I wylle not tyne that I have wroght.

W, 15-43. Will send his Son.

Y, 17-132. The statements of the prophets, in Latin with English exposition.

W, 43-50. As his prophets have said.

Y, 134-144. Luke says that God sent Gabriel.

W, 51-74. Deus commands Gabriel to go.

Co. Prologue by Contemplacio. Parallel passages are—
To Y, 9. Ffowre thousand six undri'd four yere 1 telle

Man ffor his offens and ffowle folj'.

Hath loyn geres in the peynes of helle,

I
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To Y, 11.

S&T.
Ch.

Good Lord, have on man pyte, .

Have mende of the prayour said by Ysale.

The Virtues plead and the Son resolves to
j

Deus commands Gabriel to go.

Prologue by Isayc.—A genei-al prologue.

Has no prologue.

The sequence of thought between W and Y is too marked for

accident. The passage in W is in couplets, I think that Ave must

conchide that the compiler of W was dissatisfied with the long non-

dramatic prologue of Y, re-wrote the first stanza, following closely

the sequence of thought, and added what he considered more appro-

priate matter. The use made by Y of Latin passages with English

exposition, as in his ' Harrowing of Hell,' was in accordance with

the traditions of church plays.

No sign of any knowledge of the York Prologue is shown by the

writers of the other plays.

We proceed to examine the play itself, and here we add the

correspondent passages from the Bible.

Y, 14.5, Ang.

ST. Gaberell.

Ch. Gabriell.

W. Gabrielle.

Co. Gabriel.

Luke 1, 28.

43.

Y 149-53.

S&T.
Ch.

W. Marie.

Co.

Luke 1, 29.

Y153.

S&T.
Co.

W.
Ch,

Luke 1, .30.

Hayle I Marie ! full of grace and blysse,

Oure lord god is with lie,

And has chosen he for his,

Of all women blist mot bou be.

Hayle mare full of grace owre lord god ys with the

Aboue all wemen bat evur wasse

Lade blesside mote thou be.

Heale be thou, Marye, mother tfree,

Full of grace, God is with thee,

Amonge all wemen blessed thou be,

And the frute of thy bodye.

Haylle Mary, gracyouse,

Haylle madyn and Godes spouse.

Of alle vyrgyns thou art qwene.
3 lines.

My lord of heven is wyth the.

Heyl, tful of grace, God is with the.

Amonge alle women blyssyd art thu.

Ave, gratia plena: Dominus tecum: Bcnedicte tu in mulieribus, et

benedictus fructus ventris tui.

Mary expresses surprise.

Mary expresses amazement and trouble.

Mary expresses amazement and trouble.

What is thi name?
Mary marvels at the greeting.

Qua3 cum audisset, turbata est in sermone ejus, et cogitabat qualis

esset ista salutatio.

Ne drede J>e nought, Jjou mylde marie.

Dred the nothyng meydin of this.

Mary, in this take ye no drede.

Goodly lady, have thou no drede.

Marye, ney dreed thee naughte this casse.

Ne timeas, Maria.
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Y 155-6. For J)Ou has fun soueranly

At god a frrace oner othir all.

3 lines.

S & T. Salutyng the here asso most exselent

Whose virtue aboue all othur dothe abownde.
Ffor at God grace ffownde have ye.

For thou has I'onden alle thyn oone,

The grace of God.

With greate God founde thou haste

Amonge all wemen especlall grace.

Invenisti enira gnitiam apud Deum.

In chastite of thy bodye
Consayue and bere a childe Jjou sail.

For thou shalt conscy ve apon Jiis grownd.

Therefore, marye, thou mone
Conseave and beare, I tell thee,

A child.

Thou shalle conceyve within thy sydys

A chyld of myght.
Ye xall conceyve in your wombe indedo

A child.

Ecce concipies in utero, et paries fliium.

His name Jesu sail hou calle.

Co.

W.

Ch.

Luke 1, 30.

Y 158-9.

S&T.
Ch.

Co.

Luke 1, 31.

Y, 100.

S&T.
Ch.

W.
Co.

Luke 1, 31.

Y, 161.

S&T.
Ch.

W.
Co.

Luke 1, 32.

Y, 163.

S&T.
Ch.

W.
Co.

Luke 1, 33.

Y, 163-4.

S&T.
Ch.

W.

Co.

Luke 1, 33.

Y, 1C5-6.

His name Jesus shalbe.

Calle hym Jesuni.

His name of you Jhesu clepyd xall be,

Et vocabis nomen ejus Jesura,

Mekill of myght Jjan sail he bee.

So greate shalbe never nou as he.

Myghtfulle man shalle he be that.

He xall be grett.

Hie erit magnus.

He sail be God and called God sonne.

And called Godes sonne.

And Godes son shalle he hat.

The son of the hyest clepyd of kende.

Et Filius Altissimi vocabitur.

Dauid sege, his fadir free,

Sail God hym giffe to sytte vppon.

Shall geve hym David his fathers see.

My Lord, also shalle gyf hym tylle,

Hys fader sete David, at wylle.

Therein to sytte.

And of his tfadyr, Davyd, the Lord xall geve hym the se.

Et dabit illi Dominus Deus sedem David patris ejus.

Als kyng for euer regno sail hee.

In Jacob house ay for to wonne.
S&T.

Ch.

Co.

Luke 1, 33.

In Jacobes house raigne shall he.

With full mighte ever more.
He shalle be kyng in Jacob kyn,
His kyngdom shalle never biyn.

Reynyng in the hous of Jacob, of whiche regne xal be non ende.
Et regnabit in domo Jacob in a'ternum.
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Y, 167-8. Of his kyngdome and dignite

Shall noo man erthly knaw ne con.

S&T
Ch. That suche renowne and royalltye

Hade never non before.

W&Co. . ,

Luke 1, 33. Et regni ejus non erit finis.

Y, 170, 173. How sulde it be

I knawe no man
S&T. I marvell soore how thatt mabe.

Mans company knev I nevur j^ett.

Ch. How maye this be?

In synne knewe I no worldlye wighte.

W. How shuld it be?

I cam never by man's syde,

Co. In what manere of wyse xal this be ?

Ffor knowyng of man I have non now.

Luke 1, 34. Quomodo flet istud quoniam virum non cognosce?

Y, 177-8. Ang. The Halygast in Jje sail lighte,

Hegh vertue sail to Jje holde,

S&T. The whollegost in theschalllyght

And schado thj- soil soo with vertuo,

Ch. The Holye Ghoste shall in thee lighte

From God in magistie,

And shadowe thee seemlye in sight;

The Holy Gost shalle light in the,

And bis vertue,

He shall umshade, and fulfylle.

Co. Th6 Holy Gost xal come fro above to the.

And the vertu of hym hyest xal scbadu the so.

Luke 1, a5. Spiritus sanctus superveniet in te, et virtus altissimi obumbrabit tibi.

Y. 175-80. The holy birthe of the so bright,

God sonne he sail be calde.

S&T. This chylde that of the schalbe borne

Ys the second porsone in trenete.

Ch. Theirfore that holye, as I have teightc.

That thou shalte beare, through Godes mighte,

His sonne shall called be.

W. The child that thou shalle bere, madame,
Shalle Godes son be callid by name.

Co. Therefore that Holy Gost of the xal be bore.

He xal be clepj'd the son of God says.

Luke 1, 35. Ideoque et quod nascetur ex te Sanctum, vocabitur Filius Dei.

Y, 181-2. Loo Elyzabeth, Jji cosyne, ne myght

In elde consayue a childe for aide.

S&T. Be holde Eylesabeth thy cosyn clone

The wych wasse barren & past all aa:e.

Ch. Elizabeth, that barren was.

As thou male se, conseaveid has

In age a sonne through Godes grace.

W. Elisabeth, thi cosyn, that is cald geld.

She has conceylfed a son in elde.

Co. And so Elyzabeth your cosyn thore.

She hath conseyvid a son in hyre age.

Luke 1, 36. Et ecce Elizabeth cognata tua et ipsa conccpiL lilium in senectute sua.

Y, 183-4. This is the sexte moneth full ryght,

Tohir that baran has ben talde.
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S & T. And now with chyld sche hath bene

Syx monethis and more assc schalbe sene.

Ch. The seixte month is g'one nowe againe

Seith men called her barene.

W. And this is, who wylle late.

The sext monethe of her conceytate.

That geld is eald.

Co. This is the sexto monyth of here passage,

Of here that clepyd was bareyn.

Luke 1, 36. Et hie mensis sextus est illi, quaj vocatur sterilis.

Y
S & T. For to god onpossib\ill nothyng mabe.

Ch. But nothinge to Codes mighte and mayne
Impossible ys.

W. No word, lady, that I the bryng.

Is unmyghtf ulle to lieven hyng.

But alle shalle hald.

Co. Nothynge is impossyble to Goddys usage.

Luke 1, 37. Quia non erit impossibile apud Deum omne verbum.

Y, 189-92. Goddishandmayden, lol me here.

To his will all redy grayd.

Be done to me of all manere.

S & T. Hys hy plcysuris forto full fyll

Asse his one hand mayde I submyt me.

Ch. Loe ! Godes cossen raeklye here,

Leve that yt falle in such manere.
W. I am his madyn at his hand

Be done to me in alle thyng.

Co. Se here the hand-mayden of our Lorde,

Aftyr thl worde bo it don to me.

Luke 1, 38. Ecce ancilla Domini, flat mihi secundum verbum tuum.

Y. Scene II. Mary visits Elizabeth and salutes her. Luke 1, 40.

S & T. Joseph's trouble about Mary: then the coming of the shepherds.

The visit is omitted.

Ch. Mary visits Elizabeth.— Elizabeth, nice God thee see

!

W. Joseph's trouble about Mary. Next play ' SaUitacio Elizabeth.'

Co. Play xii. 'Joseph's Return ; ' then, play xiii, ' Visit to Elizabeth.'

Y, 205-208. Blissid bejjou anely

Of all women in feere.

And be frute of thy body
Be blissid feere and nere.

Ch. Marye, blessed moste thou be.

And the frute that comes of thee

Amonge wemen alle.

W. Introductory conversation of thirty lines; then—
Blyssed be thou of alle women.
And the fruyte that I welle ken.

Within the wombe of the.

Co. A long introduction ; then—
Blyssd be thou amonge alle women.
And blyssed be the frute of thi womb also.

Luke 1, 42. Benedicta tu inter mulieres, et benedictus fructus ventris tui.

Y, 209-212. Jjis is ioyfull tydyng

Jiat I may nowe here see,

Jje modyr of my lord kyng,

]jus-gate come to me.



286 Charles Davidson—English Mystery Plays.

Ch. Wondeiiye nowe marvailes me,

That Mai-ye, Godes mothei- freye,

Greetes me this of symple degreey.

W. And this tyrae may I blys,

That my lordes mocler is

Comon thus unto me.

Co. How is it that the modyr of God me xulde come to?

Luke 1, 43. Et unde hoc mihi ut veniat mater Domini mei ad me?

Y, 213-16. Sone als Jje voyce of jjine haylsing-

Moght niyn neres entre and be,

]je childe in my wombe so yeng-e.

Makes grete myrthe vnto ^pe.

Ch. When thou me greeteste, sweete Marye,

The childe stored in my bodye.

For greate .ioye of tliy companye.
W. For syn that tyme fulle welle I wote,

The stevyn of angelle voce it smote.

And rang now in mj'ne ere

;

A selcouthe thj'ng is me betyde.

The chyld makys joy, as any byrd.

That I in body bere.

Co.

Luke 1, 44.

Y, 217-240.

Ch.

Co.

Ecce enim ut facta est vox salutationis tuee in auribus meis, exultavit

in gaudio infans in utero meo.

A free rendering of the ' Magnificat,' broken by a stanza by Elizabeth.

Luke 1, 46 and 47 quoted with slight changes, amplified in English, and

followed by a paraphrase of the remainder of the ' Magnificat.'

Mary gives the Magnificat, sentence by sentence, and Elizabeth trans-

lates each sentence.

The above comparisons lead naturally to four conclusions :

—

First. All lists of agreeing passages, where the agreement arises

from the literal translation of dramatic passages of the Biblical nar-

rative, are misleading when used to support a theory of direct inter-

dependence among the extant plays.

Secondly. The earliest church plays gave with literal fidelity

the Biblical narrative when it was phrased in conversation, i, e. was

adapted to dramatic presentation. Later redactors were reluctant

to change passages that were already dramatic, and yet adhered

closely to the sacred story ; hence the unchanged play spread

through the churches. The writers of cycles were conversant with

the plays, each with those of his church, and adopted such passages

with but few changes, since the movement was dramatic, and the

language faithful to the sacred text ; hence a striking similarity

arose where sometimes no connection existed.

Thirdly. Until as thorough-going an agreement is shown between

the church plays of France and those of England as is here shown

among the plays of different cycles, we must claim the Chester play

as a product of England. Here lies another strong proof that the

Chester plays were written on English soil.
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Fourthly. It would seem that the play in question must have

been originally the work of one author, that this author wrote it in

Latin for a church play, and that this play was adopted for some

reason in many churches. I should place its composition at an

earlier date than that of the cyclic plays, for the writer of the York

parent cycle incorporated it in his cycle, Avriting for it a prologue of

his own.

I believe that the writer of the W play, not the compiler of the

W cycle, had this York play before him, since he recast a part of

the prologue ; but he departed further from the Biblical text than

any other writer, exhibiting such independence as the compiler of

W nowhere shows. The Ch and Co plays were probably taken

directly from the play in the church best known to the author.

The stanzaic structure agrees sufticiently well in each cycle Avith

the author's known style to render it probable that the play was

translated independently in each case. The Shearmen and Taylors'

play may be a church play, or may be in part the York play, as is

certainly the other extant Coventry play.

Finally. A word here about the redactor of the true Coventry

plays may be in place. Robart Croo considered that he had accom-

plished a laudable undertaking when he had modernized the Cov-

entry plays. His execrable spelling, pointless interpolations, and

attempts at comic Avriting, esj^ecially in the part of Joseph in the

Weavers' play, mark him as a man of little education and less taste.

He, or his son, appears to have been a necessary factotum of the

mystery play business in Coventr3^ One sometimes wonders if he

were not a manager who, for a consideration, presented the plays

for one or more gilds. I do not know that any one has directed

attention to his name in the gild accounts as given by Sharp, The

items are as follows—r-

Smiths' Pageant.

1563— It' to Robart Croo for ij leA'es of ore play boke viij d.

Drapers' Pageant.

1557—paid to Robart Crowe for makyng of the boke for the pag-

gen XX s.

1560—It' payd to Robart Croo for pleayng God iijs. iiij d.

1560—payd to Cro for mendyng the devells cottes xx d.

1562— Itm payde Robert Croo for a hat for the pharysye xij d.

3 556—payd to Crowe for makyng of iij worldys ij s.

[In 1560 the sum paid him was 3 s. 8 d.\

—payd him more for same iijs. viij d.

Sharp states that Croo was employed also by the Cappers and
Shearmen's Companies in a similar manner.
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XXV.

CHRIST WITH THE DOCTORS IN THE TEMPLE.

This play, Y XX, is a play of the parent cycle. It is also, with

variations, the ' Pagina Doctorum' of the Woodkirk cycle, the

' Weavers' Pageant ' of Coventry, and ' The Purification ' of the

Chester cycle. Certain relations exist also between it and the Cov-

entry play, ' Christ Disputing in the Temple.' As this is the only

play of the parent cycle that has found its way into four gild cycles,

it is worthy of a somewhat minute analysis.

The introduction.—In W of Co a play of the prophets comes first.

It is unlike the jjlay of any other cycle, llow this play could find

place as an introduction to ' Christ in the Temple ' in a cycle which

contained the Salutation, is difiicult of explanation. There is every

reason for believing that these cycles at first followed strictly the

sequence of the Biblical narrative. This transference of the play of

the prophets to a position subsequent to that of the Salutation must

be a late innovation, though I see no reason for attributing it to

Robart Croo, who has enough to answer for Avithout it.

The episode of Simeon, Anna, and the Angels.—The agreement

among the plays is that of a common church tradition reinforced by

literary convention. This episode, together with that of Joseph and

Mary's journey to the temple, bears the marks of the later literary

fashion in most of the plays. I cannot say that it does in the

Chester pla}^, but in the York ' Purification ' the later style is very

evident, and many traces of it appear in W of Co, and Co.

Joseph and Mary homeward bound.—Y opens with this. W of

Co agrees throughout the scene. Croo's adaptation places them

uj^on a 'for pageant,' yet puts words into Mary's mouth that imply

the journey. Ch introduces Mary with eight verses that are evi-

dently patchwork. Mary says that she wishes the child had not left

them, but advises in the first stanza borrowed from the York play

that they proceed on their journey. Her later appearance in the

temple is wholly unaccounted for. The remainder of the first stanza

in Y is omitted in Ch.

The introduction of the Doctors.—In Y and W of Co the Doctors

prepare to announce the law to all comers. In Co a similar subject

receives ver}' different treatment. In W the talk is of the prophecies

of Christ.
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Jesus's salutation.

—

Y. Lording-is, lowe be with you lentto.

And mirthis be vn-to this mene.
W of Co. Lordis moche lowe with you be lent,

And pes be amonjjre this company,
W. Masters, luf bo with you lent.

And mensk be unto this meneye.

The salutation and the attempt of the Doctors to send the child

away are not found in Ch. A different salutation is found in Co,

and also an attempt to send Jesus away.

Primus Magister and Secundus Magister address Jesus, — The

speeches agree in Y, W, and W of Co.

Tertius Magister addresses Jesus.—In Y, W, and Ch he invites

Jesus to come and learn ; in W of Co he asserts that the child is

too young, but his speech is evidently modeled on Y in phraseology,

and follows a cue given in the next speech of Primus Magister in Y.

Jesus's repl}^—This agrees in Y, W, and W of Co, is expanded in

Ch, with some slight likeness to Co.

The Doctors answer.—Y gives this in four vei'ses, W agrees, W of

Co gives two verses to Primus Magister and two to Secundus Mag-

ister. Ch gives the four to one speaker, and adds four as an expan-

sion of the statement that Jesus is too young.

Jesus's reply.—This agrees in Y and W, is slightly expanded in

W of Co, omitted in Ch,

Secundus Magister answers.—Agreement in Y and W of Co ; in

W he speaks the first two verses and Tertius Magister the remaining

four. (This was probably the original plan.) Ch gives Secundus

Magister four lines of different content.

Jesus declares his power

—

The holy ghost has on me lig-ht,

in four verses. Agreement of Y, W, W of Co, Ch.

Primus Magister answers.—This agrees in Y and W, is paraphrased

in W of Co, is expanded from two to four verses in Ch.

Jesus declares

—

Certis, I was or ye.

And schall be aftir you.

In Y, W, and W of Co, Primus Magister replies in a long speech.

Jesus states that he will declare the truth. Primus Magister won-

ders where the child could have learned such wisdom. In the above,

Y, W of Co, and W agree, W furnishing in some points the better

text. Ch departs from the model, transferring from a later position
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a speech of Tertius Mag. and of Primus Mag.—each speech of four

verses—in favor of sending Jesus away.

Secundus Mag., in W of Co Tertius Mag,, expresses the hope that

Jesus has come "to salfe oure sare." Here Ch agrees even in rime-

series, though with variation of wording.

Jesus offers to give proof.—Tertius Mag., Primus Mag. in W of

Co, asks for the first commandment. This is omitted in Ch.

Jesus replies that they have their books, and invites them to read.

Ch departs slighly from the model.

Primus Mag., Secundus Mag. in W of Co, answers

—

I rede this is the flrste bidding.

The remaining three lines agree closely in language.

Jesus expounds the two commandments of love to God and love to

man, in eighteen verses in Y and W. These lines W of Co cuts

down to four verses.

Primus Mag., Tertius Mag. in W of Co, asks him for the remain-

ing commandments. This interruption is omitted in Ch.

Jesus gives the commandments, with interesting differences among

the plays.—In Ch the version is free and not minute ; in Y literal

with omission of explanatory phrases ; in W some three verses are

generally added to the Y statement ; W of Co stands between Y
and W, but neai-er to W. Second Mag. in Y and W, Tertius in Ch,

Primus in W of Co, declares that Jesus speaks the truth. Tertius

Mag., and Primus Mag. in Y, W, and W of Co, are in favor of send-

ing Jesus away, lest he should rob them of their fame. These

speeches have been transferred in Ch to an earlier position in the

play. This is a proof that the order of the play in the other cycle

is older than that of Ch, an important point.

Mary and Joseph lament because they cannot find their child.— In

this Y, W, and W of Co agree, but Ch omits this introduction of

their return. Mary discovers Jesus sitting among the Doctors. In

Y, W, and W of Co Joseph expresses thankfulness ; in Ch there is

no interruption of Mar^-'s remarks. Mary requests Joseph to go to

Jesus. Here the Ch rime-series proves the derivation of the play

from Y. Joseph dares not meddle with men of might " in furres

fyne." In this all plays agi'ee.

Mary tells Joseph that they will respect his age. Joseph responds

that he does not know how to address them.

Mary offers to go with him.

Joseph wishes Mary to go first —This little episode is omitted in

Ch, but appears to belong to the original play.



Charles Davidson—English 3Iyslery Plays. 291

Mary addresses Jesus.—Agreement of Y and W. Immaterial

changes in W of Co, sj)eecli reduced to four verses of free paraphrase

in Ch.

Jesus replies.—Agreement among W of Co, Ch, and Y. W adds

verses after the manner of W in the * Harrowing of Hell,'

Joseph addresses Jesus in Y and W, but Mary addresses Jesus in

W of Co and Ch. This is a significant difference.

An angel closes the Ch play. In Y and W the closing agrees,

although W has preserved the proper assignment of parts to the

Doctors, which in Y have all been given to one speaker. W of Co
shows Croo's handiwork in a tedious closing.

Such, then, is the play of 'Christ with the Doctors in the Temple.'

A few inferences can be drawn from these facts :

—

First. The i^lay, as found in W of Co, divides into three parts :

the Play of the Prophets; the Play of Simeon, Anna, and the Coming
to the Temple; the Play of Clirist amoirg the Doctors. With the last

only have we any concern.

Secondly. The original play was the present York play, the slight

errors of the scribe of the Register being eliminated.

Thirdly, The compiler of W took the Y pla}', but not from the

Register, and interpolated or expanded according to his known cus-

tom, but with fewer changes than usual.

Fourthly. V/ of Co, in the matter of the commandments, appears

to lean upon W rather than upon Y.

Fifthly. Ch, because of the transposition of the two speeches of

the Doctors, is probably later than the other plays, and because of

agreement with W of Co in Mary's speech, when Joseph speaks in

the other plays, is without much doubt a borrowing from Coventry

before the days of Robart Croo, i. e. before 15— . This dependence

upon W of Co does not, however, apply to the whole play in Ch,

The scene of Simeon and Anna is in the metre of the cycle, the

scene of Christ in the Temple is in quatrains.

Sixthly. It is demonstrated, then, that the craft-gilds of Coventry

were conversant with the gild plays of the North, and that the Ches-

ter plays form also a composite cycle, as truly as do the plays of W
and Y, though composite to a less extent.

If the plays of the remaining craft cycles, those of Newcastle-on-

Tyne, Beverley, Worcester, and others if there were others, were ex-

tant, it is probable that many other points of agreement could be

established. These plays were not acted in a corner. The Mercers

of Shrewsburv fined a brother that absented himself from their
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Corpus Christi procession to visit the play at Coventry.' The

people flocked to these plays from distances that were then consid-

ered great. Nothing could be more reasonable than that the players

of one city should take note of the successful plays of another, and

seek to incorporate such plays into the home cycle.

XXVI.

CORRESPONDENCE OUTSIDE OF THE PARENT CYCLE.

In the Woodkirk plays are found portions of three York plays not

included in the parent cycle. These York plays are

—

Y XXXIV. Christ Led up to Calvary.

Y XXXVIII. The Resurrection.

Y XLVIII. The Judgment Day.

The York play, ' Christ Led up to Calvary,' agrees in subject with

W ' Flagellacio,' which has been already the subject of our discussion.'^

We have recognized one scene of the tormentors as the work of our

earliest comedy writer, to whom we have also assigned certain other

portions of the W cycle.

The second scene begins with ' Johannes Apostolus,' and corre-

sponds to the second scene of the York play. An examination of

this may inform us as to the genesis of the play.

Stanza 10. W impairs verse movement by introducing 'so,' 'we,'

substitutes 'Caiphas' for 'bushoppe,' 'fled' for 'went,' 'fals witnes'

for 'soteltes,' destroys alliteration four times. W omits stanza 11,

gives stanza 12. A leaf is lost in Y. Portions of stanza 13, and of

one following the lost leaf and numbered by Miss Smith 14, and

stanza 15, bring the Y play to the introduction of Jesus bearing the

cross. W apparently agrees in general with the lost Y, but intro-

duces Mary's attempt to take the cross, and depai'ts otherwise from

the Y stanzas extant.

W may paraphrase Y stanzas 16 and 17, or these stanzas may

depend directly upon the Biblical narrative as given in some church

play.

Y stanza 19 follows in W. W omits Y 20 and the first part of

Y 21. In Y the women leave in stanza 21, biit in W they must

have left in Y 19, thus abridging the altercation with the soldiers.

1 Hibbert, F. A. The Influence and Development of English Gilds, p. 63.

2 See p. 279.
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"VV and Y agree for tlie remainder of Y 21, W omits two speeches

in Y 22, agreeing with Y in the last of the stanza. W contains Y
23 and 24, omits Y 25, gives 26, 27, 28, 29, and closes.

It is evident that the York play is the older, and has been cut

down for insertion into the Woodkirk.

The Woodkirk play suffers resolution into

—

First. An introduction of Pilate, in four stanzas.

Secondly. The scene of the tormentors, which was written by

the author of ' Processus Noe,' 'Prima Pastorum,' 'SecundaPastorum,'

'Magnus Herodes,' Introduction to 'Couspiracio et Captio,' and 'Pro-

cessus Talentorum.'

Thirdly. The remainder of the play, which is the York play,

scene second, with omissions and slight altei'ation.

We will next consider the play, 'The Resurrection.'

Y contains five stanzas before the centurion is mentioned, W six.

These stanzas are in the same metre in the two versions, and, so far

as I can determine, of equal age. The seventh stanza in W is irreg-

ular through an attempt to fuse two stanzas, the second of which is

Y 6 with the omission of two verses. This would argue an attempt

to piece the W introduction to the Y play. The plays agree in

stanzas 6 and 7. York then omits twenty-five lines of the original

play, which W gives. These contain an account of the marvels for

which the line in Y

—

What may }jes mei-uayles signifle?

pre'pares. Y substitutes stanza 8 for this passage.

Throughout the remainder of the play there is occasionally the

displacing of single stanzas ; thus, stanzas 22, 32, 44, 47, 63, 66, 67,

and 69 of the York play do not appear in the Woodkirk, and full

stanzas of W, after Y lines 114, 126, 186, 388, are different from the

York, though following the thought closely.

The most noteworthy insertion is that of the monologue of Jesus,

which W has in common with Chester.

The variations between these plays are less marked than w^e have

found them hitherto. Both writers use the same metre, and the

variant portions are so welded to the common text that neither Y
nor W is the type to the exclusion of the other. I have fancied

that the variants of W were more lyrical than those of Y, but cannot

state it with certainty.

Trans. Conn. Acad., Vol. IX. October, 1892
21
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It would seem that in the time of these later plays the poets were

conversant with a considerable body of devotional j)oetry. They

wrote, taking excerpts and turns of expression from contemporaneous

literature, and we shall find it difiicult to estimate the independence

of any single author, unless we saturate our minds with the non-

dramatic poetry of their day.

The discussion of Y ' The Judgment Day ' need not delay us long

The 'Juditium' is the corresponding W play. The Y play is

throughout by one author. The W play displaces the first eighteen

stanzas hj a new introduction, all of which is lost except the last

stanza. The second wicked soul follows with three stanzas agreeing

in W and Y.' W then inserts thirty-two lines which are spoken

by 'Quartus Mains,' after which it continues with Y 22.

The two striking features of the play are, first, the non-dramatic

character of the second scene, which might verj^ easily be an adap-

tation of a devotional monologue of Deus or Jesus, such as abound

in the devotional poetry of the day ; and, secondly, the introduction

of the satirical comedy of Tutivillus in W, mention of which has

been made in an earlier chapter.

In closing this discussion of the afiiliation of the cycles, it may be

well to emphasize the relation of church plays to certain agreements

that exist among the cj^clic plays, since Hei'ttrich'' and Hohlfeld* have

cited such coincidences as proof of interdependence among the cycles.

We have stated above the reason for distinguishing the coincidences

which accompany notable actions as correspondences due to familiar

knowledge of the plays through frequent repetition rather than

through acquaintance with texts. Such sentences do not argue deri-

vation from a common text, but rather dependence upon church

plays in which a conventional expression accompanies a markworthy

action.

Such expressions abound in the plays, and further reference to

them would be unnecessary, were it not for the prominence that

other investigators have given them. Suffice it here, that I consider

of this character Herttrieh's reference to Y XVIII, and Hohlfeld's to

Y XIII, XVII, and XXX \T. As to the verses culled by Hohlfeld

from Y XLIII and W XXIV, they are so literally translated from

Mark XVI, 17-18, that I think them unsafe data for any argument

of direct connection betvveen the plays themselves.

1 In Y XXXIV the third soldier is named Sir Wymond. In the Eomance of Athelston

the earl of Dover is Sir Wymond. Cp. Die Romanze von Athelston in Englische Studien,

vol. 13, p. 332.

2 Herttrich, p. 6. 3 Angrlia, vol. 11, p. 254.
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XXVII.

CONCLUSION.

In the foregoing pages an attempt has been made to explore one

of the sources of the English drama, and to solve some of the prob-

lems presented to us in the mass of inchoate dramatic material known

as the English Mystery Plays.

Literary motives know no national boundaries ; therefore it is not

surprising that we find our English plays in close connection with

the French, and can watch in the Italian and German the action of

the national spirit under diverse literary influences upon a common

literary material. But this inheritance came from the mother church.

The church in the Middle Ages was the conservator of letters. A
spirit of devotion produced the church drama. A comprehension of

this drama within the church, and of the causes that gave rise to it,

can be gained only through the study of the liturgy, and of its

sources, which, in turn, kads us back to the foundation of the

church itself.

The exploration of the dramatized Bible story necessitated, there-

fore, a sketch of the growth of dramatic symbolism in the early

liturgy. It has been shown in outline how the church on the one

hand drew into its service dramatic elements from the Greek, and, on

the other, sought in the West a more materialistic phrasing for its

thought. AVhen these materialistic conceptions found final issue in

transubstantiation, the symbolic drama became a true tragedy, and

the cycle of the liturgy became the prototype of the cyclic play.

Little by little the plays that clustered about the two most touch-

ing festivals of the church, the Crucifixion and the Birth of Christ,

approached each other, and the whole antecedent Bible story, to-

gether with the doom of saint and sinner, fell naturally into place as

cause and consequence of these two central movements of a world

drama.

All literary activities were drawn into line with the church, or

denounced as impious. The material through which the spirit of

the day could best and most safely express itself was the church

drama. As a consequence, the religious drama that arose there-

from represents most accurately those ill-defined movements of the

national spirit which determine a literature as national.

This religious drama became the truest exponent of the folk-spirit

when it had passed from the church through the Puy to the Confre-
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rie in France, to the Meistersanger in German}^, or to the craft-gild

in England. Its fraternization with the comedy of the hedge-rows,

last scion of the ancient dramatic stock, produced the Feast of Fools

and the Feast of the Ass in France. Touched Avith the spirit of

earnest criticism which gives to England her power of self-renova-

tion, it became in its last days the precursor of the satii'ical comedy

in politics and manners. Its unorganized mass has- been a quarry

of literary material for later authors, and motives kindred to our

thought are still found within its content. *

In France the plays were more especially the exponent of the

literati and of the nobility, but in England they pulsed with the life

of the ci'afts. Religious, philanthropic, and economic motives lay at

the basis of the gild life. The processions, pageantry, and votive

offerings, through which the gild expressed its corporate devotion,

presented faithfully the religious spirit of the artisan. Through an

adaptation of pageantry, its customary vehicle of homage, the civic

body did honor to its earthly sovereign in the Royal Entry. A com-

mon spirit shaped a common material to religious, divertive and

political ends, in procession, pageantry, and play. Therefore pa-

geantry and processional customs bear directly upon the problems

of the plays, and must be continually kept in mind as ofttiraes con-

ditioning the form of the play itself.

The craft plays wei-e the favoi-ite literature of the people for about

two centuries. In them are embedded phases of thought prevalent

in successive generations of men. Their sympathy with life fore-

tokens the drama of life, the Shakespeare who purifies the native

drama in the alembic of the classic.

Since a cycle, as that of York, was the expression of the mind of

generations, it might be expected that its contents would change as

successive standards of taste or opinion prevailed. As each play

was in great measure the peculiar property of one gild, its fortunes

must have been intimately connected with those of the gild. A
sumptuous pageant wagon and skilled actors fitly represented an

opulent gild. A fusion of plays through the excision of scenes ad-

vertised the joint labors of weaker crafts. Thus it came about that

a cycle contains the i:)lays, independent or revised, of many writers

of different periods and schools, and that these plays, when popular,

passed from cycle to cycle, or influenced powerfully the style of

new plays.

A lack of appreciation of this intimacy of connection between play

and gild life and fortune, has heretofore prevented an earnest inquiry
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as to the possibly composite characters of the cycles. Such inquiry

as has been made failed of results, because the key to the metrical

problem was sought in the dialect, and not in the metrical forms.

The plays as we have them are seriously modified by the labor of

scribes. These scribes could, and ofttimes did, change the dialect

essentially ; the metrical structure they could reduce to ruins, but

could not destroy beyond the possibility of restoration. If, there-

fore, the individuality, locality, and relative date of stanzaic struc-

tures were once established, a sure key would be placed in the hands

of the investigator, through which he could read the secrets of the

cycles.

With the establishment and definition of the Northern septenar

stanza the segregation of a parent York cycle becomes possible, and

the composite character of single plays of the SVoodkirk cycle is

made evident. The connections among the four cycles now reveal

themselves, and the commanding position of the York plays can no

longer be questioned.

The Mysteries constitute the most important bodAJ- of connected

literature in the fourteenth and fifteenth centuries. They contain

the work of many authors, writing on related subjects in different

styles and metres. In this work very possibly every generation for

two centuries is represented. The mass of material is sufficient, and

its arrangement through the labors of successive authors on single

plays is such, that the Mystery Plaj's must become the most impor-

tant source of literary history for their time, and the determining

factor in many dialectal questions.

This monograph simply opens the field for other workers. If it

has demonstrated the significance of stanzaic structure, unlocked the

cycles, justified the segregation of certain plays as a parent cycle,

proved the interdependence of the four craft-cycles in the two extant

Coventry plays, established characteristics of workmanship and the

relative dates of two or three authors, the labor of a year will not

have been in vain. Such a result, however, raises more questions

than it settles, and invites other explorers. Some first steps may
have been taken, but final results must be the work of many scholars,

and embrace the whole body of contemporaneous literature. Until

some approximate statement of the connections between this litei-a-

ture and the early Elizabethan has been made, no just estimate can

be formed of the proportions in which the national and classical ele-

ments combined to produce the golden age of English literature.



III.

—

Papoid-digestion. By R. H. Chittenden.

"Papoid," a therapeutic agent, noted especially for its peculiar

proteolytic power, is prepared from various parts of the papaw
plant, Carica Pcq^aya. As pointed out by Martin,* the occurrence

of such a proteolytic ferment in the vegetable kingdom is in itself

remarkable, and its discovery, together with that of other vegetable

ferments, maj'^ eventually throw important light on the assimilation

of animal food by carnivorous plants, as well as on the character of

the proteolj'tic changes in the reserve proteids of plants in general.

Furthermore, such vegetable ferments when properly isolated may
pi'ove of great value in medicine as therapeutic agents, and it is

with this i:)oint in view that the following study of papoid has been

undertaken.

The researches of Martinf have shown that papaw juice is pecu-

liarly rich in a variety of proteids, with one or more of which the

proteolytic ferment is associated. Hence, it would naturally be ex-

pected that any active preparation of this ferment would contain a

large proportion of proteid or albuminous material. This is the

case with napoid, and the jjroteids present, as. seen from the follow-

ing I'eactions, are of several kinds.

1. General Reactions of Papoid.

Papoid, treated with distilled Avater, yields on filtration, a yellow-

ish colored solution, leaving a small, flocky, insoluble residue. The

solution is almost neutral, showing, however, a faint alkaline reac-

tion when tested carefully. A drop or two of dilute acid does not,

however, give any neutralization precipitate. The matter insoluble

in water is partially dissolved by a 5 per cent, solution of sodium

chloride, the fluid giving a fairly heavy precipitate with concen-

trated nitric acid, which on heating turns yellow, but does not dis-

solve, thus indicating the presence of a globulin. This residue of

globulin is also soluble in 5 per cent, sodium carbonate and in 0*2

per cent, hydrochloric acid, from both of which solutions it is re-

precipitated by neutralization, again dissolving in a slight excess of

either dilute acid or alkali. That portion of the residue not dis-

* Journal of Physiology, vol. 5, p. 213. f Ibid., vol. 6, p. 341.
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solved by salt solution, dilute acid or alkali, is composed mainl}'- of

insoluble or coagidated proteid.

The addition of distilled water to a clear, aqueous solution of

papoid produces a pronounced turbidity, which disappears at once

on the addition of a little salt solution, thus showing the presence

of a globulin which is obviously held in solution by virtue of the

salts contained in the preparation.

Concentrated hydrochloric acid added to a clear, aqueous solution

of papoid gives a heavy white precipitate of proteid matter, readily

soluble in excess of the strong acid.

Concentrated nitric acid, under similar circumstances, produces a

heavy Avhite pi'ecipitate, which on heating or boiling dissolves in

great part, yielding a reddish-yellow solution. On cooling this

solution, the precii^itate reappears, dissolving again as the mixture

is heated, and once more reappearing as the fluid cools. This reac-

tion is due to the presence of an alhumose, while the accompanying

body precipitated by nitric acid, but insoluble on heating, is a

globulin, presumably the same as that previously noted in the in-

soluble matter.

Acetic acid and potassium ferrocyanide produce a heavy Avhite

precipitate only in part dissolved by warming.

Boiling a clear, aqueous solution of papoid gives rise to a tur-

bidity, which on prolonged boiling passes into a flocculent precipi-

tate. This precipitate is insoluble in 0-2 per cent. h3-drochloric acid,

and is thei'efore presumably composed of coagulated glohidin.

Addition of magnesium sulphate in substance to an aqueous solu-

tion of papoid precipitates the globulin present, with perhaps some

albumose. At first sight, from the milky appearance of the fluid,

the precipitate appears quite voluminous, but the amount is in

reality not large. On adding crystals of sodium sulphate to the

filtrate from the above precipitate, in such quantity as to insure

complete saturation of the fluid and with formation of sodio-

magnesium sulphate, a second heavier precipitate is produced, com-

posed mainly of albumoses (one or more) which agglutinates into a

somewhat gummy mass, especially on the addition of a drop or two

of acetic acid. With this precipitate of albumose, the proteolytic

ferment appears to be mainly associated.

In the filtrate from this second or sodio-magnesium sulphate pre-

cipitate, the presence of peptone, in considerable quantity, can be

shown by the biuret test. Or, by directly saturating an aqueous

solution of papoid with ammonium sulphate while warm, the albu-
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moses and globulin can be precipitated together, while the peptone

can be detected in the filtrate by the biuret test, viz: by potassium

hydroxide* and dilute cupric sulphate solution.

From the foregoing simple reactions, it is evident that papoid is

composed essentially of a mixture of globulin, albumoses and pep-

tone, with which is associated the ferments characteristic of the

preparation. This is essentially in accord with what is known re-

garding the vegetable ferments in general, and indeed, the animal

ferments as well. Thus even pepsin, in its general chemical reac-

tions, behaves like an albumose, and the best known methods of

isolating vegetable ferments result simply in the separation of one

or more albumoses, or a glodulin-like albumose, with which the fer-

ment appearsto be insei^arably connected. In addition to the above

proteid constituents, papoid appears to contain a small amount of

indifferent material, probably added to counteract any tendency

which the peptones or other like bodies have towards the accumula-

tion of hygroscopic moisture.

2. The Proteolytic Action of Papoid.

As early as 1874, Royf had called attention to the fact that papaw

juice had the power of dissolving both animal and vegetable

albumin, although he apparently did not clearly recognize the pro-

cess as one of digestion. Later, AlbrechtJ experimented in the

same direction, and since then many experimenters have added their

testimony to the power of papaw preparations as solvents for pro-

teid matter.

Papoid, so far as my observations extend, has the power of digest-

ing to a greater or less extent all forms of proteid or albuminous

matter, both coagulated and uncoagulated. Furthermore, papoid is

peculiar in that its digestive power is exercised in a neutral, acid

and alkaline medium. These statements are amply illustrated by

the following experiments :

a. Action on Coagulated Egg-albumin.

The albumin was prepared for this experiment by taking the

whites of several eggs, cutting the transparent membranes with

scissors, adding an equal volume of distilled water and straining

the mixture through fine muslin to remove the meshes enclosing the

* The potassium hydroxide solution must be added in large excess, sufficient to

decompose all of the ammonium salt present.

f Glasgow Med. Journal, 1874. % Schmidt's Jahrbuch, vol. 190.
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albumin. The so-prepared solution was then poured, with constant

stirring, into a comparatively large volume of boiling water acidi-

fied with acetic acid. By this treatment the albumin was coagulated

in fairly fine flocks, after which it was collected on a cloth filter,

washed thoroughly with boiling water and pressed as dry as pos-

sible.

The digestions were carried out as follows: each digestive mix-

ture contained 0-5 gram papoid, 10 grams of the moist coagulated

egg-albumin, and 25 c. c. of water in which were dissolved the neces-

sary amounts of alkali or acid to give the indicated percentages.

All the mixtui'es of the series wei'e placed in a water-bath kept at a

temperature of 40-45° C, where they were allowed to stand for 12

hours with frequent stirring. At the end of this time, the undi-

gested residues were filtered off on weighed filters of pure washed

Swedish filter paper, which had been previously dried at 110° C.

in suitable weighing bottles. The undigested residues were then

washed with hot water until all soluble products were I'emoved,

after which they were dried at 110° C. until of constant weight.

To each digestive mixture was added, likewise, eight drops of an

alcoholic solution of thymol, in order to prevent possible putrefac-

tion.

The 10 grams of moist coagulated egg-albumin used in each

digestion contained To 143 grams of dry proteid, as was ascertained

by drying a portion at 110° C. until of constant weight.

The followinof fio'ures show the results obtained:

Reaction.
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From these results, it is plain that papoid will digest coagulated

egg-alburain in neutral, acid and alkaline solutions ; its solvent

power being most marked, in this case, in the presence of 2 to 4

per cent, sodium bicarbonate.

In considering these quantitative results, and those which follow,

it must be noted that the figures given cannot be taken as an exact

measure of the extent of digestion, but simply as a measure of the

conversion of the insoluble proteid into soluble products. Thus, it

may be that the so-called undigested residue consists in some cases,

wholly or in pan, of alteration products, which thougli insoluble

are still products of the activity of the ferment, while in other

cases the residue may consist simply of the unaltered proteid. Dis-

cussion of this point, which has a bearing on the completeness of

papoid digestion, must be reserved until we come to consider the

products of digestion.

h. Action, on Cooked Beef Proteids.

The beef proteids used in this series of experiments were prepared

by taking lean, round steak, passing it through a hashing machine,

then washing it repeatedly with water until all blood was removed

and it had become nearly white in color. It was then placed in fresh

water and heated until the water boiled, after which it was strained

off through a cloth filter and pressed as dry as possible.

Each digestive mixture contained 0*5 gram papoid, 10 grams of

the cooked beef, and 25 c. c. of water in which were dissolved the

indicated percentages of acid and alkali.

The 10 grams of cooked beef contained 3-7438 grams of dry pro-

teid (dried at 110° C.)

The digestions were all warmed at 45° C. for 5^ hours, with fre-

quent stirring, after which the undigested residues were filtered off,

washed, dried and weighed as described in the preceding experi-

ment.

R
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From these results, it is manifest that papoid will digest and

dissolve cooked beef proteids more readily even than it dissolves

coagulated egg-albumin, since the above results were obtained in

5^ hours digestion at 45° C, while the slightly higher results given

for the coagulated albumin were obtained after 1 2 hours digestion

at the same temperature. It is further noticeable that the ferment

acts most energetically, as in the preceding series of experiments,

in the presence of 2-4 per cent, sodium bicarbonate, while a

slight addition of acid increases the solvent action a trifle over that

of the neutral solution.

c. Action on Raio Beef Proteids.

The beef used in this series of experiments was simply hashed,

lean beef, washed with water until it was completely free from all

soluble matters and nearly or quite white in color.

Each digestive mixture contained 0*5 gram papoid, 10 grams of

the prepared beef, and 25 c. c. of water containing the percentages of

acid and alkali indicated.

The 10 grams of beef contained 2*8508 grams of dry proteid

(dried at il0° C.)

The digestions were kept at 45° C. for 7 hours.

Keaction.
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d. Action on Haw Blood-Jihrin.

Fresh blood-tibrin washed for 18 or 24 hours with cold water until

perfectly white, was pressed as dry as possible and cut into moder-

ately small fragments.

Each digestive mixture contained 0*5 gram papoid, 15 grams of

moist fibrin, and 50 c. c. of water together with the indicated per-

centage of acid or alkali.

The 15 grams of fibrin contained 3 •4161 grams of dry proteid

(110° C).

The digestions were warmed at 40-45° C. for 8 hours.

Weit:ht of
Re:icllon. nndigesjed residue. Raw fibrin digested.

Neutral 1-9077 grams 441 per cent.

0-04 per cent. Hydrochloric acid 1-4452 " 57-6 "

1-00 " Bicarb, soda 1-9469 " 43

A second series of experiments with raw blood-fibrin was tried,

especially to ascertain more fully the influence of an increase of

acid on the action of the ferment. The results, however, are not

only interesting as showing the effect of dilute acid, but are likewise

instructive as showing the influence of dilution on the action of the

ferment.

Each digestive mixture contained 10 grams of raw fibrin, 0*5

gram papoid, and 25 c. c. of water together with the indicated per-

centages of acid.

The digestions were continued for 'i^ hours at 40-45° C.

The 10 grams of moist fibrin contained 2-27V grams of dry proteid

(110° C).

Reaction.
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as are formed in diphtheria, etc., and hence we might fairly draw

the deduction that the pseudo-membranes would be attacked by

papoid with equal facility.

As already stated, these two series of experiments show well the

effect of dilution on the action of papoid as a proteolytic agent. In

the first series of experiments, it is to be noted that the total volume

of fluid in each digestive mixture was .50 c. c, while in the second

series of experiments, only half that volume of fluid was used, the

amount of papoid being the same in both cases. Furthermore, in

the first series of experiments, the mixtures were warmed at 40-45°

C. for 8 hours, while in the second experiment the digestions were

continued for only 3^ hom's, yet in the latter case a very great

increase in digestive action is to be noted; an increase which is to

be attributed mainly to the greater concentration of the papoid

solution. This constitutes a very good illustration of what I have

found to be characteristic of papoid digestion in general, and with

all forms of proteid matter. Papoid will act in dilute solutions,

but the best and characteristic action is seen only when a small

volume of fluid is present. In this respect, it differs ver)^ markedl}'^

from the animal ferment pepsin, and for this reason any direct

comparison of the two ferments is practically impossible, since they

act best under such widely different conditions.

It is well-known that raw blood-fibrin, like raw beef tissue, is

more or less attacked by dilute acids and alkalies alone, especially

at the body-temperature, but blank experiments, w^ithout papoid,

show that these reagents have in themselves only a comparatively

slight solvent action on raw fibrin ; thus, in one experiment where

10 grams of moist, raw blood-fibrin were exposed to the action of 25

c. c. of an 8 per cent, solution of sodium bicarbonate at 45° C. for 6

hours, only 5-2 per cent, of the dry proteid was dissolved.

e. Action on J^oiled JBlood-fibrin.

The fibrin was simply well washed blood-fibrin, boiled with water

until it was thoroughly coagulated, and then pressed as dry as pos-

sible.

Each digestive mixture contained 0*5 gram papoid, 10 grams of

the prepared fibrin, and 25 c. c. of water with the respective percent-

ages of acid and alkali.

The 10 grams of boiled fibrin contained 3-692 grams of dry pro-

teid (dried at 110° C).

The mixtures were warmed at 45° C. for 9 hours.
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Weifrht of
Reaction. undigesiod residue. Boiled rthrln digested.

Neutral 2-6897 giams 28-5 per cent.

0-05 per cent. Hydrochloric acid 25810 " 300
0-10 " " " 2-7399 " 25-7

2-00 •' Bicarb, soda 2*5875 " 29-9

From these results, it is evident that there is a far greater diflfer-

ence in digestibility between raw and cooked fibrin, than between

raw and cooked beef proteids. With the latter proteids, there is no

very pronounced difference in digestibility whether they are cooked

or raw^, but with blood-fibrin the difference is very great. Boiled

fibrin appears to be quite resistant to the action of papoid, while raw

fibrin, on the other hand, is extremely susceptible to the action of

the ferment. By long continued digestion, however, boiled fibrin

gradually succumbs, and eventually can be almost completely di-

gested.

Casting a backward glance over the foregoing results, it is evident

that the statement made at the outset, that papoid has the power of

digesting all common forms of proteid matter, both in a neutral,

acid and alkaline medium, is well substantiated by the facts. Papoid

is peculiar in that it will digest and dissolve proteid matter in a

neutral solution, in this respect resembling trypsin, the proteolytic

ferment of the pancreatic juice. But trypsin is a ferment associated

with an alkaline secretion, and as a proteolytic agent acts to advan-

tage only in alkaline fluids. Papoid agrees with trypsin in so far

that its proteolytic action is increased by the presence of an alkaline

medium, in some cases greatly increased by the presence of 2-4 per

cent, sodium bicarbonate. On the other hand, the action of papoid

in a neiitral solution is increased by the addition of very small

amounts of hydrochloric acid, and in some cases the increase is

very marked. Just here, attention should be called to a state-

ment previously made, viz : that an aqueous solution of papoid is

not absolutely neutral, but shows, on careful testing, a very faint

trace of alkalinity. Consequently, a minute portion of the acid

added, may be taken up in bringing about a more complete neutrali-

zation of the mixture, although the amount must be too small to

have much influence on the final result.

Another action to be noted as characteristic of papoid digestion is

the peculiar physical change it produces in the proteid acted upon.

The exact character of this change is de])endent upon the condition

of the proteid and, in part, upon the character of the medium in

which the digestion is carried on. Thus, with a coagulated proteid,



I

JR. 11. Chittenden—Papoid-digestion. 307

as cooked beef, there i% a rapid disintegration and falling apart of

the proteid into tiny fragments, until at last the undigested matter

has the character of a pultaceous residue. Hence, in this respect

papoid resembles trypsin. This peculiarity is especially noticeable

in the digestion of cooked beef, or boiled tibrin, with papoid in the

presence of O'l per cent., and even 0"2 per cent., hydrochloric acid.

The natural tendency of the acid under such circumstances, espe-

cially at 45° C, is to cause the beef fibres to swell up, but this ten-

dency is gradually counteracted by the presence of papoid, and

eventually, but more slowly, there comes about the same disintegra-

tion of the proteid seen in the neuti'al or alkaline solution. With a

raw or non-coagulated proteid, on the other hand, there is at first,

especially in an alkaline solution (sodium bicarbonate), a softening

action, which is in great part independent of the alkali ; followed, it

may be, by the formation of an almost solid, homogeneous, jelly-

like mass, in which the fibres lose their individuality, thus differing

from the swelling produced by the alkaline fluid alone. As digestion

proceeds, the jelly-like mass gradually becomes thinner from the

secondary or solvent action of the ferment. The same softening,

though less pronounced, shows itself with a neutral solution of

papoid, followed by more or less disintegration, although the ret«idue

never takes on the appearance seen in the digestion of a cooked

proteid.

3. Circumstances modifying the proteolytic action of papoid.

Under this head we have to consider more especially : first, the

influence of reaction and temperature on the proteid-digesting power
of papoid ; and secondly, the influence of such drugs or therapeutic

agents as would most naturally be combined with papoid in medical

practice.

a. Inflaence of Reaction.

As regards the influence of the reaction of papoid solutions upon

the activity of the ferment, we have already demonstrated that

with coagulated proteids the highest digestive power is obtained

in the presence of sodium bicarbonate, 2-4 per cent. Furthermore,

that while the ferment is extremely active in a neutral solution, its

activity is, as a rule, increased slightly by the addition of small

amounts of very dilute hydrochloric acid, which increase becomes

very marked in the case of raw or non-coagulated proteids. With
coagulated proteids, the increased digestive action due to the pre-

sence of a small amount of very dilute hydrochloric acid is not
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anywhere near equal to the increase produced by the presence of

sodium bicarbonate. Hydrochloric acid much above 0*2 per cent,

inhibits almost entirely the proteolytic action of the ferment.

Obviously, however, we cannot consistently argue from these

facts that any acid-reacting fluid will produce the same result as

hydrochloric acid, or that any alkaline-reacting fluid will give the

same marked increase in digestive action as sodium bicarbonate.

These points are well illustrated by the following results, which at

the same time show the influence of several common substances

upon papoid digestion of various proteids.

Influence of Sodium Carbonate on Popoid Digestion of Cooked

Beef

In this, as in the following series of experiments, unless otherwise

specified, each digestive mixture contained 0'5 gram papoid, JO

grams of the pi-oteid designated (in this case cooked beef proteids,

prepared as previously described), and 25 c. c. of water containing

the indicated percentages of sodium carbonate, or other substances.

The 10 grams of cooked beef contained S-VVG? grams of dry

proteid (110° C).

The digestions were warmed at 45° C. for 5^ hours.

Sodium cai'boiiate.
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checked in its digestive action by contact with the alkaline fluids

of the intestinal tract.

Another very noticeable action of papoid was seen in connection

with this experiment. Sodium carbonate, especially the larger per-

centages, tends to produce a very noticeable and pronounced swell-

ing of the coagulated proteid. Thus, in the control experiment

without papoid, where 10 grams of the cooked beef proteids were

warmed at 45° C. with 2*0 per cent, sodium carbonate, the proteid

matter was quickly swollen to an almost solid jelly, but in the

presence of papoid this swelling of the proteid was wholly absent,

even when the alkali carbonate was increased to 4*0 per cent ; in

the presence of papoid, the undigested residue was thoroughly dis-

integrated and pultaceous. Papoid thus counteracts the swelling

action of the alkaline fluid in the same manner as it counteracts the

swelling action of dilute hydrochloric acid, already referred to.

Influence of Boracic Acid on Papoid Digestion.

a. With rmo heef proteids,— 10 grams contained 2*8508 grams of

dry proteid (110° C). The digestions were warmed at 45° C for Y

hours.

Horacic Acid. Weight of undigestetl residue. Proteid digested.

(Neutral)
' 0-8988 gram 68-4 per cent.

2-0 per cent. 0-8210 " 71-3

h. With coohed heef proteids,— 10 grams contained 3-7438 grams

of dry proteid (110° C). Digestions were warmed at 45° C. for

51 hours.

Boracic Acid. Weight of undigested residue. Proteid digested.

(Neutral) l-7;83 grams 52-5 per cent.

2-0 per cent. 1-5950 " 57-3 "

e. With boiled blood-fibrin,—10 grams contained 3-692 grams of

dry proteid ( 1 10° C). Digestions were warmed at 45° C. for 9 hours.

Boracic Acid. Weight of undigested residue. Proteid digested.

(Neutral) 2-6397 grams 28-5 per cent.

2-0 percent. 3-770o " 24-9

d. With coagulated egg-albumin,—10 grams moist coagulum con-

tained 1-5143 grams of dry proteid (110° C). Digestions were

Avarmed at 45° C. for 12 hours.

Boracic Acid. Weight ol' undigested residue. Proteid digested.

(Neutral) 6503 gram 57 per cent.

2-0 per cent. 0-6012 •* 60-2
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With the exception of the single experiment with boiled blood-

fibrin, all of the results show that the proteid-digesting power of

papoid is distinctly increased by the presence of boracic acid, at

least by the percentages of acid indicated. Consequently, it is plain

that the combination of boracic acid with papoid will not inhibit

the action of the ferment, but will, on the contrary, increase its pro-

teid-dissolving power.

Influence of Acetic and Lactic Acids on Papoid Digestion of Raw
Beef Proteids.

The 10 grams of moist, prepared beef contained 2'8508 grams of

dry proteid (110° C). The digestions were warmed at 45° C, for 6^

hours.
Weijjlit of Proteid

Keactiou. undigfstrd residue. digested.

Neutral 09538 gram 66o per cent.

0-5 per cent. Acetic acid 1-6115 " 43'4 '

1-0 •
" " 1-5976 " 43-9

0-5 " Lactic acid 1-3796 " 51-6

1-0 " " 1-6823 •' 40-9

The percentages of the two acids used in this experiment are

somewhat high, considering the strength of the acids, but the object

in view Avas especially to ascertain the probable effect on the ferment

of admixture with an organic acid, such as might be developed in

large quantity in the stomach in a case of strong acidity from

lactic or butyric acid fermentation. The results show that the

ferment is inhibited somewhat in its digestive action bj'^ the pres-

ence of these large percentages, although not to any very great

extent. Possibly, the addition of smaller quantities of these acids

might lead to an increase in digestive power over that of the neu-

tral solution.

Influence of Lime Water on Papoid Digestion of Raxo Beef
Proteids.

The 10 grams of prepared beef contained 2*707 grams of dry

proteid (110° C). The mixtures were warmed at 45° C. for 6^ hours.

WeiKlit of Proteid
Medium. uiifligested residue. Dlsested.

35 c. c. Water 0-7175 gram 73-4 per cent.

12i c. c. Water ] n-an'^R .» -n-i "
12^ " Lime water'^

j

Here, the pei'centage of lime water was quite large, but the

object in view was to ascertain (juickly whether, under any ordi-

* A saturated aqueous solution of calcium hydroxide.
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nary circumstances, as in tlie peptonization of milk, the presence of

this weak alkali would offer au}^ hindrance to the digestive action

of papoid. The results show that when lime water is present

to the extent of even 50 per cent, of the total volume, digestion is

not materially interfered with. Indeed, in another experiment,

where papoid was dissolved directly in 25 c. c. of lime water

and no other fluid added, 53-7 per cent, of the raw beef proteid

was converted into soluble products, while in the control digestion

(pa})oid in water) 60 "5 per cent, of the pioteid matter was dis-

solved ; thus showing that lime water, even when present in large

amount, has little power to hinder the proteolytic action of papoid.

b. Influence of Temperature.

Animal ferments, especially those concerned in the ordinary pro-

cesses of digestion, act most energetically, as is well-known, at

approximately the body temperature. Raising the temperature to

near 60° C. quickly brings about a diminution in digestive action,

followed by a gradual destruction of the ferment. Lowering the

temperature below that of the body is likewise accompanied by a

diminution in digestive action, although ordinarily less mai'ked

than the inhibition caused by a rise of temperature. With the

animal proteolytic ferments, pepsin and trypsin, digestion is very

slow at, say 20° C. With diastase, the vegetable amylolytic fer-

ment, the most rapid conversion of starch into sugar takes place at

about 55° C.

A study of papoid digestion, with reference to this point, has

revealed a very interesting peculiarity of this ferment, viz: a great

resistance towards inhibition of digestive action by high tempera-

tures. Thus, in an acid solution (boracic acid), a larger amount of

cooked beef proteids is dissolved at 70° C. than at any lower tem-

perature, while even boiling the ferment solution fails to destroy

entirely the action of the ferment ; a fact which is especially true

of an alkaline (sodium bicarbonate) solution of papoid. Further-

more, at a comparatively low temperature, 20° C, digestion is very

pronounced in both a neutral and acid solution of the ferment, while

in an alkaline fluid, digestive action is almost as great at 20° C. as

at 45° C.

The three following series of experiments, illustrative of these

points, were made at the same time and under exactly the same
conditions, excepting the specified variations in temperature and

reaction. Each digestive mixture contained 0*5 gram papoid, 10
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grams of prepared cooked beef and 25 c. c. of fluid; the latter con-

sisting of water alone in the neutral series, of 2-0 per cent, boracic

acid-solution in the acid series, and of 2 per cent, sodium bicar-

bonate-solution in the alkaline series.

The digestions were continued at the given temperatures for 6

hours, the fluid itself being brought to the required temperature

before the proteid was added.

The 10 grams of cooked beef contained 3-5538 grams of dry pro-

teid (dried at 110° C).

Neutral Solution.

Temperature.

20° C.

40
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Here, the same results are to be seen as in the preceding experi-

ment, altliough the difference between the acid and the alkaline

digestion is not quite as pronounced. Still, the results certainly

warrant tlie conclusion already advanced, that in papoid we have a

proteolytic agent especially adapted for the digestion of proteid

matter at comparatively low temperatures. At the same time, it is

a ferment very resistant to the ordinary destructive effects of high

temperatures, and is especially characterized by exhibiting its maxi-

mum digestive power at about 70° C.

c. Influence of various Therapeutic Agents and other Substances

on the Proteolytic Action of Papoid.

In this connection, those substances have been chosen which might

naturally be combined with papoid in its application as a therapeutic

agent, either internally or externally, or which might perchance

exert some modifying influence upon the action of the ferment as a

general proteolytic agent. The experiments have been conducted

in the same manner as those already described ; each digestive mix-

ture containing 0-5 gram papoid, 10 grams of prepared beef pro-

teids, raw or cooked, and 25 c. c. of water, together with the speci-

fied percentage of the substance to be tested ; the digestive action

in each case being compared with that of a control digestion com-

posed of papoid, proteid, and water alone.

Salicylic Acid.

The mixtures were warmed at 45° C. for 8 hours.

The 10 grams of raw beef proteids contained 2-743 grams of dry

proteid (110° C).

Salicylic acid.
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Carbolic Acid.

The mixtures were warmed at 45° C. for 6^ hours.

The 10 grams of raw beef contained 2-8508 grams of dry proteid

(110° C).

Carbolic acid. Weiglit of undi^jested residue. Proteid digested.

(neutral) 0-9538 gram 66-5 per cent.

0-5 per cent. M441 " 59-8

l-O
" 1-2270 " 56-9

Hence, carbolic acid inhibits slightly the proteolytic action of

papoid, but not to any great extent ; the ferment will still act vigor-

ously, even in the presence of TO per cent, of the acid.

Mercuric Chloride.

The 10 grams of prepared raw beef contained 2-6996 grams of

dry proteid (dried at 110° C).

The mixtures were warmed at 45° C. for 6^ hours.

Mercuric Chloride. Weiglit of undigested residue. Proteid digested.

0-9758 gram 68-8 per cent.

0-05 per cent. 1066U " 60-5

In another similar experiment, but with 0-1 per cent, mercuric

chloride, 57-3 per cent, of the proteid matter was dissolved, while in

the control digestion 59-6 per cent, was converted into soluble pro-

ducts. Hence, mercuric chloride or corrosive sublimate, when

present in a neutral solution of papoid to the extent of 0-1 per cent.,

does not materially interfere with the proteolytic action of the fer-

ment. This seems somewhat remarkable, and in conjunction with

the two preceding experiments makes clear that papoid, as a proteo-

lytic agent, is not checked to an}^ extent in its digestive action by

three of the best known antiseptics.

Chloroform.

The 10 grams of prepared raw beef contained 2-743 grams of dry

proteid (110° C).

The mixtures were warmed at 45° C. for 8 hours.

Chloroform. Weight of undigested residue. Proteid digested.

11070 grams 59*6 percent.

4-0 per cent. 1-2013 " 562

0-9758 gram 63*8

8 per cent. 1-3423 " 50-2 "

In the second experiment, with 8 per cent, of chloroform, the two

mixtures were warmed at 45° C. for 7 hours, and the 10 grams of
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raw beef proteids contained 2-6996 grams of dry proteid. Obvi-
ously, in these experiments a portion of the chloroform evaporates

during the seven or eight hours, but the greater portion remains to

exert such influence as it possesses. The results show some inhibi-

tion of ferment action, but it is not very pronounced unless the

amount of chloroform is raised to more than 4 per cent.

Thymol.

The 10 grams of prepared raw beef proteids contained 2*8508

grams of dry proteid (110° C).

The two mixtures were warmed at 45° C. for 7 hours.

Medium. Weight of undigested residue. Proteid digested.

Water U-8988 gram 68-4 per cent.

Water and thymol l-(y350 " 64-0

A few drops of thymol solution (20 per cent, thymol in alcohol)

were added to the one digestive mixture from time to time, in such

quantity that there was always a strong odor of thymol, and a thin

film of the substance floating on the top of the fluid. As is well

known, thymol is widely used in artificial digestion experiments, to

prevent possible putrefaction, afl it, like chloroform, ordinarily exerts

only a minimal interference with the action of the unorganized fer-

ments or enzymes. The above result shows that thymol has only

the same slight inhibitory effect on papoid digestion.

Hydrogen Peroxide.

There is no yqvj satisfactory way of measuring the exact influence

of hydrogen peroxide on the digestive action of papoid, or any

other like ferment. The only way available was to dissolve the 0*5

gram of papoid in 25 c. c. of the peroxide solution (Marchand's),

and then to add the 10 grams of prepared raw beef. Naturally, the

peroxide solution produced an immediate and pronounced change in

the character of the proteid, and doubtless such diminution of diges-

tive action as is apparent from the result is attributable to an altera-

tion in the proteid, rather than to any change in the ferment itself.

The experiment may therefore well be taken as illustrative of the

extent to which a comparatively large amount of hydrogen peroxide

will convert the easily digestible proteids of raw tissue into more

difficultly digestible products. A control experiment, with 25 c. c.

of the peroxide solution alone, shows that a small amount of the

raw proteid is dissolved by this agent itself.
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The 10 grams of prepared raw beef contained •2''70'71 grams of

dry proteid (dried at 110° C).

The mixtures were kept at 40-45° C. for V hours.

Medium.

Papoid & water

Papoid & hydi'O-
gen peroxide.

Hydrogen per-
oxide alone.

Weight of undissolved residue.

0-9828 gram

1-3812 '•

2-5051 "

Proteid dissolved.

83-6 per cent.

48-9

7-4

With cooked beef proteids, hydrogen peroxide so alters the char-

acter of the material, that papoid cannot exert any solvent action

whatever upon it, and the peroxide solution alone is not able to dis-

solve any of the altered proteid.

Potassium Chlorate.

The 10 grams of raw beef proteids contained 2*707 grams of dry

proteid (110° C).

The mixtures were warmed at 45° C. for 6^ hours.

Potass. Chlorate.
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b. In alkaline solution, 2'0 per cent, sodium bicarbonate.

Sodium chloride. Weight of undigested residue. Proteid digested.

1-6233 grams 57-7 per cent.

1-0 per cent. 1-6379 " 56-6

3-0 " 1-6779 '-

'

55-6 " *

4-0 " 1-7450 " 53-8 "

c. In acid solution, O'l per cent, hydrochloric acid.

Sodium cliloride. Weight of undigested residue. Proteid digested.

2-7567 grams 27-1 per cent.

1-0 per cent. 3-2862 " 39-5 "

2-0 " 2-2780 " 39-7

4-0 " 2-3344 " 38-2

d. In acid solution, OS per cent, hydrochloric acid.

The 10 grams cooked beef proteids contained 3-7'/67 grams of dry

proteid (110° C).

Sodium chloride.
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In an alkaline solution of papoid, salt appears to inhibit very

slightly the proteolytic action of the ferment.

Bismuth Sub-nitrate.

The 10 grams of prepared raw beef contained 2''707 grams of dry

proteid (110° C).

The mixtures were warmed at 45" C, for V hours.

Bisrautli Bub-nltratP.
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ment. This, as seen from the result, did not materially interfere

with the digestive action of the ferment.

Strychnin and Brucin Sulphates.

The 10 grams of prepared raw beef contained 2-70'7 grams of dry

proteid (dried at 110° C).

The mixtures were warmed at 45° C. for 6^ hours.

Alkaloid salt. Weifclu of uudige'
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The 10 grams of raw beef used in this experiment contained

2-707 grams of dry proteid (110° C).

The mixtures were warmed at 45° C. for 7 hours.

Quinine sulphate.



322 H. If. Chittenden— Papoid-digestion.

changes in the reaction of the digestive fluid, and in the nature of

the proteid undergoing digestion. Some of these points may be

briefly summarized.

In the digestion of coagulated egg-albumin with an alkaline (2*0

per cent, sodium bicarbonate) solution of papoid, even when the

digestion has been long continued (say 18 hours) at a favorable tem-

pei'ature, and the ferment solution strong, there invariably remains a

fairly large undissolved residue. At first glance, this would naturally

appear to be simply a residue of unaltered, coagulated albumin. On
being tested, however, it is found soluble, at least in great part, in

warm 0-2 per cent, hydrochloric acid, from which solution it is

reprecipitated by addition of 05 per cent, sodium carbonate and

redissolved by an excess of the alkaline fluid. This residue is, like-

wise, directl}^ soluble in warm 0-5 per cent, sodium carbonate, and

reprecipitated by neutralization. These two reactions clearly indi-

cate that the above residue cajmot be composed of unaltered coagu-

lated albumin, since this substance is wholly insoluble in dilute acid

and alkali. The only plausible inference, therefore, is that the so-

called undigested residue in this case is composed of an albumose-like

body insoluble in 2 j^er cent, sodium bicarbonate, a possible primary

or side-product of the papoid digestion of coagulated egg-albumin.

It is evidently a somewhat unique body, differing from hetero-

albumose, and from ordinary globulin, by being insoluble in salt solu-

tion. Aside from this peculiar insoluble body, the other products of

digestion isolated in the single experiment tried were a deutero-

alburaose, a fairly large amount of peptone and some leucin and

tyrosin. Only a trace of protoalburaose was found, and no hetero.

Xeutralization of the clear, alkaline digestive fluid failed to give any

precipitate, as did also boiling the neutralized solution. In fact, all

of the ordinary primary products of digestion seemed in this case

to be replaced by the above described insoluble albumose, compos-

ing the so-called undigested residue. Of the soluble products,

deuteroalbumose and peptone predominated.

In the digestion of raw blood-fibrin with a neutral solution of

papoid, a somewhat different condition of things was observed.

The undissolved residue contained, perhaps, a small amount of the

body so characteristic of the digestion of coagulated egg-albumin,

but certainl}^ not a large amount. The cleai', filtered digestive

fluid, however, gave evidence of the presence of a peculiar body

which was wholly wanting in the digestion of the coagulated

albumin. Thus, the addition of water to the clear neutral fluid gave
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a heavy white precipitate, of what was later proved to be an albu-

mose-like body, readily soluble in a little 10 per cent, salt solution.

Addition of 0*2 per cent, hydrochloric acid, likewise, produced a

heavy precipitate of the same body, easily soluble in a slight

excess of the acid. Boiling' the neutral solution also gave rise

to a heavy precipitate or coagulum, apparently the same body

as that precipitated by water and by dilute acid, slowly but com-

pletely soluble in warm 0*2 per cent, hydrochloric acid, and in warm
0-5 per cent, sodium carbonate-solution. .Hence, this body is a solu-

ble albumose and not a coagulable globulin. It is completely pre-

cipitable from a neutral solution by heat, and partakes of the general

character of heteroalbumose, being insoluble in water but com-

pletely soluble in salt solutions, as well as in dilute acid and alkali.

In addition to this peculiar primary product of digestion, there was

also found a large amount of more soluble primary and secondary

albumoses, together with true peptone, leucin and tyrosin.

Raw blood-fibrin, digested with a weak hydrochloric acid (O'Oo per

cent.) solution of papoid, yields the same products as those just

described; the peculiar primary albumose making its appearance here

in fully as large quantity as in the neutral digestion and apparently

taking the place of acid-albumin, which in the single experiment

tried appeared to be entirely wanting.

In the digestion of cooked beef proteids with a neutral solution

of papoid, as likewise watli an alkaline solution of the ferment, the

peculiar heteroalbumose-like body above described was wholly

absent ; only the ordinary primary and secondary albumoses were

observed, together with a large amount of peptone and some leucin

and tyrosin.

The above results, therefore, plainly warrant the statement that

the power possessed by papoid of dissolving various forms of pro-

teid matter is dependent upon an ordinary digestive action akin to,

or identical with, that of digestive ferments in general, whether

animal or vegetable.

5.

—

Action of Papoid on Milk.

The action of papoid on milk is twofold. First, under suitable

conditions, it brings about a curdling of the milk or separation of

the casein, more or less complete according to the circumstances.

This is followed by the ordinary digestive action of the proteolytic

ferment, in which the precipitated casein is gradually converted,

wholly or in part, into soluble products.
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The act of curdling, like the process of digestion, is modified

more or less by the conditions under which the experiment is tried.

Thus, under some circumstances the curdling takes place quickly and

the separation of the casein is quite complete. Under others, the

curdling takes place slowly and is very incomplete. These points

are well illustrated by the following experiments : Each mixture

had a total volume of 100 c, c, composed of 25 c. c. of milk, either

fresh or boiled as indicated, 25 c. c. of an aqueous solution of papoid

(0'5 gram papoid), and 50 c. c. of water containing sodium bicar-

bonate as indicated, or else an equal volume of lime water and

water as specified. Some of the mixtures were kept at a tempera-

ture of 40-45° C, while others were allowed to stand at the room

temperature, viz : 22-24° C. Following, are the results obtained

under the different conditions :
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fat was reasonably pure. A series of digestions with papoid was

then made in the manner already described ; i. e. each digestive

mixture contained 0"5 gram papoid, 8 grams of the moist casein, and

25 c. c. of water with the necessary amounts of sodium bicarbonate,

etc., to give the indicated percentages.

The mixtures were warmed at 40-45° C. for 6 hours, and when

ready for filtration each was made as near neutral as possible, in

order to precipitate any dissolved casein not converted into pro-

ducts soluble in water.

The 8 grams of moist casein contained 2*1377 grams of dry pro-

teid (dried at 110° C). Following are the results obtained :
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produced a separation of the casein inside of an hour, and in mucb

the same order of time as shown in a previous experiment ; the

neutral sohition of boiled milk curdling within 5 minutes, while the

mixture containing tlie smallest percentage of sodium bicarbonate

curdled last, viz : in 55 minutes. In each case, the initial separation

of the casein appeared quite complete, although of course some little

allowance must be made for possible error in this direction. The

digestive action of papoid was, however, quite apparent to the eye,

the precipitated casein visibly diminishing in amount as the diges-

tion proceeded.

The 25 c, c. of milk yielded by precipitation with dilute acid (0-2

per cent, hydrochloric) 1-6143 grams of casein dried at 110° C.

Following are the results obtained:

Reiiclion.
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starch paste, preferably in the presence of sodium bicarbonate at

40° C, slowly converts a portion of the starch into soluble starch,

and into a more soluble dextrin. This reaction, though plainly

recognizable by the iodine test, is neither rapid nor very pro-

nounced. It is not at all comparable in intensity to the proteolytic

action, but still it does exist and implies the presence of a starch-

converting ferment.

The best result is obtained in the presence of 2-4 per cent, sodium

bicarbonate. A neutral solution of the ferment is also active, but

even 0"05 per cent, hydrochloric acid will produce marked inhibi-

tion. In the latter case, however, the ferment is not destroyed,

but simply checked in its action, since neutralization of the acid

fluid with sodium bicarbonate (or better, making it alkaline) is fol-

lowed by a renewal of the amyloh'tic action. Experimentally, the

most satisfactory method of demonstrating the starch-converting

power is to use a mixture composed of 0*5 gram papoid and 25 c. c-

of a ro per cent, starch paste, in which is dissolved 0"5 gram sodium

bicarbonate.

So far as the writer's experience extends, the amylolytic action

is limited to the conversion of starch into soluble bodies giving

little or no color with iodine, ordinary soluble starch being first

formed. Little or no reducing sugar appears.

7.

—

Probable Action of Papoid in the Body.

Experiments already recorded show that papoid is active in the

presence of percentages of sodium carbonate far larger than nor-

mally occur in any of the secretions found in the alimentary tract.

In fact, in the presence of 0*5 per cent, sodium carbonate, the

reputed average strength of the pancreatic juice, the proteolytic

action of papoid is slightly increased. The question naturally sug-

gests itself, however, in this connection, whether the alkaline pan-

creatic juice might not digest and destroy papoid, thus checking

effectually the latter's action. This important question was an-

swered by trying several experiments, one of which may be profit-

ably reported. An artificial pancreactic juice was prepared by

warming at 40° C. 1 gram of trypsin (Fairchild's) with 100 c, c. of

a 1*0 per cent, sodium bicarbonate-solution and Altering from the

undissolved residue. With this solution, two digestions were made

with cooked beef proteids; one with 25 c. c, of the prepared trypsin

solution alone, the other with the same quantity of trypsin solution

plus 0"5 gram papoid.
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The two mixtures were warmed at 40° C. for 6 hours. The 10

grams of cooked beef proteids contained 3 5707 grams of dry proteid

(110° C).
Weight of

Medium. uiuliKested residue. Proteid digested.

Trypsin sol. alone 1*5657 grams 56*1 per cent.

' with jjapoid 1-1041 " 69-0 "

From these results it is evident that the two proteolytic ferments,

trypsin and papoid, can work together in the same solution, the

latter ferment contributing to the digestive strength of the former.

At first glance, it might seem that in combining trypsin and papoid

we should have, providing there is no destruction of the latter fer-

ment, a proteolytic action numerically equivalent to that of the two

ferments, but the concentration of the solution must be taken into

account, as well as the inhibitory effects of the accumulated products

of digestion, both of which cannot well help acting as a check to

continued ferment action. Doubtless, with a weaker trypsin solu-

tion the digestive action of papoid would be more strongly marked.

Another point to be taken into account in considering the action

of papoid in the intestine, is the influence of bile. Two experi-

ments were therefore tried ; one with ox bile, the other with human

bile obtained from a fistula.

The 10 grams of raw beef proteids used in the first experiment

contained 2-707 grams of dry proteid (110° C).

The mixtures were warmed at 4.5° C. for 7 hours.

Dry ox bile.
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degree of activity ; both of which results clearly favor the action

of papoid ill the stomach.

Farther, while the presence of 0-1 per cent, hydrochloric acid

lessens somewhat the action of the ferment, the latter is not

destroyed ; hence, by neutralization of the acid the inhibitory effect

is overcome and the ferment springs into renewed activity when
brought in contact with an alkaline medium. By long-continued

warming of the bare ferment with 0-2 per cent, hydrochloric acid,

there is a pronounced destructive action. This destruction, however,

is accomplished by the free acid ; free, because of the lack of pro-

teids present for it to combine with, a condition of things not so

liable to occur in the case of a full stomach, which is naturally the

time when a digestive ferment would be administered.

The above statements are illustrated by the following facts : Two
portions of papoid, 0-5 gram each, were warmed at 40° C. for 5^

hours with 25 c. c. of 0-2 per cent., and O'l per cent, hydrochloric

acid, respectively. The two solutions were then neutralized and

eventually made slightly alkaline with sodium bicai'bonate. Their

digestive action was then compared with that of a like amount of

fresh papoid, dissolved in the same quantity of fluid and of the

same reaction.

The 10 grams of cooked beef proteids contained 3"4420 grams of

dry proteid (110° C).

The mixtures were warmed at 40° C. for 6 hours.

Conditions.

Fresh papoid
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papoid will certainly exhibit marked proteolytic action in the pres-

ence of 0-1 per cent, hydrochloric acid and pepsin, although the

conditions may not be favorable for the best action of pepsin.

This is illustrated by the following experiments: an artificial

gastric juice was prepared by dissolving some commercial pepsin

(Fairchild's) in 0-1 per cent, hydrochloric acid, in the proportion of

O'l gram pepsin to 25 c. c. of acid. Digestions were then made,

with and without papoid, of raw and cooked beef proteids, with

the following results:

The 15 grams of raw beef used contained 4*0494 grams of dry

proteid, while the 10 grams of cooked beef contained 3-9608 grams

of dry proteid (110° C).

The digestions were kept at 40° C. for 6 hours.

a. With raw beef proteids.

WeiKlit ol Proleid
Cliaracler of the fluid. undigested residue. digested.

25 c. c. pepsin-HCl alone 3-3626 grams 16-9 per cent.

„
'' "

.

," + i 1-4822 " 63-3 "
0-5 gram papoid \

b. With cooked beef proteids.

Weight of Proteid
Character of the fluid. undigested residue. digested.

25 c. c. pepsin-HCl alone 3-8689 grams 2'3 per cent.

f,l'
" •/' "^ !• 3-2124 " 44-1

o gram papoid )

The action of papoid is prominent here simply because the condi-

tions are favorable for its action, while they are not well adapted

to the action of pepsin. The two points to be emphasized are, how-

ever, first, that the presence of pepsin does not interfere with the

action of papoid in an acid medium, where the other conditions are

favorable to the latter ferment; and secondly, that any direct com-

parison of the digestive action of the two ferments cannot well be

made, since they act under such totally different conditions as

regards dilution, reaction, etc. Further, in studying the action of

acids on any ferment we have to consider not only the influence of

a given percentage of acid, but must also take into account the

absolute amount of acid, both in proportion to a given quantity of

ferment and the proteid matter to be digested. It is hardly neces-

sary to detail the several experiments that have led to this conclu-

sion; one alone will suffice. The following mixtures were warmed
at 40° C. for 6 hours, with 10 grams of cooked beef proteids, with

results as indicated:
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Digestive mixture. Proteia digested.

100 c. c. 0-1 per cent. HCl, O'l gram pepsin, papoid 21-4 per cent.
" " " 0-5 gram " 21-8 "

50 c. c. 0*1 i^er cent. HCl, 01 gram pepsin, papoid 8-2 per cent.

" " " " 0-5 gram " 14-8 "

25 c. c. 0-1 per cent. HCl. 0*1 gram pepsin, papoid 6-8 per cent.

" " • ' '5 gram " 34*7 "

It is thus seen that OS gram of papoid, acting upon 10 grams of

cooked beef proteids, in the presence of pepsin and O'l per cent,

hydrochloric acid, will digest a reasonable amount of the proteid

when the volume of the acid fluid is only 25 c. c, the pepsin action

being very slight. As the volume of acid fluid is increased to 50

c. c, then the papoid action diminishes almost 50 per cent., while

the pepsin action shows a slight increase. Increasing the volume

of acid fluid still further, to 100 c. c, the pepsin action becomes

paramount. Hence, it is evident that the rate of action of papoid in

the stomach hinges mainly upon the presence or absence of an excess

of free acid. With only combined hydrochloric acid present, and an

excess of jjroteid matter and salts, a condition of things generally

prevalent especially in the early stages of digestion, papoid cannot

well help exerting its peculiar* proteolytic power. And in this con-

nection, it is to be remembered that papoid acts to the very best

advantage in a concentrated fluid, in the presence of an excess of

proteid matter.

From the foregoing experiments, the following conclusions may be

drawn :

1. That papoid is a true, soluble, digestive ferment or mixture of

ferments, of vegetable origin.

2. That it has marked proteolytic action in acid, alkaline, and

neutral solutions and in the presence of many chemicals, antiseptics,

and therapeutic agents.

3. That it has a peculiar softening and disintegrating action on

pi'oteids, and that its general proteolytic action is that of a genuine

digestive ferment, similar to the ferments of animal origin.

4. That it has a certain amount of amylolytic, or starch-dissolving

power.

5. That it has a marked rennet-like action upon milk, and a pro-

nounced digestive action upon milk-casein.

6. That it exerts its peculiar digestive power at a wide range of

temperatures.

Y. That the ordinary conditions of health and disease in the

stomach and. intestine are not liable to check its action, while certain

possible conditions may accelerate it.



IV.

—

On the Classification* and Geographical Distribution

OF THE Laminariace^. By William Albert Setchell.

According to Bory de Saint Vincent,' the name Laminarius was

fii-st used by Roussel in his " Flore du Calvados " which was pub-

lished in 1*796. Lamouroux was the first to use the name Lamlnaria

distinctively,^ and he was the first to separate the genus from the

old comprehensive genus Fucus. Bory established several new

genera,^ and grouped them together under the name of Laminariees.*

He included the genera Durvillma^ Lessonia, Macrocystis, Agarum,
Laminaria, and Irulcua as understood by him. He also established

two subgroups, the one comprising those forms with branched stipes,

the other to include the forms with simple stipes.

Since Bory's publication there have been several revisions of the

Laminariacem and it will be best perhaps to consider these briefly

at this point. De la Pylaie, in the " Flore de Terre Neuve,"** gave

a systematic review of the kelps and created a number of new

genera, only one of which, viz : Saccorhiza, remains established.

In Decaisne's " Essais sur une classification des algues et des poly -

piers calciferes de Lamouroux,"" the eight genera assigned to this

group are arranged in the following order: Lamlnaria, Saligenia,

Agarum, Capea, Alaria, Ecklonia, Lessonia, and Macrocystis. In

this arrangement the nearly related genera ai'e grouped together.

Endlicher enumerates eleven genera in the "Genera Plantarum.'"

He does not group them together into subtribes, but arranges them

in the following order: Lessonia, Macroeystis^ Nereocystis, EcMonia,

Lamlnaria, Caj^ea, Haligenia, Alaria, Tlialassiophyllum, Agarum,
and Gostarla. The most noticeable feature of this arrangement is

the relative positions occupied by Ecklonia, Capea, and Alaria.

Neither Chorda {Scytoslphon Jilum) nor Egregla {Phyllospora

Menziesii) are included in this group by Endlicher.

In the same year (1843) Kiitzing published his " Phycologia Gene-

ralis" in which he proposed three new genera and divided the

family, as he called it, into three sections. In his " Species Alga-

' Diet. Class. d'Hist. Nat., t. 9, p. 187, 1826.

2 Essai, etc. in Ann. du Mus. d'Hist. Nat, t. 20, p. 41, 1813.

' Loc. cit, pp. 192-194. •» Loc. cit., p. 191. ^ 1829.

« Ann. Sci. Nat., s^r. 2, t. 17, p. 330, 1842. •" Snppl. Ill, p. 26, 1843.

Trans. Conn. Acad., Vol. IX. March, 1893.

24
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rum,'" he retains these thi-ee sections and presents the following

arrangement :"

—

" Sectio I. Laminariefe genuinaj; nee cribratse, nee caulescentes."

1, Phlceorhiza. 2. Laminaria. 3. HaJ'gygia. 4. Haligenia.

5. Capea. 6. Alaria. 7. Costaria.

" Sectio II, Agareae ; stipitatae vel caulescentes, phyllomate gi-

ganteo cribratim et regulariter perforato."

8. Agarum. 9, ThalassiopJiylluni.

" Sectio III. Macrocystese ; caulescentes, foliosi ; folia ex divi-

sioni basilari phyllomatis oriunda."

10. Lessonia. 11. Macrocystis. 12. Nereocysiis. 13. Pinnaria.

The first volume of J. G. Agardh's " Species Algarum " appeared

in 1848. He included the genera Adenocystis, Hook, et Harv, and

Seytosiphon, Endlich. (which at that time included not only Sc.

Jilum, Ag., but also So. lomentarius, J. Ag. and Sc. tomentosus, J.

Ag.). He divided the order (as he termed it) as follows:

—

"
f Soris totam frondem investientibus."

1. Adenocystis. 2. Seytosiphon.

"
ff Soris maculas ambitu indefinitas efiicientibus

* Fronde ecostata, integra aut vage fissa, terminali."

3. Ziaminaria. 4. Saccorhiza..

^<** Fronde ecostata circa stipitem spirali."

5. Thalassiophyllum.

u *** Fronde costata."

6. Costaria. 7. Agariim. 8. Alaria.

u **** Fronde pinnatifida."

9. EcMonia.

u ***** Fronde foliosa, foliis ambitu definitis."

10. Nereocystis. 11. Lessonia. 12. Macrocystis.

This is the latest classification of the Laminariaceje known to me.

Since then however, there have been several works which have

added not only to our knowledge of the morphology of the various

species, but also in regard to the affinities of the various genera.

1 Leipsic, 1849. ' Cf. pp. 573-584.

A n
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A great impulse was given toward a closer examination and a

more correct determination of specific differences by Le Jolis's pub-

lication in 1855-56 on the confusion existing in regard to the two

European species of digitate Laminariae} In J. G. Agardh's " De
Laminarieis,"' there is a most able discussion of a number of points

of resemblance existing between the genera of the group in connec-

tion with the description of new points in the morphology of the

species. Most important too, are the descriptions and remarks to

be found in the fourth and fifth portions of the " Observationes

Phycologicae " of J. E. Areschoug/ where a number of rare forms

receive full treatment.

Since then a considerable number of forms have been described

by Kjellman, Foslie, Bornet, and others, and there has been a very

active study of the different forms and varieties of the different

species, particularly among the Scandinavian algologists. But, as

yet, there exists no classification of the group as a whole, that is

natural or complete. Consequently this subject together with some

of the main features of distribution have been taken up by the writer

in the present article.

The order of the Laminariaceae or kelps is one of the most dis-

tinct and well-defined among the Phjeosporeffi, or, even among Algae

in general. The members of the order are all of comparatively

large (|ize, while the species of Macrocystis reach a length even sur-

passing that of tropical " climbers " and those of Lessonia possess

stipes which in size and grosser structure strongly resemble the

trunks of the ordinary dicotyledonous trees of temperate climates.

They all with the exception of Chorda, possess a distinct stem

or stipe and an expanded leaf or blade. The principal meristematic

region in all is intercalary,^ being situated in all except the genus

mentioned, at the place where the stipe passes over into the blade

viz: at the transition-place (Uebei'gangstelle).

The organs of fructification are essentially the same in all the

species and are crowded together into broad patches or " sori." In

Chorda the sori completely cover the whole surface of the frond,

but in all the other genera they are of much more limited extent,

although of irregular and variable outline. The sori are made up

' Gompt. Rend, t. 40, p. 473, 1855, Mem. Imp. Acad. Cherbourg, t. 3, 1855, Nova

Acta, Bd. 25, II, 1856. - Lund's Univ. Arsskrift, t. 4, 1867.

» Nova Acta Reg. Soc. Sci. Upsal., ser. 3, Bd. 12, I and II, 1884-5.

* Cf. Janczewski, Mem. Soc. Nation. Sci. Nat. de Cherbourg, t. 19, pp. 109-113, 1875.

.^ D. h/i ,^
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of unilocular zoospoi-angia and of unicellular paraphyses. In all

the species except those of Chorda and Saccorhiza, the paraphyses

possess a peculiar and characteristic hyaline appendage at the tip.

The order of the Laminariaceae, then, includes all those species of

the Phoeosporefe having unilocular sporangia and unicellular para-

physes compacted into sori. The plants belonging to it are all of

comparatively large size and have the jarincipal meristematic region

intercalary.

When we come to consider carefully the morphology of the vari-

ous species of kelp, Ave soon find that they arrange themselves

into three or perhaps four different groups on account of the resem-

blances between the methods by which the complexity of form of

the adult plants is produced. On careful examination we find that

the region of active growth in length, at the transition-place, is the

place where these differences arise and that good distinctive charac-

ters may be drawn from the different modifications of the transition-

places in the different gi'oups.

Almost any species of Larainaria represents well the simplest

type of all. The stipe expands gradually, or, at times, more or less

abruptly, into the blade and the transition-place is plane and un-

modified. There is nothing in the external appearance of the transi-

tion-place to indicate that at this region, the stipe is increasing in

length at its summit and the blade at its base. We may call this

type the Laminaria-t'^^e and the special tribe characterized by it

the Laminariideae.

In the Laminaria-ty^e we have a ver}"^ simple and unmodified

transition-place and the resulting frond characteristic of the Larai-

nariideffi is simple and unbranched. But when we turn to the

species of the genus Lessonia we find that the adult fronds are pos-

sessed of a complexity of structure that warrants us in expecting

to find also a more decidedly modified transition-place than we found

in Larainaria. In Lessonia, instead of the unbranched frond of the

Larainaria, we find numerous small blades borne at the extremities

of the ramifications of the dichotomously branched stipe. Conse-

quently there are as many transition-places as there are blades. If

we examine carefully the different blades of a single specimen, we

shall readily discover how the characteristic dichotomous branching

of the stipe arises. A longitudinal slit appeal's in the central por-

tion of the transition place at the base of a blade and as blade and

stipe increase in length, extends (or appears to) both upwards and

downwards until finally we have two blades each with its own short
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branch of stipe and each with its own transition-place. The posses-

sion of this power of splitting longitudinally by the transition-place

is characteristic of the members of a tribe of the Laminariacese

which may be called the Lessoniidefe, under which may be reckoned

two subtribes, the Lessoneae, represented by the genus Lessonia,

Nereocystis, etc. and the Macrocystew which includes only the genus

Macrocystis. These subtribes will be discussed more fully below.

It is to be mentioned here, however, that the original blade does not

persist but its place is taken by the blades split off from it, the

place of these by others, and so on.

There is but one other general type of frond to be noticed and

that is well represented by the fronds of any species of Alaria.

In these, there is not only a large terminal blade which persists and

a simple stipe with the meristematic region situated at the transition-

place, but there are also present on the upper portion of the stipe

(or the rhachis as it is called) two rows of leaflets or sporophylls

(so-called because they alone bear the sori). In Alaria, the sporo-

I)hylls arise as outgrowths on the lower portion of the transition-

place, grow larger and larger until they reach a certain definite size

when they have come to be situated at some distance below the

transition-place which has been carried upward and away from

them by the growth of the stipe in length and their places on it

have been taken, in turn, by newly formed sporophylls. In this

way a simply pinnate frond is i^roduced.

The essential feature then, of the Alaria-ty\)e is the formation of

a compound frond b}'^ means of these outgrowths from the meris-

tematic region. The tribe of the Alariidese based upon this type

contains three subtribes, the Alariefe including Alaria and Pterygo-

phora, the Egregiese to include Egregia, and the Eckloneas includ-

ing EcJclonia, Eisenia, etc.

Above we have glanced at the three general types of adult struct-

ure and the modifications of the transition-place associated with

each. We are now in a position to consider the details of variation

of these types as illustrated by the different genera.

Laminariideje.—The members of this tribe, with the exception

of Tludassiophyllum Clathrus, P.&R., possess unbranched fronds

and all possess unmodified transition-places, unless we except the

peculiar scroll-like structures noted below in the case of Agaruni
and TJialassiophylhtm. Under this tribe we may distinguish two
subtribes, the Laminariene and the Agareoe.
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Subtribe 1. Laminarieae.—To this subtribe belong the three

genera Chorda^ Saccorhiza, and Laminaria.^ They agree in jiossess-

ing a frond which is neither ribbed, perforated, nor with bullate

swellings scattered over it and whose transition-place is perfectly

plane and unmodified.

Chorda, Stackh. We have two species of Chorda which are

well known. They both differ very much in habit from the other

kelps in possessing long cylindrical fronds which arise from a dis-

coidal hold-fast. The fronds are hollow with diaphragms at irregu-

lar intervals. The fronds in both species are covered with hairs,

which in C. filum (L.), Stackh, are more scanty and colorless, while

in C. tomentosa, Lyngb., they are plentiful and possess abundant

chromatophores. One or two other species are described, but they

are little known.

It has been customary for the last fifteen years to place these

species among the Laminariacea?, on account of their unicellular

paraphyses and unilocular sporangia covering the surface of the

frond. But Reinke" dissents from this view and jDlaces them in a

special sub-family Chordeae (under Phaeosporea-) near to the Scyto-

siphoneae, on account of the cylindrical thallus and the occuj^ation

by the zoosporangia and the paraphyses of the whole surface.

Chorda resemble Scytosiphon very much in habit and in this,

differs from the other members of the Laminariacese, all of which

possess a distinction between stipe, blade, and hold-fast. It differs

from Scytosiphon in its unilocular sporangia and more abundant

unicellular paraphj'ses and in these details it resembles more closely

the ordinary kelps. But the paraphyses lack the hyaline appendage

so characteristic of nearly all the Laminariaceae. In this however,

it agrees with the species of Saccorhiza whose jjaraphyses are

almost identical in structure with those of Chorda. It seems best

to the writer therefore, to retain Chorda among the Laminariaceae,

for the present at least.'

Saccorhiza, DelaPyl.—There are two species of this genus that

are well known and two or three species that are very uncertain.

' Prof. Kjellman (Undersokning af nagra till slagtet Adenocystis, Hook. fil. et Harv.

hanforda Alger, in Bihang till k. Svenk. Handl., Bd. xv, Afd. Ill, No. 1, 188[>), has

referred the type of the ^exm^ Adenocystis, A. Lessonii, Hook. -fil. et Harv. to the

Larainariacese, placing it near Chorda. The writer has not been able to examine spe-

cimens of this type.

^ Atlas Deutscher Meeresalgen, Heft 2, p. 41, 1891.

3 Cf. also Setchell, Proc. Am. Acad., vol. xxvi, pp. 211-212, 1891
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The better known species are S. dermatodea (DelaPyl.), J. Ag.

and S. hulbosa, DelaPyl. S. dermatodea is the simpler form. Its

structure and development have been treated of by the writer in

another place.' The structure and development of S. bulbosa has

been carefully described by Barber."

The first or primitive hold-fast of S. dermatodea is discoidal but

soon two successive whorls of hapteres appear from a swelling, the

" rhizogen," which appears just above this primitive hold-fast. The

stipe is flattened and in young specimens expands gradually into

the blade which is covered at this period with cryptostomata. The

hold-fast therefore, as well as the blade and stipe are much more

complicated than in the species of Chorda. Yet the two genera

agree closely in possessing paraphyses destitute of the hyaline appen-

dages found in all the other genera. The relationship of S. derma-

todea to *S'. bidbosa is much nearer than might be supposed from the

great difference in size and habit existing between the adult plants.

Young plants of the two species are very similar and the earlier

changes to produce the rhizogen is essentiall}'' the same in both.

Only two successive whorls of hapteres are produced in S. derma-

todea however, while in S. bulbosa whorl after whorl are produced

and the rhizogen consequently becomes enlarged into the character-

istic "bulb" of the adult plant. Both species also, possess charac-

teristic sclerenchyma fibers in the medulla of both stipe and blade.

Both species of iSaccorh iza very closely resemble those of Lamin-
aria in general habit, but differ sufliciently in structure to be kept in

a separate genus.

Laminaria Lam'x.—The species of Laminaria are at present in

great confusion and it is very difficult to determine just how many
there are. About 28 species are usually recognized but several of

these are doubtful and little known. They may be separated readily

into two groups, the simple Latninarim of which there are about 11

species and the digitate Laininarice, of which there are about 17.

Although there are many important individual variations such as

the possession of a creeping rhizome-like organ as in L. Sinclairii

(Harv.), Farlow, and in L. Rodriguezii, Bornet, the simple, discoidal

hold-fast in L. solidlingida, J. Ag., the peculiar modification of the

base of the blade in L. radicosa, Kjellm, or even of more general

characters such as the longitudinal splitting of the blade in the

' Proc. Am. Acad, vol. xxvi, pp. 177-217, Pi. 1-2, 1891.
"^ Annals of Botany, vol. iii, p. -tl, PI. 5, 1889.

ih /}.^
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digitate species and the presence or absence of mucilage glands in

'

the stipe, which Kiitzing' has used to separate Hafgygia from

Laminaria, yet in general structure they are all similar and agree

perfectly in the most important characters, viz : the perfectly un-

modified blade and transition-place. The features just mentioned,

although remarkable and important, are to be looked upon as the

variations among individual species or small groups of species.

Subtribe 2. Agareae.—The genera included under this subtribe

are Agarum, Thalassio2yhylhmi, Costaria, Cymathmre, and perhaps

also Arthrothaninus.

Agarum (Bory), P.&R.—The genus Agarum, although occurring

both in the northern Atlantic and the northern Pacific, probably con-

tains but a single species. The individuals however vary greatly

in size, outline of the frond, the size and shape of the perforations,

etc.,'' but it is hard to find fixed characters to separate them.'

In Agarum Turneri, P.&R., we find a stipe of very variable

length (from an inch or two up to a foot or more) which bears at

its tip the heart-shaped blade. Where the blade arises from the

transition-place, which appears here to form a portion of the stijJe,

it unrolls itself from two small conical scrolls, each of which is

involute upon the stipe into a sort of spiral. These scrolls at the

base of the blade are present even in young plants of about 2 inches

in length and probably also in still smaller ones. J. G. Agardh

noticed these sci'olls, for he says on page 3 of " De Laminarieis;"

"Sunt in his frondes una pagina plus minus ab altera dissimiles;

saepe basi convolutae, gerunt unam internam, alteram externam

faciem;" and a few lines farther on: " In Agaro est stipes revera ad

ortum frondis canaliculatus et frondis lamina, secus margines stipitis

decurrens, involuta." This is the only mention of these scrolls

known to the writer.

The stipe is continued up through the blade ae a sort of broad

midrib. The blade is perforated with holes of various sizes, the

development of which has been described by Humphrey.^

Thalassiophyllum, P.&R. — ThaiassiopliyHum Clathrus, P.&R.,

the only representative of this curious genus, is a resident of the

' Phyc. Gen., p. 346, Species Alg., p. 577. also Areschoug, Obs. Phyc, Pt. 4, p. 1.

2 Cf. P. k R., 111. Alg., PI. 20-23, 1840.

2 Cf. Farlow, New Engl. Alg., pp. 96-97, 1881, as to variability of the New England

species. * Proc. Am. Acad., vol. Ixxiii, pp. 201-203. 1886.
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northern portions of the Pacific Ocean. It differs decidedly in

general appearance from Agarum Turneri, yet in its essential feat-

ures comes very close to it. It has the same peculiar perforations

in the blade and they arise in essentially the same fashion as in

Agarum.^ The blade unrolls itself from a scroll-like transition-place

as in Agarum^ only in Thalassiophylhim, there is only one, very

large scroll and the resulting blade is one-sided and fan-shaped with

a cuneate base. As the blade unrolls itself it dies away on the free

margin and leaves behind itself upon the stipe a spirally twisted

ridge-like scar Avhich is different from anything found in any other

species of the Laminariaceje unless it be the scar on the stipe of

Arthrothamnus Kxirilensis, Rupr. which is mentioned below.

The frond of ThalassiophyUum is branched, but the branches do

not follow a regular order as they do in Lessonia nor do they arise

by any similar process, but originate as proliferations from the mar-

gins of newly formed pei'forations at the transition-place.'^

Costaria, Grev.—This genus also contains a single species, C.

Turneri, Grev. which is peculiar to the northeastern portion of the

Pacific. The stipe is short and the blade is broadly ovate. The

stipe expands gradually into the blade in the younger specimens but

in the older specimens the base is decidedly cordate.^ There are no

scrolls at the base of the blade, but the transition-place is unmodified

and is plane except where the ribs are forming. These ribs run

longitudinally through the blade and are five in number. Both

Agardh^ and Areschoug' call them "plicae" and explain that they

project on one surface of the frond and are hollowed in on the other.

Furthermore they both agi'ee that the stipe is 5-striate and that the

" plicae " of the blade are continuations of these striae of the stipe.

The writer has had the opportunity, through the kindness of Prof.

W. G. Farlow of Cambridge, Mass., and of Mr. F. S. Collins of

Maiden, Mass., to examine both old and young herbarium specimens

and is indebted to Dr. C. L. Anderson of Santa Cruz, Cal., for a fine

series of younger specimens preserved in moderatel}'' strong alcohol.

The examination of these specimens failed to show the striae on the

stipe and also has shown that while the so-called " plicae " project

on one surface of the blade owing to a thickening in the cortical

1 Cf. Rosenthal, Flora, Bd. 48, p. 140, 1890.

= Cf. Rosenthal, loc. cit
,
p. 140, PI. 7-8, f. 33a and ?Aa.

= Cf. P. & R., 111. Alg., PL 24.

* De Laminarieis, p. 3. = Obs. Phyc , Pt. 4, pp. 19-20.
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tissues just under that surface, the other surface is not at al! fur-

rowed but perfectly plane. Consequently the blade of Costaria is

not really plicate but ribbed, and each particular rib is confined to

one surface, there being three on one surface and two on the other.

Besides the ribs, the blades of the older specimens possess bullate

swellings and these swellings are sometimes perforated as in Af/arum.

This is the rule in the var. pertusa, Harv.*

Cymathoire, J. Ag.—This genus was established by J. Agardh to

receive the Latninaria triplicata, P.&R. The holdfast is dis-

coidal and in this it resembles X. soUdungula, J. Ag, The stipe is

short. The blade possesses three longitudinal "plicae" according to

J, Agardh' and five according to Areschoug.^ These " plicae" are

crowded together in the central portion of the blade which is also

thickened in this region. J. Agardh also says:^ that the blade is

" inferne involuta " in the young fronds. The writer has had the

opportunity of examining a Postels and Ruprecht specimen collected

by the Liitke expedition and preserved in the herbarium of Prof.

Farlow at Cambridge, Mass. It is a rather young specimen and

shows the discoidal base and the blade with the thickened central

portion. The longitudinal " plicae " are not very distinct, and the

transition-place seemed to be plane and not provided with scroll-like

structures.

Arthrothanmus, Rupr.—The species of this genus belong in the

northern Pacific and are very little known. Ruprecht has figured

the type^ A. Kui'ilensis and a figure of A. bifidtis, J, Ag, {A.

radicans, Rupr,) is represented in plate 15 of Postels and Ruprecht's

" Illustrationes Algarum," A. longipes^ J, Ag., and A. JBongar-

diana (P.&R.), J. Ag. are j^robably incorrectly referred to this

genus. The blade in both A. Kurilensis and A. hifidus seems to be

plane but at the base it unrolls, in each species, from two small

scrolls similar to those in Agarinn Tiirneri. The stipe of A. Kuri-

lensis is forked" and marked with a spirally twisted scar after the

fashion of Thalassiophylhmi. The stipe in A. hifidus is said to be

decumbent'' and repeatedly bifurcate, emitting " roots." A specimen

of Lami7iaria bifida, P,&R,, collected by the Liitke expedition, in

Prof, Farlow's herbarium shows a long undivided blade involute

' Proc. Am. Acad., vol. iv, p. 329, 1859.

^ De Laminarieis, p. 3. ^ Obs. Phyc, Pt. 4, p. 20.

* Loc. cit., p. 3. ' Mem. Imp. Acad. St. Petersb., t. 6, PI. 17, 1848.

" Cf. Ruprecht's figure, loc. cit.
"^ Cf. Areschoug, Obs. Phyc, Pt. 5, p. 14.

), I
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on both sides at the base, but the cliaracters of the stipe were ob-

scured in the specimen.

In the subtribe Agarete then, we find four, or perhaps five genera

whose relationships both to one another and to the Laminariea3 are

both complex and interesting. The lack of available material

further complicates this discussion as all the forms except Ayarum
Tarneri are rarely found in herbaria. Agaruni and Thalassio-

phyllum although so different in habit, are, as shown above, very

closely related and seem to be of a type thoroughly distinct from

the Laminaria-ty^Q. But they are connected with it both by Cos-

taria and by Cymathmre. Costaria is the nearer to Ayarum in

general habit. It has peculiar swellings and perforations of the

blade that are very similar to those in Ayarum and in habit, color,

and internal structure the two are very similar. In both, the blade

is ribbed Avith the diffei-ences noted above. But Costaria lacks the

peculiar scrolls by which the blade of Ayarum unrolls itself at

the base, and in this respect it resembles the Laminaria-t-y\>e.

Cymathcere on the other hand seems to be between Costaria and

Laminaria, resembling the former in possessing ribs (or "j^licae"),

and yet probably destitute also of the scrolls at the transition-

place. Arthrothamnus might perhaps be considered as intermediate

between Ayarum and Thalassiophyllum on the one hand and

Laminaria on the other. The blade is neither perforated nor

ribbed, and yet it possesses the involute scrolls of Ayarum at the

base and the spii-ally scarred stipe of Thalassiophyllum.

Lessoniide.e.—Under this tribe are reckoned the five genera;

I)ictyon(iuro7i, Lessonia, Postelsia, Nereocystis, and Macrocystis.

All of these genera are much more complex than any of the Lamin-

ariideae. The fronds in all except Dictyoneuron are branched and

this branching originates in a splitting at the transition-place as

mentioned above. As to whether this splitting divides the blade at

whose base it occurs, equally or unequally, we have two subtribes

established, viz: the Lessonie?e, comprising the first four genera and

the Macrocystepe, including the genus Macrocystis.

Subtribe 1. Lessoneae. ^h.e,io\\v genevo. Dictyoneuron, Lessonia,

Postelsia, and Nereocystis form a very natural- subtribe of the Les-

soniideae. Their relationships are briefly discussed below.

Dictyoneuron, Rupr.—There is only a single species belonging to

this genus. It inhabits the Californian coast and is rather rare.
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The blades are long and narrow and often curved. The surfaces

are coarsely reticulated with prominent veins and the margins pro-

vided with remote coarse teeth. The fissure appears in the transi-

tion-jjlace and divides the blade into two and the stipe almost to

the very base so that there is very little of a common stipe left, and

this soon disappears or becomes covered with "rootlets,"' so that M'e

have finally what looks like a group of separate plants in various

stages of lission.

Lessonia, Bory.—There are about six species of this interesting

genus, but most of them are rare or ill-represented in herbaria.

The " leaves " split at the base into two equal parts each of which

develops into a new leaf with it own portion of stipe, and by the

repetition of this process the stipe becomes very regularly dichoto-

mously branched, and the " leaves " or small blades are borne on the

ultimate ramifications. The lower portion of the stipe thickens and

becomes fairly stout, even in the smaller species, and in the larger

ones it reaches such a size and imitates in its "rings of growth" so

very closely the woody exogens, that the dead trunks thrown up on

the beach have been mistaken for logs,^

J^ostelsia, Rupr.—In some of the species of Lessonia, the "leaves "

are borne on very short branches of the stipe and therefore form a

more or less compact cluster at the top of the main stipe or " trunk."

This is carried still farther in the form, to receive which Ruprecht

proposed the genus Postelsia. In adult specimens of this plant, the

trunk is hollow and reaches a length of about a foot and a half,

with a diameter somewhat less than an inch. On the flattened toj)

of the trunk grows a bunch of from 30-50 leaves which appear to

spring directly from it. Each leaf is lanceolate, or somewhat gladi-

ate, coarsely wrinkled longitudinally, and provided with a distinct

stalk. Most of them are found in the process of dividing which

occurs exactly as in Lessonia and Dictyoneuron. The stipe of each

blade splits to the very base, and so all trace of the branching is

lost in the majority of the leaves. Occasionally, however, the split-

ting does not continue to the very base of the stalk and this gives

rise to a few short branches each bearing six or seven leaves.

Ruprecht has given excellent figures of adult plants in his " Neue
oder unbekannten Pflanzen aus dem nordlichen Theile des stillen

Oceans."'

' Cf. Rupr., Mem. Imp. Acad. Sci. St. Petersb., t. 7. p. 80, PI. 7, 1852.

2 Cf. Hooker, Flora Antarctica, Pt. 2, p. 458, 18-J7.

Mem. Imp. Acad. Sci. St. Petersb., t. 7, PI. 6, 1852.

I 1
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Nereocystis, P.&R.—There are two species of the famous "blad-

der-kelp " of California, the one, JSf. Lutkeana, P.&R. ranging from

Santa Cruz northward to Behring Straits, the other N. gigantea,

Aresch., extending from San Diego southward along the coast of

Lower California. The latter has been made the type of a new
genus by Areschoug,' viz: Pelagophycus; but there seems to be no

adequate reason for separating it generically from N. Lutkeana.'

Both species agree in having a very long stipe which is slender

and solid at the base and broader and hollow above, while at the

apex it expands more or less abruptly into a large globular or pear-

shaped bladder upon which are borne two bunches of leaves. In

N'. Lutkeana the bunches are sessile upon the top of the bladder,'

while in N. gigantea the leaves are borne upon two dichotomously

branched stipes and are removed some distance from the bladder.

In iV. Lutkeana, the leaves are sessile and each one on splitting-

divides to the very base oi- nearly to it, but in JV. gigantea the leaves

are provided with fairly long stalks, and in fission the stipes are not

divided to the base, so that there results a Lessonia-Vike. portion.

The first leaf however must divide nearly to the very base of the

stipe in order to give rise to the two sets of branches.

Of the four genera which make up this subtribe of the Lessoni-

ideae, Dictyoneuron is the simplest and stands somewhat apart from

the other three. As regards the modification of the transition-place

it agrees well with the other genera, but in the details of the form

and markings of the blade as well as in the decumbent, rooting stipe,

it differs decidedly from the other three. But Lessonia, Postelsia

and Nereoaystis are very closely related indeed. The smaller forms

of Lessonia approximate to Postelsia and the latter in its hollow

stipe comes very near to Nereocystis.

Subtribe 2. Maerocysteae.—This subtribe contains a single genus

which, however, has a wider distribution than any other genns of

the Laminariaceae.

Macrocystis, Ag.—In the genus Macrocystis we find a single very

variable species.^ While it possesses a compound frond which arises

' Bot. Notiser, p. 49, 1881, Obs. Phyc, Pt. 5, p. 6.

- Of. Farlow, Bull. Torrey Bot. Club, vol. xvi, p. 7, 1889.

3 Cf. P. & R., 111. Alg., PI. 8 and 9.

* Cf. Hooker, Flora Antarctica, Pt. 2, p. 461.

^ JiMjKT,
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through a process of splitting at the transition-place, yet there is

such a fundamental difference in the details of this process from

that found among the Lessoneae, as to warrant our placing the genus

in a subtribe by itself. The latest paper dealing with the morphol-

ogy is one by Rosenthal.' At the tip of the frond there is a broad

scimitar-shaped blade at the lower, rounded edge of which are

several (3-8 or more) parallel slits. These are situated toward the

base of the blade and parallel also to the rounded edge. The new

leaves are thus formed on one side only and follow one another in

fairly rapid succession. In this way also the terminal blade is

divided into two parts which are unequal not only in size but in

their farther development. The portion cut off by the extension of

the lowest slit, becomes an oi'dinary leaf, more or less lanceolate-

ovate in shape, with ciliate-toothed margins and provided with a

short stipe and bladder-like expansion at the base. The other por-

tion, viz: the terminal blade or leaf repeats this process of cutting

off a portion of its base and so on.

This modification of the process of splitting affects, of course,

the general habit of the plant. Instead of a regularly dichotomous

stipe with leaflets of the same value, we have a plant whose axis is

sympodial and is often unbranched, with leaves in a single row and

secund. Branches arise somewhat irregularly and come into exist-

ence when, in the process of splitting, a portion is split off which is

equal to the portion left behind. The new blade becomes the ter-

minal blade of a branch.'^

Alariide^e.—Under this tribe it seems best to distinguish three

subtribes, the Alarieae, the Egregiese, and the Ecklonieae. The

plants of this group possess compound fronds, but these arise, not

by any process of splitting as in the Lessoniideae, but by out-

growths from the meristematic region at the transition-place.

Subtribe 1. Alarieae—This subtribe includes the genera Alaria.

and Pterygophora. They are distinguished from the other genera

by having the sporophylls situated upon the stipe alone and con-

sequently arising upon the stipe-forming portion of the transition-

place.

Pterygophora, Rupr.— Pterygophora Californica, Rupr. is the only

representative of this genus. Old plants possess a fairly long (1-2

' Flora, Bd. Ixxiii, pp. 107-111, Taf. vii-viii, f. 1-3.

2 Of. Rosenthal, loc. cit. pp. 108-109.

2 i^'^-Wr
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feet) rather stout, flattened stipe which bears towards the top a

bunch of leaves. Younger specimens show the arrangement of these

leaves better than older ones. At the top there is a long strap-

shaped blade tapering gradually to the base and with the central

portion thickened into a sort of indefinite midrib. Below this are

two ranks of leaves along the stipe arranged with their blades in

the same plane with the terminal blade. These leaves are the

sporophylls and are much the same shape as the terminal blade

but lack the midrib. They are eroded at the tip and appear to

increase in length at their own ti-ansition-places. It may be seen

from younger specimens that the sporophylls arise as outgrowths

from the lower portion of the transition-place. Below these sporo-

phylls are scars on the stipe where older sporophylls have been

situated. Neither the terminal blade nor the sporophylls ever pos-

sess cryptostomata.

Alaria, Grev.—The genus Alaria contains between 1.5 and 20

species which are at present both little known and in a state of con-

siderable confusion. They agree very well in their general charac-

ters, the species being founded on details which are likely to vary

oonsiderably in individuals of the same species.

The terminal blade in Alaria is much elongated and possesses a

very distinct midrib. It is also provided with abundant cryptosto-

mata even in adult specimens. The sporophylls are in two ranks

on the upper portion of the stipe and arise as outgrowths from the

lower part of the transition-place. The sporophylls in Alaria seem

to be of definite growth, i. e. they grow to be of a certain definite

size and then stop. Their distal ends are rounded and never eroded

as in Pterygophora. They are destitute of cryptostomata except

in rare and apparently abnormal specimens. Aft;er maturing the

zoosporangia the sporophylls drop off and their oflice is performed

by younger ones.

Alaria differs from Pterygophora in possessing a more definite

midrib and cryptostomata in the terminal blade and by the definite

growth of the sporophylls.

Subtribe 2. Ecklonieae.—This subtribe contains three curious

and little known genera, viz : Ulopteryx, Ecklonia, and Eisenia.

They all possess pinnatifid fronds and the pinnae, on examination,

are found to be sporophylls which arise at the base of the blade

rather than at the tip of the stipe. This forms the distinctive fea-

ture of the subtribe.
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Ulopteryx, Kjellra.—This genus contains a single species U. pinna-

tifida (Harv.), Kjellm., which is found in Japan. Specimens are

rare in herbaria and it is very difficult, therefore, to get material

for study, Kjellman has given an excellent account and figure of

the adult plant.' The writer has also had the opportunity of ex-

amining an excellent young specimen collected by Prof. K. Miyabe

of Sapporo, Japan and preserved in the herbarium of Prof. Farlow

at Cambridge, Mass.

The blade possesses cryptostomata, a distinct midrib and is deeply

pinnatifid on the margins with finger-shaped pinnae. The jjinnae

decrease in length towards the base of the frond and at the transi-

tion-place are represented by mere protuberances. The stipe of the

young specimen in Prof. Farlow's herbarium is cylindrical and un-

modified, but in the older fruiting specimen figured and described

by Kjellman, it is plicately twisted above somewhat after the

fashion of the stipe of Saccorhiza bidbosa, DelaPyl.

Ecklonla, Hornem.—There are about six species of EcJclonia, of

which it is difficult to get good material for study on account.of the

large size of the plants and their rarity in herbaria. Through the

kindness of Prof. D. C Eaton of New Haven, Conn., the writer has

been able to examine a number of fine specimens of EeJdonia radiata

(Turn.), J.Ag., collected by Baron F. von Miiller of Melbourne,

Australia. Some of these specimens were fairly complete and

showed very Avell the characters of the adult plants.

The blade is very broad and long, and its margins are deeply

pinnatifid their whole length. The pinnae are broadly linear-

lanceolate and arise as outgrowths at the base of the blade. As the

blade increases in length, there is a tendency for the central portion

to wear away faster than the pinnated margins, and consequently

there is left on each side of the upper portion of the blade a narrow

strip with pinnae attached. The stipe in this species is short and

solid, but in E. huccinalis (L.), Hornem. from the Cape of Good

Hope, the stipe is swollen and hollow."

Elsenla, Aresch.

—

Eisenia arborea, Aresch. grows on the coast of

California and is very scarce and local. Areschoug* compares it

with Postelsia, but from his description it seems to be very different.

The writer is indebted to Prof. W, G. Farlow of Cambridge, Mass.,

' Cf Kjellman and Petersen, Om Japan's Laminarier, in Vega Expeditionens Jaktta-

gelser, Bd. 4, 1885. = Cf. P. & R., 111. Alg, PI. 2. ^ obs. Phyc, Pt. 5, p. 7.

<r\
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and to Dr. C. L. Anderson of Santa Cruz, Cal., for fine, large, dried

specimens from Monterey, Cal., and to Prof. Carl Eigenmann of

Bloomington, Ind., for an excellent younger specimen from San

Diego, Cal., preserved in alcohol. In the older specimens the stipe

is long and stout (about 2 feet long and 2 inches in diameter),

terete below but compressed above. At the top, it divides into two

stout branches (10 inches long in some specimens) which are sepa-

rated from one another above by a bi'oad rounded angle. The

branches are very much flattened, rounded on the outer margin,' but

nearly acute on the inner (or upper). The medulla, in cross-section

extends up to the inner margin and there ceases abruptly at the

surface as if cut off at that point. At the apex of each branch is

a bunch of leaves. The leaves are from one to two feet long,

linear-lanceolate in outline, very coarsely and remotely toothed on

the edges, and longitudinally wrinkled. They resemble very much
the pinnae of EcMonia. They decrease in size (and in age) as they

approach the outer margins of the tips of the branches and finally

diminish to mere protuberances, thus showing that they arise as

outgrowths and that thej^ are true sporophylls. A very young

specimen in Herb. Farlow, collected by Mr. Daniel Cleveland of

San Diego, Cal., shows a large terminal blade with the sporophylls

arising at its base as in Ecklonia. A comparison with EcMonia
radiata suggests that the whole central part of the blade dies away
early, leaving the more active margins at the base with the pinnae.

This would make the " branches " belong partly to the thickened base

of the leaf, and partly to the stipe and the appearance of the medulla

in cross section, spoken of above, seems to warrant this explanation.

However this may be, Eisenia seems to be worthy of generic rank

and is related to Ecklonia rather than to Postelsia.

Subtribe 3. E^regieae.—The geniis Egregia differs from all the

other genera of the Alariidese in that the sporophylls arise along the

entire length of both margins of the transition-place and therefore

are arranged, when full-growth, on the margins of both blade and

stipe.

Egregia, Aresch.

—

Egregia Menziesii (Turn.), Aresch. is one of

the most variable and most complex species of the Laminariace^e,

Herbarium specimens show very varied forms so that it seems diffi-

^ Aresch., loc. cit.

Trans. Conn. Acad., Vol. IX. March, 1893.

25

^ Mkr;
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cult to believe that we are dealing with a single species. There are

three sets of forms which are most conspicuous. The first has a

perfectly smooth stipe, with smooth sporophylls usually very little

dissected or even divided and often bearing large bladders. The

second is a form with a smooth stipe and sporophylls, but with

the latter very much pinnately dissected, often entirely divided up

into long capillary divisions, and with slender elongated bladders.

Finally a form occurs, in which the surfaces of the terminal blade,

the simple sporophylls, and the stipe are roughened with small

spines, which in old stipes are very closely set together. The blad-

ders are large and swollen. This is the form figured by Ruprecht.'

It is impossible to tell from herbarium specimens how thoroughly

distinct these forms may or may not be, yet very young plants are

found having these different characters already present.

Young plants possess a comparatively large terminal blade, which

is at first entire, but soon protuberances appear at the base, and as

growth proceeds the blade consequently becomes pinnately divided

as in EcMonia. The protuberances, however, are not confined to

the blade but appear also upon that portion of the transition-place

belonging to the stipe. The stipe increases enormously in length

and is throughout its whole length beset on both edges with sporo-

phylls, which ai'e of definite growth, resembling those of Alaria.

In two of the forms mentioned above the sporophylls are little dis-

sected, but they are very much cut up in individuals of the third.

The frond of Egregia is irregularly branched. The branches are

usually very long and arise from sporophylls which function as ter-

minal blades forming new sporophylls at their own transition-places.

The EgregiecB, on account of the formation of sporophylls, both

at the base of the blade and the top of the stipe are intermediate

between the Alariese on the one hand and Eckloneae on the other.

Syno2)sis of the Genera of the Laminariacem.

Tribe I. Laminariide^.—Fronds simple (except in Thalassiophijl-

lum.)

Subtribe 1. Laminarieae.—Fronds provided neither with ribs, nor

with perforations. Transition-place plane and unmodified.

1. Chorda, Stackh.—Fronds cylindrical, hollow, with diaphragms at

irregular intervals. Sorus covering the entire surface. Para-

physes destitute of a hyaline appendage.

' Mem. Imp. Acad. Sci. St. Petersb., t. vii, PI. 4.

a\



Distribution of the Laminariacece. 351

2. Saccorhiza, DelaPyl. — Frond yjossessing a distinct blade and

stipe. Pavaphyses destitute of hyaline appendages at the tip.

Sori not covering the whole surface.

3. Laminaria, Lani'x.—Frond possessing a distinct blade and stipe.

Paraphyses provided with hyaline appendages at the tips. Sori

not covering the whole surface.

Subtribe 2. Agareae.—Fronds provided either with ribs, or with

scroll-like auricles at the base of the blade, or with both.

4. Cymathoere, J. Ag.—Blade provided with three (or five ?) ribs

(or plicae ?) and destitute of perforations, bullate swellings, or

auricles at the base; bilateral.

5. Costaria, Grev.— Blade provided with five ribs and bullate swell-

ings which occasionally form perfoi'ations, but destitute of auri-

cles at the base; bilateral.

6. Agarutn^ (Bory), P.&R.—Blade provided with a midrib, with

perforations, and with auricles at the base; bilateral.

7. TJialassiophyllum, P.&R.—Blade unilateral, provided with per-

forations and a scroll-like transition-place but destitute of a

midrib. Frond irregularly branched by proliferation from the

margins of the perforations.

8. Arthrothamnus, Rupr.—Blade bilateral, plane, with auricles at

the heart-shaped base. Stipe dichotomous provided with a

spiral scar, erect or decumbent.

Tribe II. Lessoniide^.—Frond compound. New blades arising

from the old by a splitting process at the transition-place.

Subtribe 1. LessoneaB.—Stipe dichotomous.

A. Stipes solid.

9. Dictyoneuron, Rupr.—Divisions few ; stipe creeping and root-

ing ; blades reticulately veined.

10. Lessonia, Bory.—Divisions numerous ; stipe ei-ect, blades plane

or wrinkled, sometimes provided with a midrib.

B. Stipes hollow.

11. Fostelsia, Rupr.—Stipe cylindrical throughout.

12. JV^ereocystis, P.&R.—Stipe expanded at the apex into a large

bladder.

Subtribe 2. Maerocystese.—Stipe sympodial. Branching irregular.

13. 3Iacrocystis, Ag.

Tribe III. Alariidk.e.—Frond pinnately compound. Sporophylls

arising as outgrowths at the transition-place.

Subtribe 1. Eekloneae.—Sporophylls situated upon the blade.

14. Ulopteryx Kjellm.—Blade provided with a distinct midrib and
with cryptostomata.
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15. EcMonia, Hornem,—The main portion of the blade persisting,

destitute of cryptostomata.

16. Eisenia, Aresch.—The main portion of the blade disappearing

early destitute of cryptostomata. Stipe bifurcate, above in all

except very young specimens.

Subtribe 2. Eerregieas.—Sporophylls situated upon both blade and

stipe.

17. Egregia, Aresch.—Frond irregularly branched.

Subtribe 3. Alarieae.—Sporophylls situated upon the stipe alone.

18. Pterygojyhora, Rupr.—Terminal blade provided with an indefi-

nite midrib but destitute of cryptostomata. Sporophylls of

indefinite growth.

19. Alaria, Grev.—Terminal blade provided with a distinct midrib

and with cryptostomata. Sporophylls of definite growth.

Geographical Distribution of the Laminariacece.

As far as the writer is aware, nothing has been written on this

subject as a whole. Hooker' speaks at length, of the distribution of

Macrocystis. Kjellraann in his " Arctic Algae " treats of the dis-

tribution of the northern kelps very carefully, in connection with

the other algse of the Arctic Sea. But apart from these the refer-

ences are scattered and the main features are left unemphasized.

It is the desire of the writer to bring these more general facts of

distribution together in one place.

The kelps inhabit the colder waters of the globe, delighting in the

marine waters of the frigid and colder temperate zones, and absent

or all but absent from the warmer temperate and tropical oceans.

In selecting, then, our regions to be considered, we can leave out

practically all the middle portions of both the larger oceans as well

as all the Indian Ocean, and confine our attention to the Arctic

Ocean, the northern portions of the Atlantic and Pacific, and to the

southern portions of the same oceans together with the Antarctic

Ocean.

The Northern Atlantic and Arctic Oceans.—We may distinguish

under this head six different districts' whose kelp-floras differ sufti-

eiently to receive, each its special mention. The districts are those

of northern Asia, northern Europe, western Europe, Spitzbergen,

Baffin Bay, and New England.

' Flora Antarctica, Pt. 2, pp. 461-465.

° These are merely geographical districts selected for convenience in dividing up the

coast and not true provinces as regards similarity of inhabitants.

tf.
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The District of northern Asia includes that part of the Arctic

Ocean lying just north of Siberia. The conditions over this district

are unfavorable for the growth of algas and the algal flora is con-

sequently very poor.' '

The District of northern Europe includes the seas north of

Europe, from the Kara Sea on the east to the northern coast of

Norway on the west. The western parts are comparatively rich in

kelps.

The District ofioestern Europe includes the coast of Europe from

western Norway down to Portugal and into the Mediterranean Sea.

The Baltic Sea and the seas about the British Isles are included in

this district.

The District of Spitzbergen includes the coasts of Spitzbergen,

Iceland and eastern Greenland. This includes what Kjellman" calls

the Spitzbergen and Greenland Seas.

The District of Baffin Bay includes the west coast of Greenland

and the northern part of the Labrador coast.

The District of Nexo England includes the coasts of New Eng-

land and Nova Scotia, as well as that of Newfoundland and the

southern extremity of Labrador.

The Northern Pacific Oceans.—In the northern Pacific we have

the coasts of western North America and of eastern Asia. Both of

these may be still farther subdivided and we have finally four dis-

tricts to consider, viz: those of California, Alaska, Ochotsk Sea, and

Japan.

The District of California includes all of the western coast of

the United States. The kelp-flora is sufficiently alike along its

whole extent for us to consider it as a whole. From San Diego

southward along Lower California, there are a few fairly important

differences.

The District of Alaska includes Alaska and the adjacent coasts

of British America. Its kelp-flora appears to be rich and varied,

but it is, as yet, very imperfectly known.

The District of the Ochotsk Sea includes the eastern and western

coasts of Kamtschatka and the sea inside of the Kurile Islands.

Almost our entire knowledge of its kelp-flora comes from the works
of Postels and Ruprecht.

The District of Japan includes the ocean and seas about the

Japanese Archipelago.

' Cf. Tvjellm
, Arctic Alga^ pp. 7, 26, 27, etc. - Loc. cit., p. 3.

Q\ 1.
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The Antarctic Ocean is not separated off into such distinct parts,

but is open throughout its extent. We may distinguish five dis-

tricts in the Antarctic and southern Atlantic and Pacific Oceans,

viz: the districts of western South America, Fuegia, western Africa,

Gape of Good Hope, and Australia.

The District of vjestern South America includes chiefly the coast

of Chili and our knowledge of its kelp-flora is very inadequate.

The District of Fuegia includes the region about Cape Horn and

the Straits of Magellan, and also the Falkland Islands. We have

excellent accounts of the kelp-flora in Hooker's " Flora Antarctica,"

part second.

The District of western Africa includes the Azores, the Madeira,

and Canary Islands, and the coast of Guinea. The kelp-flora is

scanty, but the district is interesting as an intermediate district.

The District of the Cape of Good IIop>e includes only the region

immediately about the Cape of Good Hope itself.

The District of Australia includes not only the western and

southern coasts of Australia where kelps are found, but also New
Zealand and Tasmania. Whether any kelps are found on the

northei'n coasts or not seems uncertain.

Three intermediate regions are of interest. One is the Canary

Islands already mentioned above ; a second is St. Paul and the

Oozet Islands, midway between the Cape of Good Hope and Aus-

tralia, and the other is Tahiti and the other Society Islands in the

middle Pacific Ocean, only a comparatively small distance south of

the equator.

In the following tables are given lists of all the species belonging

to the Laminariacefe so far as they are known to the writer, and

imperfect as it undoubtedly is, yet it will probably serve the pur-

pose for which it is inserted, viz: to give some tangible basis for a

general discussion of the relative distribution of the genera and sub-

tribes of the group.
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The districts enumerated above are the principal geographical

districts in which kelps are found. There are however several

more or less isolated kelp-localities which are of great importance

when the causes of distribution are being discussed. Such localities

are the Society Islands, Kerguelen Land, St. Paul Islands, the

Crozets, and the Canary Islands, the latter of whose species have

already been enumerated in the table among the species of western

Africa.

At Kerguelen Land, nearly midway between Australia and the

Cape of Good Hope but decidedly to the South are found growing:

Macrocystis 2^yrifera, Ag.

Lessonia fuscescens, Bory,

and at Heard Island, 250 miles south of Kerguelen Land are found

Lessonia nigrescens, Bory.

" ovata, Hook. & Harv.'

At St. Paul and the Crozets, also approximately half-way between

the Cape of Good Hope and western Australia but more to the

north or west, are found:

EcMonia huccinalis (L.), Hornem.

Laminaria pallida, Grev.

Macrocystis pyrifera, Ag.,

and at Tahiti and the other Society Islands, midway in the Pacific

Ocean and in the Torrid zone (10-20° S. long.) are found:

Macrocystis pyrifera, Ag.

Lessonia Suhrii, J. Ag.
" nigrescens, Bory.

The Laminariaceae, as mentioned above, are inhabitants of the

colder waters of the globe. At the north, they extend up so far as

there is suitable bottom which is free from pei'manent or very

nearly permanent ice ; and in the south, they extend down so far

as the ice will permit.'' They do not occur in the tropical waters

nor in those of the warmer temperate regions except as the tempera-

lure of these waters may be brought down to the proper degree

of coldness by the current from the polar regions.

It is the temperature that limits the distribution of the kelps and

that too, the summer temperature, as heat not cold is inimical to their

growth. They can endure almost any degree of cold that occurs,

even in polar waters but readily die and decay where the waters

1 Cf. Dickie, Jour. Proc. Linn. Soc, vol. xv, p. 47, 18T6.

- Hooker, Flora Antarctica, Pt. 2, p. 465.

,? P.UlAr
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are at all " warm." So that the distribution of the kelps is limited

toward the poles b}^ the presence of ice for too long a portion of

the year, and in the directions away from the poles by the limits of

the various colder currents. The tropical currents and waters are

interesting as acting as barriers against farther distribution in cer-

tain waters.

In studying the table of distribution just given, we notice certain

features which are of interest and importance. It will be best, per-

haps, to consider these general features of distribution, first \)\ pro-

vinces, and then by tribes and subtribes.

The district of northern Asia (or of the Siberian Sea)* possesses

four species of Laminaria and three of Alaria. Of the latter tAvo

are peculiar to this district and one is found also on the coast of

Alaska. Of the four Lanunarice, one is found also in Alaska, and

the other three are found in the northern Pacific (Alaska or Sea of

Ochotsk) and in the Arctic Sea, either in northern Europe or more

northern, in Spitzbergen, or Bafiin Bay. So that the kelp-flora of

this district is related both to that of the north Atlantic and Euro-

pean Arctic as well as to the northern Pacific.

The districts of northern Europe, Spitzbergen, and western Europe

are very much alike in general features. Their kelp-flora is made
up of the members of the Laminariete and Alarieae alone. Even
Agarutn, so abundant in Baflin Bay and New England, is not pres-

ent. Altogether they possess twenty-one species, of which four

are common to all three, while nine species are common to northern

Europe and Spitzbergen, on account of the colder waters of these

districts. There are also eight species common to both northern

and western Europe. In fact the differences between these districts

is mostly one of colder and warmer water species.

When we turn to the districts of Baffin Bay and New England,.

we find that not only are the Laminariese and the Alariese repre-

sented, but also the subtribe Agareae. They have eight species in

common. The four species common in northern Europe, western

Europe and Spitzbergen are also found in these two districts. They

have six species in common Avith Spitzbergen and northern Europe,

while New England has seven species in common with both northern

and western Europe.

The possession of Agarum. Turneri suggests a comparison with

the district of Alaska, with which New England has seven species

in common and Baflin Bay nine.

' Cf/ Kjellman, Arctic Algae, p. 5.
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The northern Atlantic and Arctic Districts then are nearly related,

the districts of Spitzbergen, western Europe and northern Europe

being the most alike, the district of northern Asia having something

in common with the northern Pacific, and New England and Baffin

J3ay having also a prominent genus in common with the northern

Pacific.

In the northern Pacific we have separated four districts, each of

which has its peculiar interest. Two of these are on the western

coast of North America and the other two are on the eastern coast

of Asia. The species of all of these are in considerable confusion

at present, but enough perhaps is certain to afford a fair basis for

comparison.

The district of Alaska is credited in the above table with 30

species and the district of California with 15. They have however

but 3 species in common. This number may be so small because

of our imperfect knowledge, but there can be little doubt that there

is a great dissimilarity in the kelp-floras of the two districts. While

Alaska possesses 14 species of the Laminariece and 10 Alarieae, Cali-

fornia has but 3 of the former and but 2 of the latter, 1 species of

which is the peculiar Pterygophora Californica, Rupr. Alaska also

possesses 5 species of Agareje while California has but 1. On the

other hand Alaska has no representative of the Lessonea? while Cali-

fornia possesses 5, and no members of the Eckloneae against 2 be-

longing to California. Alaska possesses members of the Laminariea?,

Agareae, Macrocystea?, and Alariea? while California has representa-

tives of all the 8 subtribes along its coast. Of the 15 species

credited to California, 10 are peculiar to it. Of the remaining 5,

3 are found also in Alaska, 1 also in Japan, 1 also on the shores of

Kamtschatka, while 3 are species also found in the southern hemis-

phere. The only one found also in the northern Atlantic or Arctic

Oceans is Alaria esculenta and it is doubtful whether this species as

understood by Kjellman is really present in Californian waters.

The case is much different with the district of Alaska. It has 6

species in common with Spitzbergen and 9 with Baffin Bay, while

the only species it has in common with the southern Pacific is

Macrocystis pyrifera, Ag.

On the opposite side of the Pacific Ocean, in the districts of

eastern Asia we find a somewhat similar state of things. Here we
have a northern district, viz : the district including the Sea of

Ochotsk and Kamtschatka, and a southern district including the

larger islands which belong to Japan. The Ochotsk district has
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15 species and Japan has 13, but they have only 1 sj^ecies in com-

mon. Ochotsk has 7 species in common with Alaska while Japan

has but 3, Ochotsk has 5 species in common with the northern

Atlantic, and Arctic, and Japan has 3. Ochotsk has no Eckloniege

while Alaska has, and Japan has neither Macrocysteae nor Lessoniea?

while Ochotsk has both. Ochotsk is to be compared with the

southern Pacific on account of the possession of Macrocystis and a

species of Lessonia peculiar to it, while Japan is to be compared

with the southern Pacific on account of its possession of 3 species

of Ecklonia, none of which, however, are found anywhere else.

The relations between the algae of the Sea of Ochotsk and

Behring Sea are discussed by Kjellman in the Botanisches Central-

blatt,' where he expi-esses the opinion that the Sea of Ochotsk is

only a more southern jjart of the same province with the Behring

SeaV

We find therefore that, in the most northern part of the Pacific

Ocean, we have a kelp-flora which is partly Asiatic, pai'tly Ameri-

can, while the more southern districts, both on the Asiatic, and on

the American sides have marked peculiarities which separate them

both from one another and from the more northern part. We find

also that this northern pai*t of the northern Pacific has a consider-

able similarity to the northern Atlantic and Arctic in regard to its

kelp-flora, while it possesses two genera and one species in common
with the southern Pacific.

The Southern Pacific Districts of the most prominence are three,

viz: those of Fuegia, of Australia, and of the Cape of Good Hope.

Their characteristics are, briefly, as follows : Fuegia is the place

where the Macrocystis forms are most abundant; is also the only

place where the species of Lessonia are found in any considerable

abundance and luxuriance; but the species of Ecklonia are either

very scanty or are entirely wanting. Australia abounds in forms of

Ecklonia, Macrocystis is also fairly abundant there, but Lessonia

species are entirely wanting. The Cape of Good Hope is the home

of the largest species of Ecklonia {E. hiiccinalis (L.), Honiem.) and

possesses also the Australian species Macrocystis is abundant, par-

ticularly at the Agulhas Bank,^ but less abundant than at Cape

Horn or. on the coasts of Australia.* The Cape of Good Hope how-

1 Bd. xli, pp. 168-170 and 198-199, 1890.

* Loc. cit., p. 199.

3 Cf. Hooker, Antarctic Flora, Pt. 2, p. 465.

• Cf. Martens, Die Preussische Expeditonen nacli Ost-Asien, Die Tange, p. 40, 1866

h. io. ^kr.
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ever possesses a species of the genus Lammaria [L. pallida, Grev.)

which is said by Areschoug' to be nearly as abundant as Ecklonia

buecinalis (L.), Hornem.

The only two districts in the list now remaining to be discussed

are those of western Africa and western South America.

The district of western Africa is very poor in species of kelp, only

three being reported from it. One of these, Saccorhiza bulbosa

(Huds.), DelaPyl. is reported from the shores of Guinea," and Eck-

lonia buecinalis (L.), Hornem. and Laminaria pallida, Grev. from

the Canary Islands. Macrocystis appears to be absent.

In the district of western South America, which means really the

shores of Chili, are found 8 species, 5 of which are common both to

it and to Fuegia. The coast of Chili, then, has all the Fuegian

species and 3 besides. The most interesting species quoted from

Chili is the Laminaria hiinantophylla, P.&R., one of the digitate

species, concerning which almost nothing, however, is known,' and

some doubt may be felt perhaps as to whether it really belongs to

the genus Laminaria or not.

Above, we have glanced at some of the important features of dis-

tribution by districts and groups of districts, the next thing to con-

sider, is the general distribution by tribes and by subtribes.

The Latninariem are northern species as a glance at the table will

show. Members of the group are found in all of the districts of

the Arctic, the northern Atlantic, and the northei'n Pacific Oceans.

Alaska is the richest district possessing 14 species, western Europe,

northern Europe, Baffin Bay, and New England have 10 apiece and

Spitzbergen has 8. This subtribe is one of the most widely distrib-

uted subtribes for 2 species occur on the western coast of Africa,

another at the Cape of Good Hope, while still another is reported

from the western coast of South America. But in spite of the

occurrence of these southern localities for Laminarieae, the group,

as a whole is distinctively northern, and these southern forms are

to be regarded as waifs derived in some fashion from the main sub-

tribe which is circumpolar at the north. This subtribe too has 38

species referred to it, which is double the number referred to the

Alariece, the next largest subtribe.

' Phycefe Novaj et Minus Cognitye, etc., Acta Reg. Soc. Upsal, ser. 3, vol. vi, p. 361,

1866. 2 cf. J. G. Agardh, Spec. Alg., vol. i, p. 138.

^ Cf. Postals & Rupr., 111. Alg., p. 2, also J. Ag., Spec. Alg,, vol. i, p. 136, Le Jolis,

Nova Acta, vol. xxv, p. 590, 1856.

^Jyms:
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The Agarem are a small tribe numbering only 6 species. Of these

Alaska has 5, the Sea of Ochotsk District 4, or the two districts

taken together' possess the whole number of species. California

and Japan each possess 1 species as do also Baffin Bay and New
England. The distribution of this subtribe then belongs entirely

to the northern Atlantic and Pacific Oceans. There are no southern

species, nor any inhabiting either the European or Asiatic portions

of the Ai'ctic Ocean. The home of the subtribe seems to be in

Behring Sea, whence ai-e derived both the Californian and the

Japanese species. The occurrence of a single species along the

northeastern coast of North America is not so easily explained.

The distribution of Lessonece presents a number of very interest-

ing points. The home, as we might call it, of this subtribe seems

to lie in the region neighboring to Cape Horn, where the three

largest and most typical species of Lessonia are to be found. The

western coast of America possesses the same three species and in

addition L. Stihrii, J. Ag., which may be said to be characteristic

of this coast. None of the subtribe are found either at the Cape of

Good Hope or upon the shores of Australia. X. Juscescens, Bory,

it is interesting to note is rare at Christmas Harbor, Kerguelen

Land,' in the Antarctic Ocean, and at Tahiti, just south of the cen-

tral jjortion of the Pacific Ocean where it is associated with L.

Suhrii, J. Ag. the Chilian species.' Zi. nigrescens, Bory, and X.

ovata, Hooker, occurs at Heard Island just south of Kerguelen. In

the northern Pacific there exists a peculiar species of Lessonia in

the region of Behring Sea and on the coast of California there are

6 species belonging to the subtribe. The Californian species of

Lessonia are very much confused and not well-known, both L. fus-

eescens, Bory, and L. nigrescens, Bory, have been spoken of as per-

haps occurring upon the Californian coast,^ but the determination

still remains undecided. There is a species which occurs at Oregon

and also one in the southern portion of California, which is referred

to L. nigrescens, Bory, in the table.

But the most striking feature among the Californian Lessoneae is

the existence of the four peculiar and characteristic species belong-

ing to three genera represented nowhere else, viz: Dictyoneuron,

1 Cf. p. 362.

2 Cf. Hooker, Flora Antarctica, Pt. 2, p. 457.

3 Cf. Grunow, Reise der Oeterreichischen Fregatte Novara, Bot. Th., Bd. i. p. 51, 1870.

4 Of. Farlow, Proc. Am. Acad., vol. x, p. 355, 1875. Rept. U. S. Fish Comm. for

1876, p. 707, 1876.

I Mu-r
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Postelsia^ and Hereocystis. The 4 species of these genera are char-

acteristic forms of the very peculiar kelp-flora of this coast.

There are no Lessonieae in the northern Atlantic or Arctic Oceans.

3£acrocystis pyrifera, Ag. is the only representative of the Macro-

cystem and has the widest distribution of any single species of kelp.

Hooker' has given such an exhaustive account of the main features

of its distribution, that subsequent writers have had little to do but

to copy his account almost verbatim. The Macrocystis completely

encircles the South Pole, its southern limit being fixed by the ice.

It is said by Martens" to be most abundant at Fuegia (or Terra del

Fuego), less so at Australia (or New Holland) and least abundant

at the Cape of Good Hoi)e. From these places the Macrocystis is

carried in large masses (or ''drifting islets") through all of the

Antarctic currents and has found a resting place on the shores of

the various islands where the conditions have been favorable for

its growth, viz: Kerguelen Land, Heard Island, Tristan d'Acunha,

St. Paul Island, and the Crozets. It does not extend up on either

coast of Africa to any extent nor on the eastern coast of South

America. It follows the Humboldt current up on the western coast

of South America, to the equator and finally " enters the cold

waters which flow from the Arctic Islands of the Pacific," and thus

extends along the entire western coast of North America up to

Alaska, and crosses over to the coast of Asia at Kamtschatka and

the Sea of Ochotsk.

It occurs also in the central portion of the Pacific at Tahiti and

is credited to China by Hooker^ to which sea he suggests it has

been brought from the northern Pacific.

It is not reported from the shores of Japan, nor does it occur at

all in the northern Atlantic and Arctic Oceans.

The EcklonecB are generally regarded as southern, and as belong-

ing principally to Australia and the Cape of Good Hope, but Kjell-

man has recently shown^ that Japan hfs an abundant supply of

Ecklonice, made up of three distinct species peculiar to the country.

Ecklonice occur at Fuegia and the western coast of South America

but the references leave some doubt as to the exact specific deter-

' Flora Antarctica. Pt. 2, p. 465.

* Die Preussische Epediiionen uach Ost Asien, Die Tange, p. 40.

3 Loc. cit., p. 465.

* KjellKian aud Petersen, Om Japans Laminarier, Vega-Expeditionens Vetenskapliga

jakttagelser, Bd. iv, pp. 269-275, 1885.

Trans. Conn. Acad.. Vol. IX. March, 1893.
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rainations and lead us to believe that they are not very abundant.

One species of the genus is credited by Areschoug,' to California,

but it seems very doubtful whether this is correctlj^ referred or not.

The most interesting points of distribution of this subtribe are

the occurrence of the peculiar genus Ulopteryx" on the Japanese

coast and of the peculiar genus Eisenio. on the coast of California.'

The EgregiecB contain the single species Egregia 3Ienziesii (Turn.),

Aresch., which combines in itself the characteristics both of the

Ecklonefe and of the Alariese. It is found only on the coast of

California and this limited distribution makes its systematic position

even more interesting.

The subtribe Alariece is the second largest subtribe of the order,

containing at present about 19 species. Of these 18 belong to the

genus Alaria and I to Pterygophora. The latter is peculiar to the

coast of California.

The species of Alaria are entirely northern and prefer the colder

waters. Their distribution is similar to that of the members of the

Laminariea?. Alaska leads with 10 species credited to its coast;

Spitzbergen has 6, northern Europe 4, noithern Asia and Baffin Bay

3 apiece, the Sea of Ochotsk and New England have 2 each, while

Japan and California each have 1. Although the regions most care-

fully examined have the advantage as regards the greater number

of species credited, yet there is little room for doubting that the

Alarice are most abundant in the coldest waters and diminish as

the waters become warmer. This can be readily seen on the coast

of New England. In Long Island Sound and the region south of

Cape Cod there are no species of Alaria; on the coast of Massa-

chusetts 1 species is found. On the coast of Maine there are at

least 2 species; and in Baffin Bay there are at least 3.

We find then that the subtribes of the Laminariaceae may be

divided into those characteristically northern and those character-

istically southern.

Of the northern subtribes both the Larainarieae and the Alariese

are circumpolar while the Agarea? and Egregiefe are more limited

in their distribution. The Laminariefe extend down along the

western coast of Africa to Cape Horn and beyond to St. Paul Is.,

and perhaps also down along the western coast of South America.

Of the southern subtribes, the Macrocysteae, and the Eckloneae are

both circumpolar and the Lessoneae very nearly so. These subtribes

are not however confined as strictly to the southern hemispheres as

> Obs. Phyc, Pt. 5, p. 1? « Cf. p. 275. » Cf. p. 348.
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the northern siibtribes are to the northern hemisphere. The .Macro-

cystese have the most extended range as far as latitude is concerned,

extending from the southern point of South America to the north-

western corner of North America. In the case of the other sub-

tribes the distribution is not so continuous. The Ecklonese have pos-

session of Australia and Cape Horn, but reappear in peculiar forms

in California and Japan. The Lessoneae extend up the western

coast of North America and reappear on the western coast of North

America in forms peculiar to that region.

Arguing from the fact that certain species of algae are practically

cosmopolitan, being found in almost all marine waters, we may
readily believe that if an alga be of such constitution as to endure

almost any condition of heat or cold, freshness or salinity, etc.,

which may be found in the ocean; such a species would be found

almost everywhere. Consequently we may also believe that a more

or less limited distribution means that the jjarticular form is unable

to endure certain conditions found along the borders of the area

inhabited by it and that thus barriers are raised against its farther

dispersion. Within a particular area, a species is dispersed b}' the

various tides, currents, swells, etc. of the waters of that area.

Apropos of this subject Hooker has said:' "We are accustomed to

regard the ocean as so ever-active and powerful an agent in facilita-

ting migration, and its uniform temperature is so conducive to the

general diffusion of species, that it seems almost wonderful that

Alf/ce should have limits to their distribution, especially in waters

which gird the globe on the same parallel of latitude, and whose

unchecked swells and currents literally extend over every degree of

longitude."

The temperature of the water has perhaps as much to do, as any

one thing, in limiting the distribution, and yet this is not the only

thing. Species may be carried across even fairly wide areas of

water whose temperature is unfavorable to their growth, by currents

passing from the areas which they inhabit. Hooker goes on to say:

" The remarkable increase in temperature of the tropical over the

polar seas of the Atlantic may, and probably alone does, check the

progress of the Macroci/stis in its course from Cape Horn to the

equator in that ocean, for, . , . the same sea-weed can float with

the colder currents of the Pacific from the same Cape to Behring's

Straits ; but no such obstacle pi'events the fullest interchange of

' Flora Antarctica, Pt. 2, p. 457.
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Cystoseirem between New Zealand and the temperate seas of South

America. It, however, is the fact, that whilst this group literally

abounds in certain latitudes and longitudes, which are those of New
Holland and the west Pacific, they are nearly absent from analogous

positions in the longitude of South America."

Besides the temperature of the water the temperature of the air

affects such species of algae as are partially or wholly exposed at

low water. This matter might affect the distribution of the kelps

to a slight extent,' but most of them grow below low water mark.

Two other causes, more local than general, which affect the distri-

bution of alga?, are the nature of the bottom and the salinity of the

sea. Both of these are discussed by Kjellman in a very satisfactory

fashion. ° The configuration of the coast, the amount of light, the

tides, etc., have their share in preventing or helping a form to get

a foothold on a particular coast but the main general factor is the

temperature of the sea.

As has been stated previously the kelps are inhabitants of the

colder waters' and decrease in numbers and luxuriance of growth as

we go towards the equator and cease, as a rule, long before we

approach either tropic. At the same time, they approach the poles

as near as the permanent ice will permit. They flourish in the

Arctic Oceans whei'e the temperature even in summer is scarcely

above 0.0° C.,^ and they may fruit and produce germinating zoo-

spores at temperatures of — 1° to — 2° C.^ Prof. Kjellman, to

whose work on the " Arctic Algae " numerous refei'ences have been

made already, has had magnificent opportunities for studying this

subject in regard to the marine algae in general and has considered

the subject in detail in his published works.

The Laminarieje, the Agareae, and the Alarieae belong among the

inhabitants of the very coldest waters. The Macrocystis is found

floating" within 15° of the south pole and is abundant in the colder

Antarctic waters as a floating plant. The Macrocystis, however, in-

habits also the warmer waters and, as we shall see below, can endure

a range of temperature unknown in the case of any other kelp.

1 Of. Kjellman, Arctic Algte, p. 3 1

.

2 Loc. cit., pp. 24 and 26.

^ Kjellman, loc. cit., p. 15, ''The formation of Laminariaceoi is the best marked and

most widely distributed vegetation in the whole Arctic Sea," etc.

4 Cf. Kjellman, loc. cit., pp. 31, 61, 84, etc.

5 Cf. Kjellman, loc cit . pp. 82 and 84.

« Cf. Hooker, Flora Antarctica, Pt. 2, p. 465.
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In discussing this subject of the limiting of the distribution of

kelps by variations in temperature we must keep two things in

mind. In the first place we shall be dealing entirely with the sur-

face waters; and in the second place, the temperatui'e which is to be

considered is the summer temperature principally.

Kelps do not descend very deep into the ocean, so that the surface

waters, and those just below are the onh^ ones influencing their

growth. So that the temperature of the surface waters is the one

principally concerned.

In regard to the matter of season, it has been shown in the case

of organisms extending from the tropics toward the poles, that it is

the winter temperature which determines the limits of distribution'

and consequently in the case of organisms extending from the poles

towards the tropics, it is the summer temperature that has the most

to do with limiting the range of the species. Of course we find

that there are several set« of species, the inhabitants of the coldest

waters, then of the less cold, and then even of the warm waters

but their distribution towards the equator is limited by the summer

temperature while their distribution toward the poles, if limited by

temperature at all, is limited in this case only, by the winter tem-

perature.

In studying charts on which the temperatures of the surface

waters are given in both isotheral lines and isocrymal lines, it is

interesting to note the limitations of the different subtribes.^

The Laminarieiie, Alarieas, and Agare^e do not descend below the

20° C. isothere except in a few species which may extend over

toward the 25° line, while the most luxuriant growth of this portion

of the kelp-flora is found to be bounded towards the equator by the

l(t° isothere. In the northern hemisphere the waters about northern

Norway and of Behring Sea possess what is probably the greatest

numbers of individuals as well as species of these tribes and these

are within the isothere of 10°. In the southern hemisphere, Fuegia

which is wholly below the 10° line and Kerguelen Land and the

Crozets which are said by Hooker^ to be the " great nurseries " for

' Of. J. C. Dana, Crustacea of the U. S. Exploring Expedition, Pt. 2, p. 1452, 1852.

^ The isotheral and isocrymal lines for surface waters arc given in the " charts show-

ing the surface temperatures of the Atlantic, Indian, and Pacific Oceans," pubhshed

by The British Meteorological Council in 1 884, in degrees of Fahrenheit, and in Berg-

haus's " Physikalischer Atlas " (1892) in degrees of the centigrade scale. The temper,

aturcs used in this paper are of the latter.

' Flora Antarctica, Pt. 2, p. 465.
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Macrocystis in the eastern hemisphere, are considerably to the south

of it.

The isothere of 20° seems to limit the species of the three sub-

tribes named above more or less sharply. This line touches the

western coast of Europe just above Gibraltar and the coast of

eastern Korthem America in the neighborhood of Cape Cod. The

colder species of both coasts reach their limits somewhat to the

north of these points, probably at about 18° of surface temperature

and either go down into deeper waters or are found only at exposed

points to the southward. Such is the case with Agarum Turnerh

P.&R. on the Massachusetts coast' and Laminaria digitata (Turn.)'

Lam'x, south of Cape Cod."

We find the same state of things in the northern Pacific, The

characteristic Laminariete, Agarete, and Alariese stop at about Puget

Sound which is the terminus of the isothere of 15°, but Costaria

Turneri, Grev. and Alaria esculenta (L.), Grev. (as we still call the

Californian form or forms) continue to Monterey nearly to the 20°

line, although they are found only at "exposed points." The typi-

cal Laminarim of California are L. Andersonii, Farlow, X. JF^at'-

lowii, Setchell, and Z. Sinclairii (Harv.\ Farlow, whose range

toward the north stops, as far as we know, below the isothere of

15°. An interesting case is that of Pterygophora CaUfornica, Rupr.

which is reported by Dr. C. L. Anderson, as growing at Monterey

all the year round but is reported by Mr. Daniel Cleveland as occur-

ring at San Diego only from February until May and in deep water.'

On the coast of Asia the isothere of 20° reaches the coast of Yezo

and there stops the southward range of the species characteristic of

Behring Sea. On the eastern coast of Nippon, however, are found

the characteristic species of Laminaria Japoniea, Aresch., i.

Peterseniana, Kjellm., L. radicosa, Kjellm., and Alaria crassifolia,

Kjellm.

Those members of the Laminariacere which partake of the Eck'

Ionia-type of structure seem to prefer warmer waters than the

majority of the species of the three subtribes mentioned above.

Egregia is found only on the coast of California between the

isotheres of 15° and 20°, mostly in the neighborhood of the latter

and to the south of it. Eisenia has very nearly the same range.

The species of EcMonia are found on the south and west coasts of

Australia between the isotheres of 20° and 30°, at the Cape of Good

Cf. Farlow, New England Algae, p. 96. "^ Cf. Farlow, loc. cit., pp. 4 and 94.

3 Cf. Hervey, Sea Mosses, p. 89, 1881.
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Hope in the neighborhood of the 25° line, and on the coast of Japan

both north and south of the 25° line. Ulopteryx is found with the

EcMonlw. in Japan. At Terra del Fnego, EcMonke are very scarce,

probably because the isothere of 10° passes through the straits of

Magellan, A form of EcJclonla radiata (Turn), J. Ag. is found

growing at the Canary Islands' which are between the lines of 20°

and 25° and nearer to the latter.

The three species of Lessonia, L. fuscescens, Bory, L. nigrescens,

Bory, and L. ovata, Hook. & Harv. are all inhabitants of strictly

cold waters. All three are found on the shores of Fuegia and the

Falklands which are entirely below the isothere of ]0°, at Kergue-

len Land and Heard Island which are situated upon the isothere of

5°, and just below it. X. nlgrescens, Bory, is quoted from the coast

near Monterey, but there is some doubt as to whether this form is the

true L. nk/rescens, Bory, or a new species. L. Laminarkeoldes, P.&
R., inhabits the coast of Karatschatka and comes within the 10°

line. L. SuJo-ll, J. Ag. seems to be a species of warmer waters.

It is found at Valparaiso between the 20° and 25° isotheres and at

Tahiti where it is much warmer than at Valparaiso.

The species of Postelsla and Dlctyoneuron, as well as Nereocystis

Liltheana, P.&R. occur between 15° and 20°, but iV glgantea,

Aresch. occurs between 20° and 25°, and not north of the 20° line

as far as is known.

Macrocystis pyrlfera, Ag. has perhaps the most extended range

as regards temperature of any species. It is found floating, down
to the region of permanent ice. It grows at Kerguelen Land at

5°, is very abundant at Fuegia and Behring Sea, both within the

10° isothere, but it also extends up on the western coast of South

America and down on the western coast of North America to about

20°, and is even found extending somewhat beyond this line in

Australia and the Cape of Good Hope. It is reported from Tahiti

within the isothere of 25°, but whether attached or floating is not

stated.

When we come to inquire into the reasons for the different pecu-

liarities of distribution such as the more marked ones mentioned

above, we find that much may be inferred from the particular direc-

tions taken by the currents and by considering also the relations to

the temperature of the waters inhabited by the different forms.

1 Capea hiruncinata, Mont in Webb et Berthelot, Hist. Nat. lies Canaries, vol. iii,

Pt. 2, p. 140, PI. 7^ J840.
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But there are peculiar features, especially in the distribution of the

subtribes, that seem to indicate influences of a different nature from

any of those mentioned.

Kjellman says* that " the causes of the present distribution of the

algae in the great divisions of the Ocean need not nor ought to be

sought for in the conditions now existing on the earth, any more

than the causes of the distribution of the land plants." We then

must consider the effect which the various geological changes,

especially those of the more recent periods have wrought upon our

kelp-flora.

Here, however, we are dealing with phenomena which aside from

these peculiarities of distribution, have left few data for us. On

land we have definite evidences of the changes, other than the vari-

ous modifications in the ranges of the land plants or animals. But

the changes in the temperature of the surface waters and currents

of the sea have to be inferred from such data as we can get from

the land.

The geological changes ai'e more satisfactorily known in the case

of the northern hemisphere than of the southern. We know that at

one time the northern polar regions were much warmer than they are

at present and that there Avas much freer communication between

the polar waters than now exists. We know also that in the Glacial

Period, the ice extended down to the coast of France in Europe, to

that of New Jersey on the eastern coast of North America and

down a considerable distance on the Pacific shores of both North

America and Asia.

These changes, gradually taking place, from the condition of a

somewhat open polar sea, to the complete closure of such a sea and

the isolation of the marine algfe into about four colonies respec-

tiveh^ situated on the w^est coast of Europe, the northeastern coast

of North America, the northwestern coast of North America, and

the northeastern coasts of Asia, may perhaps explain many of the

present features of distribution of the northern species. Kjellman

certainly considers that the glaciation of the northern hemisphere

does, for he goes on to say^: "Just as the phanerogamic Flora of

Scandinavia contains several elements which are remnants from that

period when the glacial formation extended farther southwards than

in our days, those arctic algae occurring in the northern Atlantic

and the northern Pacific may have stayed there from those times

1 Arctic Algfe, p. 57. " Loc. cit, p. 57, 58.
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when northern Europe was surrounded with a sea filled with ice

stretching down to the present northern coast of France. It is not

at all improbable that the flora of this sea may have been similar to

that of the present Arctic Sea. When the glacial formation dimin-

ished in the south, southern plants immigrated in the sea as well as

on the land, dislodging the main mass of the glacial ones. However,

some of these being able to hold out the stn;ggle against the new-

comers, maintained themselves in their original home and have done

so ever since." Kjellman has still farther discussed this matter in

connection M'ith a number of species of Arctic algiB.

Chorda filuin (L), Stackh. is an interesting form, taken in this

connection. It is abundant on the western coast of Europe and on the

northeastern coast of North America and occurs in the intermediate

regions at Spitzbergen and Iceland where it is rather scarce, and on

all the coast of Greenland where it is more abundant. It is found

also in Japan and Alaska. It may possibly have migrated thence

through the Siberian Sea or even through the American Arctic Sea,

but we have no trace of it in these seas and the currents are such as

not to favor it. It seems probable that it may have been a common
form in the polar sea when it was more open than it is now and

became, consequently, a member of each of the four colonies driven

southward by glaciation. Very similar is the case of ISaccorhiza

dermatodea^ DelaPyl. and perhaps also those of Laminaria digi-

tata (L.), Lam'x., Z. stenophylla (Ilarv.), J. Ag., L. nigripes, J.

Ag., L. fissUis, J. Ag., Alaria escidenta (L), Grev., and A. Pylaii

(DelaPyi.), J. Ag.

A couple of interesting problems are presented by the distribu-

tion of Laminaria lovgicruris, DelaPyl. and Agarum Turneri,

P.&R. Neither of these species are represented on the shores of

Europe or of northern Asia but they both occur o]i the northeastern

and northwestern coasts of North America. It is not easy to

account for the non-existence of these forms on the coast of Europe.

L. longicrwis, DelaPyl. is certainly carried to the coasts of

western Europe by the Gulf Stream but arrives there in a battered

and macerated condition and fails to effect a foothold,' Agarum
Turneri, Grev. is not known at all on European shores. It may
have been brought by the easterly currents through the American

Arctic Sea from Alaska, where it exists in several varieties and in

abundance, to Greenland and New England, or it ma}^ possibly have

been a circumpolar species at one time and have become extinct on

' Cf. Aresch Obs. Phyc, Pt. 4, p 8.
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the European shores during the forced southward migration at the

time of the Glacial Epoch.

The southern polar waters are entirely open and the temperature

limits the species almost entirely as shown above.

The Macrocystis being unusually well adapted to a floating exist-

ence has traveled up the western coasts of the Americas. Why it

is not reported from Japan seems a mystery. It extends down

along the shores of Kamtsshatka and it does not seem as if it could

be the temperature alone that keeps it from inhabiting the Japanese

coasts.

There remains for discussion the existence of peculiar groups of

genera at different places in the North Pacific, concerning wh9se

origin, little that is at all satisfactory, can be said at present.

In Behring Sea we have the group of the Agareoe well developed

and represented not only by Agarum and Costaria, but also by the

endemic genera, T/ialussio2ohyllum, Cymathcere^ and Arthrothamuus.

On the Californian coast we have the three genera Postelsia,

Nereocystis, and Dictyoneuron of the Lessoneae, Eisenia of the

Eckloneie, Egregia sole representative of the Egregieae, and Ptery-

gophora oi the Alariete, all of which are nearly if not quite confined

to California.

In Japan the Ecklonere are represented by the peculiar genus

Ulopteryx and three endemic species of Ecklonia itself.

In connection with the study of the classification and the distribu-

tion of the various subtribes, there arises curiosity regarding the

origin of the various forms and their relationships to one another.

If we believe that the various species of the Laminariaceae form a

natural group and are phylogenetically connected, then it becomes a

matter of interest as to which form is least differentiated from the

archetype or ancestral form of the whole group. Very naturally

we might look among the Laminariefe for such a form. Chorda is,

perhaps", the simplest form, but it differs so decidedly in form and

structure from the ordinary species that it may be questioned

whether we should include it in the Laminariaceae at all. Sacco-

rhiza dermatodea (DelaPyl), J. Ag. is of very simple form and

structure and much more nearly related to the rest of the kelps.

Yet in structure it presents so many peculiarities that we may be

compelled perhaps to look upon it as considerably differentiated

from the primitive type of the group.
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The simpler species of the genus Laminaria present the essential

features of kelp-structure in their simplest form. All the species

of the Laminariacese (with the exception of Chorda) in their earlier

stages of development resemble very closely such a species as

Laminaria PhylUtis (Stackh.), J. Ag., and then proceed to differen-

tiate along their several different lines. Within the genus Lamin-

aria itself there is considerable differentiation from the simple type.

Among the digitate species we may, perhaps, find a suggestion as to

the way in which the Lessonia- and Macroc^/stis-tjpes have arisen,

while the peculiar outgrowths at the base of the blade of L. radicosa,

Kjellra. may be of interest when compared with the method of origin

of the sporophylls among the Eckloneae and through them, of the

Alariege. The Agareje seem to be more closely connected with the

Laminaria-spec'ies than any of the other subtribes.

As to the modifications of the different genera in the several sub-

tribes, as much as can safely be said, has been mentioned in con-

nection with the discussion of the classification.

The writer wishes to acknowledge his deep obligations to Prof.

W. G. Farlow, of Harvard University, in whose laboratory and with

whose assistance much of the work leading up to the present paper

was done. He is also deeply indebted to Prof. D. C. Eaton of Yale

University for access to books and specimens, to Professors A. E.

Verrill, S. I. Smith, and W. H. Brewer of Yale University for valu-

able suggestions, and to Dr. C. L. Anderson of Santa Cruz, Cal,

Mr. F. S. Collins of Maiden, Mass., and Mr. Isaac Holden of Bridge-

port, Ct., for supplies of specimens.
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Revision of the Families of Loop-bearing Brachiopoda.

By Charles E. Beecher. (With Plates I and II.)

The recent publications of Fischer and QShlert, 8'"'"''* combined

with previous observations by Friele" and Deslongchamps,' furnish

material which suggests a natural grouping of the Terebratuloids.

The present knowledge is incomplete in some details, especially as

regards the fossil genera, yet enough is available to simplify the

arrapgement of the leading terebratuloid types, and to show their

common relationships. By far the best clavsifications have been

those proposed by DalP in 1870, and by Deslongchamps' in 1884.

Only in the light of recent discoveries is it possible to oifer a new

arrangement of the genera.

The suborder Ancylobrachia, proposed by Gray'- in 1848, includes,

with some emendations, all the genera currently known as Terebrat-

uloids. Taking Gray's name for the entire group, since it has

priority over Karapylopegmata, Waagen,'^ 1883, it is found to com-

prise two distinct types of brachial structure, each with a separate

genetic histoiy. It is here proposed to recognize these two types

as of family importance, according to the interpretation of family

characters given by Agassiz.'

The Terebratrdidce.

In the first family, the Terebratulidae, the loop is always free and

may be long or short. It is developed by the growth of two

lamellse, or descending branches, from the points of the crura, unit-

ing in the median line. The central portion may be narrow or

medially expanded. In some genera, recurved ascending branches

are produced by the partial resorption of the broad band or plate

forming the connection between the descending branches. The cirri

in early stages of the animal are centrifugal, or directed outwards.

The growth of the loop in Terehratulina has been illustrated by

Morse."

Terehratula {Liothyrina) and Terehratulina may be selected as

best representing the Terebratulida?; for Biscolia, Agtd/iasia, and

* The works referred to by numbers are cited in full in the list appended. An

excellent summary and review of Fischer and ffihlert's papers. »•''' '° by Miss Agnes

Crane,'-' has appeared in the January number o? Natural Science, 1893.
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EucalatJiis, do not represent the highest development of the family

type, but must be regarded as degraded forms. Among fossil

genera, Cryptonella, Megalanteris, Dielasma, Centronella, JRens-

selcaria. StringocepJialus, and some others, probably belong here.

The following subfamilies can be recognized: (1) the (Jentronellince,

(2) Stringocephalime, (3) TerehratuUnai, and (4) DiscoUincB. The

adult arm structure in Discolla is homologous with early larval

features in Terebratulina ; also the cirri are centrifugal, or directed

outwards, as in early stages of TerebratuUna, and not centripetal

as in larval Magellania.

The TerehrateUidcB.

The loop in the second family, for which the name Terebratellid?e

is retained, undergoes a series of metamorphoses while attached to

a dorsal septum* during the larval and immature stages of the

animal, and in the higher forms results in a loop of secondary

growth much like the primary loop of some of the early genera of

the Terebratulidte. The cirri in larval stages of the animal are cen-

tripetal, or directed inwardly.

In one division of the Terebratellidae, the stages of growth may
be correlated with the adult loops in the genera Gwynia, Cistella,

Platidia, Ismenia, Muhlfeldtia, Terebratalia* and Dallina,\ while

in another division a quite different series of transformations takes

place. These have been termed by Fischer and Q^^hlert,* the proe-

rnagadiform, magadiform, magaselliform, terebrateUiform, and mag-
ellaniforyn stages, from their resemblance to the loops of the genera

suggesting these names. The prmniagadiform stage is here divided

into the bouchardiform and megerliniform stages. To these may
be added the earlier larval stages resembling Gwynia and Cistella,

as in the pi-evious group, and showing a parallel development in the

first two stages.

These two groups of the Terebratellidae usually have been con-

sidered as part of the family Terebratulidoe, although King^* in 1850

proposed the name Terebratellidne to include Terebvatella, Blilhl-

feldtia, and Ismenia, on account of the attachment of the loop to

the septum of the dorsal valve in these genera. Friele" and Des-

longchamps' next showed that Macandrevia cranium, and Dallina

septigera passed through a series of changes in which the loop was
united to a septum in all but the last stage. This completed loop in

* Type Terebratula transversa G. B. Sowerby. f Type Terebratula septigera Loven.
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Macandrevia, composed of two descending and ascending lamellae,

was believed to be homologous with the loop of Terebratulina and

Liothyrina, and the family proposed by King fell into disuse. It

can now be shown, however, that the loop of Macandrevia is made

up of a primary portion corresponding to the entire loop of Liothy-

rina, and a secondar}' part which has no equivalent in the calcified

lamellje of Liotliyrina nor TerehratuJina, but in them is represented

in the fleshy portion of the arms, as previously recognized by

Hancock.'^

The loop in Terebratidina is equivalent to the descending lamellae

in Terehratella^ from the crural points down to and including the

bands connecting with the septum. In Magellania and Macan-

drevia, the connecting bands of Terehratella are represented, except

in old specimens, by slight projections from the descending

branches, and in these genera, therefore, the primary loop is incom-

plete.* The true relations and homologies of these parts can best

be shown in a series of figures.

Plate I, figures Cl, Dl, represent the loop in a young Macan-

drevia cranium in the so-called platidiform stage, showing a com-

plete primary loop and the beginning of a secondary loop in the

middle, on top of the septum. A later stage of the same species,

Plate 1, figure Gl, has the structure of Terehratalia. The descend-

ing lamellae and the median Y-shaped plate correspond to the pri-

mary loop, while the secondary loop or posteriorly recurved portion

has greatly increased in size. A later stage, nearly complete, Plate

II, figure 1, shows two points {p) on the descending lamellae, which

are remnants of the connecting band in previous stages. The parts

homologous with the loop of the first stage, and with the loop of

Terebratidina, are shaded. Greater emphasis is expressed by figures

2, 3, Plate II, where the cirrated bi-achia and calcareous supports

are both represented in the genera Terebratulina and Magellania.

It is readily seen that the arm structure is the same in both, but

that the calcareous loops which are darkly shaded are very different

in form.

The family Terebratellidae should therefore be reinstated on the

evidence here given. The development of Terebratella may be

reviewed for the leading characteristics of one division of the family.

* The prongs, or points, below the ends of the crura on the primary lamellae in

Spirifer also represent portions of a loop. More close analogy is seen in later forms

of Atrypa having a disunited loop.

^J>AMl
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The type is Terehratella chiliensis Broderip, sp. = T. dorsata Gnielin,

sp., from the Straits of Magellan. Fischer and QShlert^ have

described in detail the development of the loop in this form. Their

researches also include Magellanic venosa Solander, sp., which was

found to pass through all the stages of Terehratella dorsata, and

after losing the processes connecting the primary lamellae with the

septum finally results in adult Magellarda.

MagellaniinoB.

The first stage described by these authors, Plate I, figure B,

showed only a septum anterior to the middle of the dorsal valve.*

The next stage was called the prmmagadiform stage, Plate I,

figures Ca, Da, but it may well be divided into two stages, which

correspond in structure to adult BoucJiardia and Megerlina. The

hoiichardiform stage, figure C«, has a high quadrangular septum in

the dorsal valve, and on the posterior distal angle, there is a small

circle, or calcareous ring. The crura are present, but the primary

lamelhe have not yet appeared. In the next stage, the megerlini-

forrii, figures Da, Drir', the ring has increased in size, and below, on

the septum, have appeared two projections, or points, which are the

beginnings of the descending primary branches.

The subsequent, or niagadiform, stage, Plate I, figure Ea, shows

the completion of the descending branches to form the primary

loop, and also the enlargement of the secondary loop, or ring. Dur-

ing further growth, the primary and secondary loops approach each

other on the septum, then coalesce and make the magaselliform con-

dition represented in figure Fa.

The ventrally projecting, free portion of the septum next is

absorbed, and the branches of the loop become attenuated, but still

the descending branches remain connected with the septum, and

thus the terehratelliform stage is completed, Plate I, figure Ga.

Magellania venosa, after passing through all the stages described,

including the terehratelliform, loses the connecting bands, and

develops into the final magellaniform type of structure, Plate I,

figure Ha. Moreover, Magellania lenticularis, M. flavescens, Tere-

hratella cruenta, and T. ruhicunda, as far as observed, correspond

closely in their development with the morphogeny of M. venosa.

A fact of importance noticed by Fischer and Q^hlert* is, that

these species are confined to the southern hemisphere. The other

* An earlier gwyniform stage has been observed by the writer in a young example

of Magellania flavescens.

^ hi,
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austral types of terebratuloids, exclusive of the genera of Terebra-

tulidae, as here restricted, are Magasella {M. Cumingi)^ Kraussma,
Megerlina, and Bouchardia. In their brachial supports, these all

approximate early stages of tl)^ higher genera, Magellania and

Terebratella. They must be regarded as arrested and degraded

forms.

The bracliial supports in Kraussina and Bouchardia are merely

portions of the ascending branches, or secondary loop, on the sep-

tum, without any traces of the descending branches, or primary

lamella?. These genera may be compared with the houchardiforrn

stage of Terebratella dorsata. One grade higher is exhibited in

Megerlina (type J/. Larnarckiana Dav.) in which there is added to

the Kravssina structure two processes apparently homologous with

the points belonging to the descending branches appearing on the

septum in the megerliniform stage of T. dorsata. These atavistic

genera are all austral in their disti'ibution, but not strictly polar,

occurring as they do off the coasts of South Africa, Brazil, Aus-

tralia, St. Paul's Island, etc.

In reviewing this group of genera, it is seen that the highest

member of the series is Magellania, which reaches its maximum
development in size and number of species in antartic seas. The

next genus below, Terebratella, ranges still farther toward the equa-

tor, while the atavistic types Kraussina, Megerlina, and Bou-

chardia, do not occur in polar regions, but are nevertheless austral

in their distribution.

Dallinince.

The northern hemisphere furnishes a series of genera and species,

which, passing through a different and distinct series of loop meta-

morphoses, attains in the higher members the same result as those

of the southern fauna, constituting a case of exact parallel develop-

ment. Thus the northern Macandrevia cranium, Dallina septigera,

D. Raphaelis, D. Grayi, Terehratalia transversa, T. coreanica,

T. spitzbergensis, and T. frontalis, are very similar in the adult

characters of the loop to the southern Magellania venosa, M. her-

guelenensis, M. Wyvillii, M. favesceris, M. lentictdaris, Terebratella

dorsata, T. cruenta, and T. rabicunda. It is only when their devel-

opment is examined that a difference is manifest.

By observing the stages of development in the austral and boreal

terebratellids, it is seen that both start from a cpmmon larval stage,

and divergence into two lines begins in the first adolescent stages.
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so that the series of metamorphoses in each is quite distinct nearly

to the end. This in itself might not require that the austral and

boreal species should be referred to different genera and placed in

different subfamilies ; but when it is found that all the other

southern genera of the Terebratellidae represent arrested and

degraded stages in the development of a southern Terehratella or

Magellania, and that the northern genera represent similar stages

in the development of a northern high type, such a separation neces-

sarily follows. *Moreover, these stages have a more profound signif-

icance, as several of them in both regions represent established

genera now extinct.

A feature Avhich may be of service in distinguishing adult recent

shells is, that the Dallininte have small cardinal processes, and the

interior of the dorsal beak is usually grooved to the apex, while in

Magellaniinse, there is a well-developed projecting cardinal process

often filling the cavity of the beak. The lower genera can readily

be determined by the characters of the loop and by the median

septum which is generally low in the Dallinin^e and projecting above

the loop in the Magellaniinae. With these considerations in mind,

the metamorphoses and relations of the northern Terebratellidje may
be described.

There are two finished types of northern genera, which are taken

as characteristic examj^les. One is the Macandrevia craniiini

Miiller, and the other has been called Magellania ( Waldheimia)

sept/gera Loven. In the light of the geographic, genetic, and onto-

genetic facts, the application of the law of morphogenesis necessi-

tates a new generic name for the second. Magellania cannot be

retained, as the type is M. venosa from Terra del Fuego, and there-

fore belongs to the southern line having a different series of meta-

morphoses. Neither can it be referred to Maeandrema, on account

of its well-developed septum at maturity, nor to Endesia (type E.

* Platidia seems to be an exception in the distribution of the northern genera, as

it has been recorded from Marion Island, in the southern Indian Ocean. The northern

forms referred to Magasella are without the characteristic high septum of M. Cumingi^

and appear to be stages of development of a higher northern form.

In Fischer's "Manuel de ConchyUologie," p. 1246, (Ehlert in discussing the geo-

graphical distribution of Brachiopods says :
" Parmi les Brachiopods il en est dont la

distribution est en rapport avec la temperature regionale ; c'est ainsi qu'un certain

nombre d' especes sont particulieres aux mers qui avoisinent les poles, chaque hemis-

phere ayant ses formes speciales qui lui appartiennent en propre, a I'exception de

Terehratulma caput-serjieniis, var. sejJtentrionalis, qui se trouve a la fois dans I'hemis-

phere austral et dans I'hemisphere boreal."

Trans. Conn. Acad., Vol. IX. March, 1893.

27
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cardium Lam. from the Jurassic) since that genus has strong dental

plates in the ventral valve, dividing the cavity of the beak into

three chambers. Waagen'" shows that these features ; i. e., septal

and dental plates, are entitled, in the terebratuloids, to rank as

generic characters.

The name Dallina, nov. gen., is therefore proposed, to include

shells of the type of Terehratula septigera Loven ; as Dallina

Raphaelis Dall, sp., X>. Grayi Davidson, sp., and B. floridana Pour-

tales, sp. The genus is given in honor of William H. Dall, whose

name has long been intimately associated with the best work on

recent Brachiopoda.

There still remain the northern species heretofore referred to

Terehratella, which differ from true Terebratella (type T. dorsata)

in the same manner and degree as Dallina from Magellania. These

also require a special designation, and the name Terebratalia, nov.

gen., is proposed, based on Terehratula transversa G. B. Sowerby,

as the type.

The earliest stages of development in the Dallina and Terehra-

talia branch of the Terebratellidae have been observed by the writer

in T. transversa Sow. and T. ohsoleta Dall.* * They represent first

a shell without a septum in the dorsal valve, and without calcified

supports to the brachia, Plate I, figure A. The structure just

before the appearance of the septum is the same as that described

in Gwynia by King. The brachia form a slender fleshy ellipse or

circle, resting in front on the floor of the interior of the dorsal

valve, with the tentacles, or cirri, centripetal or directed inwards,

as in an early stage of Cistella. After this gxoyniform stage, the

growth of the septum inflects the circlet of tentacles, producing a

condition identical with that in adult Cistella, Plate I, figure B. It

is therefore called the cistelliform stage.

The succeeding transformations in Dallina septigera and Macan-

drevia cranium have been fully described by Friele.'^ These

species, with Terehratalia ohsoleta Dall, sp., make three typical

northern forms whose development has been observed. They agree

in every essential detail, and may be described in general terms.

The first stage described by Friele, Plate I, figures Cl, Dl, showed

the growth of the descending lamellae, their union with the septum,

* Originally described as Terebratella occidentalism var. ohsoleta, by Dall, but now con-

sidered by him as a distinct species. The complete development of the brachial sup-

ports in this species is shown in the accompanying paper.

UlvXikr,
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and the appearance of a small ring on the top of the septuiu, which

is the beginning of the ascending branches, or secondary loop. This

condition was correlated with the genus Flatldia, by Deslong-

chanips,' and was called the platidiform stage. It has also been

called the centronelUforni stage by Fischer and CEhlert,* but, as

Centronella is not known to have a septum supporting the loop,

the name is not adopted here.

The lower anterior part of the secondary loop begins to divide

very early, Plate 1, figure Dl, and, at the same time, the eJnds of the

descending branches broaden and- approach the top of the septum,

being thus in juxtaposition to the ascending branches, as in figure

El, called the iHmeniform stage. Lacunae ai"e then produced by

resorption in the broad plates forming the ascending branches, and

the structure of the supports at this time, figure Fl, resembles that

in adult Muhlfeldtia sanguinea and M. truncata, figure F3, in

which the secondary loop is still attached to the septum. This

stage is here termed the niUhlfeldtiform stage. A further broaden,

ing of the loop and completion of the structures already outlined,

with the recession of the secondary connecting bands from the sep-

tum, results in Laqueus, figures G4, Go, which has connecting bands

from the ascending to the descending lamellae and from the latter

to the septum.*

The absorption of the connecting bands from the ascending

branches completes the Terebratalia stage, Plate I, figures Gl, G2,

in Macandrevia and Dallina, and is the adult condition in Tere-

bratalia transversa, T. ohsoleta, T. frontalis, and T. coreanica,

figure G3.f

Finally the resorption of the connecting bands from the descend-

ing branches produces the Dallina structure, and the further resorp-

tion of the septum terminates the series in Macandrevia, Plate I,

figure Hi.

Com2)arisons and homologies.

Thus the genera of the Terebratellidse begin their larval develop-

ment in a form like Gwynia, having no calcified brachial supports,

and with a simple circle of centripetally directed tentacles. Then

* The name Megerlina Jeffreysi was given to a stage of Laqueus californica from its

having a structure Uke Megerlina {= Muhlfeldtia) truncata, thus indicating clearly the

close relationship of these genera.

t T. spitzbergensis and T. Marice, from the unfinished appearance of their brachial

supports, possibly will be found to belong to a higher member of the series : e. g.

Dallina.

Kf /'j
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by the growth of a septum in the middle of the dorsal valve, a

cistelliform stage is reached. From this point divergence begins,

and there is one series of transformations resulting in 3Iacandrevia,

and another terminating in MageUania, the mature loops in both

groups being practically alike. Macandrevia and DcdUna are mor-

phically equivalent to 3Iagellania, and Terebratalia is also in exact

parallelism with Terebratella.

A more graphic presentation of the development and relations of

the genera is shown on Plate T, in which the stages of growth of

3Iagellania and MciGandrevia ar.e represented on two ontogenetic

lines. Outside are placed other species and genera, with their

known stages of growth so arranged that their equivalent stages

fall into parallel lines with those of MageUania and Macandrevia.'^

The line begins in an early larval stage, Plate I, figure A, in

which there is a simple circlet of tentacles without a calcified loop, a

structure comparable in every respect with Gvn/nia, figure Ac/.

The next stage, Plate I, figure B, shows the growth of a septum

infiecting the line of tentacles, and producing an arrangement of

parts similar to Cistella., although the loop is not calcified. The

completion of this structure results in Cistella, figui-e Bl, and speci-

mens having the characters presented by figures B, Bl, are referred

to the cistelliform stage. A fossil representative of this type is

Zellania, from the Jurassic, figure Ba.

Megathyris., figure B2, offers nearly the same structure as Cistella,

but the growth of two lateral septa, or projections, has produced

two additional inflections in the loop. This completes the line of

development in the Megathyrina3.

Next, considering the Dallininge in their ontogeny and mor-

phology, it is found that after passing through the gioyniform and

cistelliform stages, Plate I, figures A, B, a form like Platidia is

reached, figure Cl, of which Platidia is the living adult representa-

tive, figure C4. The ^Jte<^c?(/bn?^ stage is shown in Macandrevia

cranium, figures Cl, Dl ; Dallina septigera, figure D2 ; I), fiori-

dana, figure C3; and MiXhlfeldtia sanguinea, figures C2, D3.

The growth of the secondary loop on the septum and the subse-

quent partial resorption produces a structure (I) like that in the

fossil genus Ismenia, and (2) one identical with that of adult Miihl-

feldtia [M. truncata and M. sanguinea). Plate I, figures E1-E5,

show the ismeniform stage of Macandrevia, Dallina, and Milhl-

* The illustrations on Plate I are taken from Davidson, 5' " Fischer and (Ehlert,*

Deslongchamps,' and Friele," with original drawings by the writer.

1M^'
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feldtki, as well as the final condition of Ismenla* and figures

F1-F4 represent the miXhlfeldtiform stage of Macandrevia, Dal-

lina, Laqueus, and the adult structure of Muhlfeldtia sanguhiea.

After this, the union of the primary and secondary loops, and their

removal from the septum to which they remain attached only by

connecting processes, forms a structure like that in Laqueus, figures

G4, Go, and the resorption of the connecting bands from the ascend-

ing branches of the loop completes the terehrataliform stage of

Macandrevia and Lallina, as shown in Plate I, figures Gl, G2.

Terehratalia is the present fixed genus of this type of structure,

figure G3, and IVigonosernus, figure G5, is a Cretaceous reisresenta-

tive. Finally by the resorption of the bands of the terehrataliform

stage, the structure of the highest genera, Macandrevia and Dallina,

is reached, figures H1-H5.

The first stage after the cistelliform in the Magellaniina?, the

austral branch of the Terebratellidte, is represented for Terehratdla

dorsata, in Plate I, figure Ca. Kraussina, figures Ci, Cc, has a

simple fork or V-shaped process on the septum, which apparently

represents an incomplete secondary loop. The relations of Bou-

chardia, figure CJ, to this houchardiform stage of Terebratella, are

more evident. After this stage, the beginnings of the primary loop,

or descending branches, appear, as two projections on each side of

the septum, figure Da'. 3Iegerlina, figure Db, shows this advance

over KrauMsina.

The completion of the descending branches in the next, or mag-

adiform, stage is represented for Terebratella dorsata, in Plate I,

figure E« ; T. cruenta, figure E^' ; T. ruhicunda, figure Ec/; Keo-

thyris lenticularis, figure E5; Magasalla Cuming i, figure E/". The
Cretaceous equivalent, Magas, is shown in figure Ee. In all these

forms, the septum projects arbove the descending lamellae nearly to

the ventral valve.

After the niagadiform stage, the descending and ascending

branches approach and unite, and at the same time there is a nar-

rowing of the latter, Plate I, figures F«-Fe. Magasella Cumingi

* Figures F5 and F6, Plate I. are from Davidson.^ They are Jurassic species and

were referred to Terebratella (T. furcata Sow., figure F5, and T. Buckmani Moore
figure F6). A strict interpretation of that genus based upon T. dorsata, the tvpe

excludes these species, which agree with the definition of Ismenia in that the ascend-

ing and descending branches are attached directly to the septum. They may be, how-
ever, stages of growch of higher forms.

y iUw<n
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Davidson seems to be the only permanent adult re))resentative of

this structure which has yet been found.

The further narrowing of the lamelljB, broadening of the loop,

and absorption of the free portion of the septum, result in tho-tere-

hratelliforrn structure, Plate I, figures G«-Gf/, comparable directly

with figures Gl-Gd of the Dallininae or boreal genera. Also, as

in the Dallininte, the disappearance of the connecting bands com-

pletes the magellaniform stage, and terminates the series, figures

Ua-Ue.

The stages of growth of the genera belonging to the three sub-

families of the Terebratellidae, the Megathyrinse, Dallininse, and

JMagellaniinse, are further correlated in the accompanying tables-

It must be understood, of course, that the larval and immature

stages hav0 not been observed in all the genera, but from the

known ontogeny of several of the lower and higher forms, and

from evident homologies of structure, such stages may be inferred.

Morphogeny from Givynia to Megathyris.

Periods.
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Conclusions.

It is impossible, with present knowledge, to go deeply into the

chronological history of the genera of the Terebratellidse. They

certainly appeared before Jurassic time, because they were then

well represented by several characteristic genera, viz : Kingena.,

Ismenia, Zellania, and Megathyris, although some of them may
represent incomplete developments of higher forms. Also, as

among recent species, several separate generic and specific names

may have been given to stages of growth of a few species. It is

evident that, in the identification of specimens in this family,

whether recent or fossil, the strict specific characters must be given

first consideration. Species, therefore, must be based upon surface

ornaments, form, and color, within certain limits, and genera only

upon structural features developed through a definite series of

changes, the results of which are permanent in individuals evidently

fully adult.

The austral distribution of the Magelltmiinm and the boreal dis-

tribution of the DalUninm have been emphasized already^ but, as

has been stated, this difference in geographical position in itself

does not necessarily constitute a basis for subfamily separation.

The facts of development, however, and the distribution of the

genera show that the radical stock was dispersed probably in mtso-

zoic time, and since then evolution has gone forward through differ-

ent lines of progression, and has terminated in similar types of

structure.

In each line of progression, the acceleration of the period of

reproduction, by the influence of environment, threw off genera

which did not go through the complete series of metamorphoses, but

are otherwise fully adult, and even may show reversional tendencies

due to old age; so that nearly every stage passed through by the

higher genera has a fixed representative in a lower genus. More-

over, the lower genera ai*e not merely equivalent to or in exact par-

allelism with the early stages of the higher, but they express a per-

manent type of structure, as far as these genera are concerned, and

after reaching maturity do not show a tendency to attain higher

phases of development, but thicken the shell and cardinal process,

absorb the deltidial plates, and exhibit all the evidences of senility

and reversion presented during the old age of the higher genera.

Krausslna shows partial loss of deltidial plates and a thickened

septum, with tv/o strong prongs representing the ascending branches,
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which in other genera are very delicate. BoitcJiardla, Magasella

{M. Cumingi), and Agulhasia, have excessively thickened hinge

plates and muscular fulcra; the deltidial plates are obsolete, but the

pedicle is enclosed by the growth and overlapping of the edges of

the delthyriura. MegatJu/rls and Cistella deposit lime on the inte-

rior of the valves, often in the form of nodes and ridges, while the

pedicle in its growth encroaches upon the beaks of both valves to

the final elimination of the deltidial plates. Platidia represents the

extreme of this encroachment. Thus, there are incomplete types of

brachial development in these genera, accompanied by positive evi-

dences of senility and retrogression in other shell characters.

Classijication.

In the light of the previous discussion, the classification of the

families and genera of Ancylobrachia, with the exception of the

fossil forms, is comparatively simple. Among the extinct genera of

the TerebratulidjB, or the family in which the loop is a development

of the descending branches, Centronella and Rensseloiria belong to

one sub-family ; Stringocephalus to another ; and Megalanteris,

Cryptonella, Bielasma, Dictyothyris, and others, will come in the

Terebratulinfe.

As for the long-looped mesozoic forms, it is evident that many

of them underwent metamorphoses in their development while

attached to a dorsal septum. The presence with them of such

genera as Kingena, Ismenia, and Muhlfeldtia, points to their inti-

mate relations with the boreal stock of the Terebratellidre, and

therefore indicates that the mesozoic species with long recurved

loops will in all probability be found to agree with Macandrema,

Eudesia, Dallina, Trigonosemus, Lyra, Terebratalia, Laqueus,

Kingena, Ismenia, and Milhlfeldtia. Mayas is exceptional, as it

belongs to the austral group of genera, and suggests the likelihood

that some of the higher species and genera associated with it geo-

logically may pi'ove to belong to the same branch.

The septum in the Terebratellidoe appears before the branches of

the loop, and is an important character in the series of metamor-

phoses until the last stage. At first it is merely a support to the

introverted growing cirrated portion of the lophophore. This elon-

gation of the cirrated margin next results in an arch on the septum
in the platidifortn and ismeniform stages. Further elongation pro-

duces the median coiled arm, and the structures impeding its growth

become resorbed, so that the transverse space between the lamellae
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widens, the connecting bands and high septum recede, and finally

even these disappear in Macandrema and Magellania.

The following table represents the genera arranged according to

the views expressed in this paper:

Family 3'erebkatulid^e Gra3\

Loop free, developed by the growth and modification of two
primary lamellae. Cirri directed outwards in larval stages.

Centronellin^ Waagen.

Loop composed of two descending lamellte uniting in the median

line, forming a broad arched plate.

Centronella Billings. Juvavella Bittner.

Rensselmria Hall. Nucleattda Zugmayer.

Newherria Hall.

Stkingocephalin^ Dull.

Loop long, following the margin of the dorsal valve, not recurved

in front. Probabl}' no median coiled arm.

StringocephaluB Defranee.

Terebratulin^ Dull.

Loop usually short. Ascending branches, when present, formed

by partial resorption of a primai-y centronelliform loop. A median

unpaired coiled arm exists in recent genera.

Cryptonella Hall. Terebratulina d'Orbigny.

Megalanterls Suess. Dictgothyris Douville.

Dielasma King. Pggope Link.

Dielasmina Waagen. Cfenothyris Douville.

Liothgrina CEhlert. (rlossothyris Douville.

DiscoLTiN^ (=:Discoliid8e Fischer and CEhlert emend.)

Loop short, continuous with the cirrated edge of the lophophore.

No coiled median arm.

DiscoUa Fischer and Q^hlert. ? Agulhasia King.

JEi'c<dalhis Fischer and QShlert.
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Family Terebratellid.e King emend.

Loop in the higher genera composed of two primary and two

secondary lamellae, development indirect, passing through a series

of distinct metamorphoses while attached to a dorsal septum. Cirri

directed inwardly during larval stages, at which time the structure

is comparable to that of Gioynia and Cistella.

Dallinin^, n. sub-fam.

Loop composed of descending and ascending lamellae, passing in

the highest genera through metamorphoses comparable to the adult

structure of Platidia, Ismenia, MlXhlfeldtia, Terehratalia, and Dal-

lina. The lower genera, therefore, do not progress to the final

stages.

MacandrevAa King. Laqueus Dall.

Dallina Beeeher. Muhlfeldtia Bayle.

Eudesia King. Kingena Davidson.

Terehratalia Beeeher. Tsmenia King.

Trigonosernns Koenig. Platidia Costa.

Lyra Cumberland.

Magellaniin^e, n. suh-fam.

Loop composed of descending and ascending branches, passing

in the higher genera through metamorphoses comparable to the

adult structure of Bouchardia, Magas, Magasella, Terebratella, and

Magellania. The lower genera become adult before reaching the

terminal stages.

Magellania Bayle. Megerlina Deslongchamps,

Terehratella d'Orbigny. Boiichardia Davidson.

Magasella Dall. Kraussina Davidson.

Magas Sowerby.

Megathyein^ Dall.

Loop composed of descending branches only, passing in the

highest genus through stages correlative wdth Gioynia, Cistella,

and Megathyris. The lower genera do not complete the series.

Megathyris d'Orbigny. ZeUania Moore.

Cistella Gray. Gvyynia King.

Yale Museum, New Haven, Conn., March 15th, 1893.
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The Development of Terebratalia obsoleta, Dall.

By Charles E, Beecher. (With Plates II and III.)

Fischer and Qi^hlert^ have given a full account of the development

of the brachial supports in Terehratella dorsata and Magellania

venosa, from Terra del Fuego. This work, together with that of

Friele," and Deslongchamps,' on the northern species Macandrevia

cranium and Dallina septigera^ and the equatorial species llilhl-

feldtia sanguinea, constitute nearly all that is known regarding the

metamorphoses taking place in the brachial supports during the

growth of an individual belonging to the higher genera of the Tere-

bi-atellidse.

It is of interest to add another species to this list, especially as it

represents a northern form, the development of which has not

hitherto been studied. This form offers, moreover, some additional

features for comparison, and two very early stages have been dis-

covered which are both of genetic value.

The material for this work has kindly been furnished by

Dr, William H. Dall of Washington. The specimens were dredged

by the U. S, Steamer Albatross, in 113 fathoms, at Station 2984, off

Cerros Island, Lower California. In a report on some shells from

this expedition, by Dr. Dall,* this brachiopod was described as Tere-

hratella occidentalism var, obsoleta. Subsequent study, however,

has led him to consider it as a distinct species, T. obsoleta (Plate II,

figures 6-9), and this determination is here adopted. A comparison

of the two forms shows that T. occidentalis is much wider and less

convex, the plications stronger, and the valves heavier. In the

l^revious paper it was stated that Terebratalia obsoleta was morphi-

cally equivalent to Terebratella dorsata, and that, during growth,

both went through diffei-ent series of transformations to reach this

final equivalent type of structure. It is now proposed to illustrate

and describe in greater detail these metamorphoses of T. obsoleta.

The generic homologies and differences are discussed in the paper

already mentioned.

The earliest stage observed in this species, Plate II, figure 10, has

a length of .3™"^. It is comparable to an early stage of Gistella

neapolitana described by Kovalevski.* Both agree in having an

* See C. E. Beecher, Development of the Brachiopoda, Pt. II, tigures 15, 16. Am.

J. Sci., xliv, 1892.
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incomplete circlet of centripetal tentacles. The smaller and yonnger

tentacles are near the front margin, while those first formed are

on each side of the mouth. This condition agrees with the ten-

tacular multiplication described by Brooks in Glottidia, by Kovalev-

ski in Cistella and Lacazella, and by Morse in Terebratnlina. Ten-

tacles t\, tV, were the first pair to be formed, and ^2, t2', tS, tS\ ti,

H', followed in pairs in the order named; to has just appeared, and

the corresponding one on the other side is not yet seen. Figure 10

also shows the tooth-like projections, ds, forming, with the cardinal

angles, sockets for the reception of the teeth in the ventral valve.

The adductor muscles are indicated at ad, and the diductors at did;

the mouth is at m, with the visceral mass posterior to it. No diver-

ticula have yet appeared to form the pallial sinuses.

When the shell has reached a length of .65""™, Plate II, figure 11,

the circlet of tentacles is complete, and the pallial sinuses appear as

two slightly branched tubes extending anteriorly from the sides of

the visceral mass. From the correspondence of the structure of

Gwynia to this stage of TerebrataUa and other genera of the Tere-

bratellidre, it is called the gwyniform stage.

By the time a length of 1""" is attained, Plate II, figure 12, and

Plate III, figure 1, a triangular septum is visible anterior to the

middle of the dorsal valve. Its elevation inflects the circlet of ten-

tacles, making the lophophore reniform or bilobed, and producing a

brachial structure similar to that in Cistella. This stage is therefore

called the cistelliform stage. The only advance over this condition

shown in adult Cistella is, that the band supporting the cirri is calci-

fied and attached to the crural points. In TerebrataUa, during the

growth immediately following and still included in the cistelliform

stage, the septum increases in height, and often two small lateral

expansions appear on the posterior sloping edge, figures 3, 4.

In the transformation to the next, or platidiform, stage, figures

5-8, the crural points appear, and there is a narrow groove along the

top of the septum, which is arched over at the posterior end, form-

ing at this point a small cylinder, nearly vertical to the floor of the

valve. This is the beginning of the ascending branches, or second-

ary loop. The septum is quadrangular and develops on its anterior

edge several spinous processes, figure 7. The growth of the

descending branches from the crura and their union with the sep-

tum bring about the platidiforni stage, as represented in Plate III,

figure 8 ; and the growth of the ascending branches produces the

ismeniform structure, figure 9. The expansions on the sides of the
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secondary loop are not present in all specimens, and do not seem to

be important characters. The cirrated band at this time, Plate II,

figures 4, 5, extends continuously from behind the mouth to the

origin of the descending branches, and along them to the septum,

thence obliquely backward on the septum, and over the ascending

branches to the median line, where new cirri are introduced.

The ascending lamellae from the septum already have begun to

divide or separate anteriorly, and in the next stage, Plate III,

figure 10, they show lacunae produced by resorption. The structure

of the loop at this time agi'ees with that in MiXhlfeldtia, and this

period of development has been called tlie muhlfeldtiform stage.

The ends of the descending branches have continued to widen on

the septum, Plate III, figure 11, and extend toward the ascending

branches, with which they soon join, figure 12, bringing in the

terehrataliforrn type of structure. The completion of this stage is

accomplished by the further separation of the ends of the ascending

branches, and by the resorption of the expanded ends of the descend-

ing branches to form the connecting bands with the septum, Plate

III, figures 13, 14, 15.

It should be noted that the septum in the cistelliform stage is

wholly anterior to the middle of the length of the dorsal valve.

Septal growth takes place chiefly on the posterior end, and at the

same time resorption along the anterior edge serves to move the

septum backwards, until by the time the terebrataliforni stage is

reached it is posterior to the middle, and in adult specimens it is in

the umbonal region.

A comparison of the growth stages of T. ohsoleta Avith those in

Macandrevia cranium and Dallina septUjera shows considerable

similarity, except, of coui'se, in the adult condition. The general

features of each are alike, and may be correlated in the same man-

ner, stage for stage. The septum in T. ohsoleta in the platidiform

stage is considerably broader than in the other forms, and the

descending branches join it considerably lower down. The two

stages preceding the platidiform, which present the brachial struc-

ture first of Gxoynia and then of Cistella are of chief importance.

Yale Museum, New Haven, Conn., March 15th, 1893.
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Explanation of Plates.

PLATE I.

Ontogeny and Phylog-eny of the Terebratellidse.

Figures represent brachial supports in various stages of growth in different

genera and species. All are dra^vn of approximately the same length to facili-

tate comparison, so that in general the younger stages are much enlarged. Ver-

tical rows of figures connected by dotted lines indicate ontogeny as far as known.

Horizontal rows indicate the same growth stages of higher forms, and the adult

structure in genera rejaresenting these stages. All figures are of recent species

unless otherwise stated.

Morphogeny of Megathyrinae.

Fig. A.—Early lai-val brachiopod without calcified brachial supports, but with

circlet of centripetal tentacles on the lophophore. The gwyniform stage.

Fig. Aa.

—

Gwynia capsula Jeffreys, a morphic equivalent of larval stage, figure A.

Fig. B.—Later immature stage of A. showing growth of septum, and consequent

introversion of edge of lophophore. Early cisteUiform stage.

Fig. Ba.

—

Zellania Hasina Moore, from the Lias, a morphic equivalent of figure B.

Fig. Bl.

—

Cistella neapolitana Scacchi, showing calcification of loop attached to

septum, and other adult features.

Fig. B2.

—

Megathyris decoUata Chemnitz, adult shell showing advance over Cis-

teJkt in the two lateral septa, thus increasing the length of the loop.

Morphogeny of Dallininae.

Ontogeny of Macandrevia cranium Miiller.

Fig. A.

—

Gwyniform stage.

Fig. B.

—

CisteUiform stage.

Fig. CI.

—

Platidiform stage, showing union of descending lamellae with dorsal

septum.

Fig. CI'.—Side view of septiim of preceding.

Fig. Dl.—More advanced iilatidiform stage, showing growth of ascending bran-

ches, or secondary loo^j.

Fig. Dl'.—Side view of same.

Fig. El.

—

Ismeniform stage, with ascending branches still attached to septum.

Fig. Fl.

—

MUhlfeldtiform stage, shoT\-iug holes in ascending lamellae as in Mi'ihl-

feldtia, figure F3.

Fig. Gl.

—

Terebrataliform stage, with ascending branches attached to ends of

descending branches.

Fig. HI.—Final adult condition, showing absorption of septum and connecting

bands from descending branches.

Fig. H2.—Adult stage of Macandrevia tenera Jeffreys.

/Jl -L^-Ur,
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Ontogeny of Da IUna septigera Lov^.

Figs. A, B, CI.—Stages of growth common to all the genera of Dallininae.

Fig. D2.—Late plalidiform stage.

Fig. E2.

—

Ismeniform stage.

Fig. F2.—Miihlfeldtiform stage.

Fig. G2.

—

Terebrataliforni stage.

Fig. H3.—Adult Dallina septigera Loven.

Fig. H4.

—

Dallina Raphaelis Dall.

Fig. H5.

—

Dallina floridana Pourtales.

Fig. H6.

—

Dallina Grayi Davidson.

Figs. C3, D3, E3, F3.—Ontogeny of Miihlfeldtia sanguinea Chemnitz.

Fig. G3.

—

Terebratalia coreanica Ad. and Rve., adult structure.

Fig. F4.

—

Miihlfeldtiforni stage of Laqueus californicus Koch.

Fig. G4.—Adult Laqueus californicus, showing connecting bands from ascend-

ing and descending lamelliu.

Fig. G5.

—

Laqueus pictus Chemnitz.

Fig. G6.

—

Trigonosemus elegans Koenig, a Cretaceous representative of the Tere-

bratalia structure.

Fig. E4.

—

Isnienia furcata Sow., Jurassic.

Fig. E5.

—

Ismenia Buckmani Moore, Jurassic.

Fig. C3.

—

Platidiform stage of Dallina floridana Pourtales ?

Fig. C4.—Adult Platidia anomioides Scacchi.

Morphogeny of Magellaniinse.

Ontogeny of Terebratella dorsata Gmelin, and Magellania renosa Solander.

Fig. A.

—

Gwyniform stage.

Fig. B.

—

Cistellifonn stage.

Fig. Ca.

—

Bouchardiform stage, with small ring on septum.

Fig. Ca'.—Side view of same.

Fig. Da.

—

Megerliniform stage, showing growth of ring, or ascending branches.

Fig. Da'.—Side view, showing growth of descending branches as prongs on side

of septum.

Fig. Ea.

—

Magadiform stage, showing completion of descending branches.

Fig. Fa.

—

Magaselliform stage, showing union of descending and ascending

branches.

Fig. Ga.

—

Terebratelliform stage, representing the finished type of stnicture in

Terebratella dorsata Gmelin.

Fig. Ha.—Final stage of Magellania venosa Solander, produced by resorption of

the septum and connecting bands of the terebratelliform stage.

Fig. Hb.

—

Magellania Wyvillii Davidson.

Fig. Hd.

—

Magellania flavescens Lamarck.

Fig. He.

—

Magellania kerguelenensis Davidson.

Figs. Eb, Fb, Gb, He.—Ontogeny of Magellania (IVeothyris) lenticularis Deshayes,

from the magadiform to the magellanifomi stages.

Figs. Ec, Fc, Gc.—The magadiform, magaselliform, and terebratelliform stages

of Terebratella cruenta Dillwyn.

Trans, Conn. Acad., Yol. IX. July, 1894.
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Figs. Ed, Fd, Gd.—The same stages in Terebmfella ruhicunda G. B. Sawerby.

Fig. E.

—

Magas pumilus Sowerby, the Cretaceous prototype of this structure.

Figs. Ef, Fe.—The magadiform and magaselUfor)n stages of Magasella Cuming,

Davidson.

Fig. Db.

—

Megerlina Lamarckiana Davidson, adult form of brachial supports.

Fig. Cb.

—

Kraussina rubra Pallas, adult, showing septum and two branches.

Fig. Cc.

—

Kraussina pisum Val. apud Lam.

Fig. Cd.

—

Bouchardia rosea Mawe, adult, showing thickened cardinal process,

hinge plate, and ring on the septum as in Ca.

PLATE II.

Fig. 1.—Brachial supports of Macandrevia cranium, nearly adult, p, p, points

of former attachment to a septum in terebratalifonn stage. Enlarged.

Fig, 2.—Dorsal valve of Terebratulina septentrionalis Couth., with cirrated bra-

chia attached, showing relations of calcareous loop, which is darkly shaded

in the drawing.

Fig. 3.—Dorsal valve of Magellania kerguelenensis Davidson, with ciiTated bra-

chia attached, showing relations of calcareous loop, which is darkly shaded

in the drawing.

Terebratalia obsoleta Dall.

Fig. 4.—Loop in late platidiform stage, with cirrated margin of lophophore-

attached. x 15.

Fig. 5.—Side view of lower half of preceding, showing cirrated edge of lopho-

phore passing from the descending branch of loop to septum, and over

ascending branch, x 15.

Fig. 6.—Dorsal view of adult shell. Natural size.

Fig. 7.—Exterior of ventral valve. Natural size.

Fig. 8.—Profile showing relative convexity of valves. Natural size.

Fig. 9.—Front view. Natural size.

Fig. 10.—Early larval brachiopod, interior of dorsal valve, showing the incom-

plete circlet of tentacles or cirri, visceral mass, and some of the muscles
;

tl, tV, first tentacles developed ; (2, t2', second pair of tentacles; f3, tS';

third pair of tentacles ; M, f4', last pair ; f5, new tentacle just growing

on one side of median line ; m, mouth ; ds, dental sockets ; did, diductor

muscles ; ad, adductor muscles, x 90.

Figures 10, 11, 13, are drawn from specimens which had been dried and

afterwards expanded by soaking in water, and then stained and prepared

for mounting. The original proportions and relations of parts may be

therefore somewhat altered.

Fig. 11.

—

Givyniform stage, showing complete circle of cirri; 21s, pallial sinus,

.se, setae in edge of shrunken mantle, x 60.

Fig. 12. — Cistelliform stage, showing deflection of growing cirrated edge of

lophophore by dorsal septum, s ; m, mouth ; ad, adductor muscles ; did,

diductor muscles ; ds, dental sockets, x 60.

I l\A.
Axibr.
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PLATE in.

Ontogeny of the loop in Terebratalia obsoleta Dall.

Fig. 1.—Interior of dorsal valve in early cistelliform stage, showing median sep-

tum and dental sockets, x 35.

Fig. 2.—Side view of septum of preceding, x 25.

Fig. 3.—A little later stage, showing growth of two transverse expansions on

septum. X 25.

Fig. 4.—Side view of same, x 25.

Fig. 5.—Beginning of platidifor^n stage, showing groove on edge of septum with

arched covering at posterior end, and growth of crural processes, x 25.

Fig. 6.—Side view of same, x 25.

Fig. 7.—Side view of septum at a later stage, just before growth of descending

branches of loop, showing form and position of ascending branches, or

secondary loop, and septal characters, x 25.

Fig. 8.

—

Platidiform stage, showing union of descending branches with septum.

xl2.

Fig. 9.—Beginning of ismeniform stage, showing growth of ascending branches.

xl2.

Fig. 10.—Early muhlfeldfiform stage, showing holes developed in ascending

branches by resorption. x 12.

Fig. 11.—Oblique view of septum, with ascending branches broken off. x 12.

Fig. 12.—Beginning of terebrataliforin stage, showing union of ascending with

descending branches, x 12.

Fig. 13.—A little later stage, showing resorption of broad descending branches.

x7.

Fig. 14.—Late adolescent stage, showing connecting bands from descending

lamellse to septum. x2}>^.

Fig. 15.—Fully adult loop, with connecting bands, x 2%.

.^Aii'O-T
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Canadian Spiders. By J. H. Emerton. (With four Plates.)

The spiders of Canada, as far as can be judged from the present

collections, differ little from those of New England. Out of 61

species, from Labrador to Manitoba, 56 species live in New England
;

and out of 48 species from the Rocky Mountains, 27 have been

found in New England. The spiders examined are from the follow-

ing localities :

The Rocky Mountains, near the Canadian Pacitic Railway, from

5000 ft., at Laggan, up to 8500 ft. on the neighboring mountains.

A large collection from Thomas E. Bean.

Rocky Mountains, lat. 49° to 52°, from 3000 to 5000 ft., J. B.

Tyrrell, 1883.

Alberta Territory, lat. 51° to 54°, long. 110° to 114°, J. B.

Tyrrell.

Saskatchewan River, S. H. Scudder,

Lake Winnepegosis, D. B, Dowling, 1883.

Lake of the Woods, A. C. Lawson, 1884.

Ottawa, J. B. Tyrrell.

Montreal, J. H. Emerton.

Interior of Gaspe Peninsula, R. W. Ellis, 1883.

Anticosti, Magdalen Islands, and several ports around the Gulf of

St. Lawrence, from Port Hawkesbury to Mingan Harbor, Samuel

Henshaw, 1881.

Labrador, Bonne Esperance, lat. 51° 24', to Triangle Harbor, 62°

50', John Allen, 1882.

Among the spiders of Canada 'are several species that live but

little south of its boundary, and there only at high elevations. The

most conspicuous of these is Mpeira carhonaria, which lives on the

Alps in Europe, on the White Mountains in New Hampshire, and

on the Rocky Mountains, as far south as Colorado, in all cases above

the tree line. In Labrador the same species was found by Packard

near Square Island, where the mountains are 400 to 1000 ft. high

and bare at the top.

Pardosa groenlancUca has been found as far north as Disco Island,

Greenland, and along the coast to the Gulf of St. Lawrence. It is

common on the White Mountains above the trees. In the Rocky
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Mountains it occurs at 5000 ft., at Laggan, and in Colorado at 8000

ft. It is also among the spiders from Lake of the Woods, and on

the Pacific coast it has been found at Portland, Oregon.

Pardosa tach>/poda lives in the Rocky Mts., White Mts., and

Labrador.

Pardosa uncata, in the Rocky Mts. and Labrador.

Pardosa glacialis lives from Disco \. to Labrador, and in the

Rocky Mts., and may be the same as P. bninnea of the White Mts.

and New England.

Lycosa famosa is a new species from the Rocky Mts., near Lag-

gan, at 5900 ft.

Gnaphosa brumalis lives in the Rocky Mts., White Mts., and

Labrador.

JEpeira patagiata is found at all the Canadian localities and south

as far as Massachusetts.

Gnaphosa consjiersa and Amaurobius silvestris live all over Can-

ada and New England, and farther south.

Among the i-arer species in these collections are two Epeiras of

the angulata group ; one, E. nigra, resembling the E. solitaria de-

scribed in "New England Spiders ;" and the other, a small variety

of E. nordmanni. Lathys pallida belongs to a genus new to the

northern part of North America. Ceratinella laticeps has a differ-

ent form of cephalothorax from the other species, it being widened

in front, separating the lateral eyes widely from the others.

The absence and scarcity of several common species are noticeable.

Agalena ncevia is only found among the spiders from Lake Winne-

pegosis and one specimen from Bryon Island.

Theridium tepidariorwn is absent, though mentioned among Miss

Hunter's spiders from Montreal, described by Blackwall in 1871.

Epeira sclopetaria is also absent except from Ottawa, the common
species of this group being E. patagiata.

The Attidge have been determined for me by Mr. Peckham and in-

clude one new species, Habrocestmn raontanuni, from the Rocky

Mountains. Prof. Packard has sent me the spiders described by

Thorell from the Rocky Mountains and from the Polaris Arctic ex-

pedition, but I have not been able to find the spiders collected by

Packard in Labrador and described by Thorell.

The earlier descriptions of Canadian spiders are hard to identify,

but most of them will no doubt be explained as the species become

better known or the type-specimens are found. In 1846, Blackwall

described in the English Annals and Magazine of Nat. Hist, a col-
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lection of spiders made in Canada by Prof. Potter, and in 1871, in

the same magazine, a smaller collection by Miss Hunter, from Mon-
treal. O, P. Cambridge desci'ibed some Arctic spiders in the Ann.

and Mag. for 1877, and some from Newfoundland in the Proceed-

ings of the Royal Physical Soc. of Edinburgh, 1881. The spiders

collected by A. S. Packard on the coast of Labrador, in 1 864, were

described by Thorell, in Proc. Boston Soc. of Nat. Hist., 1875.

The following publications are often referred to :

J. H. Emerton, New England Spiders, in the Transactions of the

Connecticut Academy of Arts and Sciences, Vols. 6, 7, and 8 :

—

Therididffi, 1882 ; Epeiridae, 1884 ; Lycosidse, 1885 ; Ciniflonidae,

1888 ; Drassidse, Agalenidae, and Dysderidae, 1890 ; Attidae, 1891
;

Thomisida3, 1892,

N. M. Hentz, Araneides of the United States, in Journal of the

Boston Soc. of Natural History, vols. 4, 5, and 6 ; and reprinted

with notes and additions in Occasional Papers of the same Society,

in 1875.

G. W, and E. G. Peckham, North American Attidae. Trans. Wis-

consin Acad, of Sciences, Arts, and Letters, Milwaukee, 1888,

E. Keyserling, papers on American Spiders in Verhandlungen der

k. k. zool. botan. Gesellschaft, Wien, 1803 to 1887.

E. Keyserling, Die Spinnen Americas, vol. 1, Laterigradae, 1880
;

vol. 2, Theridiidae, Part 1, 1884; Part 2, 1886.

T. Thorell, Spiders from Labrador collected by A. S. Packard,

Proc. Boston Soc. of Nat. Hist., 1875.

T. Thorell, Araneae collected in 1875 by A. S. Packard, Bulletin

of Hayden's U. S. Geological Survey, vol. 3, 1877.

T. Thorell, Notice of the Spiders of the "Polaris" Arctic Expe-

dition, American Naturalist, June, 1S78.

Epeira nigra, new sp.

This species resembles closely E. silvatica, epecially the females.

The males, besides being much darker than silvatica are larger, the

cephalothorax being a fourth longer, while the legs are of the same

length as those of silvatica, but much stouter and with longer

spines. The abdomen of both sexes is covered with scattered light

hairs ; as in silvatica, but owing to the darker color they show

more plainly.

In both sexes the general color is dark gray, almost as dark as

E. carbonaria. The cephalothorax is covered with light gray hairs,

very short in the male and long in the female. The light hairs on

5> i:_
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the legs appear, also, to be longer in the female. The femora and

patellae are all dark, and the other joints ringed with black at the

ends, and in the middle covering more than half their length. The

abdomen of the female is mai'ked with light and dark colors, like

JE. silvatica, and the shape of the epigynum is the same. The

abdomen of the male is almost black, marked indistinctly with rows

of light spots, There are no distinct markings on the under side of

the abdomen in either sex, nor on the sternum.

The male palpi resemble those of E. solitaria Era., a large spider

only found once in Massachusetts. The parts of the palpal organ are

large and the long terminal hook is very distinct. PI. 1, fig. 1.

The male has short spines on the first and second coxse, like silvatica.

A male and female from Laggan.

Epeira nordmanni.

A small male and female from Gaspe seem to belong to this

species, which has before been found in Maine and the White

Mountains.

The female is but 8™'" long, otherwise it agrees closely with the

specimens from Maine. The markings, which are very variable in

this species, are shown in PI. i, fig. 2; the epigynum in PI. i, fig.

2c, 2d.

The male difl^ers from the female, as usual in this group. It is

but 5™™ long. The markings of the front of the abdomen are more

distinct than in the female and separated from the hinder markings

by a dark and light line, from one hump to the other. The makings

of the hinder half are like those of the female, but lighter. PI. i,

fig. 2a. The femur of the second leg is a little enlarged, widest in

the middle, with five black spines on the upper and inner side of the

distal half, and a line of smaller spines below them. The palpi of

the male have the palpal organ small, with a large angular piece at

the base on the outer side. PI. i, fig. 2h.

Epeira silvatica Emerton, New Eng. Epeiridte, 1884.

A male from Gaspe, R. W. Ellis, 1883. Also found in the

Adirondacks and White Mts., and in New England.

Epeira marmorea (Clerck) Tlior.

E. marmorea Emerton, New Eng. Epeiridie, 1884.

A female from Lake of the Woods, and one from Gaspe. Com-
mon as far south at Massachusetts.

Nf . A



404 J. H. Emerton— Canadian Spiders.

Epeira trifolium Hentz, Journal Boston Soc. Nat. Hist.

E. trifolium Em., New Eng. Epeiridse, 1884.

E. ohesa and E. aureola Hentz.

Rocky Mts., around Laggan, from 5000 to 5400 ft.; Alberta Terri-

tory, east of mountains ; Gaspe. Entry Island, Gulf of St. Lawrence.

Common all over New England and New York.

Epeira displicata Hentz.

E. disjilicata Emerton.

Rocky Mts. near Laggan, 5000 to 5400 ft. Anticosti L, Gulf of

St. Lawrence.

Epeira patagiata (Clerck) Thor.

E. patagiata Emerton.

This seems to be the common brown Epeira all over Canada and

as far south as Massachusetts. I have specimens from Hector,

British Columbia, at 51 70 to 5190 feet. Lake of the Woods,

Saskatchewan River, S. H. Scudder ; Montreal ; Anticosti L ; Triangle

harbor, liabrador. Also from Portland, Oregon, S, Henshaw. I

have not found it south of Massachusetts. It is a common spider in

the north of Europe. E. patagiata is easily distinguished from the

nearly related species, E. strix and E. sclopetaria^ by the shape of

the epigynum and male palpus. The Canadian specimens from the

Rocky Mts. and from Montreal have these organs of the usual shape,

while those from Gaspe and Lake of the Woods, all females, have a

slightly different form of epigynum. PI. i, figs. 3 and 3a are from a

Montreal specimen and PI. i, fig. 3^* from one from Gaspe. It is

probable that E. hilaris, from Newfoundland, described by Cam-

bridge in Proc. Roy. Phys. Soc. Edinburgh, 1881, is this species.

Epeira sclopetaria Clark E. sericata Blk.

Ottawa, J. B. Tyrrell, not common in Canada.

Epeira sti'ix Hentz.

E. strix Emerton.

E. ajMclisa Giebel, Illinois Spiders, Zeitsch. f. Gesammt. Nat., 1869, and probably

E. affinis Blackwall, in Spiders from Canada, Ann. and Mag. of Nat. Hist., 1846.

Males from northern part of Alberta Territory and from Gaspe.

A number of females and young from Lake Winnepegosis resem-

bling in general appearance E. patagiata. Found as far south as

</ D. h fi tu>^
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Maryland. In New England it is common on trees and bushes,

while E. patagiata and E. sclopetaria live usually about houses and

fences.

Epeira trivittata Keyaerling, Sitz. der Isis, Dresden, 1863.

E. trivittata Emerton.

Lake Winnepegosis. One of the most common spiders all over

the United States.

Epeira aculeata Emerton, Bull. Hayden's U. S. Geological Survey, 1877.

A female of this species was found by Packard on Gray's Peak, Col-

orado, and described in the Bulletin of Hayden's Geological Survey

in 1877. Mr. Bean's collection has a male and female from the

valley below Laggan, at about 5000 ft. elevation.

The female is S"""" long with colors and markings as described

from the Colorado specimen. The light spots of the abdomen are

very bright and the head is much lighter colored than the thorax.

The light parts of the legs are a little reddish. The epigynum lias

the finger short and wide, ending in a fine point differing plainly in

shape from the long slender finger of carbonaria. PI. i, fig. 4«

is the epigynum of aculeata and 4§, of carbonaria.

The male is a little smaller. The cephalothorax and legs are light

orange brown. The head is but little lighter than the thorax and

there is hardly any trace of rings on the legs. The markings of the

abdomen are like those of the female, reddish brown, with pale

markings and none of the black and gray colors of carbonaria.

The second tibia is more thickened at the distal end and has stouter

spines than in carbonaria. PI. i, fig. 4c, is the second tibia of

aculeata ; PL i, fig. 4cZ of carbonaria.

The male palpus resembles that of carbonaria and has, near the

base of the palpal oi'gan, the same fine double spine. PI. i, fig. 4e.

This species was collected by S. Henshaw in Washington Terri-

tory in the Wenass and Klikitat valleys.

Epeira carbonaria Koch.

Arachniden fauna Tirols., Zeitsch. deFerdinandeums, Innsbruck, 1869.

E. iKickardii Thorell, Spiders from Labrador, Proc. Boston Soc. Nat. Hist., 1875.

E. carbonaria Em., N. E. Epeiridffi.

This is an alpine species, found only above trees on the Alps in

Switzerland, the White Mountains in New Hampshire, the Rocky

Mountains, and in Labrador, 400 to 1000 ft. Mr. Bean has two

females from the mountains near Laggan, above 6700 ft.

./_/_ Iha/j-',
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They are 12'""' long, cephalothorax, 4™"', larger than the common
White Mountain specimens. The color is the usual black and gray

with bright white markings on the abdomen, and the femora of the

hind legs are slightly reddish. The epigynum is shown in PI. i, fig.

4J, for comparison with that of E. aculeata.

Zilla montana C. Koch ; Z. montana Em.

Ship Harbor, Nova Scotia. Also found on Mt. Washington, New
Hampshire.

Singa variabilis Eqi., New Eng. Epeiridse, 1884.

Female from Ellis Bay, Anticosti I. Also from Peak's I., Port-

land, Me.; Eastern Massachusetts; New Haven, Connecticut.

Argiope transversa Em.; Epeira fasciata Hentz.

Ottawa, J. B. Tyi-rell, common all over the United States, but

probably lives no farther north than the southern parts of Maine

and Canada.

Tetragnatha extensa Lian. ; Thor. ; T. extensa Em.

Anticosti I. and Entry I., Gulf of St. Lawrence. Saskatchewan

River, S. H. Scudder. Adirondacks. White Mountains. Massa-

chusetts. Connecticut. Also a common European species.

Pachygnatha brevis Keyserling, Zool. Bot. G. Wien, 1883.

P. tristriata Keys., Zool. Bot. Gess., 1882.

P. brevis Em , New Eng. Epeiridse.

Montreal. New England.

Theridium sexpunctatum. Emerton, New Eng. Therididse, 1832.

English Head, Anticosti. Mt. Washington, New Hampshire.

Steatoda guttata (Reuss) Thor. ; ^S". guttata Emerton.

Bryon I., Gulf of St. Lawrence. Niapisca L, near coast of Lab-

rador. Common in New England.

Steatoda borealis Em., New Eng. TherididiB.

Theridion horeale Hentz.

Montreal. White Mts. Eastport, Maine. Common about houses

all over New England. Theridium quadripunctatum Blackwall in
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list of Canadian Spiders from Prof. Potter, in Ann. and Mag. of

Nat. Hist., 1846, is probably this species.

Steatoda marmorata Em.

Theridion marmoraium Hentz.

Montreal. All over New England.

Steatoda fusca, new sp.

Female, 4'°"' long. Cephalothorax and legs light yellowish brown

above and below. Abdomen gray with fine light spots indistinctly

arranged in lines at the sides and on the hinder half. The cephalo-

thorax is smooth and shining and the head wide, much as is S. mar-

morata. The eyes of the front row are all of the same size and

near together but not touching. The upper row is a little curved,

the eyes are larger, all of the same size and more than their diame-

ter apart. The legs and palpi are covered with fine hairs. The

epigynum has a short transverse ridge turned backward as in S.

borealis, but wider. PI. ii, fig. lb.

The male palpi have the tibia slender at the base and much

widened toward the tarsus, more on the outer than on the inner side.

The tarsus is oval and has a deep notch at the tip or the outer side.

PI. II, fig. la. The papal organ has a short tube and a small thin

appendage parallel with it supported by a thick pointed process.

PI. II, fig. 1. Somewhat as in S. mannorata.

Rocky Mts., near Laggan.

Theridula sphaerula Em.

Theridion sphoerula Hentz.

St. George's Cove, Gaspe. White Mountains, and as far south as

Connecticut.

Euryopis funebris Em. ; Theridion funehre Hentz.

Rocky Mts., J. B. Tyrrell, 1888, between Lat. 49° and 52°. Mt.

Washington, N. H., and all over the United States.

Ceratinella brunnea Em., New Eng. Theridicte, 1882.

Rocky Mts. ? Ottawa, J. B. Tyrrell, from a peat bog. Mt. AVash-

ington t"o Connecticut.

Ceratinella laeta Em.

Erigone laeta Cambridge, Proc. Zool. Soc. London, 1847.

Peat bog, Ottawa, J. B. Tyrrell. Also found in Massachusetts.

P^h /ijr-
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Ceratinella laetabilis Em.

Erigone laetabilis Cambridge. Proc. Zool. Soc. London, 1874.

Peat bog, Ottawa, J. B. Tyrrell ; Mt. Washington ; Eastern Mas-

sachusetts ; New Haven, Connecticut.

Ceratinella minuta Em., New Eng. Therididse, 1882.

Peat bog, Ottawa, J. B. Tyrrell. Massachusetts and Connecticut.

Cratinella laticeps new sp.

Length I'S""". Cephalothorax and abdomen dark reddish brown,

the cephalothorax a little lighter. Legs yellow. Hardened spot

covering the whole top of abdomen. Male palpi short like laetabilis

which this species resembles. The cephalothorax is wide in. front

and concave between the eyes, the lateral pairs being widely sepa-

rated from the others and carried a little forward (PI. ii, fig. 2).

The head is high just behind the eyes (PI. ii, fig. 2a), and has a few
stiff hairs in a row in the middle. The back part of the cephalo-

thorax is slightly roughened.

The male palpi resemble those of the other sj^ecies with short

palpi. The patella and tibia are of equal length, the patella as

wide as long and the tibia widened with a process with a sharp

recurved point on the outer side. The tube of the palpal organ is

longer than in most species, the basal half having a projecting tooth

beyond the beginning of the terminal half, (PI. ir, figs. 2c, 2d).

One male only from near Laggan.

Lophomina cristata Em. ; Erigone cristata Blackwall.

Montreal, under leaves. Boston, Massachusetts.

Lophorama elongata Em., New Eng, TherididsB, 1882.

Peat bog, Ottawa. Several places in Massachusetts under leaves.

Lophocarenuni decemoculatum Em., New Eng. Therididae, 1882.

Rocky Mts., Laggan, 50'J0 ft. Mt. Washington, N. H., in moss,

4000 ft.

Lophocarenum latum Em., New Eng. Theridid^e, 1882.

Peat bog, Ottawa. Watertown, Mass., under leaves.

Spiropalpus spiralis Em., New Eng. Therididoe, 1882.

Laggan. Massachusetts and Connecticut.
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Tmeticus plumosus Em, New Eng. Therididse, 1882.

Montreal. Mt. Washington, K H. Beverly, Massachusetts.

Tmeticus pectinatus, new sp.

This species resembles closely T. plumosus, but is twice as large.

The eyes are smaller in proportion to its size. The length is nearly

3""'" and the form and color are like plumosus. The male palpi,

which are usually the best marks of species in this family, resemble

closely those of T. plumosus, but the tarsus is more angular (Plate ii,

fig. 4), and the tarsal hook a little shorter and wider. The general

form of the palpal organ is like that of plumosus, but the feather-

like appendage is thicker and has along its middle several long black

teeth (PI. II, fig. 4:0). The mandibles have the front tooth longer

(PI. II, fig. 45).

Two males from Laggan.

Linyphia humilis, new sp.

Male and female S-o'"'" long. The cephalothorax of the female is

low and without markings except a little darker color around the

eyes and along the edges. The cephalothorax and legs are light

brownish yellow, darker and grayer toward the tips. The abdomen

is white with the usual middle purj^lish brown marking (PI. ii, fig. 3)

increasing in width from front to back without any break across it

like that in tnarmorata. The under side of the abdomen and the

sternum are very dark brown.

The epigynum has the usual wide opening partly divided by a

short process in the middle (PI. ii, fig. 3c).

In the male the head is a little elevated and the mandibles longer

than in the female (PI. iii, figs. 3« and Zh), the legs are longer than

those of the female but shorter than the legs of marmorata (PI. in,

fig. 3a). The legs and cephalothorax are light orange brown. The

abdomen is black or dark gray without markings. The male palpus

is also black at the end and resembles that of L. m,armorata.

Rocky Mts., near Laggan.

Iiinyphia phrygiana C. Koch; Em., N. E. Therididas; L. costata Hentz.

Rocky Mts., J. B. Tyrrell, 1883 ; Gaspe, R. W. Ellis, 1883 ; Mt
Washington. All over the United States and Northern Europe.

Stemonyphantes bucculentus (Clerck) Thor. ; Em., N. E. Therididse.

Alberta Territory, 1886, lat. 51° to 50°, long. 110° to 114°
; Mas-

sachusetts; Connecticut. Common in Europe.
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Diplostyhla nigrina (Westr.) Tlior. ; Em., N. E. Therididse.

Bathyphantes terricolus Menge, Preussische Spiunen.

Peroquet I., Labrador ; Mt. Washington ; Eastern Massachusetts;

Providence, R. I.

Diplostyla concolor Em., New Eng. Therididte, 1882.

Stijloijliora concolor Menge, Preussische Spinnen.

Montreal ; Massachusetts; New Haven, Conn.

Diplostyla canadensis Em., New England Therididse, 1882.

Montreal.

Microneta viaria Em., N. E. Therididap.

Erigone viaria Cambridge, Proc. Zool. Soe. London, 1875.

Montreal ; Mt. Washington, N. H.; Massachusetts ; Connecticut.

Microneta quinquedentata Em., New Eng. Therididae.

Montreal ; Mt. Washington, N. H. ; Massachusetts.

Amaurobius silvestris Em., New Eng. Ciniflonidte, 1888.

Rocky Mts. near Laggan. Lake of the Woods. Gaspe. Coffin

L, and Great Bird Rock, Gulf of St. Lawrence. White Mountains
;

and all over New England.

Titanoeca Americana Em., New Eng. Ciuiflonidse, 1888.

Rocky Mts. above Laggan, 6700 to 8500 ft. Mt. Monadnock,

New Hampshire. New Haven, Connecticut.

Lathys Simon, 1884.

Letliia Menge, 1869=ie<Wa. Thorell; Eu., Spiders, 1870.

Lathys pallida new.

There are two males of this species in Mr. Bean's collection from

the mountains above Laggan. The best presei'ved one is 3*4™™ long

and the cephalothorax is 1*5™'" long. The cephalothorax is white

with a fine black line on the edge each side and a few pale gray

markings radiating between the legs and some finer lines extending

from the dorsal groove nearly to the eyes. The head is wide, two-

thirds as wide as the thorax and arched upward from the front to

its highest point half way between the eyes and the dorsal groove.

The eyes occupy more than half the width of the front of the head.

The front row is straight and the middle eyes are smaller than the

lateral. The upper row is a little longer and the eyes all of the

r\ I
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same size, the lateral eyes a little lower than the others and nearly

touching the laterals of the front row.

The legs are long and slender, the first pair longest and nearly

twice as long as the body. The legs are white faintly marked with

gray, darkest toward the distal ends of the joints. PI. i, fig. 5.

The abdomen is gray with a herring-bone marking of light spots

in the middle.

The mandibles are twice the height of the head in length, thick-

ened at the base and slightly hollowed on the inner side beyond the

middle and at the end of this hollow are two teeth, beyond which

the mandible tapers toward the claw. The claw is long and slender

and two-thirds as long as the rest of the mandible. Pi. i, fig.

5a, 5b.

The male palpus has the femur long and the patella and tibia

short, each about as wide as long. The patella has no appendages

and the tibia has at the distal end three short spines that surround

the twisted end of the palpal organ which has been described in

other species as a process of the tibia itself.

The three processes of the tibia consist of a jjointed spine extend-

ing across the end of the tibia with its point on the outer side, PI.

I, fig. 5a, and a pair of short processes under it on the outer side

that appear to take the place of the two-spined process of the tibia

in Dictyna. Between these processes projects the tip of the palpal

organ.

The palpal organ is flat and circular, the tube showing as a black

line all around it. On the outer side begins a large flat appendage

as in Dictyna, the end of which appears to be twisted with the free

end of the tube forming the spiral that extends through to the back

of the tibia. PL i, fig. 5c, 5d.

The genus Lathys Simon, 1884, is Lethia Menge, 1869, and Lethia

Thorell, European Spiders, 1870.

Rocky Mts., near Laggan.

Tegenaria brevis Em., New England Drassidse, Agalenidte and Dysderidse, 1890.

Gaspe. Mt. Washington. Massachusetts. Connecticut.

Tegenaria derhamii (Scopoli) Thor., 1873.

Emerton, New Eng. Agalenidge, 1890.

T. civilis Blackwall, 1861.

T. domestica Simon, 1876.

Gaspe. A common bouse spider in N. America and Europe.

Mentioned by Blackwall in a list of Canadian spiders from Prof.

Potter, in Ann. and Mag. of Nat. Hist., 1846.

r. A
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Hahuia bimaculata Em., New Eng. Agalenidse, 1890.

Lake Winnepegosis. Mt. Washington, N. H. Massachusetts.

Connecticut.

Hahnia cinerea Em., New Eng. Agalenidse, 1890.

Peat bog near Ottawa. Common in different parts of New Eng-

land.

Agalena neevia "Walck. and Bosc, 1841; Hentz, 1848.

A. ncevia Em , New Eng. Drassidas, Agalenidse, &c,, 1890.

A. potteri Blk. Ann. and Mag. of Nat. Hist., 1846.

Lake Winnepegosis, 16, 2 $ . Bryon L, Gulf of St. Lawrence,

1 young. This is one of the most common spiders all over the

United States.

Agroeca repens, new sp.

Female, S'""" long. Cephalothorax 2"™ long. Cephalothorax

widest between the second and third legs and about half as wide in

front as far back as the first legs. PL ii, fig. 6. The eyes occupy

little more than half the width of the head and are less than their

diameter apart.

The cephalothorax is liglit yellowish brown with a dark edge and

irregular gray lines radiating from the dorsal groove. The legs are

the same color, darker toward the ends and faintly ringed with

gray. The abdomen is darker colored with traces of markings

like those of A. pratensis.

On the under side the colors are lighter except on the labium,

which is dark toward the end. The sternum is large, as wide as

long, and pointed behind ; it has a dark line around the edge. The

epigynum (PI. ii, fig. 6a) has a long slit, narrowest in the middle,

with thick brown edges spreading apart in front.

Laggan.

Phrurolithus alarius Em.

Emerton, New Eng. Drassidse, Agalenidas, and Dysderidse, 1890.

Herpyllus alarius Hentz.

Lake of the Woods. Massachusetts. Connecticut.

Poecilochroa variegata Em., loc. cit., 1890,

Herpyllus variegatus Hentz.

Lake of the Woods. New England.

17 Mv-
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Gnaphosa conspersa Thorell.

Bull. Haydeu's U. S. Geological Survey, 1877.

Ckiq^ihosa gigantea Keyserling. Zool. bot. Ges., Wien, 1887.

G. C07ispersa Em., New Eng. Drassidte, 1890.

Large numbers were found bj^ Mr. Bean around Laggan and up to

over 6700 ft,, on the neighboring mountains. Lake of the Woods
;

Rocky Mts., Colorado, up to 11000 ft., on Gray's Peak. Washing-

ton Territory and Portland, Oregon, S. Henshaw. Common in

New England.

Gnaphosa brumalis Thorell

Spiders from Labrador, in Proc. Boston Soc. Nat. Hist., 1875.

G. Scudderi Thor., Bull. Hayden's U. S. Geological Survey, 1877.

G. brumalis Em., New Eng. Di-assidse.

Laggan, about 5000 ft. Strawberry Harbor, Labrador, A. S.

Packard. Ellis Bay, Anticosti, S. Henshaw. Mt. Washington, N.

H., above trees.

Drassus coloradensis Em.

Bulletin Hayden's U. S. Geol. Survey, vol. iii. No. 2, April, 1877,

Females, 10"^'" and ll""™ long; 1st legs 12"""', 4th legs 15""". Color

light yellow-brown, covered with gray hairs, resembling D. saccatus.

The males more slender, but not much smaller. The epigyniim has

two openings toward the front from which a ridge extends toward

the hinder edge and is pointed behind. The epigynum is wide

behind, with a dark border that extends forward to the openings in

front; it is one-sided in several specimens, the right side being

longest in some and the left in others, PI. ii, fig. lb. The male pal-

pus has the patella and tibia of the same length and much shorter

than in saccatus. The tibia has three processes on the outer side,

one above and two on the outer side, near the end, where both can

be seen from above or below, PI, ii, fig, 7a, The palpal organ has

been figured in the Bulletin of Hayden's Survey. It has a long

pointed dark brown tube on the inner side and a thick process on

the outer, with a sharp angle at the end, PI. ii, fig. 7.

Males from Gray's Peak, Colorado. Males and females near

Laggan,

Drassus robustus Em., N. E. Drassidse.

A shorter and stouter species than coloradensis and saccatus.

The epigynum has two large parallel brown ridges. The tibia of

the male palpus has a long process, rounded at the end, that extends

Trans, Conn. Acad., Vol. IX. July, 1894,

29
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over the tarsus on the upper side and prevents the palpus being

straightened. See figures in New Eng, Drassidre.

Near Laggan. Found before only in Massachusetts.

Micaria constricta, new sp.

Both male and female 4"™ long, the female a little stouter than

the male. A little smaller and shorter legged than 31. longipes Em.

The first leg of the male measures 5-3'"™. The cephalothorax, palpi

and legs are light brown, without any markings except a few gray

lines on the cephalothorax. The abdomen is covered with dark

scales that are greenish towai'd the light, and has two pairs of white

marks at the sides, one pair in the middle and one near the front end.

One female does not have the white marks. The colors of the under

side are like those above, but a little paler.

The epigynum has a large transverse opening at the forward end

that extends backward on the posterior side to a point. PI. ii, fig. 5c.

The male palpi are short and small; the patella and tibia are of

the same length, the patella stouter than the tibia. The tibia has,

near the end on the outer side, a very small tooth. PI. ii, fig. 5. The

tarsus is a little longer than the tibia and less than twice as wide.

The palpal organ is very simple with a very short tube at the outer

end and short hooked process near it. The bulb is long and oval

and the tube shows through it along the inner side. PI. ii, fig. 5a.

Male and female from near Laggan.

Micaria montana Em.; New Eng. Drassidfe, 1890.

A single female of this species from the mountains below Laggan

agrees closely with one from Mt. Washington, N. H.

Prosth,esim.a atra Em., loc. cLt., 1890.

Herpyllus ater Heutz. P.funesta Keyserling, Zool. botan. Ges., "VVien., 1887.

P. melanchoUca Thorell., Bull. U. S. Geol. Survey, 1877.

New England and New York.

Clubiona ornata Em., New England Drassidse, 1890.

When I described this species I had only females. A male from

Gaspe is a little smaller than the females and colored and marked in

the same way. It is G™"' long. The legs and cephalothorax are

yellowish white and the abdomen light reddish brown with two

white stripes spreading apart in front and almost touching behind,

where they are partly broken into spots. The male palpi have the
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patella and tibia short, the tibia with two processes on the outer

side, the upper one simple in shape and the lower with a double

tooth on the upper side. PI. ir, fig. 8. The tarsus is flat and wide

and turned outward toward the end. The palpal organ is without

appendages, except the tube which extends across its Avhole width

at the end, terminating under the outer corner of the tarsus, PI. ii,

fig. 85.

Gaspe, R. W. Ellis, 1883; Mt. Washington, N. H.; Southern N". H.;

Massachusetts.

Clubiona canadensis Em., New Eogland Drassidas, 1890.

Gaspe, R. W. Ellis. Montreal. Mt. Washington, N. H.

Xysticus ferrugineus, new sp.

Females, 9 or 10™'" long. Cephalothorax 4-2'°'" long, 4™'" wide.

It resembles X. gidosiis, but is larger and darker colored and the

brown color is more red and less yellow than in that species. Dried

specimens are still darker than those in alcohol. The cephalothorax

is dark at the sides, with a fine light yellow line along the edges,

and has a lighter stripe in the middle about one-third its width.

Both dark and light parts, all over the body, are covered with fine

dark brown spots. At the posterior end of the thorax, under the

front of the abdomen, is a distinct, nearly square light spot. There

is no distinct light mark under the upper eyes, as there is in c/ulosus.

The legs are colored like the cephalothorax, lighter on the under
side and darker on the upper, where there is a light yellow middle

line extending the whole length of the leg. In the middle of the

first femur are three small dark spots. PI. iv, fig. 3.

The abdomen is lighter all over the back than the cephalothorax.

In the middle and across the hinder half are obscure gray spots in

broken oblique lines. The sides of the abdomen, extending back
two-thirds its length, are dark, almost black ; the upper edges of

these dark areas extend irregularly upward so as to be partly seen

from above and the lower edges extend under the body, becoming
lighter toward the middle. The under sides of the abdomen, ster-

num, and legs are very uniformly colored, and covei-ed with dark
brown spots.

The epigynum is divided by a flat ridge, widest behind, but nar-

rowing sharply at the hind end. PI. iv, fig. 3«. The two openings

are round and wide in front.

Several females, near Laggan.
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Xysticus triangulosus, new sp.

The female is 7""" long. Cephalothorax 3""™ long and 3™°' wide.

The general color in alcohol is light orange brown with very fine

darker spots. The cephalothorax is light in the middle for one-

third its width and darker at the sides, the dark stripes ending be-

hind under the front of the abdomen in still darker spots. The
lateral eyes are surrounded by lighter color above and darker below.

The first and second legs have the femur and patella darker above

with a light middle line, the ends of the legs being uniform in color.

The third and fourth femora are darker toward the end, the fourth

femur having a large dark spot at the tip. The other joints of the

third and fourth legs are lighter than the first and second and have

the ends darker. The abdomen has a light stripe in the middle

formed by a row of four triangular spots, widest behind and having

the corners extended into three pairs of white transverse spots,

behind each of which the dark color of tlie sides is still darker

(PI. IV, fig. 4), as in linihatus and stomachosiis.

The colors of the male are the same as of the female. It meas-

ui-es 6"'°^^ in length. The cephalothorax is nearly as large as that of

the female and the first and second legs are a little longer and more

slender. The male palpi as in PL iv, fig. 4.

Male and female, near Laggan.

Xysticus bimaculatus, new sp.

Length, 5™™. Cephalothorax as wide as long. Cephalothorax

light brown at the sides, the middle area in some spiders the same

color, slightly lighter, or in others almost white with a dark spot at the

end of the dorsal groove. At the posterior end of the dark areas

are two long dark brown spots (PI. iv, fig. 5), which show no trace

of division into two as in many species. The legs are light yellow

with large brown spots, those on the upper side arranged in two

lines and the rest evenly scattered. The fourth leg has larger dark

spots at the end of the femur, patella, and tibia, but otherwise the

third and fourth legs differ little from the first and second. The

abdomen is white with obscure markings. In the most distinct

specimen (fig. 5) they form four transverse gray stripes across the

hinder half and irregular rows of spots in front. The under side of

the abdomen is covered with fine spots and the legs with large spots

on the under side as they are above. The sternum is spotted in the

same way. The epigynum is oval, wider than long, and with a
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slight notch in the posterior edge, in one like PI. iv, fig, 5a, in the

other female less distinct.

Two females and one young male from the mountains above Lag-

gan, between 6700 and 8500 ft.

Xysticus pulverulentus, new sp.

Female, 5'"'" long. This resembles in color and markings -X^.

stomachosus but is smaller and less hairy. The general color is

white with dark brown markings. The cephalolhorax has the mid-

dle third light with two fine lines extending back from between the

eyes and a small dark spot near the posterior end. The sides of the

cephalothorax are dark brown in spots and irregular lines, each side

having behind two black spots under the front of the abdomen. The

legs ai'e spotted with brown, generally darker at the ends of the

joints. A distinct black spot on the end of the fourth femur. The

abdomen has three or four })airs of transverse dark markings larger

or smaller in different individuals. In the male there are the usual

differences from the female.

The epigynum has a single opening in which are two bent dark

lines, and behind it two small brown spots, PI. iv, fig. 6.

The male palpi resemble those of stojnac/wsus. The processes on

the tibia are larger and those of the palpal organ smaller than in

that species, PI. iv, figs. 6a, 6b.

Male and females near Laggan.

Cariarachne versicolor Kejserling.

Spinnen Americas, Laterigradse, 1880. Em., New Eng. Thomisidje, 1892.

Rocky Mts., J. B. Tyrrell, 1885.

Oxyptila conspurcata Thor.

Bull. Haydea'sU. S. Geol. Survey, vol. iii, No. 2, 1877.

This little spider is only 3 '5""" in length, and the cephalothorax

less than 2'"'^' long and not as wide as long. The head is wide and

marked off from the thorax by a sharp bend just in front of the first

legs. The lateral eyes are larger than the middle ej^es and farther

from them than they are from each other. The colors yelloAvish

white and various shades of gray and brown. The cephalothorax is

sometimes nearly covered with obscure brown markings, PI, iv, figs.

7, 7a, lb. In others there is a distinct light middle stripe and

various dark markings at the sides. Other young individuals have

a light spot in the middle with a dark blackish band each side; and

</ ^ /)
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in still others the white spot has a smaller dark spot in the middle.

The abdomen is equally variable in color, sometimes being well

covered with pairs of dark and light markings arranged in the

ordinary way and on others almost Avhite with a few black spots

variously arranged usually at the hind end, PL iv, figs. 7, 7«.

The markings of the third and fourth legs are usually the same,

dark spots at the end of the femur and both ends of patella and tibia,

sometimes spreading so as to cover the whole of these joints, and a

dark spot at the base of the metatarsus. The first and second legs

are more variable in color, sometimes being uniformly light yellow

or orange and at others having dark markings at the ends of the

joints or covering nearly the whole leg, PI. iv, figs. 7, 7«.

The epigynum has a projecting piece in front and two openings

surrounded by rounded ridges behind (PI. iv, fig. 7c). This is the

form in several females from Ottawa. In a western specimen, how-

ever, the ridges around the epigynum are more irregular (PI. iv, fig.

7c?), as in the tyi^e-specimen from Colorado.

A specimen from Laggan that comes nearest to the type specimen

has the markings of the cephalothorax and legs indistinct and the

abdomen covered with light brown spots without any definite mark-

ings. The sternum is marked with brown spots between the legs.

The epigynum (fig. Id) has the side-ridges irregular and the pos-

terior middle lobe shorter than in the eastern specimens. The

grooves at the front around the anterior process are less distinct and

not so plainly V-shaped as in Thorell's specimen.

Most of the specimens ai-e from a peat bog near Ottawa and

vary greatly in size and markings. One only is from the neigh-

borhood of Laggan.

Misumena vatia Thorell, Syn. Eur. Spiders.

Em. New Eng. Thomisidoe, 1892. TJiomisus fartus Heutz.

Anticosti I., Gulf of St. Lawrence. All over New Etigland.

Mentioned by Blackwall as Thomisus citreus in list of Canadian

spiders from Prof. Potter in Ann. and Mag. of Nat. Hist., 1846.

Misumena aleatoria Era., N. E. Thomisids, 1892.

Thomisus aleatorius Hentz. Buncinia hrendellii Keyserling, Spiunen Americas.

Alberta Territory. New England.

Misumena asperata Em., N. E. Thomisidse, 1892.

Thomisus asperatus Hentz.

Gaspe. New England.



J. H. Emerton— Canadian Spiders. 419

Philodromus bidentatus Em., N. E. Thomisidaj, 1892.

Gaspe. Also from Mt. Tom, Massachiisetts, and New Haven,

Connecticut.

Philodromus inquisitor Thor.

Bulletin Hayden's U. S. Geological Survey, vol. iii, No. 2, 1877.

I have compared the original specimen from Colorado, which has

been minutely described by Thorell. This is a large species and the

abdomen is unusually large with the widest part in the middle and

the hinder half tapering more than the front. The difference in color

between the front and hinder halves is generally great, the front

half being very light with a middle dark stripe having two pairs of

small branches at the sides, while the hinder half has the usual trans-

verse light and dark markings of most of the genus. The cephalo-

thorax has in some specimens a light middle stripe for half its length,

in others the irregular gray markings cover the whole back PI. iv,

tig. 8. The legs are as dark as the abdomen, colored irregularly in

rings, and at the ends of the joints. The under side is lighter with

the epigynum showing distinctly two parallel dark lines, across the

front end of which is the transverse oval opening, PI. iv, fig. 8a.

Length 6"""; cephalothorax 2-3""" long, 2"''" wide.

Rocky Mts. Laggan, and on path to Agnes Lake, 6700 to 6900

ft. Colorado, A. S. Packard.

Tibellus duttonii Keys.

Spinn. Americas, Laterigradas. Emertou, N. E. Thomisidse, 1892.

Thomisus duttonii Hentz.

Rocky Mts. Laggan. Lake of the AVoods. Ellis Bay, Anticosti.

New England.

Thanatus coloradensis Keys.

Spinnen Americas, 1880. Thanatus lycosoides Emertori, New Eng. Thomisidaj, 1892.

When I described this spider in 1892 I had only seen New Eng-

land specimens and was in doubt about its identity with T. colora-

densis. Several specimens of both sexes from the Rocky Mountains

in the collections of Mr. Bean and Mr. Tyrrell agree better Avith

Keyserling's descriptions and are of the same species as those found

in New England.

Phidippus tripunctatus Emerton, New Eng. Attidas.

Attus tripunctatus and A. audax Hentz. Phidlpi^us morsitans Peckbam.

Lake of the Woods, A. C. Lawson.

. /J
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Dendryphantes aestivalis Peckham.

D. capitatm Peck., 1885. D. cesttvalis Em., New Eng. Attida3, 1891.

Fox Bay, Anticosti.

Dendryphantes militaris Em.

Emertou, New Eug. AttidiB, 1891. Attus militaris Hentz. PMlceus militaris Peck-

ham, 1888.

Fox Bay, Anticosti. Lake Winnepegosis. Alberta.

Icius mitratus Peckham; Attus mitratus Heniz.

Near Ottawa, J. B, Tyrrell.

Neon nellii Peckham.

Near Ottawa, J. B. Tyrrell.

Attus palustris Peckham, 1888.

Emerton, New Eng. Attidas, 1891.

Ellis Bay, Anticosti. Lake Winnipegosis. Laggan.

Habrocestum splendens Peckham.

Emerton, oj). cit., 1891. Enjane sxilenderis Keyserling. Pellenes nigriceps Keys.

Ship Harbor, N. S.

Saitis pulex Peckham; Attus 2mlex Heniz.

Near Ottawa, J. B. Tyrrell.

Habrocestum montanum, new sp.

A middle sized female is 8""" long; cephalothorax 4™™ long and

3""" wide. Abdomen 5™'" long, 4""" wide. The third leg is longest

with the tibia narrow in the middle. The colors are black and gray.

The cephalothorax is light at the sides, near the edges. Above, on

each side, is a dark band narrowing forward to the lateral eyes. In

the middle the cephalothorax is light, almost white mixed with

darker gray hairs and a few yellow scales; between the posterior

eyes is a dark angular marking, usually with a light spot in the

anterior angle. The abdomen is dark with a light herring-bone

marking in the middle and a row of oblique dark and light markings

along each side, PI. i, fig. 6. The legs are ringed with black at the

base and near the end of each joint, and along the middle have

white hairs mixed with a few black and gray. The under side of

the abdomen and the coxae are light, and the sternum is dark. The

epigynum has a small single opening at the anterior end, PI. i, fig. 6a.

Oi ( k
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In the male the front of the head is white; the white bands along

the sides of the cephalothorax are more distinct and farther down

the sides and the middle of the cephalothorax is light yellow. The

middle, of the back of the abdomen is also yellow, mixed with

orange hairs.

The tibia of the male palpus has a large hook, straight on the

lower edge, and rounded above. The palpal organ is large with a

stout tube twisted across the end of the tarsus, PI. i, figs. 6J, 6c.

Several specimens from Laggan.

Lycosa fumosa, new sp.

Largest female 16'""' long; cephalothorax 7""" long, and 6'"'" wide.

The extended legs cover a circle two inches in diameter. A smaller

female has the cephalothorax 1'"'" shorter, and the rest of the body

in proportion.

The hairs are long and thick all over the body and legs. The

color is black above and below, without any markings.

The eyes of the third row are twice as far apart as those of the

second, and very far forward.

The epigynum is closely covered with hair at the sides. The

middle ridge widens backward and is nearly as wide behind as it is

long, with two round pits near the hinder corners, PI. in, fig. 1.

The palpal organ (fig. \d) resembles that of L. carolinensis ; all

the parts are small and the tube is concealed under the middle

appendages. The tibia and patella of the male palpus are of equal

length and together are as long as the tarsus. PI. iii, fig. la.

The small female carried a cocoon of eggs 10'""' in diameter.

The legs of the male are as long as those of the females, but more

slender. His cephalothorax measures 6'"'" long and 5"5'"'" wide.

Lycosa beanii, new sp.

This spider has a general resemblance to L. communis of New
England, and is of the same size, but the legs are a little shorter.

Some of the males are nearly as large as females and others not

more than two-thirds as large. The colors of specimens in alcohol

are dark brown with lighter brown markings, which were probably

covered with light gray hairs. There is a light middle stripe on the

cephalothorax, which does not extend forward beyond the eyes, but

in life the space between the eyes is covered with light hairs. There

are no light stripes along the sides of the thorax. On the abdomen

the markings are much like those of L. communis, a dark spot in

the middle of the front half ending in a point behind, and on each

A



422 J. S. Emerton— Canadian Spiders.

side of this a light stripe turning toward the middle line, as they

extend backward, forming a row of light and dark transverse spots

decreasing in size toward the spinnerets. The under side of the

abdomen is lighter and has no distinct markings. The legs are the

same brown as the body, without markings. PI. iii, fig. 2, 2a.

The epigjaium is very narrow in front and large and wide behind,

sometimes transparent so that it looks narrower than it is. The

epigynum is small compared with other species. PI. in, fig. 2c.

The male palpus has the tibia half as long as the tarsus. The

palpal organ is small with a small hook across its middle, and the

tube concealed behind it. PI. in, fig. 2b.

This spider closely resembles L. pratensis. The middle stripe of

the cephalothorax is straighter and more distinct and less divided

by dark lines than in pratensis. The middle spot of the abdomen is

lai'ger and more distinct and the hinder part of the abdomen has the

middle markings plainer and the oblique dark markings of the sides

less distinct than in pratensis. The epigynum is narrow in the

middle and larger behind than in prratensis.

Lycosa quinaria, new sp.

Length 16'"™
; cephalothorax 5-5"'™ long and 4'""' wide. Legs

stout, 4th pair 16"'"^ long.

Cephalothorax and legs reddish brown, without any light mark-

ings. The cephalothorax is indistinctly marked with radiating dark

lines and the legs with dark longitudinal lines. PI, in, fig. 5. The

abdomen is dark gray with faint darker and lighter markings down

the middle. The colors of the under side are like those of the

upper, the coxae a little lighter than the rest, and the sternum,

maxillse and mandibles darker. Another female from Fox Bay,

Anticosti, is a trifle larger and has the colors lighter, more like i.

pratensis. On account of the lighter color the spines and dark lines

on the legs are less conspicuous than in the western specimens.

The epigynum is very small, and shorter than wide. PI. in, fig.

5«. Two females. Alberta, J. B. Tyrrell, 1886.

liycosa polita Em., N. Eng. Lycosida;, 1883.

Laggan. New England and Xew York.

Iiycosa pratensis Em.. New Eug. Lycosidse, 1 885.

Mountains near Laggan. Lake of the Woods. Gaspe. Anticosti.

Bryon L Port Hawkesbury. New England.

The specimens from Laggan have the markings of the legs and

cephalothorax more distinct than usual. There are faint gray rings

I _ i,
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on the legs, plainest on the femora. The cephalothorax has distinct

light stripes along the sides, wider than in eastern specimens, PI. in,

fig. 4. The markings of the abdomen and the epigynum are as

usual.

Lycosa albohastata, new sp.

Two small male spiders are 6'"™ long, and brightl}^ colored; the

cephalothorax is 3™"" long, and 2-5°'"' wide. It is brown at the sides,

with dark radiating lines between the legs, and this part is thinly

covered with orange-yellow hairs. The middle of the cephalothorax,

covering the head and narrowing backward to a point behind the

dorsal groove, is covered with light hairs, probably white or light

gray in life. The abdomen has a bright white spot in the middle

of the front half surrounded with black spots. At the sides the

abdomen is orange-yellow with a row of white spots each side,

toward the hinder end. In the middle of the hinder half is a row

of transverse black spots, in one specimen united with the dark

markings of the sides. PI. in, fig. 3. The legs are orange-yellow,

with indistinct rings, except on the femora, where the rings are

plain and deep black.

On the under side the abdomen is dark at the ends and light

orange-brown in the middle, Avith a light line each side. The ster-

num, mandibles, and maxillse are very dark, and the coxae light; the

legs are lighter beneath.

The male palpi are short and stout, the tarsus longer than tibia

and patella. The tibia is as wide as long. The palpal organ has

the middle hook very thin and twisted at the end. PI. iii, figs. 3a, 35.

Two males from the valley near Laggan, and young females from

the neighboring mountains, 6000 or 7000 feet high.

Pardosa groenlandica.

Lycosa grcenlandica Tlior., Ofvers. af. Vet. Acad. Forhandl, xxix, 1872; Spiders

from Greenland.

Lycosa trisfiSy L. indagatrix, L. iracunda. and L. sinistra Thor., Bull. Hayden's

U. S. Geol. Survey, vol. iii, No. 2, 1877.

Lycosa dromoea Thor., Spiders of the Polaris Expedition ; American Naturalist,

June, 1878.

Pardosa alhomaculata Kmerton, New England Spiders, 1885.

Having the opportunity to examine a large number of specimens

from the White Mountains, Rocky Mts., and various parts of

Canada, as well as the types of Thorell's descriptions of the above

sjiiders from Colorado, I am. convinced that they are all of one

i OpUUr,
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species, and as Thorell suggests in his description of L. iracunda, the

same as L. grcenlatidica^ described by him in 1872.

In life, this spider is deep black with the markings in bright

white hairs. In alcohol the hairs are usually rubbed off or faded

and only the markings of the skin can be traced. Thei-e is consider-

able variation in size, some becoming adult when not more than

three-quarters as large as others. The markings are pretty constant

but much like several other smaller species. The lateral marks of

the cephalothorax are broken, usually into three spots of various

shapes and sizes. PI. ir, fig. 1. The middle spot of the cephalo-

thorax extends but little in front of the dorsal groove. The mark-

ings of the abdomen are generally obscure; the middle spot is small

and there are traces of two rows of white spots at the sides.

The legs of the females are ringed with black and gray and have

long black spines. In the male the legs are darker and not so

plainly ringed, and the male palpi are very black.

The epigynum is large and conspicuous and varies little in shape.

It is narrow in front and wide behind, having an outline resembling,

as Thorell says, a vase or decanter. PI. iv, figs. Ic, \d, le, \f, show

common forms of the epigynum, the variation being mainly in the

width and in the shape of the middle septum. The epigynum is

larger than that of P. glacialis, and the middle septum is narrower

and straighten It does not much resemble that of any other species.

The palpal organs (PI. iv, fig. la) are large and very uniform in

shape. They resemble those of glacialis^ but the basal hook is

smaller and sharper, and the middle appendages larger.

The female Ziycosa sinistra Thor., from Colorado, has the thorax

almost entirely black without the spots along the sides, and with

only a trace of the middle light mark. The abdomen and legs also

have less light markings than usual.

Greenland, as far north as Disco Island. The coast of Labrador,

from Strawben-y Harbor southward. Anticosti. Magdalen Islands.

Lake of the Woods. Rocky Mts., near Laggan. Washington Ter-

ritory. Portland, Oregon. Summit of Mt. Washington.

Pardosa glacialis.

Lycosa glacialis Thor., Ofvers. af Yet. Acad. Forhandl., xxix, 1872; Spiders from

Greenland.

L. glacialis Thor., Notice of Spiders of the Polaris Expedition, in American Natu-

ralist, June, 1878.

In this species the light stripes at the sides of the cephalothorax

are entire, instead of being broken into a row of spots, as in P.
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groenlandica. The middle light stripe is widened at the front end

and divided in the middle. The spot on the front of the abdomen

is usually bright and distinct, while the other markings are not con-

spicuous. PI. TV, fig. 2. The markings of the legs form longitudinal

lines on the upper side, rather than rings. The coxte and under

sides of the femora are usually a little lighter than the rest of the

legs. The sternum has a light median mark, that only extends half

its length, and sometimes light lines at the sides. A very brightly

colored female from the mountains near Laggan (PI, iv, fig. 2a) has

the under and outer sides of the femora very light yellow, almost

white, and a young female from Labrador has the same colors.

Several young females from Triangle Harbor, Labrador, have the

abdomen nearly covered with light markings and are generally light

colored, like X. concinna Thor., which I believe to be this species.

The epigynum resembles that of P. groenlandica, but is generally

shorter in proportion to its width, and there is great variety in the

shape of the middle ridge. PI. iv, figs. 2f7, 2e, 2/", show epigyna of

three females from Bryon Island, Gulf of St. Lawrence, fig. 2/" is the

most common foi-m. Fig. ib is from the light colored female from

the Rock}^ Mountains. Fig. 2c is from the specimen named Jjycosa

glacialis by Thorell, from Foulke fjord, Greenland, Females of

Pardosa brunnea Em., from Mt. Washington and New England,

Tisually have the form of epigynum shown in fig. 2/".

The paljjal organs of the three males from Port Hawkesbury,

Bryon Island, and from Laggan are like PI. iv, fig. 2g. The males

of P. brunnea have the palpal organs like PI. iv, fig. 2h, with the

basal hook much as it is in grc^nlandica, and the end of the tube

and other appendages correspondingly longer and straighten Judg-

ing by females alone, I should consider P. brunnea the same as

glacialis, but this difference in all the males examined makes their

identity doubtful.

PI, IV, fig. 2^ shows the epigynum of the type-specimen of X.

concinna Thor. It resembles that of glacialis, excej^t at the ante-

rior end, where the middle septum seems to be bent inward and

forward, so as to give the appearance of one anterior depression

instead of two.

Pardosa vmcata Em.

Lycosa uncata Thor., Bull. Hayden's U. S. Geol. Survey, vol. iii, No. 2, 1S77.

Female 6-5""^ long; cephalothorax 3"^'"; 4th leg IS'"™. Not hav-

ing seen the spiders alive, I can only describe the markings as they

f? J}^Eir:
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appear on alcoholic specimens that have been rubbed in the bottle

with other spiders. The cephalothorax has a narrow light line on

each side extending as far forward as the eyes and broken in two or

three places. The middle light marking of the cephalothorax is

widened in front, opposite the second legs, and ends in a straight

line a little behind the eyes.

The legs and palpi are regularly ringed with light and dark,

darkest toward the base. In the male the tarsus of the palpus is

dark, but otherwise it is colored like the female, and not much
darkei". The abdomen is dark and indistinctly marked. On the

under side the colors are lighter. The coxae are very light and the

sternum dark. The under sides of the legs are lighter than the

upper.

The epigynum (PI. in, figs. 8e, 8/*) is long and narrow with a

single small hollow at the front end; the posterior end varies in

shape ; the two figures show extreme forms ; fig. 8/" is the more

common, and there are many with the hinder part short, but not

contracted at the sides.

A well presei'ved male (PI. in, fig. 8) has the light mark of the

cephalothorax extended forward so as to cover the top of the head,

between the eyes. The middle of the abdomen is covered with

light, almost white, hairs in which the spot over the dorsal vessel is

outlined in black spots. In the hinder half of this light area are

four or five transverse black marks. On the legs the black and

white rings are more distinct than in the females, especially on the

femora. The male palpi (PI. iii, figs. 8a, Sb) are long, with the

tibia and patella as long as the tarsus. The palpal organ projects

from the tarsus at the base, and the double basal hook is long and

conspicuous. The lower part of the hook is pointed with the point

slightly turned forwai'd. The upper part is of nearly the same

width its whole length, curved inward, and turned toward the

middle of the outer side of the tarsus. At the end of this hook are

a number of short black teeth. The tube tapers to a point and is

nearly straight for half its length. Over the end of the tube is a

thin flexible appendage turned outward at the end and irregularly

toothed along the outer edge. This male agrees closely with

Thorell's original specimen. Two males from another locality, near

Laggan, have the male palpi slightly different. PI. in, figs. 8c, %d.

The basal part of the palpal organ is much more prominent, the

hook shorter and stouter, and the end of the tube flattened and bent

in a short curve at the tip.
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Pardosa tachypoda Em.

Lycosa impavida Thor., Bull. Hayden's U. S. Geol. Survey, 1877.

Lycosa tachypuda Thor., Spiders of the Polaris Arctic Exp., Am. Naturalist, June,

1878.

Pardosa montana Emerton, New Eng. Lycosidte, 1885.

The specimen described by Thorell was much rubbed and faded,

but its size and markings, and especially the shape of its epigynum

show it to belong to this species.

In size it is a little larger than imcata, and smaller than the

smallest groenlandica, both of which it resembles when preserved in

alcohol. Judging from the best specimens its markings when alive

are similar to those of F. uncata (PI. iii, fig. 8), the middle of the

cephalothorax and abdomen being light gray with the sides darker

and marked with black, and the legs ringed with gray and black,

darkest on the femora. The under side is covered with light gray

hairs. In alcohol the cephalothorax is almost black, except in the

middle behind the eyes, and in rubbed specimens the light markings

of the abdomen are absent, except the middle portion over the dorsal

vessel. The legs generally preserve the ringed markings. The

epigynum (PI. iii, fig. Qa) has a middle ridge, narrowing backward,

ending in an opaque, brown, blunt point, and at the front end two

brown pits, the width of the epigynum apart. This differs from the

epigyna of all the other Lycosidae with which it is likely to be

found.

The male palpal organ (PI. in, fig. 6) resembles that of P. lapidi-

cina, the common black Pardosa of New England, the difference

being mainly in the larger size and wide end of the basal hook.

Pardosa luteola, new sp.

Female 6°"" long; light yellow with brown markings. The cepha-

lothorax has two wide brown longitudinal stripes, united at the

front of the head, where they are nearly black, and a fine dark line

each side, next the legs. The sides of the abdomen are brown, with

a very distinct light spot over the dorsal vessel, and a row of trans-

verse light spots behind. The sternum is brown with a light spot

in the middle. The abdomen is light beneath, with a narrow brown

stripe half its length, each side. The epigynum is bright orange-

brown, and the front pair of spinnerets are black. The legs are

spotted with brown, the spots sometimes grouped in rings ; the

tibiaj are the darkest parts of the legs.

The epigynum has the middle lobe short and wide, but this part

is transparent and the overlapping sides are not easily seen, so that it

appears narrow. PI. iii, fig. lb.
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In the male, the cephalothorax and abdomen are darker, and the

legs lighter, except at the base, where the upper sides of the coxse

and part of the femora are darker than in the female. The head

and palpi are black, with the patella and tibia a little lighter on top,

and probably having some light hairs when alive.

The male palpi are large, the tarsus being about as long as tibia

and patella. The palpal organ is dark colored and projects a little

from the bowl of the tai-sus. The basal hook is rounded in the

middle and curves in a point toward the base, PI. iii, figs, V, la.

This species is about the same size and color as P. pallida Em., of

New England. The sternum is dark, with a light median stripe on

its front half, while in pallida the sternum is light with four dark

lines or rows of spots converging behind. In the males, the palpi,

mandibles, and maxilla; are darker than in pallida. The epigynum

resembles that of pallida, but is shorter and wider. The male palpi

have the basal hook short and turned down at the point, while in

pallida it is long and slender, and extends across the Avhole width

of the palp as, supporting the tube.

Pardosa lapidicina Bra., N. E. Lycosidse.

Gaspe. Salem, Massachusetts. Meriden, Connecticut.

Dolomedes tenebrosus Hentz; Em., New Eng. Lycosidse.

Lake of the Woods, A. C. Lawson, 1884. New England.

Dolomedes sexpunctatus Hentz; Em., op. cit.

Lake of the Woods, A. C. Lawson, 1884. New England.

EXPLANATION OF PLATES.

Plate I.

Figure 1.

—

Epeira nigra.

Figure 2.

—

Epeira nordmanni, dorsal markings of female, x 4 ; 2a, male, x 4 ; 26,

male palpus ; 2c, 2d, finger of epigynum.

Figure 3.

—

Epeira patagiata, epigynum of female from Montreal ; .3a, side view of

same ; 36, epigynum of female from Gaspe.

Figure 4.

—

Epeira aculeata, ma\e, x 4 ; 4a. epigynum; 46, epigynum of -B carbonaria

;

4c, second tibia of male of E. aculeata; Ad. second tibia of male E.

carhonaria ; 4e, male palpus of E aculeata.

Figure 5.

—

Lathy.s pallida, male, x 8 ; 5a, front of head ; 56, under side of cephalo-

thorax ; 5c, end of male palpus, outer side ; bd, tibia of male palpus

with end of palpal organ ; be, under side of palpal organ.

Figures.

—

Rabrocestum montanum, iemale, x4; 6a, epigynum; 66, male palpus, outer

side; 6c, palpal organ.
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Plate II.

Figure 1.

—

Steatoda fusca, male palpus; 1«, tibia and tarsus of male palpus from

above ; 1 6, epigynum.

Figure 2.— Ceratinella laticeps, cephalothorax of male; 2a, side of cephalothorax and

palpus of male; 26, front of head; 2c, 2d, male palpus.

Figure 3.

—

Linyphia humilis. dorsal markings of female, x 8 ; 3a, male ,' 36, head of

male; 3c, epigynum.

Figure 4.

—

Thneticus 2'>fctinatus, palpus of male; 4a, palpal organ; 46, mandible of

male.

Figure 5.

—

Micaria constricta, male palpus ; 5a, male palpus and palpal organ ; 56,

head of female ; 5c, epigynum.

Figure 6.

—

Agroeca repens, cephalothorax of female ; 6a, under side of cephalothorax

and epigynum.

Figure 7.

—

Drassus coloradensis, male palpus; 7a, tibia of male palpus, upper side
;

76, epigynum.

Figure 8.— Clubiona ornata, male palpus, outer side; 8a, tibia and tarsus from above

86, palpal organ.

Plate III.

Figure 1.

—

Lycosafumosa, epigynum; la, palpal organ.

Figure 2.

—

Lycosa beanii, dorsai markings of female, x4; 2a, male, x4; 26, male

palpus; 2c, epigynum.

Figure 3.

—

Lycosa albohastata, x4; 3a, 36, male palpus.

Figure 4.

—

Lycosa pratensis, dorsal markings of female, x 4.

Figure 5.

—

Lycosa quinaria, x 4 ; 5a, epigynum.

Figure 6.

—

Pardosa tachypoda, male palpus; 6a, epigynum.

Figure 7.

—

Pardosa luteola, 7, 7a, male palpus; 76, epigynum.

Figure 8.

—

Pardosa uncata, markings of male, x 4 ; 8a, 86, male palpus
; 8c, 8d. palpus

of males from Laggan, probably of this species ; 8e, Sf, epigynum.

Plate IV.

Figure 1.

—

Pardosa granlandica, dorsal markings of female with hairs rubbed off,

x4; la, male palpus; 16, epigynum of the type specimen of Lycosa

indagatrix Thor. ; Ic, Id, le, 1/, epigynum of four females from Laggan.

Figure 2.

—

Pardosa glacialis, dorsal markings of female, x 4 ; 2a, markings of light

female from Laggan; 26, epigynum of 2a; 2c, epigynum of a specimen,

named by Thorell, from Greenland; 2d, 2e, 2/, epigynum of three

females from Bryon Island, Gulf of St. Lawrence; 2g, male palpus • 2h,

male palpus of P. brunnea from Mt. Washington ; 2i, epigynum of

Lycosa concinna Thor., from Colorado.

Figure 3.

—

Xysticus ferrugineus, dorsal makings of females, x4; 3a, epigynum.

Figure 4.

—

Xysticus triangulosus, dorsal markings of female, x 4 ; 4a, male palpus.

Figure 5.

—

Xysticus bimaculatus, dorsal markings of female, x4; 5a, epigynum.

Figure 6.

—

Xysticus pulverulentus, epigynum; 6a, 66, male palpus.

Figure 7.— Oxyptila conspurcata, 7, 7a, 76, varieties of dorsal markings
; 7c, epigynum

of 7a from Ottawa ; Id, epigynum of Rocky Mountain specimens.

Figure 8.

—

PMlodromus inquisitor, dorsal markings of females, x 4 ; 8a, epigynum.

Trans. Conn. Acad., Vol. IX. March, 1895
30



VII.

—

On some Birds and Eggs collected by Mr, Geo. Comer
AT GouGH Island, Kerguelen Island, and the Island of

South Georgia, avith extracts from his notes, including

A meteorological'kecord for about six months at Gough
Island, By G. E. Verrill.

This paper is based on the collections made by Mr, Comer during

two voyages to the Southern hemisphere. The largest collection

was made, mainly at Gough Island and Kerguelen, while he was

second mate of the sealing schooner "Francis AUyn" of New London,

Joseph Fuller, master, on a voyage for seal skins and sea-elephant *

oil. The vessel started from New London, Conn., on August 2d, 1887^

and, after touching at the Cape Verde Islands, proceeded to Gough

Island, where five men were put ashore to kill seals. They then went

to East Island, one of the Crozets, and left seven men there for the

same purpose, and from there sailed for Kerguelen Island, arriving

there Nov, 24th, 1887. Here they remained killing sea-elephants

and trying out the oil, until Feb, 5th, 1 888, when having a cargo,

they went back to East Island and Gough Island, At these islands

they were disappointed in finding the men had only obtained

about fifty seal skins, so it was decided to stay out another year,

leaving a gang at the latter island and going to Cape of Good Hope

to ship home the oil and seal skins. After doing this the schooner

again returned to Gough Island on August 22d, 1889, left Mr, Comer

there with more men, and then sailed for South Georgia. She

returned on Jan, 2od, 1889, took off the men, who had taken 311

seal skins, and then sailed for home, where they arrived on April 3d,

1889, having been gone 20 months and having sailed 32,043 miles.f

Mr, Comer's other collection was made entirely at South Georgia,

while he was on a sealing voyage to that island in the schooner

"Express," of Stonington, Conn,, in 1885 and 1886, They were

there most of the time from Oct, 9th, 1885, to Feb, 11th, 1886,

mainly engaged in killing sea-leopards,J though they also took 63

sea-elephants.

* Macrorhinus leoninus (L.)

f During the whole voyage, as nearly as I can make out from his journal, they

obtained about 850 bbls. of oil, 383 seal skins and 13 "pup" (young seal) skins.

^ Ogmorhinus leptonyx (Blainv.).

B
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1

During the months that Mr. Comer spent on these islands he had

a very good opportunity to observe the birds and their habits, and

his notes are quite full and prove very interesting. In addition to

the special notes in regard to the birds, he has very kindly placed

his daily journals of the voyages at my disposal, and from them I

have taken the liberty of making many extracts. Mr. Comer stated

particularly, that in his notes he had included nothing of which he

was not certain from personal observation, unless it was distinctly

stated to the contrary, and so had omitted many things, commonly

believed and stated to be true with regard to these birds by the

sealers and whalers, but which he, himself had never observed.

The collecting of the birds and eggs was attended with great diffi-

culty, especially at Gough Island, for he was not provided with any

conveniences, had no arsenic, and it all had to be done at odd

moments when he could spare the time from his regular duties
;

nevertheless he procured and brought home two albati'oss skins

[Diomedea exulans) and specimens of eight species of eggs in the first

collection from South Georgia. The collection made on the voyage

to Kerguelen and Gough Islands consisted of 25 bird skins, of 14

species, two of them new ; five bird skeletons, all different species
;

and about 340 eggs of 13 species.

South Georgia* is in about Lat. 54° 58' S., and a few hundred

miles to the eastward of Cape Horn.

It is nearly 100 miles long, with an average width of about 10

miles, deeply indented with bays, and covered with lofty mountains,

the tops of which are perpetually covered with snow. Vegetation

is, however, rather abundant in the valleys during the summer. A
strong-bladed grass about two feet high is almost the only natural

production of the soil. Very little seems to have been written con-

cerning its avifauna, but, from its proximity to Cape Horn, the Falk-

land Group and the other surrounding groups of islands, of most of

which the fauna is well known, it can be pretty well predicted what
birds will be found there.

Gough Island appears to be but very little known and I can find

no account of its fauna, except as it may be included in the Tristan

* For historical and geographical sketches of this and the two following islands

see "The Fisheries and Fishing Industries of the U. S. ' by G. Browne Goode and
associates, vol. ii, Part xviii, pp. 412, 413, 415 and 418, from which many of the

following facts with regard to these islands are taken.

,r,AUr
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da Cunha Group.* It is situated in Lat. 40° 19' S. and Long. 9° 44'

W., and lies nearly on a line from Cape Horn to Cape of Good

Hope, about 1500 miles west by south from the latter, and about

200 miles south, and a little east, of Tristan da Cunha, in which group

it is sometimes included. It is a small island of volcanic origin,f

about 7 miles long by 3 to 4 wide, rising to a height of about 4380

feet. Concerning the vegetation, Mr. Comer says in his notes :

—

"There are two kinds of trees, though while one kind is plentiful,

the other is quite scarce. The grass and brakes grow very rank,

which makes the walking quite bad," " Wood is plenty. The trees

are stunted, but quite thick in some places on the island." " The

trees retain their leaves the year around." " The thick bushes

extend up to an elevation of about 2000 feet."

Kerguelen, or Desolation Island, as it is often called, is in Lat.

48° 39' to 49° 44' S, and Long. 68° 42' to 70'-^ 35' E. Its greatest

dimensions are about 85 miles long by 79 miles wide and its area is

about 2050 square miles, but it has already been so well described

by former writers that a further description is out of place here.J

I am under much obligation to Mr. J. A. Allen of the Amer. Mus.

of Nat. Hist, for kindly looking over and identifying all of the

skins with the exception of the Albatrosses and Penguins (which I

have attempted to work up myself), and for describing the new

species of Gallinule {Porphyriomis comeri)^ tasks which I, myself,,

did not feel competent to undertake with my small knowledge of the

avifauna of that region and the small amount of material at hand

for comparison.

In preparing the following notes on the eggs, I have carefully

measured every specimen in the collections, but in the case of large

* For accounts of the Tristan da Cunha Group and its fauna see, Capt. Dugald

Carmichael's account of Tristan da Cunha (Trans. Linn. Soc. Lond., 1818, vol. xii, p.

483) ; Notes by a Naturalist on the Challenger, by H. N. Moseley (p. 108) ; The Atlan-

tic, by Sir C. Wyville Thomson (vol. ii, p. 151); Voyage of the Challenger, Zoology,

vol. ii, 2d Memoir, pp. 110, 129, 134 et seq.

\ For an account of some of the rocks of this island see. Note on some volcanic

rocks from Gough's Island, by L. V. Pirsson (Amer. Jour. Sci., vol. xlv., p. 380).

These rocks were also collected by Mr. Comer, though Prof. Pirsson was not aware

of it at the time his article was published.

t For accounts of this island and its fauna and flora see, Contributions to the Nat-

ural History of Kerguelen Island, by Dr. J. H. Kidder (Bull. U. S. Nat. Mus., Nos.

2 and 3) ; An account of the Botanical and Zoological Collections made in Kerguelen's

Land by the English Transit of Yenus Expedition (Philos. Trans. Royal Soc. Lon-

don, vol. 168, p. 1); Notes of a Naturalist on the Challenger, by H. N. Moseley (p.

184); Voyage of the Challenger, Zoology, vol. ii, 2d Memoir, pp. 113, 122 et seq.
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series I have only given the extremes, the average of the vrhole

series, and a few intermediate measurements to show the variations

in shape. When the number of specimens is small, the measurements

of all are given. The measurements represent the longest longitu-

dinal and transverse diameters and are expressed in English inches

and decimals of the same, as are also all the measurements of the

birds themselves. The cubic contents is expressed in cubic centi-

meters and was obtained by filling the egg with water and then

carefully measuring the amount that it held.*

I have not attempted to give the full synonoray of each species,

but only the original authority for the names I have adopted and

such names as have been used by the recent writers on the birds of

these islands in the works already referred to. The English names in

quotation marks are those used by the sealers and whalers.

Order, ANSERES.

P'amily, Anatid^.

1. Q,uerquedula eatoni Sharpe. Eaton's Teal. " Desolation Duck."

Querquedula eatoni 'ShnT\}Q, Ibis. 1875, p. 828; id., Philos. Trans. Roy. Soc, 1879,

Vol. 168, p. 105; Kidder and Coues, Bull. U. S. Nat. Mus , No. 2, p. 4, 1875;

iid., op. cit.. No. 3, p 7, 1876; Saunders, Philos. Trans. Roy. Soc., vol. 168, p.

163; Sclater, Voyage of Challenger, Zool., vol. ii, 2d Mem., p. 113.

Four eggs from Kergueleii.

Mr. Comer has no special notes that apply to this species, but

its habits have been well described in the works referred to above.

Appai-ently it is very common at this island, as Mr. Moseley on p. 190

of his " Notes " speaks of it as " enormously abundant," and in his

journal Mr. Comer often speaks of shooting ducks here, sometimes

twenty or more in a day.

The four eggs in the collection measure, 2-00Xl*42, 2-06xl"45,

2-11 X 1*49 and 1-96 X 1'38. In shape they are elliptical ovate ; the sur-

face is very smooth like that of most ducks' eggs ; the color is light

olive green.

* For very full and minute description of the eggs, see the excellent paper, previ-

ously referred to, on the Oology of Kerguelen, by Drs. Kidder and Coues (Bull. U. S.

Nat. Mus., No. 3, pp. 7-20) ; and for careful and elaborate notes on the habits of the

birds, see the articles by Dr. Kidder (Bull. U. S. Nat. Mus., No. 2, pp. 1-47); by Mr.

R. B. Sharpe, containing Rev. A. E. Eaton's notes (Philos. Trans. Royal Soc. vol. 168,

pp. 101-162) ; and those by Messrs. Sclater, Salvin, and Saunders, containing Mr. John

Murray's notes (Voyage of the Challenger, Zoology, vol. ii, 2d Memoir, pp. 110 et seq.)

/
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Mr. Comer also writes that " small ducks " were found at South

Georgia, but says they were " not plentiful." No description is

given, so I am unable to identify the species.

Order, GRALLiE.

Family, Rallid^.

2. Porphyriomis comeri Allen. " Mountain Cock."

Porphyriornis comeri Allen, Bull. Amer. Mus. Nat. Hist., vol. iv. No. 1, Art. vi, p.

57, 1892.

Four skins from Gough Island.

This bird proved to be new to science and Mr. Allen has described

it as above, naming it in honor of Mr. Comer and making it the

type of a new genus (Porphyriornis)^ which includes Gallinula

nesiotis Scl.* from Tristan da Cunha.

Besides P. nesiotis from Tristan da Cunha, another, and probably

undescribed, species of flightless gallinule is found on Inaccessible

Island, one of the Tristan Group. Concerning this bird Sir C.

Wyville Thomson says,f *'It is only about a fourth the size [of P.

nesiotis'] and it seems to be markedly different in appearance. The

Stoltenhoffs described it as being 'exactly like a black chicken two

days old, the legs and beak black, the beak long and slender, the

head small, the wings short and soft and useless for flight.'"

A little further on (p. 185), the same author speaks of the bird

from Gough Island as follows, "An 'island hen' is also found on

Gough Island ; but the whalers think it is the same as the Tristan

species." |

Mr. Comer spoke of the Tristan bird but told me, before Mr.

Allen had seen it, that the one from Gough Island was different.

Concerning the habits of these birds Mr. Comer writes as follows :

"Mountain Cocks are a little larger than quail. They are generally

black (occasionally one is nearly brown), usually with one or two

white feathers in their wings. They cannot fly and only use their

wings to help them in running. . . . They are quite plentiful and

can be caught by hand. Could not get on a table three feet high.

The bushes grow on the island up to about 2000 'feet, and these birds

are found as far up as the bushes grow. I do not know how many

* Proc. Zool. Soc, 1861, p. 261, pi. xxx. See also, The Atlantic, by Sir C

"Wyville Thomson, vol. ii. p. 165, for account of its habits.

f The Atlantic, vol. ii, pp. 184 and 185.

X See also " Notes of a Naturalist," Moseley, p. 122.

/ / .U
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eggs they lay." He further told me the following particulars con-

cerning them. When alarmed their note is a shi'ill whistle. They

eat the eggs of other birds and also follow the tide down to feed on

small animals (probably, from his description, isopod Crustacea), left

by the receding waves, but are very careful never to actually go into

the salt water, which, he says, is fatal to them, but they are very

fond of getting in fresh water and splashing it over them. A num-

ber were captured alive, but in taking them off to the schooner,

through the surf, most of them got wet and all but two died. These

two lived and were brought to this country by Capt. Fuller. Here

they improved in health and grew fat. They were kept tied by one

leg with a rope yarn and one night they disappeared and no trace

of them was ever found. While in captivity, on shipboard, they

were fed on hard tack, dry canary seed and the green sprouts of the

same after it had been planted and sprung up. They were also

given raw meat, when obtainable, and were very fond of it. When
given live mice they would quickly kill and eat them.* While in

their cage they fought much among themselves. The wild ones run

swiftly when pursued, helping themselves with their wings, and

endeavor to get under a tussock, or some such place to hide. He
says they have a very peculiar habit of always hopping oyer every

obstacle, as a branch or dead stick, instead of going under it as

might be expected. This same habit was noticed in those in cap-

tivity, which always hopped over their perches, though there was

ample room to go beneath.

He says that in life the eyes are "brown with reddish rim,"

frontal shield and base of bill "bright scarlet, tip of bill bright

5'ellow, legs and feet yellow, with reddish spots,"

Family', Chionid^.

3. Chionis minor Hartl. Lesser Sheath-bill, " White Paddy," "Paddy," "Sore-

eyed Pigeon."

Chionis minor Hartlaub, Rev. Zool , 184.1, p. 5; id., op. cit., 1842, jjl. 2, figs. 2, 2a,

2b ; Kidder and Coues, Bull. U. S. Nat. Mus , No. 2, p. 1, 1875; iid., op. cit., No. 3,

p. 7 ; Sharpe, Philos. Trans. Royal Soc, vol. 168, p. 102, 1879 ; Saunders, op. cit.,

p. 163; Sclater, Voyage of Challenger, Zoo!., vol. ii, 2d Mem., p. 113.

Chionarchus minor Kidder and Coues, Bull. U. S. Nat. Mus., No. 3, p. 116.

Two skins and four eggs from Kerguelen Land.

* As he says there were mice on the island, they were probably used to catching

them.

^.
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Mr. Comer writes, " They lay under ledges. The nests are small

and built of grass, close to the beaches. Lay two eggs." He also states

that they were generally the first birds to discover the dead seals,

sea-elephants, or pieces of blubber that had been buried by the sealers

to keep them from the birds. They would tug and pull at the flesh

and blubber to the best of their ability, to get off some to eat, but

on the approach of the larger birds they left.

With reference to Dr. Kidder's remark* that he never observed

any sign of carrion eating in this bird, and that on one occasion he

saw a chionis light near a sea-elephant carcass without going up to

it, although it was nearly- covered with sea-birds, Mr. Comer says

that the "Paddy" would have gone to it, but the other birds would

have eaten him also and so he kept away to save himself. He also

mentions the fact, recorded by other observers, that the sheath-bills

are very fond of eggs and rob the nests of the penguins and other

birds, f

The four eggs measure 2'25Xl'52, 2-26Xl'48, 2-llXl"47, and

2'12X 1'47. The first two resemble each other, as also do the last two,

but the two pair differ considerably. Probably the two larger came

from one nest and the two smaller from another, though there are

no notes or marks to denote this. In shape they are regularly ovate,

rather sharply pointed at the small end ; the surface is rough and

uneven ; the shell very thin and friable. The color varies much.

The ground color is of different shades of dirty, buffy white (in one,

with a slight reddish tint). The markings are in the shape of

irregularly distributed spots and blotches, generally elongated in the

direction of the longest diameter. In one egg these markings form

a large, very dark, seal-brown blotch about the large end, with

numerous smaller spots and patches of vandyke brown and slaty-

gray ; in another, the mai'kings are in the shape of large blotches

and spots, thickest about the middle of the egg, and all of about

the same tint of sepia brown with very little gray ; still another, is

much lighter, the markings no thicker in one place than another,

and are only in the shape of small spots and a light irregular wash
;

the fourth is spotted and washed, with the markings thickest about

the large end.

* Bull. U. S. Nat. Mus., No. 2, p. 3.

f For further notes on rhese interesting birds, in addition to the papers by Dr.

Kidder and Mr. Sharpe, see Notes by a Naturalist on the Challenger, by H. N. Mose-

ley (pp. 179, 180, 206, 210, 211).
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Order, TUBINARES.

Family, Diomedeid^.

4. Diomedea exulans Linn. Wandering Albatross. " Albatross."

Diomedea exulans Linn., S. N., i, 1766, p. 214, and of authors generally.

Two skins and six eggs from South Georgia and 87 eggs and one

skeleton from Gough Island,

Common at all three islands.

Mr. Comer writes :
—" The albatrosses come ashore during the

month of December to mate up.* The male bird usually remains

by till the nest is built, though not always, but have never seen them

help to make the nest. The old nests are usually taken and built

higher, the bird sitting on the nest and reaching out and picking up

the moss and mud and short grass around her. The nests are from

4 to 10 inches in height and from 12 to 16 inches across, the top

being nearly as broad as the bottom. They do not build near other

birds but lay scattering and generally on knolls, and usually on high

land where there is a good chance to run against the wind and

so rise from the ground. These birds lay but one e,gg. When
robbed they will remain on their nest for a few days and then leave.

I have taken a second Qgg from the same nest, but my belief is, that

the first bird had left the nest and another taken it. The albatross

skeleton I send you, was a female and had just layed when I killed

her ; there were no other small eggs in her, such as I have always

found in the other birds that lay again.

The young albatrosses have to be at least ten months old before

they can fly, and I think it safe to say that not more than five out of

a hundred live to leave their nests. They are killed by sea-hens and

nellies."

Mr. Comer further told me that Dr. Kidder's suppositionf that the

almost entirely black specimen taken by him was a young bird of

the preceding year was perfectly correct. He also said that the

albatrosses at South Georgia were considerably larger, and those at

* In his journal at Gough Island he notes: " Dec. 26th, the albatrosses have com-

menced to lay. Got one egg." On the 27th he got two, on the 28th four, and on

Jan. .3d notes that, "we have plenty of albatross eggs now." In his journal at

French Bay, South Georgia, he first speaks of getting the eggs on Dec. 13th, when

he took two, on the 14th he got forty- six and from that time on they were appar-

ently plenty.

f Bull. Nat. Mus. No. 2, p. 21.

J 1 _> Oi'.
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Gough Island "quite a little smaller" than at the other islands, and

this statement is borne out by the specimens obtained and by the

eggs, as will be shown below. Mr. Moseley, on p. 1 72 of his " Notes,"

speaks of the albatross' nests on Marion Island as being " a foot and

a half at least in diameter at the top." And a little further on he

speaks of their holding their egg in a pouch, a statement I have

never seen anywhere else and it seems much more probable that the

egg is held between the thighs or in a fold in the thick, loose skin

and dense feathers of the belly. He says, " They need a good deal

of bullying with the stick before they stand up in the nest and let

one see whether they have got an egg there or no. Then the egg is

seen to appear slowly out of the jjouch in which it is held during

incubation."

The six eggs from South Georgia average 5*28 X 3-20, with an aver-

age capacity of 440 cubic centimeters. The largest measures 5*50

X

3-24, capacity 470'^=
; the smallest 5-12 X 306. The 87 eggs from

Gough Island average 5 'OCX 3 03, capacity 2,'oh'"'. The largest meas-

ures 5-15 X 3-24, capacity 435^^°
; thesmallest 4-74 X 2-85, capacity 315".

It will be seen that the average South Georgia egg is larger than the

largest from Gough Island and the smallest of the former is larger

than the average of the latter. In speaking of the extremes I mean
those with the largest and smallest cubic contents, others are some-

times larger or smaller in one dimension, but the other more than

makes up the diiference, as will be seen by the subjoined table.

The shape varies much, but is generally an elongated ovoid, some-

times approaching, and in a few becoming an almost perfect, ellipsoid.

Our large series certainly does not agree with the description of Drs.

Kidder and Coues.* They say, " The egg is single, elliptical in

longitudinal section, and but slightly thicker at the large than at the

small end. Only occasional specimens tend somewhat to the ovoid

form," The lai-ge majority of the eggs before me tend very decid-

edly to the ovoid form. The shell is of a rather coarse texture, the

surface rather rough and marked with small pits and depressions.

The ground color is white, generally marked with small specks,

and a few larger blotches, of reddish brown, generally thicker at,

and in some cases forming an irregular wash over, the large end.

This color on the surface is very superficial and after the egg has

been kept a long time in a very dry place, the larger spots show a

tendency to scale off taking with them some of the shell beneath.

* Bull. Nat. Mus. No. 3, p. 12.
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Again I must differ with the above mentioned gentlemen who

(1, c), say, "There are no markings beneath the superficial calcare-

ous layer, and the spots which appear on this seem to be adventitious

stains from the secretions of the oviduct, or accidental soiling after

extrusion. Some specimens show a reddish stain upon the larger

end, probably dried blood, since it is readily washed off." While

this description may, and probably does, correctly describe the eggs

procured by Dr. Kidder at Kerguelen, it does not agree with those

procured by Mr. Comer at Gough Island and South Georgia.

In our series, the markings, from their arrangement and general

appearance, are certainly not adventitious stains or accidental soiling,

nor will they wash off, and on holding the shell to the light, in most

cases, even with eggs which appear nearly pure white on the surface,

there will be seen a number of spots, varying in size like the surface

markings and apparently of the same color, but in the shell itself

and not showing on the surface. A few of the eggs seem pure

white to the naked eye but, under the lens, show minute specks of

color distributed everywhere. Others are so thickly specked as to

give a dusky appearance to the whole ^gg. Two have irregular

streaks (after the manner of a blackbird), over the whole Qgg,

thickest about the larger end, of a lighter tint of the same reddish

brown, but which is much less superficial and does not scale off.

The following table shows the principal variations in size and

shape :

Locality.

South Georgia

Ratio of long
to short axis.

Meaanrementg.

5-50 X 3-24

5-32 X 3-26

5-18 X 3-20

5 29x3-24
I

5-12 X 3-06

(5-28 x 3-20) 1 to -eOGl

1 to -589

1 to -013

1 to -618

Largest, capacity 470'='=.

Broadest.

Capacity 450'='=.

Smallest.

Average of above 5 eggs, capacity 440"=.

Gough Island 515 X 3-24

4-74 X 2-85

5-67 X 2-85

4-62 x319
4-82x2 82
5-00x3 21
4-69 X 3-18

1 to '629 Largest and broadest, capacity 435'='=.

1 to -601 Smallest, capacity 315<=<=.

1 to -503
j

Most elongate and longest.

1 to -690 Shortest.

1 to -585 Narrowest.

(5 00 X 303) i 1 to -6060 I Average of 87, capacity 365'='=.

^0
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5. Diomedea melanophrys Temm. Spectacled Albatross. " White-headed Molly

Moke."

Diomedea melanophrys Temm., PI. Col, No. 456; Sharpe. Philos. Trans. Roy. Soc,

vol. 168, p. 146; Salvin, Voy. of Chal., vol. ii, Zool., 2d Mem., p. 148; and of

authors.

One egg from South Georgia.

Though there are no skins in the collection, I have little doubt of

the identity of this bird, judging from Mr. Comer's description.

He states that there are two kinds of " Molly Mokes," " White-heads "

and "Blue-heads," that they are quite distinct and easily distin-

guished, and are not found breeding in the same places.

He further says, " There are a few rookeries of the white-heads

on Kerguelen, but do not remember of seeing any blue-heads there."

The Challenger Expedition records it from Kerguelen, but it was

not seen there by the Transit Expeditions.

In his journal at South Georgia Mr. Comer speaks of getting 20

"molly moke" eggs at French Bay on Oct. 14th, 10 dozen on the

next day, and " 6 buckets of molly moke eggs" on Oct. 25th, but

after that does not speak of taking any. Whether they were of this

species or not, is uncertain as the "blue-heads," probably T. chloro-

rhynchus, are also found there.

The egg is somewhat larger than the average of the following

species, measuring 3"97X2"64, and it is much more thickly marked

about the large end, only one out of the 75 eggs of the next species

approaching it in this respect, with these exceptions, it much resem-

bles them.

€. Thalassogeron eximius, sp. nov. " Blue-headed Molly Moke "

Plate yiii, figs. 1 and 2.

Sp. Char. Similar in plumage to T. chlororhynchus, but the lower

mandible lacks completely the transverse yellow bar at its base, and

is entirely black, except at the extreme outer end, where it is slightly

tipped with light horn color. The bright yellow of the culmen

begins almost at its extreme base and gradually deepens and bright-

ens into orange in the middle and finally into dull red on the unguis,

growing paler towards the tip. Sides and back of head pale ash-

gray, forehead white. No dai'k spot behind the eye. Tarsus, tail,

and two outer toes longer than in T. chlororhynchus and bill some-

what deeper at the base. Wing 19*25, tail 8-5, tarsus 3-05-3*07,

culmen 4-40-4'62, middle toe and claw 4-44-4'49, outer toe and claw

4-32-4-35.

Q
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One skin, one skeleton, and 75 eggs from Gough Island.

It is only after a great deal of hesitation and careful consulting

of descriptions, that I have decided to describe this beautiful bird

as a new species, for I am well aware that many ornithologists will

doubt its validity in a group of birds so well known and so conspic-

uous. Unfortunately, in the absence of a series of specimens for

comparison, I have been obliged to confine myself to descriptions of

the allied spieces, but, if these ax-e correct, our bird is certainly dis-

tinct. The two species most closely allied to eximius are T. culmin-

atits (Gould) and T. chlororhynclms (Gmelin) and the latter, as might

be expected from the locality, comes the closer to it. Gmelin's orig-

inal description of T. chlororhynchus; * Dr. Coues' monograph of this

order, containing a vei'y full and careful description of both species
; f

and Gould's original description J of culminatus and his descriptions

of both species in his " Handbook of the Birds of Austi'alia " (vol. ii,

pp. 436, 43V); have been consulted, and also Ridgeway's analytical

table in his "Manual of North American Birds "
(pp. 52, 53, pi. xiv,

fig. 1). From all of these descriptions, and whatever others I have

been able to find, it differs noticeably.

The types of this species, as stated above, consist of a skin and a

skeleton, the latter roughly cleaned (apparently in part by parboil-

ing), but with the legs and feet in good condition and retaining the

skin and claws, though the latter are somewhat worn; and the bill

with its sheath still on.

The general description is as follows : Forehead and fore part of

the head on top, pure white from the bill back to about the center of

the eyes, fi*om there gradually blending into pale ash-gray, which

extends around onto the cheeks and sides of the head, but again

fades out to pure white on the throat. In front of the eye, almost

from the base of the bill, and bordered on top by the pure white

of the forehead, is a very dark, sooty gray, patch, which extends

over the eye and around to the center of the lower lid, where

it stops abruptly, the rest of the lower lid and the space imme-
diately behind the eye being pure white, blending into the

ash of the surrounding parts. Back of the head and neck

light ash-gray, gradually darkening posteriorly and becoming dark

sooty-brown on the back and scapulars. Wings, above, uniform

dark sooty brown, remiges a little lighter on the inner webs, shafts

* Sys. Nat., vol. i. part ii, p. 568.

f Proc. Acad. Nat. Sci. Phil., 1866, pp. 183, et. seq.

X Proc. Zool. Soc, 1843, p. 107.
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yellowish white at base, gradually darkening towards the tips, which

are black. Tail, dark grayish brown, shafts yellowish white. EntirjB

under surface, rump and upper tail coverts, pure white. The extreme

base of the culraen does not reach to the feathers of the forehead,

but is separated by a narrow strip of naked skin and is bordered by

a very narrow line of dark brown. From where the brown ceases

the culmen is bright yellow, gradually deepening in tint and becom-

ing orange, at about two-thirds the distance from the base, and

finally dull red at the unguis, the extreme tip of the mandible being

horn color. All the rest of the bill is pure black, except the extreme

outer end of the lower mandible, which is light horn color. Feet

and legs light, said to be " white " in life.

The following table gives very careful measurements of our two

specimens of eximius, and also measurements of the two most closely

allied species, taken from the best descriptions I have at hand,

namely : Gould's original description of cidminatus (P. Z. S., 1843,

p. 107) ; Coues' monograph of the ProceUariidm (Proc. Acad. Nat.

Sci. Phil. 1866, pp. 183 et seq., and Ridgeway's Manual of N. A.

Birds (pp. 52, 53),

Comparative measurements.

T.
culmiiiatus.

From
GoukI,

Coues and
Kidgeway.

Chord of culmen I4-35-4-50*

l-TO-llS
1-25

110
1-20

5-OOf

Depth of bill at base

Depth of bill at unguis

Least depth of bill (near middle)

Width of bill at base

Greatest width of culmen (at nostrils)

Width of culmen at unguis

Middle toe with claw
Middle claw - -

Outer toe with claw

Outer claw
Inner toe with claw —
Inner claw i

Tarsus :
3-25:j:

Wing - - 20 0-210
Tail -

i

8-0-9-0

4-75

4-25

T.
eximius.

4-62

1-61

1-00

0-88

1-02

0-40

0-30

4-49

66
4-35

0-45

3-75

0-49

3-05

19-25

8-5

4-40

1-54

0-97

0-88

0-95

0-40

0-30

4-44

•56

4-32

0-35

3-75

0-42

307

cMororhynchus.

From Coues
and

Rldneway.

4-50

1-50

1-00

100



Gough, Kerguelen^ and South Georgia Islands. 443

From the above description it will be seen that, though similar in

o-eneral appearance, this species differs considerably from either of

the others. The gray, or " blue," head and neck is, I have no doubt,

a constant character in this species, as Mr. Comer told me particu-

larly that all the " molly mokes " at Gough Island were " blue-heads."

Then the pure white forehead and absence of the dark patch behind

the eye distinguish it from most of the descriptions, but by the

entire absence of any yellow on the lower mandible and by the red

unguis, it can be known from the others of this genus at a glance.*

That these characters are not individual variations is shown by both

specimens agreeing in the color of the bill and in all points where a

skeleton can agree with a skin. That they are not young birds is

shown by the highly colored and well developed bills, by the charac-

ter of the legs and feet, and by the condition of the skeleton.

The difference between this and the other species in some of the

measurements, too, is considerable. Mr. Ridgeway makes the length

of the tarsus one of his main diagnostic points between Gulrainatus and

chlororhynchus, and in our specimens the length is about half-way

between the two other species, though a little nearer to culminatus.

The two outer toes are also quite noticeably longer in eximius than

in chlororhynchus and the proportions are different, for in the former

the outer toe, without claw, is actually longer than the middle toe
;

the tail too, although, of course, a variable quantity, is 1'5 longer

than in the latter species ; and the bill is somewhat deeper at the

base.

It seems strange that two islands so near together as Tristan and

Gough Island should each have a different species of Albatross

breeding on it, but the bird that Mr. Moseley saw at the former and

Nightingale Island, was certainly chlororhynchus, although he calls

it D. culminata, for he speaks particularly! of the " bright yellow edge

to the gape," and says that "the yellow shows out conspicuously on

the side of the head."

Concerning the " molly mokes " Mr. Comer has the following

notes :
" There is but one kind, which are known as Blue-heads, on

Gough Island. Back and heads light blue, top of wings dark, white

breasts, top of beak yellow, while the lower part is black, feet white.

On this island they lay separately, keeping well apart and scattered

* In his original description of T. chlororhynchus (I.e.), (jmelin says, "carina man-

dibulse superioris basique inferioris flava."

f "Notes of a Naturalist on the Challenger," H. N. Moseley, pp. 130, 134; Voy.

Chal., Zool., ii, p. 149.

A.
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about the island, among tussocks and brakes, more like the albatross

[Z>. exulans\ but at South Georgia and most of the islands they

build close to each other in rookeries.* At Gough Island they com-

mence laying the 20th of September, They lay but one e^gg. If

robbed they do not lay again but leave the nest and do not return

till another season. Nests are built the same as the Albatross [D.

exulans], only smaller." In his journal at Gough Island, on Sept.

7th, Mr. Comer notes that, " The molly mokes have commenced to

make their nests." Again on Sept. 27th that be "got a few molly

moke eggs," and from then on he frequently speaks of taking their

eggs.

The shape of the 75 eggs is comparatively pretty uniform, as a

rule more elongate, and nearer elliptical than the following species,

most of them approaching an elliptical ovoid. Several are nearly

perfect ellipsoids.

The texture and surface of the shell is much like that of D.

exulans, but finer and smoother in proportion to their smaller size.

The ground-color is white, generally with a very slight grayish or

dusky and sometimes reddish tinge, and the whole egg is covered

with minute specks of a reddish brown, darker than in J), extilans /

in some they are even dark brown.

These specks vary much in number and are, for the most part, in

the small pits and depressions on the surface of the shell. About

one-third of the eggs are otherwise unmarked, so that at a little dis-

tance they simply have a dusky appeai'ance. In the other two-thirds

the specks become larger and thicker toward the larger end, often

forming a more or less perfect zone about it, in other cases they run

together and form a blotch which is, in some, quite heavy and con-

spicuous.

As in D. exularis, the color is very superficial and many have

larger spots or small blotches, unevenly distributed, that scale off when

very dry, and like the eggs of the large Albatross, most of them,

when held to the light, show spots and blotches of color in the shell.

Three are quite different from the rest in markings, two being

heavily streaked over the whole egg with reddish brown, thickest at

the large end. The other is streaked, not quite so heavily, with pale

lilac, which is not so superficial.

* This seems to me another point showing the difference between the species, as T

have no doubt the birds at South Georgia are T. chlororhynchus as Mr. Comer writes

me that "they have a yellow streak on the upper part of the beak and another on

the lower part."
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The average size of the whole seventy-five eggs from Gough

Island is 3-785 X 2-45 and the average cubic capacity is 180<=°. The

following table shows the principal variations in size and shape.
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size, the large eggs of D. exulans having a correspondingly coarse

texture and rough surface. The individual variation, however, in

the different eggs of each species is considerable, some being much
rougher and coarser than others.

The ground-color of the eggs of this species is white, with a

slight grayish tint, much like that of the preceding species, but not

so clear, and pure white, as in D. exulans. The whole %^^ is covered

with minute specks of reddish brown of about the same tint as in

the last species, and, as in that case, giving a dusky hue to the ^go^

at a little distance, but the number of specks varies much in differ-

ent eggs. In all but two, the specks become larger and thicker

about the large end, occasionally forming a slight zone, but gener-

ally simply darkening that end a little. In four specimens there are

also a few larger spots, scattered irregularly over the ^^g, as in the

other species and, as with them, they scale off when very dry. The

single Qg^ from South Georgia does not differ from the Gough

Island eggs except in size, it being larger than the others.

The following table gives the measurements of all the eggs of this

species in the collection.

Locality.
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Species.

D. exulans

D. melanophrys

7. eximius

F. fuliginosa

S. Georgia 5 28 x 3-20 1 to -6061

Gough Is'd 5-00 x 303 I to '6060

S. Georgia 3-97 x 2-64 1 to "6650

Gough Is'd 3-785 x 2-45|l to -6473

S. Georgial4-20 x 2-72!l to -6050

Gough Is'd 4-005 X 2-62 1 to -6542

440
365
220

180

250
220

5-50 X 3-24 5-12x3-06
5-15x3-24 4-74x2-85
one only one only
4-32 X 2:54 )

4-15x2 60f r-^^^-^^"
one only one only
4-00x2-74 13-70 X 2-63

Fatnily, Procellariid^.

8. Ossifraga gigantea (Gm.). Giant Fulmar. "Nellie." "Stinker."

Procellaria gigantea Gmel., S. N., vol. i, pt. ii, 1788, p. 563.

Ossifraga gigantea Reichenb., Syst. Av. Tubinares, p. iv, pi. 20, fig. 332 ; Kidder and

Coues, Bull. Nat. Mus., No. 2, p. 23; iid., op. cit., No. 3, p. 13; Sharpe, Philos.

Trans. Roy. Soc, vol. 168, p. 142;

Z06I., vol. ii, 2nd Mem., p. 143.

23;

Salvin, P. Z. S., 1878, p. 737 ; id., Voy. of Chal.,

One egg and a skeleton from Gough Island and one egg from

South Georgia.

Mr. Comer writes, " The ' Nellies ' are the same at all the islands.

These birds are gray, though when young they are almost black. As
they get older they become lighter and once in a great while one

will be seen pure white, which is, by whalers, considered a sure sign

of a storm. They lay separately, in open land on knolls. The

nests are low, and built of grass and moss. Commence laying [at

Gough Island] the middle of September. They lay one Qgg which

is usually quite rough, but, if robbed, will lay a second and third time.

These birds leave their nests when you approach them, while the

other birds do not. They will go into the penguin rookeries and

carry off the young penguins to eat, and will also reach in and pull

birds [petrels] out of^he holes in the ground."

Dr. Kidder gives " stinker " as the whalers' name for Majaqueus

cequinoctialis (op. cit., pp. 25 and 26), but Mr. Comer stated particu-

larly that the " stinker " and " Nellie " are the same bird and that

these names are only applied to this species.

The egg from Gough Island measures 3-86 X 2*52 and that from

South Georgia 4-22X2 "46. The former is ovate, tending to elliptical,

and rather sharp at the ends ; the other is an elongated ellipsoid, tend-

ing somewhat to the ovate form, also pointed at the ends. In both,

/^ M
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the shell is thin, very rough on the outside and has a very strong

musky odor. The color is dirty white, much stained with dirty yel-

lowish, but the extreme ends are much whiter and comparatively

smooth.

Neither the American nor English Transit Expedition appears to

have procured any of these eggs,

9. ,a3strelata lessoni (Garn.). White-headed Petrel. " Mutton Bird."

Procellaria lessoni Garnot, Ann. Sci. Xat., vii, 1826, p. 54, pi. 4.

^strelata lessoni Cassin, Proc. Acad. Nat. Sci. Phil., 1362, p. 327; Kidder and

Coues, Bull. Nat. Mus., No. 2, p. 27 ; iid., op. cit., No. 3, p. 14; Sliarpe, Philos. Trans.

Roy. Soc, vol. 168, p. 126; Saunders, op. cit., p. 164; Salvin, P. Z. S., 1878, p. 737;

id., Voy. of Chal., ZooL, vol. ii, p. 144.

One skin from Kerguelen.

Mr, Comer states that the "mutton birds" are also found at South

Georgia and Gough Island. No other notes apply to this bird except

the general remark that " Mutton Birds, Paddy-unkers, Divers,

Whale Birds, and Mother Carey Chickens all have their nests in

holes in the ground, on side hills, and do not come out except at

nio-ht for fear of large birds. Each lays one egg, as does also the

Night Hawk," *

10. Daption capensis (Linn.). Pintado Petrel. Cape Pigeon. "Speckled Hag-

let."

Frocellaria capensis Linn., S N., ed. 10, vol. i, 1758, p. 132.

Daption capensis Steph., Gen. ZooL, xiii, pt. i, 182.5, p. 241 ;
Kidder and Coues,

Bull. Nat. Mus., No. 2, note, p. 39, 1876; Salvin, P. Z. S., 1878, p. 737; id., Voy. of

ChaL, Zool, vol. ii, p. 144; Sharpe, Philos. Trans. Roy. Soc, voL 168, p. 118.

Two skins from Kerguelen,
^

Mr. Comer says this bird is also found at South Georgia but has

no other notes concerning it,

11. Prion desolatus (Gm.). "Whale Bird."

Frocellaria desolata Gm., S. N., i, 1788, p. 562.

Prion desolatus Gray, Handlist Birds, iii, 1871, p. 108; Sharpe, Philos. Trans. Roy.

Soc, vol. 168, p. 137; Saunders, op. cit., p. 165; Salvin, P. Z. S., 1878, p. 738; id.,

Voy. of Chal., vol. ii, ZooL, p. 145.

Fseudoprion desolatus Kidder and Coues, Bull. Nat. Mus., No. 2, p. 32 ; iid., op. cit.,

No. 3, p. 16.

Two skins and one egg from Kerguelen,

* Majaqueus cequinoctialis f

DL
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Also found, according to Mr, Comer, at South Georgia and Gough

Island. The only other note, except the general one quoted under

^^, lessoni, is the remark that, " At sea they can be seen in large

flocks, sometimes thousands of them together."

The egg measures 1-85 X 1'33 and is, in shape, a nearly perfect ellip-

soid. The texture is rather finely granular. The color, yellowish

white, much stained with dirty yellowish, probably from the soil.

In addition to the above species of petrels, Mr. Comer speaks of

several kinds of " mother carey chickens " (probably Oceanites

oceanicHs, Procellaria nereis and some of the other species of small

petrels taken by the Transit Expeditions at Kerguelen), a bird called

by the sealers " paddy-unker," of which there is one %g^ in the col-

lection from Gough Island, and which he describes as a " dark bird

with white breast and white feet," and a bird called "night hawk"

(which is probably Majaqueiis mquinoctialis).

The above mentioned egg of the " paddy-unker " has the strong

musky odor characteristic of the petrels. It measures 2-37 Xi '64 and

is regularly ovate in shape. It has a fine texture and the shell is

smooth, showing only minute depressions under the lens. The color

is very pure white with some dirty yellowish, earthy stains.

Family, Pelecanoidid^e.

12. Pelecanoides urinatrix (Gm.). Diving Petrel. "Diver."

Procellaria urinalrix Gm., S. N., vol. i, 1788, p. 560.

Pelecanoides urinatrix Lacep., Mem. de I'lnst., 1800, p. 517; Kidder and Coues,

Bull. Nat. Mus., p. 36; iid., op. cit.. No. 3, p. 17, 1877; Sharpe, Philos. Trans.

Roy. Soc., vol. 168, 1879, p. 114; Saunders, op. cit., p. 164; Salvin, P. Z. S., 1878,

p. 739 ; id., Voy. of Chal., vol. ii, p. 146.

Four skins and two eggs from Kerguelen.

See notes under ^strelata lessoni.

The two eggs measure 1-54 X 1"26 and 1 -52 X 1"23. The shell is thin,

friable, and rather smooth, but shows shallow depressions under the

lens. The shape, in one, is an almost perfect, but very broad, ellip-

soid ; the other is also very broad but tends somewhat to the ovate

form. The color is creamy white, much stained (by contact with

the earth ?), with dirty yellowish.

Another egg from Gough Island, marked " supposed to be diver,

"

measures 1"57 X 1'16, and is regularly ovate in shape, with the texture

and color like the others but much less stained.
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Order, LONGIPENNES.

. Family, Stercorariid^.

13. Stercorarius antarcticus (Less.). Southern Skua. "Sea Hen."

Lestris antarcticus Lesson, Traite d'Ornith., 1831, p. 616.

tStercorarius antarcticus Gray, List Anseres, Brit. Mus., p. 167: Saunders, P. Z. S.,

1876, p. 321, et 1877, p. 799; Sharpe, Philos. Trans. Roy. Soc, vol. 168, 1879, p. 109,

pi. vii, figs. 1 and 2; Sauaders, op. cit., p. 163; id., Voy. Chal., vol. ii, Zool., p. 139.

Bupliagus skua antarcticus Kidder and Ooues, Bull. Nat. Mus., No. 2, p. 9, 1876 ; iid.,

op. cit.. No. 3, p. 9, 1877.

Three eggs from Gough Island.

Mr. Comer writes :
" These birds are the same at all the islands in

the South Atlantic. At Gough Island they commence laying the

middle of September.* They lay two eggs. If these are taken they

will lay two more. When the penguins lay, the sea hens come ashore

in large numbers, and get their living by robbing the nests, and catch-

ing the young penguins. They also kill young albatrosses and all

small birds they can catch. The sea hen, as it gi-ows old, becomes

light brown." While he was on Gough Island he killed about 300

of these birds for their feathers.

The three eggs obtained measure 2'62X 1-98, 2-90 X 2*04, and 2-90X
2-00. They are regularly ovate in shape with a rather coarse, granu-

lar texture. The ground-color is of difierent shades of olive drab,

spotted and splashed with sepia brown, olive brown, and slaty gray,

the latter color lying more beneath the surface.

Family, Lakid^.

14. Larus dominicanus Licht. Southern Black-backed Gull. " Gull."

Larus marinus, partim, Vieill.. N. Diet. d'Hist. Nat., xxi., p. 507.

Larus dominicanus Lichtenstein, Verz. d. Doubl., p. 82, 1823; Kidder and Coues,

Bull. U. S. Nat. Mus., No. 2, p. 13; iid., op. cit, No. 3, p 10; Sharpe, Philos. Trans.

Roy. Soc, vol. 168, p. 107; Saunders, op. cit., p. 163; id, P. Z. S., 1877, p. 799; id,,

Voy. of Chal., Zool., vol. ii, p. 139.

Two eggs from South Georgia and two from Kerguelen.

There are none of Mr. Comer's notes that apply to this bird,

except, that in enumerating the birds of Gough Island, he says, "A
very feio sea gulls, do not think there were over 6 ai'ound the island."

These I suppose were of this species, as besides them, he speaks of

two species of " mackerel gulls."

* In bis journal he speaks of getting an egg at Gough Island on Sept. 24th.
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The eggs from Kerguelen measure 2-74X 1'95 and 2-73 X 1"98 and are

much alike. Those from South Georgia are 2-84 X 2-01 and 2.78 X 2-03,

the last one is much like those from Kerguelen, but in the other one the

ground-color is much lighter, being a rather light olive green, while

in the rest it is olive drab. They are all spotted with varying shades

of dark brown, slaty gray and, in one, with some olive brown. The

slaty colored spots lie deeper beneath the surface than the others.

The shape, in all, is regularly ovate, the texture, coarsely granular.

15. Sterna vittata Gm. Wreathed Tern. " Mackerel Gull."

Sterna vittata Gmelin, Syst. Nat., vol. i, 1788. p. G09 (ex Latham); Kidder and

Coues, Bull. U. S. Nat. Mus., No. 2, p. 17 ; iid., op. cit., No. 3, p. 11 ; Sharpe, Philos.

Trans. Roy. See, vol. 168, p. 113; Saunders, P. Z. S, 1876, p. 647 et 1877, p. 795;

id., Voy. of Chal, Zool., vol. ii, p. 134.

Two skins in the collection, one from Gough Island and one from

Kerguelen, referred to the above species by Mr. Allen.

Mr. Sharpe (1. c), records both this species and S. virgata Cab.

from Kerguelen, but refers the specimens taken there by Dr. Kid-

der and identified by Dr. Coues to the latter species, but, considering

that vittata has been taken from this island by the English Antarctic

Expedition* and by the " Challenger "
f and that one of Mr. Comer's

skins is from there, I prefer to accept Dr. Coues' original determina-

tion of his specimens as correct.

The "Challenger" also took one sjjecimen at Inaccessible Island

of the Tristan Group f which, Mr. Saunders states, is its nearest

known approach to South America, but Mr. Comer states that these

"mackerel gulls" were not uncommon at Gough Island.

" There are quite a few mackerel gulls around the island. These

are a small bird, light blue, black top-knots, red beak and feet

"

[Geo. Comer, Notes on Gough Island].

There is also an eg^ in the collection from South Georgia marked
" mackerel gull " which may possibly be of this species, though, from

the locality, I think it more likely to be S. hirundinacea Less., which

is common at Cape Horn and the Falklands, and which Mr. Comer
might easily not distinguish from this species. However, Pelzeln

describes and figuresj the egg of S. vittata and our egg agrees very

well with his description, though his figure shows the ground-color

decidedly more yellowish in tint (he describes it as "graubraun "),

* Sharpe, Zool. Kerg., p. 114. f Saunders, Voy. Chal., Zool., vol. ii, p. 134.

X Raise der Novara, Vogel, 1869, p. 153, pi. vi, fig. 14.

a



452 G. E. Verrill—Some Birds and Eggs collected at

there are fewer of the dark brown spots, and the egg is not so pointed

though about the same size as ours; still the eggs of birds of this

genus vary in the same species more than the difference shown between

his figure and our egg, and, on the other hand, eggs of two different

species sometimes vary less. I am not so familiar Avith the egg of

S. hirimdlnacea, as to be able to decide which ours really is,

though if it is vlttata it would be of interest, as showing, I believe, a

much further western distribution than has been before recorded.

The egg mentioned above measures r8lxl'25. It is regularly

ovate and rather sharply pointed at the small end. The texture is

even, and very finely granular under the lens. The color is grayish

olive, spotted, rather thicker about the large end, with very dark

(almost black) brown, which shows as a slaty gray when slightly

beneath the surface.

16. Auous stolidus (Liun.). Noddy. " Mackerel Gull."

Sterna stolida Linn., S. N., ed. 10, I., 1758, p. 137.

Anous stolidus Gray, List. Gen. Birds, 1841, p. 100; Saunders, P. Z. S., 1876, p.

669 et 1877, p. 797 : id., Voy. of Chal, p. 137.

One skin from Gough Island.

"Another kind [of "mackerel gulls"] are dark, almost black, with

the top of the head white. They are a little larger [than the last].

These are the only ones of this kind I have ever seen. Quite a num-

ber here. Afterwards saw some at Tristan da Cunha." [Geo. Comer,

Notes at Gough Island.]

Order, IMPENNES.

Family, Spheniscid^.

17. Aptenodytes longirostris Scop. "King Penguin."

Aptewdyta longirostris Scopoli, Del. Fauna et Flora Tns., vol. ii, p. 91, No. 69.

Aptenodytes pennantii Gray, Ann. Nat. Hist., vol. xiii, 1844, p. 315; Scl, P. Z. S.,

1860, p. 390; Hyatt, Proc. Bost. Soc. Nat. Hist., vol. xiv, 1871, p. 247.

Aptenodytes longirostris Coues, Proc. Acad. Nat. Sci. Phil., 1872, p. 193; Kidder

and Coues, Bull. Nat. Mus., No. 2, p. 39; iid., op. cit.. No. 3, p. 18; Sharpe, Philos.

Trans. Roy. Soc, vol. 168, p. 152; Sclater and Salvin, P. Z. S , 1878, p. 653; iid.,

Voy. of Chal., Zool.,vol. li, p. 122.

One skin from Kerguelen Land.

The specimen obtained by Mr. Comer is in beautiful plumage and

differs from two mounted specimens from Kerguelen, already in this

museum, in being much lighter and bluer on the neck, sides of the

body, and flippers.
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Mr. Comer writes, " The top of the beak is black, lower part bright

yellow, sometimes dark yellow ; top of feet black, bottom Avhite
;

pupil of eye dark, with a brown rim. They keep by themselves.

All the King Penguins that I saw carried their eggs. There is no

pouch, but the eg^g is held there by keeping the legs pressed together.

They will not drop it unless forced to. Do not recollect of ever see-

ing any nest. They lay but one egg. Commence laying about the

first of January."

It has frequently been stated* that these penguins carry the egg

in a pouch, but Dr. Kidder states that he found none in skinning

them and Mr. Comer was positive that the egg is simply held

between the thighs.

Recently Mr. R. G. Hazard has published an article on this sub-

ject, f He saw Capt. Fuller, who was captain of the schooner when

Mr. Comer made the voj'age to Gough Island, and gave him a small

camera to take with him on one of his sealing trips, hoping to get

some pictures of the various birds and mammals he met with, and

especially a photograph with reference to the alleged pouch for the

egg in this species of penguin. Unfortunately very few of the

pictures turned out well, but, among the few that did, he got one of

the king penguins, which he apparently thinks is very good proof of

the existence of the pouch. This has been redrawn and published

(1. c). It shows the birds standing around in a number of charac-

teristic positions, and, so far, is a decided success and will undoubtedly

do much towards revolutionising the conventional positions in which

these birds are so often drawn and mounted, with their necks

stretched out nearly full length ; but, to my mind at least, it far

from proves the existence of any real pouch. It shows a sailor hold-

ing a bird, breast up, in his lap, and between the bird's legs is seen

the egg which the man is apparently holding in place with his

fingers, but that there is any pouch there is certainly not shown in

the cut (it may be in the original photograph), which simply shows

the egg as partly concealed among the dense feathers of the lower

part of the abdomen. Our specimen was taken during the breeding

season and is an adult bird in full plumage, but no sign of a pouch,

or even fold in the skin, can I find, and I have examined carefully
;

and then the testimony of a careful man and good observer like Dr.

* " These birds carry their eggs in a complete pouch between their legs, and hold it

in by keeping their broad web feet tucked close together under it." Notes of a

Naturalist on the Challenger by H. N. Moseley, p. 178.

f Auk., Oct., 1894, p. 280, pi. viii; reprinted in Forest and Stream, Nov. lOth, 1894.

C^ /?^.,_



454 G. E. Verrill—Some Birds and Eggs collected at

Kidder is not to be entirely disregarded. My idea is, that the egg

is carried tucked in between the thighs, among the thick feathers of

the lower abdomen and perhaps pressed in, so as to lie between folds

of the skin ; this, as the picture shows, is quite possible.

Mr. Comer also says he has heard of a few penguins of a much

larger kind being seen on Heard's Island (Lat. 53° 10' S.; Long. 73°

30' E.), possibly these may have been A. patachonica Forst.

18. Pygoscelis taeniata (Peale) Cones. " Johnny Penguin."

Aptenodytes jiapua Forst , Comm. See. Reg. Getting., iii, 1781, p. 140, pi. 3, (nomen

inepitum.); Stejneger, Stand. Nat. Hist., vol. iv, p. 59.

A. tceniata Peale, U. S. Expl. Exp , 1848, p. 264.

Eudyptes papua Ca'ssin, Orn. U. S. Expl. Exp., 1858, p. 264.

Pygosceles wagleri Sclater, P. Z. S., 1860, p. 390, No. 46.

Spheniscus papua ScMegel, Mus. Pays-Bas. Urin., iii, 1866, p. 5.

Pygoscelis papua Hyatt, Proc. Bost. Soc. Nat. Hist., vol. xiv, 1871, p. 249.

P. toiniata Cones, Proc. Acad. Nat. Sei. Phila., 1872, p. 195; Kidder et Coues,

Bull. U. S. Nat. Mus., No. 2, 1875, p. 41; iid., op. oit. No. 3, p. 18; Sharpe,

Philos. Trans. Roy. Soc, vol. 168, p. 154; Scl. ei Salv., P. Z. S., 1878, p. 653;

iid., Voy. of Chal., Zool., vol. it., 2nd Mem., p. 124.

One skin from Kerguelen Island and one egg from South Georgia.

Mr. Comer writes, "The Johnnies lay in rookeries on open grass

land and on side hills. The nests are built of grass and stone. I

am quite sure there is a mistake in regard to their laying but one

egg* as I am positive they lay two, of which the first is the smallei",

but if these are taken the}^ go to a new nest and will lay two more,

and if these were taken would lay others, but each set would be

smaller then those preceding. I can not say how many times they

will lay. Commence laying about the 15th of September. These

penguins keep together by themselves. Top of feet yellow, bottom

black, yellow beak. Pupil of eye is dark with a light brown rim."

This egg is a spherical ellipsoid in shape, measuring 2'74X2'29, of

a very pale bluish color and smooth and shiny on the surface, showing

only very small pits and depressions under the lens.

This egg was originally marked "Jackass Penguin," but Mr,

Comer wrote me afterwards that it was a mistake " as the penguins

were afterwards decided to be Johnny Penguins." He further says :

"The only place I have seen the real Jackass Penguins [Spheniscus

magellanicus (Forst)] is at Cape Horn and there have dug them out

of burrows and from under rocks where the ground was soft enough

* Kidder, Bull. Nat. Mus , No. 2, p. 43.

J u
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for them to burrow. They get their name from the noise they make

which sounds like the braying of a Jackass. There may be Jackass

Penguins at other places, such as South Georgia, but I did not see

them and do not think there are."

19. Eudyptes chrysolophus (Brandt.) " Macaroni PenguiD."

A2)tenodytes chrysocome Forster, Nov. Comm. Gott., vol. iii, 1781, p. 135 (partim).

Catarhactes chrysolophus Brandt, Bull. Acad. St. Pet., vol. ii, 1837, p. 315.

? Eudyptes diadematus Gould, P. Z. S., 1860, p. 419.

E. diadematus Coues, Proc. Acad. Nat. Sci., 1872, p. 206; id.. Bull. U. S. Nat. Mas.,

No. 2, p. 47 ; Kidder and Coues, op. cit., No. 3, p. 20.

E. chrysolophus Sol., Ibis, 1860, pp. 338, 432, et P. Z. S., 1860, p. 390; Sharpe,

Philos. Trans. Roy. Soc, vol. 168, 1879, p. 157, pi. viii, fig. 2; Sol. et Salv.,

Voy. Chal., Zoo!., vol. ii, 1881, p. 127, pi xxix.

Catarractes chrysolopihus Stejneger, Stand. Nat. Hist, vol. iv. p. 63, 1885.

Plate ix, figs 2 and 3.

One skin and two eggs from Kerguelen and one egg from South

Georgia. There are also two mounted specimens (746a and b) from

Kerguelen in the museum collection that were presented by Mr.

Richard H. Chapell in 1870.

The synonymy of this and the following species seems to be very

badly mixed and I can heartily endorse the remark of Mr, Sharpe,

"Apparently we have here as complete a tangle as can be found in

the annals of ornithology, and that is saying much !
" (1. c. p. 159).

All three of our specimens agree perfectly with Brandt's original

description, so far as it goes, so that I unhesitatingly adopt his

original name. Forster's description* would seem to show that he

had both this species and chrysocome in view when he described the

latter species.

Some of Prof. Hyatt'sf differences do not seem to hold good,

especially the number of scutellse on the first joint of the toes, as these

apparently vary in the same species. Neither can I satisfactorily

distinguish between our two species by the under side of the wing,

they being nmch alike in this respect, and I fancy that individuals of

the same species vary more or less in this respect, so that the only

characters that he gives, that are left, are the distribution of the dark

color on the throat and the form of the crest, but, as he does not give

the color of the latter, it is diflicult to determine his species, but I

fancy they are all the same or at most only sub-species due to

* 1. c ; also quoted in part in Voy. Chal., Zoo!., ii., p. 127.

f Proc. Bost. Soc. Nat. Hist, vol. xiv., 1871. p. 250.

y.i A/.L-,
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locality. The shape of the dark color on the throat of his " chryso-

Goma " would seem to point to its being the chrysolophus of Brandt

and this ai'ticle ; also his remark that the " lateral feathers of the

oral regions extend forwards beyond the eyes and join on

the front to form a central tuft" seems to confirm this, if, by
" lateral feathers," he means the yellow ones, but if his remark sim-

ply applies to the feathers without regard to color, it would fit

chrysocome of this paper as well or even better, for in this latter

there is more of a " tuft " on the forehead, but it is black.

Mr. Gould's diadematus iW^^v^ more than any of the others from our

birds. In our specimens the throat and chin are not " sooty black "

but grisly gray, growing considerabl}^ lighter as it approaches the

white of the neck, and the bright chrome yellow of the crest does not

commence at the nostrils but back about 0'50 from the base of the

culmen and can hardly be said to form a " stripe which passes over

the eye," but rather a patch on the forehead extending back over

the eye, so that possibly Mr. Gould's bird may represent a variety or

sub-species from the Falklands, though I am inclined to think, with

Messrs. Slater and Salvin (Voy. Chal,, Zool., vol. ii, p. 127), that it

was only an individual variation, as these birds apparently vary

much among themselves.

Our three specimens differ mainly from the figure of Slater and

Salvin (Voy. Chal., Zool., vol. ii, pi. 29, fig. 1) in showing yellowish

white very plainly on the upper tail coverts, in having a patch of

naked skin (said to be pink in life), at the angle of the mouth, and in

the length of the tail, which is longer in proportion than that shown

in the figure. In the two mounted specimens the throat is grisly

gray, darkest above, but decidedly lighter than the back, and grad-

ually growing lighter as it extends downwards. The skin, from Mr.

Comer, has a slightly darker throat, but still gray and not so dark as

in the figure, in which it is about the same color as the back. Neither

does the bright yellow color of the crest extend clear down to the

base of the bill (culmen), in any of our birds. In all, the first short

feathers are entirely black for a distance of ^ to f of an inch, beyond

that they are so strongly tipped with black that no yellow shows,

when they are in place, for a distance of half an inch from the base

of the culmen. This black at the base of the bill is very pure and

intense and gives quite a different appearance to the bird from that

shown in the figure. In Sharpe's figure (op. cit., pi. viii, fig. 2), this

is correctly shown, but he fails to show any difference in the color

of the throat and head and omits entirely the naked patch at the
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angle of the mouth. The color of the back, in our specimens,

agrees as closely as could be expected with the "Challenger"

figure, being black, with a slight bluish cast in most lights, due to

each feather being marked down the center with a very fine line of

" penguin blue." This is seen most plainly on the sides, directly

behind the flipper. The black of the crest is pure and intense. The

tail is gray with the shafts of the feathers darker, almost black.

The upper side of the flippers is pure black, with a narrow

border of white on the posterior edge, broadest in the middle and

gradually narrowing in each direction till it disappears entirely near

the body and tip. The anterior edge is also grayish white for

about the same distance, showing plainly when viewed from the

front, and less so, but still distinguishable, when viewed from the

upper side.

The three specimens vary considerably in size among themselves,

as the table on page 461 will show, Mr. Comei''s bird being between

the other two in size, but much nearer '746b, The coloration is

practically the same in all, but the feathers in the crest of Mr.

Comer's specimen are much shorter. The shape of the bill in this

latter bird, and 746b is about the same, though the latter has the

larger bill, but 746a has a very different shaped one, being much
more tapering, narrower, and smaller in every way, so that, seeing

the bill only, I should certainly take it for a different species, as it

is about intermediate between our specimen of Pggoscelis tceniata

and the other specimens of E. chrysolophus, though if anything

more nearly approaching the former.

This species is very easily distinguishable from E. chrysocome by

the following points : The yellow of the crest is much brighter

and more of an orange (pale sulphur yellow in chrysocome), and

extends clear across the forehead and runs back on each side of

the head over the eyes, the whole forming a large V-shaped patch,

while in chrysocome the pale yellow is in the form of two separate

lines or stripes, one on each side of the head above the eye but not

meeting across the forehead. In chrysolophus the yellow feathers

of the forehead and the shorter ones on the sides of the head are

largely tipped with intense black, while in chrysocome^ all the

yellow feathers are yellow throughout their length. This latter

species also lacks entirely the yellowish white upper tail coverts

which are very evident in chrysolophus, and the naked j^atch of

skin at the angle of the mouth is also much larger and plainer in

this latter species. Again, the dark color of the throat extends



458 G. E. Verrill—Some Birds and Eggs collected at

down on the neck in a triangular shape in this species, while in

chrysocome it runs nearly sti'aight across.

Chrgsolo2)hus is also a larger bird than chrysocome, but size is

apparently a poor guide to species among penguins, being very

variable in the same species, as is shown in the table, p. 461.

Mr. Comer writes :
" Macaroni Penguins are much larger than

the Rock Hoppers, and their top-knots are a brighter, stronger yellow

than the Rock Hoppers whose top-knot is pale yellow. Dark yellow

beaks. Bright yellow top-knots with a few long black feathers

mixed with them. Top of the feet white, bottom black. Pupil of

eye dark with a bright, brick-red rim. Lay two eggs, and when these

are taken will lay others. They lay in among rocks and tumbled

down boulders, often in the same rookery with the Rock Hoppers

(Christmas Harbor, Kerguelen Island). Quite difficult to get at

their nests, which are built of mud and stones. Commence laying

about the 20th of November."

The eggs from Kerguelen measure 2-92X 2*22 and 3-04 x 2- 10, and

are shaped and look, with the exception of the color, much like a

hen's Q^g, one being regularly ovate, the other tending to spheroidal

ovate in form. The outer surface of the shell is hard and smooth

with shallow depressions and is very pale bluish in color, and in one

specimen is covered with a thin, dirty yellowish-white, calcareous

deposit, the other has only a few traces of it. The egg from South

Georgia measures 3'13X2'30, is regularly ovate in shape, and closely

resembles the two others, except that it has very little trace of the

thin calcareous layer on the outside.

20. Eudyptes chrysocoine (Forst.). "Rock-Hopper Penguin."

Aptenodytes chrysocome Forster, Nov. Comm. Gott., vol. iii, 1781, p. 135, pi. i; Gm.,

Sys. Nat., vol. i, p. 555.

Caiarhactes chrysocome Brandt, Bull. Acad. St. Pet., vol. ii, 1837, p. 315.

Eudyptes chrysocome Scl, P. Z. S., 1860, p. 390; Pelzeln, Reise der Novara, Vogel,

1869, p. 140, pi. v; Coues, Proc. Acad. Nat. Sci., Phila., 1872, p. 202; Scl. et

Salv., P. Z. S., 1878, p. 654; iid., Voy. of Chal., Zool., vol. ii, 1881, p. 128, pi.

XXX.

E. nigrivestis Gould, P. Z. S., 1860, p. 418; Scl, op. clt., 1861, p. 46.

Spheniscus chrysocome Schl., Mus. P.-B., Urin., p. 6, 1866.

E. catarractes Coues, Proc. Acad. Nat. Sci., Phila., 1872, p. 201.

E. chrysolopha {nee Brandt) Coues, Proc. Acad. Nat. Sci., Phila., 1872, p. 204; id.,

Bull. U. S. Nat. Mus., No. 2, p. 45; id. et Kidder, op. cit, No. 3, p. 19.

E. saltator Sharpe, Philos. Trans. Roy. Soc, vol. 168, 1879, p. 160, pi. viii, fig. 1.

Catarractes demersus Stejneger, Stand. Nat. Hist, vol. iv, 1885, p. 63, fig. 28,

(after Brehm).
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Plate ix, fig. 1.

One skin and three eggs from Kerguelen Island and one skeleton

(with the skin and feathers remaining on the wings, and the skin on

the legs and feet), and ninety-eight eggs from Gough Island.

Here again the synonymy is very badly confused, even worse than

in the last, various authors having desci'ibed slight variations as

different species, and again, many have confused this and the preced-

ing species. Brandt clearly separated them, though for some

unaccountable reason his distinction does not seem to have been

well recognized by many authors until Mr. Sharpe pointed it out and

quoted his original description (1. c, p. 159). Mr. Sharpe, how-

ever, separated chrysocome into two species, calling the New Zealand

bird {E. pachyrhynchus Gray) the true chrysocome^ and describing

the birds from the Falklands, Tristan da Cunha, and Kerguelen

Island as E. saltator. Sir Walter Buller has since separated pachy-

rhynchus again, calling the common New Zealand bird by that

name, and the one from the Auckland Islands E. sclateri,* the main

difference between the two being in the point at which the yellow

superciliary line commences, that in the former species commencing

in a line with, and close to the nostril, and in the latter species at the

base of the upper mandible immediately above the mouth, this latter

species also has a line of white along the base of the lower mandible.

Dr. Coues confused Brandt's original two species, describing his

chrysolophus under Gould's name of dladematus and making the

length of the superciliary plumes and the general color of the back

the chief difference between chrysocome and chrysolophus. He also

recognized as a third species E. catarractes (Forst.), distinguished

by the short tail, inferior size and " quite blue upper parts." This is

undoubtedly, I think, simply an immature form of chrysocome, and

Dr. Coues himself says (op. cit. p. 205), that the distinctions between

the three species he has just enumerated are not very satisfactory,

adding, " I strongly suspect that when specimens enough shall have

been compared, the supposed specific characters will melt insensibly

into each other, so that, at most, only varietal distinction can be

reasonably asserted. Indeed, I am not sure that difference of age or

season, or special conditions of plumage, may not be the sole basis

of the supposed species."

* Birds of New Zealand by Sir Walter Buller, 2nd ed., vol. ii, p. 289 et P. Z. S.,

1889, p. 82, pi. ix.

J
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Our skin from Kerguelen does not agree exactly with any descrip-

tion or figure I have seen, so that, for convenience, I propose to

designate this variety as JE. chrysocome var. atrifrons, the main

difference between this bird and the one described by Brandt* and

most authors, and which is apparently the true chrysocome, being

that the pale yellow superciliary line does 7iot begin at the nostril or

base of the bill, but at a point some distance (0*7 in.) back from

where the feathering ceases behind the nostril (or 1"85 in. from tip

of upper mandible, the exposed culmen being 1-57 in.). In the

figures of Sharjse, and Sclater and Salvin, the yellow (brighter in the

latter figure than in our specimen), runs down close to the nostril

and is so described by most authors who speak of this point at all,

though in describing a specimen (" No. 59242, Mus. Smiths. Inst.")

from the Falklands, under E. chrysocome, Dr. Coues says, " A narrow

pale yellow line runs from near the base of the culmen over the eye "

(1. c.) He further states that this specimen was acquired under the

name of " Eud. nigrivestis Gould," but that it " shows nothing what-

ever different from ordinary chrysocome.'''' Sharpe describes his

saltator as having the yellow plumes " very long and drooping and

conterminous with an inner black crest." In our bird the longest

yellow feathers measure 2-55, or 0'60 longer than the longest black

ones, and are decidedly curly.

Pelzeln's figure of the adult bird agrees better with ours than any

other I have seen, the only difference being in the yellow beginning

a little nearer the bill than in ours, in the dark color of the back and

throat, which is grayer and not so black as in our bird, and in the

absence of a thin line of grayish white on the anterior edge of the

flipper ; this is shown much too plainly in Stejneger's figure to fit our

bird, and there is also too much white on the posterior edge. In this

figure too, there are a number of small, light spots on the dark back,

which do not show in our specimen, but this is probably due to an

attempt on the part of the artist to show the fine blue penciling on

the feathers ; otherwise this figure also agrees very well with our

bird. In our specimen the back is much the same color as in our

specimens of the last species, showing the same blue lines on the

center of the feathers, but, if anything, it has a slightly bluer and

more silky appearance, and the throat is much darker, nearly as dai-k

as the back. The specimen from Gou^h Island being, unfortunately,

only a skeleton, does not permit me to compare the plumage of birds

*".
. . extriusecus sulphurea anguste iu rostri basi iacipiens postice dependens."

(Brandt, 1. c.)

2 i-Vtr
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from the two islands, except as regards the wings, where the skin and

feathers still remain on the skeleton. In the latter the coloration of

the whole flipper is about the same as in the last species, but in the

skin fi"om Kerguelen the under side has less black, especially at the

tip. In the absence of any proof to the contrary, I have assumed

that the skeleton is the true chrysocome.

The following table gives comparative measurements of our three

specimens of E. chrysolophus and two of E. ekrysocome, one of

them (the skin) being var. atrifrons

:

Comparative Measurements,

Chord of exposed culmen
Gape (tip of upper mandible to rie

tus) -

Tip of lower mandible to mental

apex
Depth of bill at mental apex
Breadth of bill at mental apex
Breadth of upper mandible at base.

" '• lower " " "

Middle toe and claw

" claw

E. chrysolophus.

ofi

Tarsus
Tip of wing to carpal joint

Carpal to elbow Joint (head
humerus)

Tail

Tip of bill to end of longest plume,
(yellow)

Tip of bill to first yellow feathers

on forehead
Tip of bill to first black feathers by

nostril. ...

Length of longest yellow plumes..
Tip longest black to tip longest

yellow plumes..
Tip of bill to end of coccyx (skele-

ton)

Height (of mounted specimens)
Length (of skins)

Kerguelen Island.

M't'd.

1.85

2.42

0.65

0.64

0.42

0.75

0.80

2.90

0.70

1.12

4.15

1.90

4.0

6.50

2.15

1.25

2,78

1.00

21.0

M't'd.

2.55

3.00

0.95

1.03

0.49

0,86

0.93

3.10

0.92

0.82

1.12

4.50

( 0.92
I

\ 0.82 f

2.05

4.50

7.30

2.90

2.00

3.30

2.00

24.0

2.13

2.69

0.89

0.92

0.47

0.88

0.93

3.08

0.72

1.13

4.10

2.25

4.45

5.95

2.65

1.80

2.32

1.90

20.0

E. chrysocome.

Kerguelen

var.
atrifrons.

Skin.

1.57

2.05

0.60

0.H5

0.34

0.81

0.81

2.80

0.75

1.05

3.25

1.75

4.35

5.50

1.85

1.15

2.70

.70

18.0

Gough
Is'd.

Comer,

Skeleton.

1.70

2.20

0.70

0.82

0.81

2.82

0.68

1.09

3.70

1.87

19.50

Of the rock hoppers Mr. Comer says :
—" Have dark yellow beaks

;

top of feet white, bottom black
;
pupil of eye dark with a dull red

rim. Top-knots dull yellow, mixed with a few black feathers. They

Trans. Conn. Acad., Vol. IX. March, 1895.

32
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lay two eggs, the first one smaller than the other and slightly tinted

green, and when these are taken will lay others. They often lay in

the same rookery wath the Macaroni Penguins. At Kerguelen Island

they commence laying by the 20th of November. At Gough Island

there is no other kind of penguin and they are larger than the Rock

Hoppers I have seen elsewhere.* At this island they commence lay-

ing by the 15th of September.f Here the Rock Hopper Penguins

would number millions."

These eggs vary much in form, the majority being regularly ovate,

but many are much shortened from the typical ovoid and tend to a

spheroidal form, while others are elongated ovoids. The surface is

smooth with very shallow depressions and small, sharp pits. The

color is pale greenish blue, a few are partly covered with a very thin,

dirty yellowish-white, calcareous layer, as in the last species, a few

more show traces of it, the rest none at all. The eggs from Kerguelen

do not differ appreciably from those of Gough Island. The follow-

ing table shows the principal variations in size and shape.
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saw but did not obtain. The most interesting of these observations

are those concerning the presence of small passerine birds at Gough

Island and Kerguelen. He states that small birds, like span-ows, are

very common on Gough Island. He describes two kinds, one, slatish

above, yellowish beneath and with a round black spot on the breast;

the other is much like the first but lacks the black spot, possibly it is

the female. Of their habits he simply says that they are very com-

mon and very tame and that they sing. At Kerguelen Island he

says there is also a small sparrow-like bird which he thinks is different

from those at Gough Island (as it in all probability is), but says they

are not nearly so common as those at the latter island.

This is very interesting and I greatly regret that he did not pro-

cure any specimens, for no passerine bird has ever been recorded

from Kerguelen and several authors have stated very decidedly that

none exist there.* From the Tristan da Cunha Group three passerine

birds have been described,! namely :

Nesospiza acunhcB Cab.,' from Inaccessible Island, said to be extinct at Tristan itself.

Nesocichla eremitu Gould,^ from Tristan and Inaccessible Islands.

Crithagra insularis Cab.,' said to be from Inaccessible Island but some doubt exists

as to its being from this group. It was not taken there by the " Challenger."

' Cab., Journ. fiir Ornith., 1873, p. 154 ; ScL, Voy. Chal.. Zool., vol. ii, p. 112, pi. xxiv.

2 Gould, P. Z. S., 1855, p. 165; Scl., ibid., 1878, p. 577 ; id., Voy. Chal., Zool., vol.

ii, p. Ill, pi xxiii.

Mr. Comer has seen the excellent colored plates of the first two

birds above mentioned, in the Report on the " Challenger " expedi-

tion and said they were different from any he had seen, so that the

birds of Gough Island and Kerguelen are without much doubt

unknown species.

Of the cormorant, Phalocrocorax verrucosus Cab. ?, common at

Kerguelen, Mr. Comer did not bring home any specimens, but men-

tions it in his notes with the remark, " In feeding, the young birds

place their bills between those of the old bird, then the old bird

heaves up what it has swallowed."

* " When I saw one [a tern] for the first time I thought a Landbird had been found

in Kerguelen, but such certainly does not exist, except the Sheath-bill, if it can be

considered as such." Moseley, Notes of a Nat. on Chal
, p. 211.

f For interesting accouuts of these birds and their habits see Carmichael, Trans.

Linn. Soc, vol. xii, p. 496; Thompson, Atlantic, vol. ii, p. 178; Scl., Toy. Chal., Zool.,

vol. ii, p. Ill; Moseley, Notes of Nat., pp. 121, 122.

y,r AVhii
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Distribution of species.

Appended, are lists of the birds said by Mr. Coiner to inhabit

Gough Island and the Island of South Georgia. Also a list of the

additional species previously recorded from the Tristan Group. The
notes in quotation marks are Mr. Comer's own description of the

relative abundance of the birds, the English names quoted are those

used by the sealers and whalers.

Gough Island.

*1 . Sparrow. ? Round black spot on breast. Very common.

*2. Sparrow. ? Lacks black spot on breast. Yery common.

3. Porphyriornis comeri Allen. " Mountain Cock." " Quite plentiful."

4. Diomedea exulans Linn. " Albatross." Abundant.

5. Thalassogeron eximius Verrill. " Blue-headed Molly Moke." Abundant.

6. Fhcebetria fuUginosa (Gm.). " Peole." " Pearr." Common.

7. Ossifraga gigantea (Gm.). "Ifellie." "Stinker." "Not many on this island."

8. ^strelata lessoni (Garn.). " Mutton Bird." Common.

9. Prion desolatus (Gra.). " Whale Bird." Common.

f 10. Petrel sp. ? " Paddy unker." " Dark bird with white breast and white feet."

11. Stercoi-aritos antarcticus (Less.), "Sea Hen." " Quite plentiful."

12. Larus dominicanus Licht. " Sea Gull." " A very few."

13. Sterna vittaia Gni. " Mackerel Gull." " Quite a few."

14. Anous stolidzcs (Linn.). " Mackerel Gull." " Quite a number."

15. Eudyptes chrysocorne {YoTsi). " Rock Hopper Penguin." Exceedingly abundant.

"They number millions."

Note 1 :—Several species of the smaller petrels undoubtedly also occur on this

island but are not mentioned by Mr. Comer.

Note 2:—All of the above birds, with the possible exception of Nos. 12, 13 and

14, breed on the island.

Of the above birds Nos. 1, 2 and 3 are probably peculiar to this

island, No. 5 (sp. nov.), has not been recorded, though it is probably

found elsewhere, and Nos. 8 and 9 have not, so far as I know, been

recorded from the other islands of the Tristan Group, unless they

are the same as some of the following, as is perhaps also No. 10.

The other nine species given above have also been recorded from

other islands of this group and also the following species in addition.

Additional Species recorded from the other Islands of the Tristan da Cunha Group.

1. Nesocichla eremita Gld. Tristan and Inaccessible. By Carmichael and Chal. Exp.

2. Nesospiza acunhm Cab. Inaccessible. By Carmichael, Cabanis and Chal. Exp.

(3. Crithagra insularis Cab.). By Cabanis.

* See p. 463. f See p. 449.

^t MMn
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4. Forjjhyriornis nesiotis (Scl.). Tristan. By Carmichael and Sclater.

5. Porphyriornis sp. ? Inaccessible. By Chal. Exp. (Thompson, Moseley).

6. Thalassogeron chlororTiynchus (Gm.). All three islands. By Chal. Exp.

•?. ^'Estrelata mollis (Gld.). Nightingale. By Chal. Exp.

8. Pelagodroma marina (Lath.). Nightingale. By Chal. Exp.

(9. Thalassceca glacialoides (Smith). Tristan.) By Chal. Exp. (Moseley).

10. Daption capensis (Linn.). Tristan. By Chal. Exp. (Moseley).

11. '• Procellaria cineria." By Carmichael.

12. ^^ Procellaria vittata." By Carmichael.

13. A)wus melanogenys Gray. Inaccessible. By Chal. Exp.

Note:—No. 3 was described from an old specimen and the locality which was

given as these islands was very likely an error as it has not been taken here since.

No. 5 has only been described by residents of the islands. One specimen of No. 9 is

said by Moseley (" Notes," p. 134) to have been obtained by Von Suhm at Tristan, but

Saunders, in his report on the Procellariidae of the expedition, says this species was

only seen in the vicinity of the Antarctic Ice (Chal. Zool, ii., p. 142). Possibly there

was a mistake in the identity of "Von Snhm's specimen. Nos. 11 and 12 are given

by Carmichael ; the former may possibly be JE. lessoni, which is sometimes confounded

with A. cinereus, and No. 12 is very likely P. desolatus the two being almost the same

in color and general appearance, for it seems hardly probable that the true Adamastor

cinereus (Gm.) and Prion vittata (Gra.) should occur here, though they are both said to

occur at Kerguelen.* In addition to these petrels Capt. Carmichael also mentions three

others " which are smaller " and a tern " which varies very little from the S". hirundo,''''

perhaps S. vittata. He also records ^^ Tardus guianensis^^' '' Emberiza hraziliensis,^^

and Fulica chloropus, which are undoubtedly the same as Nos. 1, 2 and 4.

Island of South Georgia.

1. Small duck, sp.? " Not plentiful."

2. Diomedea exulans Linn. " Albatross."

f3. Diomedea melanophrys Temm. ? '"White-headed Molly Moke."

4. Thalassogeron chlororhynchus (Gm.). " Blue-headed Molly Moke."

5. Phoebetriafuliginosa(Gm.). " Peole," " Pearr."

6. Ossifraga gigantea (Gm.). " Nellie," " Stinker."

7. JSsfelata lessoni (Gram.). " Mutton Bird."

8. Daption capensis (Linn ). " Speckled Haglet."

|9. Majaqueus cequinoctialis (Linn.).? " Black Night Hawk." (" About half the size

of a crow ").

10. Prion desolatus (Gm.). "Whale Bird."

11. Pelecanoides urinatrix {GrXQ.). "Diver."

12. Stercorariu^ antarcticus (Less.). " Sea Hen." " Yery many."

13. Larus dominicanus Licht. "Sea Gull."

* Ibis, 1865, p. 286; Philos. Trans. Roy. Soc, vol. 168, p. 136.

•f-
The identity of this bird is somewhat in doubt. See notes under this species, p. 440.

1 1 have no means of identifying this bird except by Mr. Comer's descriptions and

the statements in the "Challenger" Report (vol. ii, p. 143), that this species is called

" black night hawk " by the sealers.

I

A

^ \n



466 G. E. Verrill— Some Birds and Eggs collected at

*14. Sterna hirundinacea Less. 2 " Mackerel Gull."

15. Aptenodytes longiroslris Scop. " King Penguin."

16. Pygoscelis tceniafa (Peale). "Johnny Penguin."

17. Eydypies chrysolophtcs (Brandt). " Macaroni Penguin."

Note:—Mr. Comer adds, "I have no doubt there were also Rock Hopper Penguins

[E. chrysocome (Forst.)] but cannot say positively."

Extracts from Journals.

The following extracts are from Mr. Comer's journal on the

voyages to South Georgia, Kerguelen, and Gough Island. Here I

have only given such passages as relate to the zoology and a few

other miscellaneous facts of interest, comprising of course, only a

small part of his whole journal, which is mainly made up of notes

with regard to the handling of the vessel, the sealing, and the

weather. These latter notes, concerning Gough Island, I have

given further on, to show the climate, prevailing winds, etc., think-

ing they may be of interest from a meteorological point of view.

The journal is very full and apparently very accurately kept.

Voyage to South Georgia.
1885.

Sept. 11th. At Sea. Saw the first Cape Horn Pigeons [Dajytion capensis] to-day

Lat. 25° 05' S., Long, 39° 51' W.

South Georgia,

French Bay.

Oct. 14th. Got 20 molly moke eggs.f

" 15tb. Got 10 dozen molly moke eggs and 2 leopards [Ogmorhirius lejjtonyx

(Blainv.)].

" 21st. Killed 5 Leopards.

" 25th. Got six buckets of molly moke eggs.

Nov. 1st. Got six leopards and 1 elephant [Macrorhinus leoninus (L.)]. 3 of the

leopards and the elephant we got in Venture Bay.

" 3rd. Got 12 Peole eggs [Phcebetria /uligi7iosa].

Venture Bay.

Nov. I4th. Got a few penguin eggs and 2 leopards.

" 17th. Got 2 buckets of penguin eggs.

" 18th. Got a bucket of penguin eggs.

" 19th. Got seven leopards and a number of gulls eggs [La?-us dominicanus].

" 22nd. Killed 6 leopards and one sea dog.

" 25th. At Sea. At fi p. m., put a bag of leopard oil over the weather bow to

prevent the sea from breaking.

* The identity of the " mackerel gulls " of this island is doubtful. I assign them to

this species because of the locality. See notes under S. vittata. Gm., p. 451.

f Probably either D. melanophrys or T. chlororhynchus, or perhaps both. See

remarks under the former, p. 440.

53 MjUtrr
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French Bay.

Dec. 13th. Got 2 albatross eggs [i). exulans],

" 14th. Got 4.6 albatross eggs.

" 16th. There were more albatross eggs got to-day.

" 16th. Got 43 albatross eggs. The birds are very plentiful at this part of the

island.

" 20th. The men got about 12 dozen albatross eggs.

' 23rd. Got a large number of eggs.

" 27th. The men got a large number of eggs. To-day I packed 9 eggs in salt in

a keg to take home. The coal is about all gone and the cook burns

the leopard skins.

1886.

Venture Bay.

Jan. 2ud. Killed 6 leopards and got a number of eggs (albatross). Up to the

present time we have killed 123 leopards and 2 elephants making

about 60 barrels of oil.

" 4th. Got a large number of eggs.

Voyage to Kerguelen and Goiigh Island.

1887. KERGUKLEN ISLAND.

Sprightly Bay.

Nov. 30th. Killed 36 elephants.*

Sprightly Bay.

Dec. 13th. Went with the steward hunting after ducks [Querquedula eatoni] and

got. 10.

Triangle Bay.

Dec. 15th. This afternoon went gunning with the steward; got 17 ducks.

1888.

Triangle Bay.

Jan. 2nd. Have finished boiling out and have everything full, about 500 bbls [of

oil].

Pot Harbor.

Jan. 7th. Got a few rabbits.f

Norton's Harbor.

Jan. 9th. In the afternoon went after rabbits and all hands got about 50.

Carrol's Cove.

Jan. 23rd. Got some cabbage [Pringlea antiscorhutica] and penguins. The mate shot

22 ducks.

" 28th. Got one king penguin '[AjJtenodytes longirostris].

Christmas Harbor.

Jan. 30th. Got a few rabbits and a few ducks.

* This is the largest number he speaks of killing in any one day during this

voyage, but on a former voyage, to this island, in the schooner " Charles Colgate," in

in 1883, they killed 100 on one day, over 50 on several days, and in about ten weeks

(Oct. 4 to Dec. I4th) took 1084 elephants, making 1111 bbls of oil.

f Probably the European rabbit {L. cuniculus), introduced. (See Bull. U. S. Nat.

Mus., No. 3, p. 38).
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1888. GOUGH ISLAND.

Aug. 22nd. Sighted the island at 3 a. m. and got to it at noon. Had good luck in

getting our things ashore.* I have come ashore with 3 men, so we

are 12 in all.

" 23rd. We live in an old house that some English sealing party built years

ago.

" 25th. There are plenty of mice here. [Probably M. musculus introduced].

" 26th. Got 2 sea hens \_Stercorarius antarcticus].

" 2Sth. Got 2 sea hens. These birds are only good for their feathers.

" 31st. Got 2 seal. The walking is very bad.

Sept. 1st. Caught a good quanity of fish. There are a number of kinds here and

it is splendid fishing.

" 7th. There were no seal in the rookery to-day. The walking is very bad.

The molly mokes have commenced to make their nests.

" 8th. To-day the wind is very strong N. E. with thick fog and rain. Can do

nothing but stay in the cave. We live on young albatross [D.

exulans] known as gooneys.

" 11th. We slept very cold as we were wet through last night. This afternoon

shot 5 sea hens ; 4 whales in sight. Got one Nellie's egg [ Ossifraga

' gigantea].

" 13th. We took a boat and pulled around the island. We saw about 6

seal, but it was too rough to land and the wind was breezing up, so

we had all we could do to get aroiind back again. I should think it

might be about 18 miles around the island. Saw 3 wliales. Got 2

sea hens.

" 14th. Went to a penguin rookery. Got 1 egg, this is the first [Eudy2)tes

chrysocome]. Saw 2 whales.

" 16th. Got two eggs of penguins.

" I7th. Got 10 penguin eggs. Got 1 sea hen. Saw a large whale.

" 18th. The men got 30 eggs. The place is not far, but we have to use a rope

to get down where the penguins are.

" I9th. We got about 50 eggs.

" 20th. The men got about 1 50 eggs. Got 3 sea hens.

" 22nd. The men got about 400 eggs.

" 24th. Went off and got a quanity of eggs with the boat. Also got 8 large fish

weighing from 8 to 20 lbs. They were very plentiful, did not care

to catch more. Got 9 sea hens. We have now about 3000 eggs

salted, about 1700 in barrels. Got a sea hen's egg.

" 25th. The fish we caught yesterday are splendid. Got 9 sea hens.

" 27th. Got about 500 penguin eggs and a few molly moke eggs [Tlialassogeron

eximius]. Got 13 sea hens.

* The difficulty of landing here will be seen from the fact that they were from

Aug. 1st, when they were "close to the island," till Aug. 22nd, before they were able

to get ashore, though they were often in sight of it and even lay to, close to it, some

of the time, but they had such bad gales, rough seas, and unfavorable winds that

they could not safely land.
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Sept. 29th. "Went down to the small rookery. There were no seal there. Got a

few penguin eggs ; also some molly mokes.

" 30th. This morning we found our way to one of the big rookeries. Went the

whole length of it but could find nothing. There was a large bull

elephant [Macrorhinus leoninus] on the beach.

Oct. 1 st. Got a few molly moke eggs.

" 2nd. Went to another small rookery where we got one seal (a wig).* Saw

one more wig and a clapmatch* in the water.

" 8th. Got a few molly moke eggs. I now have 100 eggs of the molly moke

and 100 of the penguin rock hopper, [i.e., blown, to take home.]

" 12th. Landed where there used to be a camp of sealers years ago. We found

some potatoes growing wild. We dug a few, they were quite good

size. (It is 1 8 years since the men were there).

" 13th. Took both boats and pulled around to the other side. We then killed

what seal there was and got 28, 2 of them wigs and 3 clapmatches,

the rest were young seal.

" 17th. In the afternoon went down to the small rookery to get some eggs and

got 4 seal (old).

" 20th. Started this morning and came to the shanty. Considerable snow on

the mountain. When we got here we found out that one of the men

that started to come over yesterday became tired out and the others

came on and left him, so taking the 4 men that had left him, I went

back with them. We found him near where he was left. He had

been dead some time and was frozen stiff. We buried him the best

we could.

" 23rd. We are troubled considerably with mice, as there are many of them.

" 24th. Mr. Moore (the third mate), went off and got 1 seal on the north end of

the island.

Nov. 12th. Got 13 sea hens.

" 15th. Got 1 sea hen. All that we get them for, is their feathers. They have

the best.

" 21st. Got 15 seal (wig) at the north end of the island. Got 20 sea hens.

" 22nd. Shot 21 sea hens.

" 23rd. Have had our Thanksgiving to-day. Made some doughnuts and had

chocolate coffee for supper. Got 1 sea hen.

" 24th. Got 1 seal (wig). Got ] 7 sea hens and a large quantity of crawfish.

Dec. 2nd. Came across the mountain this morning intending to commence to kill

the seal. Went to one of the small rookeries and found the seal

had not hauled as yet, there being only 6 wigs and 2 clapmatches in

the rookery. Mr. Moore says that last year there were over 100 seal

there, though they only got five. (I did not think best to commence

killing).

" 3rd. This morning we went to another small rookery where they got 20

odd seal last year, but claimed that if there had been more men they

could have got 150. We only found 9 seal there, 7 wigs and 2 clap-

matches, so will wait longer to give the seal time to haul. Mr. Moore

says he has the scurvy coming on.

* The "wigs " are the adult males and the " clapmatches " the adult females.
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Dec. 5th. We started early with our boat and pulled around the island and picked

up 28 young seal outside of the rookeries. Not many seal in the

rookeries at present.

" 6th. Got 6 sea hens. Used the last of the penguin eggs.

" 7th. This morning we got 2 seal that had hauled up on this beach. Got a

number of crawfish and half a bushel of potatoes.

" 15th. Caught a number of crawfish off the rocks. Caught 15 sea hens.

" 21st. Caught some fish and crawfish (these are very much the same as lob-

sters).

" 23rd. Mr. Moore pulled around the island and picked up 14 seal. Got one

small pup the first we have seen this season. If the weather holds

good, intend to commence killing in the rookeries to-morrow.

[Weather was not favorable until the 26th].

" 26th. Walked over the mountain with 4 men, Mr. Moore going around with

the boat. Went into the first rookery. There were 1 seal there.

Got 9. We walked up the mountain and then down into the next

rookery. There were'lH in that. Got II. Judging by the pups we
must have got all the clapmatches in both rookeries. In the first we
got 3 clapmatches and 6 wigs, in the second 10 clapmatches and 1

I wig. The albatrosses [Z). exii.lans] have commenced to lay. Got 1 egg.

27th. Got 2 Albatross eggs.

" 28th. Mr. Moore came back with 34 skins he had got up at the N.W. end close

to the big rookery. Got 4 Albatross eggs.

1889.

Jan. 1st. Started early this morning and walked up to the further rookery. Got

there about noon. Killed the seal, 46. 12 of them were wigs.

" 2d. In the morning went over the beach again and got 4 more clapmatches

which makes 50 altogether in this rookery. Then we went down to

the rookery to the south of us where we killed 51 seal, 12 of them

being wigs. Then had to come up the mountain again to get to

another beach. Got one seal here (clapmatch).

" 3d. We have plenty of albatross eggs now.

" 4th. Mr. Moore went up to the north end of the island and got 2 wigs.

" 8th. Got 1 wig and 1 clapmatch.

" 9th. Three of the men went to the other small rookery. They got 4 seal,

3 of them wigs.

" 15th. Seven of the seal we killed to-day, we got in the upper rookery. Two
of them were wigs.

" 18th. If we get any more seal we will have to have a very smooth chance,

and even then cannot expect to get more than 10 or 15. It is doubt-

ful if there is that many on the island.

" 22d. We got 4 wigs.

" 23d. Came back across the mountain, and when we got on top could see the

schooner close to the landing place, so, by the time we got down, they

had taken off the skins, we then packed up our things and came off.

The schooner has not been very successful. She has 300 bbls. of

elephant oil. They also got 4 seal.

Note— While at Gough Island they took 311 seal, 276 after Mr. Comer landed.

J
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Below are given extracts from Mr. Comer's journal showing the

weather that was experienced at and near Gougli Island. From
Aug. 1st to the 22d they were at sea in the immediate vicinity of

the island, waiting for a favorable opportunity to land. The rest of

the time, to Jan. 23d, Mr. Comer was on the island. It will be seen

that the weather was extremely unpleasant, with heavy gales,

strong winds and fog, rain, snow, and hail most of the time, and

some of the time very cold, one of the men being frozen to death in

crossing the mountain on Oct. 19th.

Meteorological Record at and near Goiigh Island.

Aug. 1, 1888, TO Jax. 23, 1889.

1888.

Aug. 1. Fresh breezes through the night and increasing to-day to a fresh gale.

Hove to at 2 p. m., as we are close to the island. The wind is N.N.E.

and has been so all through the night. Lat. 39° 13' S. ; Long 10° 17' W.

2. Moderate gale with rain squalls through the night. To-day the weather

is better though still rough. Kept ofE at 7 a. m. Stood S.W. by S.

expecting to see the island, but find we are 60 miles east of it. Wind

W.N.W., quite cold. Lat. 40° 12' S. ; Long. 8° 20' W.

3. Heavy rain squalls through the night from the north. To-day the weather

is better, though still blowing fresh from W.N.W. Irregular sea. Are

under short sail. Lat. 41° 06' S. ; Long. 9° 12' W.

4. Strong breeze with heavy rain squalls from N.W. through the night.

This morning the wind hauled to west and in the afternoon to S.W.

with snow squalls. To-night think we are about 25 miles south of the

island. Heavy S.W. swell.

5. Snow squalls through the night. Wind S.W. This morning saw the

land. Have had heavy squalls all day with snow aud hail. The island

is now about 15 miles off, W.S.W.

6. Heavy snow squalls through the night from S.W. To-day more moderate

but still squally. Irregular sea. The island is in sight bearing S. by

W. Lat. 39° 43' S.; Long. 9° 50' W.

7. Lay to on the port tack during the night, wind gradually moderating.

This morning kept off on the starboard tack, south wind increasing.

Got to the island at 4 p. M. Blowing fresh, wind west. Are now lay

to, close to the east side of the island.

8. The wind increased to a strong gale during the night, but to-day has mod-

erated some and hauled from N.W. to S.W. Rough sea. Cannot see

the island.

9. Fresh squalls through the night, though moderating towards morning.

To-day the weather has been improving with but few light rain squalls.

Wind S.W. The island is in sight, about 25 miles off at night, bearing

south. Lat. 39° 45' S.; Long. 9° 27' W.
10. The wind increased to a strong gale towards morning with thick rain

from the N.W. The wind has moderated some to-day and the weather

cleared up. Cannot see the island. Rough sea. Lat. 39° 53' S. ; Long.

9' 31' W.
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Aug. 11. Strong wind with squalls through the night. To-day moderating and

hauling to S.S.W. by night. Very rough sea. Lat. 39° 20' S. ; Long.
9° 35' W.

12. Almost calm the first part of the night, wind hauling around to S.E., then

to KE. and increasing to a strong breeze with rain squalls. Wind haul-

ing to N.N.W. Heavy squalls with rain and hail,

13. Strong gale through the night, wind hauling from N.N.W. to S.W.

Squally. To-day the wind has increased to a violent gale with hail and

rain. Very heavy seas, washing everything moveable off decks. We
must be about 50 miles N.E. of the island.

14. The wind moderated slowly during the night, though there is still a strong

breeze and a rough sea. Wind S.W. Lat. 38° 56' S.; Long. 8° 56' W.
15. The wind gradually moderated from a strong breeze to light, during the

night, to-day hauling to N.W. Irregular swell. Lat. 39° 04' S. ; Long.

8° 42' W.

16. Had fresh breezes through the night from N.N.W. At daylight we could

see the island bearing west about 10 miles off, but the wind has

increased to a gale, ao we could do nothing. At 4 p. m. the wind is

blowing with great force.

17. Had a strong gale the first part of the night but moderated towards morn-

ing and hauled to west. To-day it has hauled to S.E., light, with an

irregular swell. Fine rain through the night and thick weather to-day.

Cannot see the island.

18. Light winds from the east through the night. At 4 a. m. the wind hauled

to the N.N.W. We are 30 miles south of the island. Lat. 40° 55' S.
;

Long. 9° 42' W.
19. Thick fog with moderate breeze and fine rain through the night and the

same to-day. Wind N.N.W. Moderate sea.

20. Moderate breeze with thick fog through the night and the same to-day.

Light showers. We are now about 75 miles W.S.W. of the island.

21. Moderate breeze with hght rain and fog. Wind N.N.W. This morning

the wind hauled to S.W., and the weather cleared up though it is still

cloudy.

22. Light winds. Sighted the island at 3 a. m. and got to it at noon, wind

hauling to N.W. Had good luck getting our things ashore. I have

come ashore with 3 men, so we are 12 in all.

On Gough Island.

23. The weather became stormy last night and has ramed all day.

24. Raining most all day with strong breeze. Cold.

25. Wind south, strong breeze. Rain squalls. Temp, of sea water 49°.

26. Are having a strong gale from east witli rain. Sea water 48°.

27. Very strong gale from E. to N.E. and heavy surf on the beach. To-night

wind N.W., moderate. Sea water 51'.

28. Fresh breeze from N.W. to W. Partially cloudy weather with a few light

showers. Temp, of air 52°.

29. Fresh breezes with rain this afternoon. Temp, of air 52°, sea water 51°.

30. Quite a pleasant day, which made it warm for walking.

31. Slept very cold. The walking is very bad.

.^^.
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Sept, 2. Strong breeze from W. with a few showers. Temp, of sea water 50°.

3. There has been a strong breeze through the day with light rain showers,

though on this side of the island (east), the wind is generally light

unless there is a gale of wind.

4. Strong winds from west with fine rain. Temp, sea water 51".

5. Strong N.W. winds. The top of the mountain is covered with clouds and

has been for the past few days. Temp, sea water 51°.

6. Strong winds from W., but very smooth on this beach. The weather has

cleared up towards night though it has rained most all day.

7. rieasant, though a little cold. Wind N.E.

8. The weather set in stormy during the night. To-day the wind is very

strong ISr.E., with thick fog and rain. Can do nothing but stay in the

cave,

9. Thick fog and rain through the night. This morning the weather cleared

up a little but fog set in thick again. Wind north, strong.

10. The weather cleared up again this morning, but set in thick again. Rain-

ing quite hard and very thick fog.

- 11. The fog was very thick. This afternoon wind X.W., weather clearing up,

12. The weather has been quite pleasant though the top of the mountain is

covered with fog. Wind N.W.

13. The weather looked moderate this morning. [They went out in a boat],

but it was too rough to land [on the other side] and the wind was
breezing up so we had all we could do to get around back again.

14. Rainy and foggy. Wind W,, fresh.

15. Light rain this forenoon, this afternoon cleared up a little, though cloudy

and the mountain is covered with fog.

16. Wind W., with light snow and rain squalls. Temp, of sea water 50°

17. Snow and hail squalls through the night aud this forenoon.

18. The weather was pleasant through the night and this morning, but the

wind set in from north and the mountain soon got covered with fog.

Rainy this afternoon. Strong winds.

19. Continuous rain through the night and to-day. The streams are very

high. Wind N.

20. Strong winds with heavy fog on the mountain Wind N.W, Rather

pleasant. Temp, sea water 50°.

21. Thick weather through the night and to-day, with the wind hauling from

N. to S.W. This afternoon quite a fall of snow with the weather clear-

ing up.

22. The wind hauled to N.W. during the night with heavy rain squalls. This

afternoon better weather with but little rain.

23. Light rain squalls through the day with the wind W., fresh.

24. The weather had a threatening look this morning but finally cleared ofE.

25. Wind S.E., fresh. Misty, thick fog on the mountain. Temp, sea water

50°.

26. The weather set in thick during the night, with the wind east, hauling

from S.E., then to N. and is now N.W., fresh. Thick and rainy.

27. The wind hauled to W. and then back to N.W. this morning and the

mountain shut in with thick fog, with light showers. Wind fresh.
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Sept. 28. Thick weather with hard rain through the forenoon, tliis afternoon better

weather. Wind hauled from N.W. to W.

29. Some fog on top of the mountain. Pleasant weather. Wind N.

30. Weather quite pleasant. Wind N.

Oct. 1. Wind N. Pleasant.

2. This morning the weather was squally with heavy rain, but soon cleared

up. Wind W., pleasant.

3. The wind hauled to the S. and then to S.E. During the night strong

breeze with rain. The weather has been rainy through the day with

wind hauling to N.B. and is now N^.W., strong gale.

4. There has been rain, snow and hail through the day, wind hauling from

N.W. to W.

5. There have been a few rain squalls through the day, with the wind W. The

mountain has been covered with snow.

6. The weather has been quite pleasant Vv^ith but a few rain squalls. Strong

winds from N.W.

7. Pleasant this forenoon, continuous rain this afternoon. Wind N.E. haul-

ing from N.W. Temp, sea water 50°.

8. Cloudy this forenoon and with continuous rain this afternoon. Wind N.,

strong.

9. Rain and snow squalls through the day. Wind hauling from N.W. to

S.W. The top of the mountain is covered with snow.

10. Snow squalls through the day. Wind S.W., very strong.

11. A few snow squalls through the day. Wind S.W. This is the coldest

wind that we have. The top of the mountain keeps covered with

snow.

12. Has been quite pleasant to-day, though a few rain squalls this forenoon.

Wind light and varying from W. to S.

13. Light airs this morning from S.E. Later, wind E. and increasing.

14. Wind N.E , blowing 'strong through the day. At dark it hauled to N.

Pleasant overhead.

15. The wind was very strong through the night and also to-day with fine

rain. Quite rough on the beach. Wind N.

1 6. Wind N.W. Pine rain most all day. Thick fog on the mountain.

17. Pleasant this morning. Light rain this afternoon with thick weather.

Wind N.

19. The weather set in thick with rain and snow. Wind N., but by noon

hauled to S.W. Weather clearing up.*

20. Considerable suow on the mountain though quite pleasant when we got

here [east side].

21. Wind S.M, strong. Cloudy weather with light rain. There is some snow

on the mountain yet.

22. Wind S., strong, with a few snow squalls this morning. Cold on the

mountain.

23. Wind S.W., light, with a few misty squalls. Temp, of sea water 50°.

* One of the men was frozen to death crossing the mountain, on this day. [See

Journal for Oct. 20th, p. 469.]
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Oct. 24. Light winds hauling from S.W. to X.W. Pleasant weather. Quite

smooth.

25. Pleasant this forenoon. Wind N.W. this afternoon. Misty weather.

26. Very pleasant weather. Wind S., moderate.

27. Wind hauling from S. to E. and is now N., strong. Cloudy, almost misty.

28. Raining all day. Wind hauling from N. to N.W.

29. Pleasant most all day. Towards night light misty rain. Temp, sea

water 52°.

30. A light drizzling rain all day. Wind N.W., moderate. Thick weather.

Temp, sea water 52°.

31. Light rain through the day. Wind hauling N.W. to S.W., strong.

Nov. 1. Very strong winds from S.W., but moderating towards night. A little

rain.

2. The wind hauled to the B. last night and to-day is N^.E., strong. Light

showers.

3. Strong gale, wind hauling from N.E. to S.E. Rough on the beach.

4. The wind hauled from S.E. to S. and has got up an awful sea which has

swept the beach where we are working. This is the first time the wind

has hauled this way. To-night the weather is the same. This is the

roughest time there has been since our men have been here.

5. The wind moderated some through the night and hauled from S. to E.

The sea has gone down considerable. The weather has been misty

through the day.

6. During the night the wind hauled to N. from E. and to-day has hauled to

S.W. Blowing very strong with mist and rain.

7. Rain squalls through the day. Wind S.W., strong.

8. Very strong wind from W., though quite pleasant on this side of the

island.

9. Stormy weather. Wind N. and raining hard till towards night when the

wind hauled back to S.W. Very rough on the beach.

10. Quite pleasant with a few rain squalls. Wind S.W., strong.

11. Very pleasant with strong winds from W.N.W. Temp, of sea water 52°.

12. Pleasant most all day with a few rain squalls this forenoon. Wind N.W.,

strong.

13. Strong winds from the N. with continuous rain all day.

14. Strong winds hauling from N. to S.W. with a few rain and hail squalls.

15. Strong winds from S.W., quite cold, with a few rain squalls.

16. Steady light rain all day. Wind N. Thick weather.

17. Pleasant weather. Wind N.W., fresh.

18. Rather pleasant on this side but thick weather off shore. Wind N.W.,

strong. Misty.

19. Rather pleasant this forenoon, but light misty weather this afternoon.

Wind N.W , strong.

20. Rather pleasant, but very strong winds from W.

21. Quite pleasant with a few misty squalls. Wind N.W. through the day but

hauling to W. at night. Temp., sea water 52°.

22. Pleasant. Wind N.W., strong. Quite smooth on this side of the island.

23. Pleasant weather with strong winds from N.W.
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Nov. 24. The wind hauled to N. during the night. Moderate this morning, increas-

ing during day. Light rain through the day but increasing towards

night.

25. The wind hauled to the S.W. during the night. Blowing very hard. A
few rain squalls this morning.

26. Wind hauled back to N.W. again last night and had gradually increased

to a strong breeze and is setting in bad weather.

27. To-day has been quite pleasant though the mountain is covered with fog.

Wind hauling from N.W. to W., very strong.

28. Wind W., strong this morning but moderating through the day. A few

rain squalls this afternoon. Temp, of sea water 52°.

29. The wind hauled to N. last night and there has been a steady fall of rain

through the day. Wind is still hauling to the E. and at night is S.B.,

very fresh.

30. The wind moderated in the night but still remained in the S.E. To-day

it has hauled back to N., light. Quite pleasant though somewhat

cloudy.

Dec. 1. Wind N.W. with light drizzling rain most all day. Wind fresh.

2. The wind was W. this morning but hauled to N.W. in the afternoon.

3. The weather set in stormy about 10 a. m
,
but at night has cleared up.

Wind N.W.

4. The weather has been improving through the day. Wind N.W., moderate.

5. Very pleasant. Wind light and hauled from S. to E. and then to N.E.

and so around to N.W. Moderate swell on the west side.

6. Quite pleasant, though ' there has been a few rain squalls this afternoon

.

The wind has been light through the forenoon, but in the afternoon

hauled to the S.W. and is breezing up.

1. Had strong winds from S.W. this forenoon, but moderate in afternoon.

Wind hauling to S.

8. Stormy through the night and this forenoon. Afternoon, the weather has

cleared up some. The wind was N.E. this morning, a strong gale, but

has hauled to the S.W. and is very heavy.

9. Had very strong winds through the night, to-day more moderate, W. A
few rain squalls through the day.

10. Very strong winds from S.W. through the night and to-day. Squally with

rain. Wind W., fresh. Quite rough.

11. Wind W., fresh. Quite rough.

12. Pleasant this morning and quite smooth. About noon began to look bad.

Commenced to rain in the afternoon. Wind N., strong.

13. Strong winds from N.W. with thick fog, and rain. Weather growing

worse.

14. Weather moderated during the night and has been improving all day. Very

pleasant to-night.

15. Very pleasant weather. Wind N., moderate, but varying in force.

16. The weather set in rainy this morning. Wind N. Stormy all day.

IT. The weather moderated during the night. Wind hauling from N. to W.

Very strong breeze all through the middle of the day but moderate

again towards night.

.^Iaut
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Dec. 18. Strong winds from W.N.W. with a few light showers towards night.

Weather is setting in thick.

19. Strong winds with continuous rain through the day. Wind W.N."\Y.

Towards night the weather clearing up though the wind is full as strong.

20. Winds W.N.W., very strong, with a few rain and hail squalls.

21. Wind W., fresh in the morning but moderating during the day.

22. Weather has been quite fair, though it has looked threatening all day.

Wind N.W. A few light rain squalls.

23. The weather has been quite pleasant to-day. Wind W., moderate.

24. Weather set in thick and stormy this mornmg and is growing worse.

Wind W.N.W., strong. Temp, sea water 54°.

25. Weather was stormy through the night and a part of the forenoon, but

cleared up towards noon and has been very pleasant.

26. Wind S.E., moderate.

27. Weather set m thick during the night and there has been a heavy mist

all day. Wind N. in the morning but hauled to the W. in the afternoon,

moderate.

28. Quite pleasant this morning. Wind X., moderate. Commenced to rain

towards night.

29. Quite a steady rain through the night. Thick weather to-day with strong

winds from N.W. Partially clear towards night.

30. Has been a thick and heavy fog on the mountain and occasional light rain

squalls through the day. Wind N.W., very strong.

31. Stormy in the morning but cleared up by noon. Wind N.W.

1889.

Jan. 1. Had a number of light rain squalls. Wind N.W., strong.

2. Wind N.W. with rain squalls.

3. Wind hauling from N.W. to S.W. with a few rain squalls.

4. Cloudy with a moderate breeze from N.

5. Wind W. aud increasing to a strong gale. There has been a light mist

with fine rain most all day.

6. Strong winds from W.N.W. with a few light raiu squalls. Thick weather

on the mountain. Temp, sea water 55°,

7. The wind hauled to W. in the night. Weather has been pleasant with

strong winds. At night it is setting in bad with rain squalls.

8. Wind hauling from S.W. to N.W., moderate. Heavy ^well on this beach.

9. Set in thick with fog and rain and very strong winds from N. Wind
hauled back to W. and weather cleared up this afternoon.

10. Strong winds from W., though on this side of the island the sea is very

smooth. Partially cloudy weather.

11. The weather moderated during the night. Wind N.W., increasing by

night. Blowing very strong with rain squalls.

12. Strong winds with rain squalls. Wind W.

13. Strong breezes from W.S.W. with a few rain squalls.

14. Quite pleasant. Moderate breeze from W. At night hauled to S.W.

15. Wind S. to S.E., light.

16. The wind hauled around to the S.E. and then N.E. last night. Commenced
to breeze up this morning and has increased to a fresh breeze with rain

and fog. Towards night it has hauled around to N.W.
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Jan. 17. Partiallj' foggy this forenoon. Wind X.W. Afternoon, wind S.W. with a

few rain squalls. Fog increasing at times and then clearing up. At

night quite thick.

18. Quite pleasant weather. Partially cloudy. "Wind S.S.W. this morning

but by night hauled to W., light.

19. Weather set in stormy this forenoon with fresh breeze from X.W. Foggy

and rain squalls.

20. "Weather is gradually setting in thick with light rain and fog. Wind N.E.,

light, though increasing.

21. Quite pleasant to-day. Wind N.W., fresh.

22. "Wind N.W., strong, with a few rain squalls.

23. [The schooner arrived and they left the island.']

EXPLANATION OF PLATES.

Plate VIII.*

Figure 1.

—

ThaJassogeron eximius sp. nov. From a skin from Gough Island, collected

by Geo. Comer. J natural size.

Figure 2.

—

Tlialassogeron eximius s^. nov. From a skeleton from Gough I.sland, col-

lected by Geo. Comer, f natural size.

Plate IX.

Figure 1.

—

Eudyptes chrysocome atrifrons var. nov. From a skin from Kerguelen, col-

lected by Geo. Comer. -J natural size.

Figure 2.

—

Eudyptes chrysolojohus (Brandt). Xo. 746b. From a mounted specimen

from Kerguelen, presented by R. H. Chapell. | natural size.

Figure 3.

—

Eudyptes chrysolopTius (Brandt). No. 746a. From a mounted specimen

from Kerguelen, presented by R. H. Chapell. i natural size.

All of the above figures are crayon-lithographs from natural size drawings, by

A. H. Verrill, of the original specimens.

* The four preceding plates, illustrating Mr. Emerton's paper, were erroneously

numbered. They should have been numbered IV, V, VI, VII.



VIII.—Ox THE Anatomy of a species of Nemertean [Cere-

hratulus lacteus Verrill), with remarks on certain other

SPECIES. By Wesley R. Coe.

This species of Nemeilean is found in abundance on the southern

coast of New England burrowing in the hard sand or sandy mud
near low-water mark, and at some distance both above and below.

Living in the burrows with these worms there is often found a

species of Planarian {Eastylochus ellipticus) which apparently

feeds upon the sticky mucus which lines the burrows and is

secreted by the integument of the worm. This species of Nemertean

has a wide range of distribution, being found along the Atlantic

coast from Maine to Florida. It is a particularly active species and has

the posterior portion of the body broad and flat, so that it is "well

adapted for swimming. It is often met with at night swimming

near the surface of the water with motions like those of an eel.

These worms live well in captivity during the cooler portions of

the year in a very limited quantity of sea-water, but although I

have kept the sexually mature animals long past the normal time for

the deposition of the genital products, these were not discharged

and the worms finally died. Fragments without heads remain alive

for several weeks.

The external anatomy of this species has been so admirably

described by Verrill (1)* that it is intended in this paper to treat

of the internal anatomy and histology only. For the most part,

serial sections in paraffin have been used, although for histological

study the tissues are readily macerated in a dilute solution of

formalin, as described below.

For the preservation of Nemerteans for histological study, good

results are obtained by the use of hot, not boiling, fluids. A satu-

rated solution of corrosive sublimate, a two per cent, solution of

chromic acid, or water to which a little formalin has been added,

may be employed. If chromic acid be used the worms should remain

in the fluid for 24 hours and then be washed for several hours in run-

* The number in brackets after an author's name refers to the number of the paper

in the bibliography at the end of this article.
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ning water. If corrosive sublimate or water be employed the speci-

mens should remain but one or two minutes and then be transferred

to alcohol of 70 per cent., which must be changed repeatedly. A
two per cent, solution of formalin in 50 per cent, alcohol also gives

good results.

For killing the specimens a solution of 0.5 to 1 per cent, formalin in

sea-water gives excellent results. In this fluid the worms die Avithout

contraction, with their proboscides in place, and are nicely preserved

for histological study. After a few minutes the animals should be

transferred to weak alcohol, Avhich should soon be changed to strong

alcohol.

Good museum specimens, or material for class-room work, can be

preserved, pei'haps permanently, in a three per cent, aqueous solution

of formalin. Specimens preserved in this way nearly a year ago are

as 3^et in an excellent state of preservation, even for histological

study. By making a few horizontal and transverse sections of such

specimens, the student can readily obtain a good idea of nemer-

tean anatomy ; or the brain and other organs may be easily dissected

out from a specimen which has been kept for several days in a one

per cent, solution of formalin. For sectioning in paraffin the worms

may be stained in toto with borax-carmine, Mayer's hferaalum, or

carmalum. In using borax-carmine, a little pici'ic acid may be

added to the benzole or xylol which is used for dissolving the par-

affin from the sections on the slide. The best results, however,

cannot be obtained by staining in toto. It is often convenient to

employ a preliminary stain in toto with borax-carmine, or j^erhaps

better with an analin, in order that the paraffin blocks may be more

readily oriented than would be the case were the specimens unstained

and almost colorless. The sections, after having been cut, are fas-

tened to the slides with Mayer's albumen and restained with Dela-

field's hjematoxylin diluted with an equal quantity of water. After

washing off the superfluous stain with water, the sections are passed

through a solution of Griibler's orange, G, in 35 per cent, alcohol.

This method gives the tissues a beautiful purple nuclear stain with

an orange plasma-stain.

In studying the histology of the tissues it is necessary to isolate

the individual cells by means of maceration. For this purpose

nothing has given better results than an aqueous solution of less,

than one per cent, formalin. One-fifth of one per cent., or even less

is for some tissues strong enough. After a day or two the cells are

readily separated and their nuclei stain with great intensity with

Delafield's haematoxylin diluted with water.
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The Integument.

The integument consists of an outer ciliated and glandular epithe-

lium, with its underlying basement membrane and double set of

muscles, and an inner cutis ; the latter possessing a deep layer of

glands and a thick network of fibres.

The epithelium (Plate XI, fig. 1 ; Plate XV, fig. 1, e) is made up
of long ciliated cells and of two kinds of gland-cells, together with

delicate supporting fibres from the basement layer beneath. Each
ciliated cell (Plate XV, fig. 2, ce) is long and slender except near its

free surface, where it is broad and thick. The free sui-face is cov-

ei-ed with cilia, each cilium being attached to the cell by a slender,

I'od-like process with a knob at the end on which the cilium rests.

A row of such knobs is readily mistaken for a section of a thin

membrane and has been repeatedly described as a cuticle. The cell

is contracted below to a slender fibre, often branched near its end,

where it is attached to the basement membrane beneath. An oval

nucleus lies in the lower part of the body of the cell.

The unicellular glands, "goblet-cells " .(Plate XV, fig. 2, g,g'), are

mostly covered above by the overhanging ciliated cells, and are of

two varieties which are readily distinguished by the staining prop-

erties of their contents. One variety [g) is characterized by its

coarse granular secretion which stains deeply with hrematoxylin,

while the other (//') possesses a homogeneous, non-staining secretion in

a fairly regular, oval or elongated, solid mass which shows a striking

resemblance to the rhabdites of the Rhabdocoela.* Both varieties

of gland-cells are elongated and broadened below, with their oval

nuclei pushed Avell down toward the bottoms of the cells, which are

often continued, as are the ciliated cells, into slender, fibre-like pro-

cesses. The secretion, especially of the latter variety of glands, is

often pressed partly out of the cell and projects on the surface

among the cilia. Slender masses of deeply stained secretion from

the cuticular glands are often met Avith among the epithelial cells.

Amongst the bases of the epithelial cells we find numerous nuclei

difi^erent both from those of connective tissue and from those of

the epithelial cells. These nuclei belong, in part, to interstitial sup-

porting cells (Plate XV, fig. 1, «), and, when we consider the number
of nerve fibres with which the epithelium is provided, it seems quite

probable that some of them belong to cells connected with the nerv-

ous system, either to the sensory cells themselves or to some other

* Cf. Lang (14).
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cells connected both with the sensory cells and with the nerves.*

Directly beneath the epithelium is a thin basement membrane (Plate

XV, fig. 1, hm) of amorphous connective tissue with a few large,

oval nuclei. In this basement membrane the epithelial cells are

imbedded. The epithelial musculature [em] is made up of two thin

layers of excessively fine muscular fibres ; an outer circular layer

just below the basement membrane and an inner longitudinal layer.

These muscles attain their greatest development in the anterior por-

tion of the intestinal region, decreasing in thickness towards both

ends of the body.

The cutis consists of muscular fibres and a loose network of

connective tissue supporting the tubular glands which are peculiar

to this portion of the integument. In the oesophagal region the

cutis is made up of an outer, glandular layer (Plate XI, fig. 1, cu')

with bundles of longitudinal muscles separated by connective

tissue and tubular glands, and an inner layer [cu] of anastomosing

radial fibres {rf), longitudinal muscles {Im) and diagonal muscles.

Near the head the longitudinal muscle-bundles are widely separated

by bundles of diagonal muscles. The inner layer disappears near the

intestinal region. Around each muscle-bundle is a large amount of

connective tissue which forms a framework fi»r the muscle-bundles

and for the tubular glands. These glands {tg) are long and closely

packed together in the anterior portion of the body but are shorter

and less numerous farther back. Each gland is furnished with sev-

eral dozens of secreting cells which are closely packed together. No
lumen is visible (except when it is filled with secretion), the cells of

opposite sides being in contact. The duct to the exterior is slender

but may often be traced throughout its length by its deeply stained

contents. It apparently exists only at the time of discharging the

contents of the cells ; that is, the secretion from these glands is forced

between the epithelial cells of the outer layer, where it is often seen

in microscopic sections. Each secreting cell is oval or pear-shaped

and is usually filled with a deeply stained, granular secretion. The

oval nucleus is pushed towards the deeper end of the cell. Each

gland is surrounded by a sheath of connective tissue. Perhaps it

would be better to speak of these glands as elongated clusters of

unicellular glands discharging their secretion through a common

duct to the exterior. Numei'ous radial nerve-fibres pass directly

through the cutis and end in the epithelium.

* In Carinina, Hubrecht (7) states that he finds certain of the epithelial cells to be

provided with sensory hairs.
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The Musculature.

The muscles of the body-wall form a strong, muscular tube which

is almost entirely closed except where broken through by the alimen-

tary canal, proboscis-pore, and nephridial and reproductive openings.

The cutis rests directly upon this muscular tube, the wall of which

is very strong and thick in the cesophagal region but is much less

developed farther back. There are three principal layers of these

muscles ; an outer longitudinal (Plate XI, figs. 1, 3, hn), a circu-

lar {c7n) and an inner longitudinal layer {Im), together with dorso-

ventral and radial muscles. Of these, the outer longitudinal layer is

the most massive and maintains its relative thickness throughout the

length of the body.

Broad bands of radial fibres (fig. 1, rf) from the nervous plexus

and inner layers of the body-wall divide this layer radially into a

multitude of thin, muscular bands. After passing through the outer

longitudinal muscular layer the radial fibres, in part, spread out to

form the loose framework of the cutis, described above ; the rest

pass to the epithelium. The circular muscular layer is also very

thick in the cesophagal region, but becomes relativel}^ weak towards

the end of the body. It averages about one-half the thickness of

the outer longitudinal layer and extends forward as far as the bi'ain

commissures.

The inner longitudinal layer is much weaker than either of the

two outer layers. Radial fibres from the nerve-plexus pass through

this, as well as the circular layer, to innervate the alimentary canal,

proboscis sheath, and other organs. The muscles to these organs and

the dorso-venti'al muscles also pass through this layer to become

attached in the circular layer.

In this species the intestinal region is very flat in order to adapt

it for swimming, and the dorso-ventral muscles (Plate XIV, fig. 8,

dm) are excessively developed in this part of the body. These mus-

cles are entirely wanting in the anterior cesophagal region, although

they occur in small bundles farther back at the lateral borders of the

oesophagus and increase in strength towards the intestinal region,

where they form broad, double bands alternating with the intestinal

cfeca (Plate XIV, figs. 8, 10, 11). These bands form the anterior

and jDosterior walls of the genital sacs. The two bands between

each caecum are united near the intestinal axis and are much thicker

here than distally. The dorso-ventral muscles spread out and ter-

minate, above and below, in the circular muscular layer.

The muscular layers are composed of muscle-bundles (Plate XV,
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fig. 10) of various sizes, each containing a small number of separate

fibres and surrounded by a sheath of connective tissue (c) which

contains large, oval nuclei. In some cases the sheath is very thin

and delicate, while in others it equals in thickness the diameter of

the muscle-bundle. Delicate connective tissue fibres from this sheath

surround the individual muscle-fibres (mf). Between the muscle-

bundles run also numerous nerve-fibres.

In the head (Plate XI, fig. 2) the muscles are not separated into

distinct layers as they are in the rest of the body, but the cephalic

musculature is made up of an irregular network of fibres, muscular

and nervous, running in all directions.

In the region of the mouth, the muscular layer is, of necessity,

incomplete and ends on each side of the mouth-opening. A thick band

of horizontal muscles (Plate X, fig, 4, hm), lying on a level with the

lateral cords between the mouth and proboscis-sheath, connects the

right and left portions of the circular layer (on), so that in reality

there is a provisional circular musculature which is complete only

about the proboscis-sheath and lateral lacunoe.

The cell structure of the muscular tissues is difficult to make out

in most parts of the body because of the excessive fineness of the

fibres and the small number of nuclei which can be distinguished.

In the large fibres in the anterior portion of the proboscis-sheath,

however, each fibre (Plate XV, fig. 12) appeal's in cross section to

have a circular or angular outline, inside of which is the unstained

contractile substance and near one side an oval or flattened, often

crescent-shaped, nucleus {n). Each muscle-fibre, therefore, may be

conceived to be a single, greatly elongated cell with a single flat-

tened nucleus just beneath the cell-wall. In Carinella the muscular

fibres (Plate XV, fig. 11) are considerably larger and the nuclei

show very distinctly.

The Gelatinous Tissue and Body-cavity.

Internal to the body-wall and surrounding the proboscis-sheath,

alimentary canal, blood and nephridial vessels, etc., is a mass of

jelly-like connective tissue called by BUrger (2) the "parenchyma"

and by Hubrecht (7) "gelatinous tissue." This gelatinous tissue

seems to be united directly with the connective tissue surrounding

the muscle-bundles in the body-wall. It is present throughout the

length of the body and occurs most abundantly as broad, thick

bands above and below the alimentary canal (Plate XI, fig. 3 ;
Plate

XIV, fig. 8, yd). It is a structureless, transparent tissue in which a
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few characteristic nuclei are imbedded and through which fibres pass

in various directions between the nerves and muscles in the body-

wall and the organs which the tissue surrounds. Wherever this

tissue comes in contact with any other tissue, and especially sur-

rounding the blood-vessels, we find a mantle of large cells. These

parenchyma-cells (Plate XIII, figs. 13, 14, pc) possess large, oval

nuclei which are imbedded in small masses of granular protoplasm

which in the preparations have shrunken away from the surrounding

walls.

Body- cavity.—In Nemerteans we find no space corresponding to

the body-cavity of the Annelids, the space about the alimentary

canal being filled up with the gelatinous tissue, or parenchyma,

described above. The cavity of the proboscis-sheath, or rhyncho-

coelom, is often looked upon as homologous with the body-cavity.

It is not uncommon to find a small split (Plate XIV, fig. 10,/)

between the outer border of the intestinal cteca and the surrounding-

gelatinous tissue. In some species of Nemerteans* this split is stated

to be lined with a special membrane, although in this species it could

not be found, the split appearing merely as an artificial shrinking

of the intestinal wall away from the surrounding gelatinous tissue.

The Proboscis-sheath.

The proboscis opens to the exterior through a terminally placed

pore (Plate XII, fig. \,pd) which leads into a cylindrical chamber

at the posterior end of which the anterior end of the proboscis is

attached to the cephalic musculature. This chamber has been called

by Hubrecht (7) rhynchodfBum (Plate X, fig. 1 ; Plate XI, fig. 2
;

Plate XII, figs. 1, 2, r). It continues backward into the proboscis-

cavity but is sharply marked off from the latter by a strong sphinc-

ter. The glandular and ciliated epithelium of the body passes

gradually into the simple, columnar epithelium of the rhynchoda?um

and this, in turn, into the more or less stratified epithelium of the

proboscis. Although the cell-walls of the columnar epithelium

(Plate XII, fig. 8) of the rhynchodiBum are not very distinct, the oval

nuclei are regularly arranged with their long axes at right angles to

the lumen. Each cell bears a cluster of moderately long cilia. In

the anterior portion of the rhynchodteum a special musculature is

wanting and the epithelium is separated from the cephalic muscles

only by a thin layer of connective tissue, the basement membrane.

Towards the posterior half of the chamber a layer of circular mus-

* Cf. Salensky (15).
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ciilar fibres comes in, which increases in strength farther back, A
short distance in front of the attachment of the proboscis this layer

greatly increases in thickness, forming a sort of sjihincter (Plate XII,

fig. 2, rs) between the rhynchodreum and the proboscis-cavity. Near

the posterior end of the rhynchodaeum longitudinal muscular fibres

occur between and outside the circular muscles. These fibres

together with those from the proboscis are firmly attached to the

cephalic tissues (at x, Plate XII, figs. 1, 2) on all sides except where

they are interrnpted by the blood-lacunje. Thoughout nearly the

whole length of the rhynchodfeum its walls are surrounded by the

fluid contained in the cephalic blood-lacnnie {cl) and it is not improb-

able that the sea-water contained in the rhynchodaeum, as Avell as

that in the cesophagus, may aid in respiration.

The proboscis-sheath (Plate X, figs. 3, 4 ; Plate XI, figs. 2, 3, 4
;

Plate XII, figs. 1, 2, 7, ps) forms a tube with muscular walls reach-

ing from the origin of the proboscis in front of the brain nearly to

the posterior end of the body. The proboscis usually lies coiled up

in the anterior portion of the cavity of the proboscis-sheath and is

surrounded by a corpusculated fluid bearing a close resemblance to

blood. The anterior end of the proboscis (Plate XI, fig. 2 ; Plate

XII, figs. 1, 2, x) is attached to the anterior end of this sheath and

to the cephalic musculature on all sides, completely closing the cavity

of the proboscis-sheath, or rhynchocoelom.

When the walls of the proboscis-sheath contract the rhynchocoelomic

fluid is forced against the attachment of the proboscis, thereby caus-

ing that organ to be protruded by eversion. Ordinarily the proboscis

is everted for a small portion of its length only. When the animal

is greatly irritated the muscular walls contract with such violence as

to rupture the attachment of the proboscis and expel it without

eversion. Most Nemerteans are said to withdraw their proboscides

by means of the retractor muscles. When, however, it is considered

that a large portion of the proboscis is withdrawn into the sheath

much farther than the attachment of the muscle to the wall of the

latter, and how very delicate this muscle is, it would seem that the

proboscis must be withdrawn by the action of the muscles of the

sheath aided, probably, by those of the body-wall, rather than

by the contraction of the retractor muscles. This must necessarily

be the case in this species, in which, as stated below, the retractor is

entirely wanting. This muscle seems, rather, to function in limiting

the distance to which the proboscis can be extended. In the Enopla

it is just sufticiently long to allow the stylet to project at the

extremity of the everted proboscis.
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In a worm a meter or more in length the proboscis-sheath reaches

within a few millimeters of the posterior end of the body. Such

extreme length of the proboscis-sheath is more characteristic of the

Enopla than of Cerebratulus. This organ lies in the dorsal portion

of the body (Plate XI, figs. 3, 4) above the alimentary canal. In

the head (Plate X, fig. 3) it lies between the dorsal ganglia and

between the side-organs. Its wall is very thick and strong in the

cesophagal region, but farther back it diminishes in strength and

towards its posterior extremity becomes merely a delicate membrane

surrounding a lumen much smaller than that of the dorsal blood-

vessel beneath it.

At its extreme anterior end its muscular iraU is made up of a thin

layer of circular muscular fibres. The longitudinal layer of muscles

arises between the circular layer and the endothelial lining. It

increases in strength further back and in the intestinal region it is

equal in size with the circular layer. Besides this compact layer

(Plate XII, fig. 7, ha) which lies next the endothelium we find in the

cesophagal region a second, but incomplete, layer of longitudinal

muscles [Im') outside the circular layer. On the dorsal side of

the sheath this outer longitudinal musculature is Avanting, but beneath

the dorsal vessel it becomes very strong and is made up of several

layers separated by bundles of circular fibres. In the mouth-region

all the laj^ers are very thick and more or less intermixed. The cir-

cular layer sends off fibres to the circular muscular layer of the body-

wall as well as to the wall of the oesophagus. The sheath is bor-

dered on the outside by the body-parenchyma.

Towards the posterior end of the sheath the layers of muscles dis-

appear and there is merely a thin sheath of connective tissue surround-

ing the endothelial lining. This endothelium (Plate XII, fig. 7, en) is

made up of flattened cells with spherical nuclei imbedded in a granular

protoplasm,but the cell-walls are not readily distinguished. The endo-

thelium rests on a thickened and much folded layer of connective tissue,

the basement membrane [hm). The space within the proboscis-sheath

which is not occupied by the proboscis is filled with a corpusculated

fluid, the rhynchocfelomic fluid (Plate XII, fig. 9), which bears a

close resemblance to blood. The flattened or rounded corpuscles

contain spherical nuclei which are often eccentrically placed. The

dorsal blood-vessel, as described below, enters the proboscis-sheath

near its origin and runs in the rhynchocoelom nearly to the intestinal

region, where it passes through the Avails of the proboscis-sheath

beneath which it runs to the posterior end of the body. The pro-



488 W. 7?. Coe—Anatomy of Cerehratuhis lacteus.

boscis-sheath is innervated by nei've-tibres which pass from the dorsal

nerve through the tAvo inner layers of the body-musculature.

The Proboscis.

The proboscis (Plate XI, fig. 2 ; Plate XII, figs. 1, 2, p; figs. 11,

12, 13) consists of a tube with thick muscular walls which are attached

anteriorly to the muscles of the head just in front of the brain (Plate

XI, fig. 2 ; Plate XII, figs. 1,2). Although often nearly as long as the

entire animal, it usually lies coiled up in the oesophagal region and

reaches only a short distance further back. In the Enopla and in

many of the Anopla\M\% organ has its blind posterior end attached

by a slender fibrous ribbon to the dorsal wall of the proboscis-sheath.

This attachment is readily observed in the living worm or in micro-

scopic sections. In this species, although I have examined a great

number of individuals with reference to this point, I have been unable

to find any such attachment. In all cases the proboscis lay coiled up

within its sheath, and its smooth, rounded extremity (Plate XII, fig.

10) showed no evidence of having had any connection with the pro-

boscis-sheath.

The Avail of the proboscis shows a striking similarity to the body-

wall both in the number and in the arrangement of the constituent

layers. A comparison of the diagrams on Plate XII, figures 5 and

6, will serve as an illustration of this close resemblance. Of course

the curvature of the layers is different; but this Avould not be the case

when the proboscis is extruded. In the body-wall, fig. 5, we find an

outer epithelium {e,) ; an outer longitudinal muscular la3^er (^m') ; a

nerve-plexus («p) ; a circular muscular layer {cm) ; and an inner

longitudinal muscular layer {Im). Likewise the proboscis, fig. 6, is

made up of an inner epithelium (e) ; an inner longitudinal muscular

layer (Jm) ; a nerve-plexus {np) ; an inner circular muscular layer

{cm) ; an outer longitudinal muscular layer {Im!)
;
and an outer cir-

cular muscular layer {cm!), besides a delicate endothelium (en)

bathed in the fluid of the rhynchocoelom.

The inner epithelial layer (Plate XII, figs. 11, 12, 13 e) is thrown

up into large, circular folds which are more or less broken up into

rounded papillae by irregular longitudinal folds. The epithelium is

directly continuous with that of the rhynchodseum, and is made up of

long columnar cells (Plate XII, fig. 3) which are mostly filled with

glandular secretion. The cells («) which clothe the immediate lumen

of the proboscis have, in many cases, in their free, outer borders a

cluster of slender, rod-like bodies {;\'o) resembling the rhabdites of the
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Rhabdoca?la. The inner portion of each cell is prolonged into a

slender j^rocess, above which lies the nucleus as in the cells of the

body-epithelium. The fine granular protoplasm above the nucleus

contains minute particles of a transparent secretion. Between these

" rhabdite-cells ", and especially among their bases, are many less

elongated cells [a') which are more or less completely filled with a

transparent secretion often collected into globules of various sizes.

The secretion of the proboscis-glands is exceedingly sticky, so that the

proboscis adheres to any object with which it comes in contact. This

organ may possibly aid the worm in securing its food. It is often

thrust out as if to explore the surrounding objects.

In the anterior portion of the proboscis (Plate XII, fig. 11), the

epithelium is very simple and is made up of ciliated columnar cells

like those in the rhynchoda?um (Plate XII, fig, 8), A transverse sec-

tion through this region of the proboscis shows only longitudinal

muscular fibres, among which the nerves (^9w) aj^pear as two crescent-

shaped masses similar in position to the lateral cords of the body.*

In the middle portion of the proboscis (Plate XII, fig. 12), the

epithelium is much folded and when the proboscis is not extruded

the columnar cells partially overlap, so that in a section the epithe-

lium appears to be stratified (fig. 4), In this region the muscular

layers are very thick. Towards the posterior end (fig, 13) the

e2)ithelial cells become still more slender than in the middle region

and among them are very few " rhabdite-cells." The cells are mostly

glandular and are filled with a transparent secretion collected into

little globules.

The muscular layers are made up of muscular fibres which are con-

tinuous with the interlaced fibres of the head. These are gathered

up from all sides into compact and strong bundles as they pass, just

m front of the brain, into the proboscis. These muscles at first show

no division into layers but all run parallel with the long axis of the

proboscis (Plate XII, fig. 11), Gradually, however, a circular layer

arises just outside the nerves, which divides the longitudinal muscles

into an outer and an inner layer. As the circular layer (fig, 12, cm)

becomes stronger some strands of the muscle pass tangentially from

* Hubrecht (7) describes and figures (Plate XY, fig. 3) a similar section from the

proboscis of Cerehratulus macroren, although he states that the section was taken very

far back in the proboscis. He states also that the nervous plexus has given place to

two longitudinal nerve-stems and that the epithelium is flattened. It would be sur-

prising if the anterior end of the proboscis in one species should correspond to the

posterior end in another species of the same genus.

^A-
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it, through the outer longitudinal layer, above and below, and unite

with the thin, outer circular layer (cm') just internal to the outer

endothelium. Dorsally, these fibres leave the inner circular layer to

the right and to the left of the middle line and pass outwards in such

a manner that the fibres from the right side cross those from the left,

in the midst of the outer longitudinal layer, in the middle line. Ven-

trally, the fibres from each side leave the circular layer in the

median line. These crosses {co,cd) are wanting only at the anterior

and posterior ends of the proboscis. The fibres making such crosses

do not occur in a continuous sheet but pass out in bundles between

the bundles of longitudinal muscles.

For a considerable distance back from the anterior end, the internal

longitudinal layer {Ini) is much more massive than the external, but

the muscle-bundles are much moi-e widely separated by the connec-

tive tissue framework and gelatinous tissue. Towards the middle

region of the proboscis this layer becomes much reduced, and near

the posterior extremity it disappears altogether. The inner circular

layer (cm) continues nearly the whole length of the proboscis with-,

out noticeable change of character. The externallongitudinal\2i,jeY

[hn') maintains nearly the same thickness throughout the entire

length of the proboscis and continues back to the very extremity,

after both the other principal layers have disappeared. The

external eircidar layer (e»i') is made up of a few fibres lying imme-

diately beneath the outer endothelium.

The proboscis is innervated by means of a pair of nerves (Plate

XII, fig. 11, />«) which arise from the venti'al brain-lobes and

pass with the muscles into the proboscis, where they at first occupy a

lateral position (similar to that of the lateral cords of the body) in

the midst of the muscle-bundles. Farther back they expand dorsally

and ventrally, inside the forming circular muscular layer, until each

meets the other above and below to form a cylindrical nerve-plexus

(fig. 12, np) analogous to that in the body- wall. Towards the pos-

terior end this layer becomes much reduced and at length disappears.

The outer epithelium, or endothelium, (en) rests upon a thin base-

ment membrane and is made up of a single layer of flattened endo-

thelial cells quite similar to those which clothe the proboscis-sheath

(fig. 7). Each cell rests upon the basement membrane below, with its

free surface bathed in the rhynchocoelomic fluid. As in the endothe-

lial cells of the proboscis-sheath, the cell-boundaries are not to be

readily distinguished. The anterior end of the proboscis forms a

circular line of attachment to the cephalic tissues. This attachment
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(Plate XI, tig. 2, Plate XII, fig. ],.«)is quite thin and is easily

broken by any sudden contraction of the muscular sheath.

llie Alimentary Canal.

The alimentary canal may be divided into five principal regions :

mouth, oesophagus, intestine, rectum and anus.

The mouth is situated on the ventral side of the body a little

farther back than the posterior ends of the cephalic slits. It is capa-

ble of great variation in size and shape ; at one time appearing as a

small, round hole, and at another, as a longitudinal slit. The epithe-

lium of the mouth-opening is thrown up into numerous longitudinal

folds (Plate X, fig. 4) continuous with those of the oesophagus. It

passes insensibly into the epithelium of the integument on one side

and the cesophagal epithelium on the other. There is an outer layer

of ciliated cells beneath which are large gland-cells in several layers.

Their granular contents stain with great intensity. There is a large

blood-vessel, the buccal, and a large nerve, the vagus, on each side

of the mouth.

The oesophagus (Plate XI, figs. 1 , 3) also has the epithelium

thrown up into great longitudinal folds but is entirely devoid

of diverticula. It is supplied with a loose musculature (fig. 1, m)

consisting of a few circular and longitudinal fibres ; there is also

a system of radial fibres connecting these muscles with those of

the circular layer in the body-wall. The oesophagus is surrounded

by a complex system of blood-vessels ramifying in all directions

beneath the epithelium. They are supplied fi-om the lateral blood-

vessels and anastomose anteriorly with the buccal vessels. There is

a large number of these oesophagal vessels, as many as twenty being

seen in each cross section. In most related species the oesophagus is

surrounded by a comparatively small number of large lacunre instead

of contractile vessels as in this species.* In the nephridial region

the nephridial canals run parallel with the smaller blood-vessels.

The anterior portion of the (esophagus is innervated by the vagus

nerves, and the remainder by radial fibres from the nerve-plexus in

the body-wall.

The epithelium (oe) is made up of a superficial layer of ciliated and

glandular cells and a deeper, thick mass of glands ai-ranged in clus-

ters. There is also a thin layer of very large gland-cells situated

beneath the musculature. Each ciliated cell (fig. 5) is swollen near

* Cf. C. Leydii, Plate XV, fig-. 13.

K .5) /^. ^
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its free border and has its opposite end continued into a slender,

often branched, fibre-like process. The nucleus {n) is placed in the

lower part of the upper, broadened portion of the cell. These cells

are regularly arranged with all their oA^al nuclei at about the same

level. Glandular cells are scattered among the ciliated cells.*

Beneath the superficial layer are elongated clusters of gland-cells

closely packed together. Each cluster of cells apparently has a

single duct leading through the ciliated layer to the lumen of the

cEsophagus. The individual gland-cells are large, oval or elongated,

and contain a small nucleus pressed to one side of the mass of deeply-

stained secretion, similar to that often found in the duct.

The intestine comprises much the largest portion of the alimentary

canal, and to further increase its surface there are broad, paired

diverticula of the main canal throughout its course. These intes-

tinal cffica are often for-ked or lobulated distally, especially above and

below the median horizontal plane (Plate XIV, fig. 10). The main

canal {i) is comparatively small, and in transA^erse sections appears

somewhat flattened and broadened above, while the narrow ventral

border lies near the ventral wall of the body (Plate XI, fig. 4).

The intestine lacks muscles almost entirely, the caeca being directly

surrounded only by connective tissue, and although there is a double

set of dorso-ventral muscles reaching between each pair of caeca

nearly to the main canal, these belong rather to the body-muscula-

ture than to the intestine. The epithelium consists of long, columnar

cells (Plate XIII, fig. 2) which are prolonged below into slender,

often branched, processes. Many of the cells are ciliated, but those

cells which are most characteristic of this portion of the alimentary

canal are more or less completely filled with colorless, refractive

granules (s) resembling globules of oil or fat. It often happens that

in mounted sections these granules stain intensely and resemble

minute nuclei. The nuclei {n) of the cells are usually placed just

above the filiform processes {ud). The granules occur most abund-

antly above the nucleus, although they are sometimes found beneath

it.f

At the posterior end of the intestine the Cfeca become very small

and shallow, and disappear entirely in the short rectum which lies

* In Carinella the arrangement and structure of these ciliated and glandular cells

(Plate XIII, fig. 4) are easily made out.

•f
In Micrura affinis (Plate XIII, fig. 3) these long, slender cells are arranged with

great regularity about the intestinal lumen, and have conspicuous cell-walls, which is

not the case in any sections of C. lacteus which I could obtain.
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between the intestine proper and the anus. The rectum is clothed

with a single layer of columnar, ciliated epithelium. The anus is at

the end of the body, just beneath the caudal papilla.

The Blood-vascular System.

The blood is contained in vessels with muscular walls and in thin-

walled lacunae. It consists of a colorless plasma in which float

spherical corpuscles (Plate XIII, lig. 11) about .006™" in diameter,

each Avith a spherical, deep-staining nucleus. As in all Schizonemer-

teans the blood system (Plate XIII, fig. 1) consists chiefly of three

longitudinal trunks reaching the whole length of the animal, and

connected anteriorly by means of lacunre and posteriorly by numer-

ous transverse, anastomosing branches. Of these three main trunks,

two are paii-ed, being known as the lateral vessels [Iv), and arise,

one on each side, as posterior continuations of the lateral cephalic

lacunae (c/). They pass backwards through the oesophagal region on

either side of the proboscis-sheath and above the oesophagus, to the

walls of which they give off numerous branches {ov). In the intes-

tinal region they assume a ventral and lateral position beneath the

intestine. The third, or dorsal, vessel {dh) arises from the ventral

commissure of the cephalic lacunae, described below, passes through

the walls of the proboscis-sheath, and continues between the muscles

of the same and its internal endothelium (Plate XI, fig. 3) to

the intestinal region. Here it again passes obliquely through the

proboscis-sheath, directly beneath which (fig. 4) it continues to the

end of the body, giving off on the way a pair of branches, which

anastomose with the lateral trunks, opposite each pair of intestinal

caeca.*

A description in detail of this system of vessels, taken from a

series of transverse sections, each .025™"^ thick, may prove of inter-

est. Near the tip of the head (section 18 in one series) there is

observed a small, thin-walled lacuna lying just above the proboscis-

opening. This lacuna spreads out and bends downward on each side

of the rhynchodseum, so that a section of the lacuna in this region is

horse-shoe shaped. A few sections farther back this lacuna divides

into two portions, crescent-shaped in transverse section. . These are

* Joubin (11), in describing the anatomy of Nemerteans in general, figures these

anastomosing vessels between the intestinal cseca and states, on p. 2
1

, that such is

their position. In all those species which I haye examined, on the contrary, these

vessels do not alternate with tlie intestinal caeca but lie opposite them. Cf. Plate XIV,
figs. 8, 10, 11.

Trans. Conn, Acad., Yol. IX. June, 1895
34
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the cephalic lacunte (Plate X, fig. 1, d) of which the first lacuna is

really the anterior anastomosis. The cephalic lacunae enlai'ge as they

pass backward, one on each side of the rhynchodaeum, from which

they are separated only by a very thin mass of tissue, nearly to the

attachment of the proboscis (sect. 98). At this point, thick bands of

muscles encroach so much upon their space that the lacunae become

very small and thin. Just back of the anterior portion of the brain

(sect. 113) the two lacuna? enlarge again and become united beneath

in a ventral commissure, so that a section here shows a second horse-

shoe shaped space (Plate X, fig. 9), but this time with its ends point-

ing upward. Near the side-organs (sects. 123-128) .fibres pass from

each side obliquely upwards and inwards across the lacuna to the

proboscis-sheath, beneath which a portion of the lacuna is separated

from the rest to form a median lacuna (fig. 3, ml). A few sec-

tions further back this median lacuna communicates with the

lateral lacunae, after which it divides into two trunks which supply

the mouth and anterior portion of the oesophagus, and to which the

name buccal vessels may be given. From the broad ventral anas-

tomosis of the cephalic lacuna?, and directly above the median lacuna,

a small vessel also arises, which becomes surrounded Avith fibres of the

proboscis-sheath and forms the dorsal vessel, described above. Just

back of the brain-lobes the lateral lacunjB greatly enlarge, and finally

completely surround the side-organs, except at their anterior borders,

so that these organs project freely into the blood space. In the

region of the mouth (Plate X, fig. 4) the lateral lacunae become

much smaller and pass backward through the oesophagal region, on

each side between the proboscis-sheath and the lateral nerve-cord, as

the lateral vessels. These vessels give off to the walls of the

oesophagus a multitude of branches (Plate XIII, fig. 1, ov) which

bi'eak up into minute, anastomosing twigs. In the nephridial region

these branches run in close proximity to, and side by side with, the

tubules of the nephridial system (fig. 5). Towards the posterior

portion of the oesophagal region the lateral vessels are not larger

than some of the oesophagal vessels although their appearance varies

greatly according to the state of contraction.

Near the intestinal region the lateral vessels bend downward and

occupy a position, for the remainder of their course, beneath the

intestinal caeca, somewhat laterally to the median line. Throughout

the length of the intestinal region a branch (fig. 1 , av) is given off

from each lateral vessel beneath every pair of intestinal caeca, to join

the dorsal vessel beneath the proboscis-sheath. There is a union of
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the lateral vessels with the dorsal vessel at the posterior end of the

body.

Histolooy.—The walls of the lacmife, and of those vessels which

are surrounded by the body-muscles, have a different structure than

those of the vessels which are surrounded by the parenchyma. In

general, the former are destitute of a muscular coat, while the latter

(Plate XIII, figs. 13, 14) have more or less sti-ong walls of circular

muscles. All these vessels have a delicate endothelial lining {oi') in

which the small, oval nuclei are quite conspicuous on account of

their affinity for staining fluids. The cell-outlines, however, cannot

well be made out. In most cases the endothelium is thrown up into

minute folds. Outside this endothelial lining are a few delicate

longitudinal muscular fibres, and a layer of circular muscles [m)

made up of very fine fibres with exceedingly few nuclei. The thick-

ness of this layer varies much in different vessels, and, as a rule, is

greater in those vessels of the intestinal than in those of the oesopha-

gal region. Outside the muscular layer is a coating of large,

wedge-shaped parenchyma-cells (pe) having the thin ends attached

close to the muscular wall, while the outer thickened ends with their

rounded edges are surrounded by gelatinous tissue. These cells are

not unlike the cells found throughout the gelatinous tissue, especially

where it comes in contact with other tissues. They are also found

about the nephridial vessels, though to a much smaller extent. Each
cell is provided with an oval nucleus. Between the parenchyma-

cells are fine fibres which connect the blood-vessels with the other

tissues. In the lacunne of the head the endothelium is separated

from the cephalic musculature only by a thin sheet of connective

tissue. No muscles or parenchyma-cells are found.

The dorsal vessel (Plate XIII, fig. 9) is provided with a much
thicker muscular wall than is found in any of the other vessels.

Outside of the muscular wall, and beneath the much-folded endothe-

lium of the rhynchocoelom, is a thick layer apparently made up of a

mass of elongated parenchyma-cells [po) piled one on top of another,

and which have a dense protoplasm and oval nuclei. Between the

cells run bundles of fibrous tissue from the muscular layer of the

vessel towards the endothelium of the proboscis-sheath {en). Soon

after the origin of the dorsal vessel from the ventral commissure

of the lateral lacuna?, and while it is still surrounded by the muscular

fibres of the proboscis-sheath, these parenchyma-cells appear around

it. Likewise when the vessel leaves the proboscis-sheath in the pos-

terior oesophagal region j^ thick coating of these cells continues, and
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this covering does not become single layered, as in the other vessels,

until much farther back.

The Nephridial System.

According to Burger (3) the Nephridial system in the Nemerteans

was first noticed in 1851 by Max Schultze (12) who found a second

pair of canals, which he designated as water-vessels, running parallel

with the lateral blood-vessels. No one seems to have again noticed

the nephridia until 1876, Avhen Semper (13) found them in Malaco-

bdella. The next year von Kennel (4) described in detail the system

in the same genus. More recently Hubrecht (8), Oudemans (9), and

Burger (3) have contributed more or less extensive articles devoted

almost entirely to the subject. In this species the nephridia (Plate

XIII, figs. 1, 5) occupy about the middle third of the oesophagal

region, and occur below and at the sides of the oesophagus. They
are not found above the cesophagus nor near the proboscis-sheath.

Leading to the exterior is a single pair of efferent ducts {ue). Each

duct is formed by the union of two longitudinal canals running in

ojjposite directions near the lateral nerve-cords, and parallel with the

longitudinal axis of the body. Of these the one in front of the

efferent duct is the longer. Each longitudinal canal divides dichoto-

mously into a large number of branches {u) which ramify among the

blood-vessels surrounding the oesophagus. Some of the smaller twigs

run for considerable distances parallel with, and close beside the

smaller branches of the blood-vessels. The excretory products con-

tained in the latter may readily pass through, or between, the few

cells separating the lumens of the two canals, be taken up by the

glandular epithelium lining the nephridial canals, and be swept by

the cilia to the outside of the body.

The walls of the canals are made up of a thin layer of connective

tissue supporting the simple ciliated epithelium (Plate XIII, fig. 8, e)

lining the lumen. They are apparently destitute of muscular fibres.

The deep-stained, oval nuclei of the epithelial cells are placed closely

side by side. The cell-walls are indistinct in all the preparations.

The efferent ducts (fig. 8) differ in their structure but slightl}^ from

the other canals except that the former are provided with a much

thicker sheath of connective tissue (c). These ducts (Plate XI, fig.

3, ue) are often slightly enlarged just outside the circular muscular

layer and open by a small pore on the dorso-lateral surface of the

body.

Hubrecht (7) states that he finds a direct communication between
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the lateral vessels and the nephridia in Ccirinoma^ and Oudemans (9)

likewise in Garinella. Burger (3) has carefully studied the nephrid-

ial system in some of the small species of the Enopla by placing the

living animal in a dilute solution of methylene-blue for a few minutes

and then compressing it under a cover-glass. By this method he has

been able to demonstrate that the vessels of the blood-vascular system

stand in very close relation with the excretory canals, but there is no

direct communication between the two systems in the Enopla. The

canals of the nephridial apparatus are clothed with a ciliated epithe-

lium and end in blind sacs (" Kolbchen ") which are also clothed with

a simple ciliated epithelium. Swinging in the lumen of each blind

sac is a tuft of long cilia (" Wimperflamrae").

In C. Lei/di't, a species resembling C. lactens in many respects, the

cephalic lacunte are quite like those in the latter species, but instead

of the many small vessels with muscular walls in the (jesophagal

region, as is the case in C. lacteus, Ave find the lateral lacunje (Plate

XV, fig. 13, Iv) to continue without change of chax'acter through the

entire oesophagal region, back of which they bend downward to form

the lateral vessels beneath the intestine. They do not acquire muscular

walls until far back in the cesophagal region. The oesophagus is sur-

rounded by large, anastomosing lacunje {ol) instead of small, contrac-

tile vessels. The nephridial system occurs in a similar part of the

body, but it consists of a pair of longitudinal canals (Plate XIII, fig.

10, ti) with few branches, lying so closely pressed against the walls of

the lateral lacunae {II) as to be partly covered by them. There is a

single efferent duct near the posterior end of each canal.

In G. luridus the large lateral lacuna? (Plate XIII, fig. 1, II) in the

anterior oesophagal region are covered on their outer borders with a

mass of convoluted nephridial tubules {u). But one pair of efferent

ducts was seen.

The nephridial system commences in Lineus socialls (Plate XV,
fig. 9) just back of the side-organs. From this point the nephridial

canals follow the lateral lacunae far back into the oesophagal region,

giving off on the way numerous efferent ducts (Plate XIII, fig. 6, ue)

which are, for the most part, paired. The number of such ducts

seems to vary in different specimens. Oudemans (9) has shown that

the number of efferent ducts, in some species, increases with age.

Throughout its course the nephridial canal lies closely pressed against

the wall of the lateral lacuna which lies near the pi'oboscis-sheath.

In L. hicolor the cesophagal region is very short, and, although the

nephridia commence just back of the mouth, the efferent ducts are
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situated almost back to the intestinal region, or so far back that the

dorsal vessel has left the proboscis-sheath and the epithelium lining

the alimentary canal has assumed the granular appearance so charac-

teristic of the intestine. The onl}^ available specimen had two effer-

ent ducts on one side and but one on the other.

The cephalic lacunae in Valencinki (Plate XV, fig. 14) are par-

tially divided into a number of longitudinal spaces which, in the

region of the brain, coalesce into two lacunae similar to those in

Cerehratulus. There is a large number of efferent nephridial ducts.

In one specimen the first pair of nephridia, with the efferent ducts,

was entirely separate from the six succeeding pairs. There was one

unpaired efferent duct.

The Nervous System.

The central nervous system is situated, except in the head, between

the circular and outer longitudinal muscular layers of the body-wall,

and consists of {a) the brain, [h) the pair of lateral nerve-cords, (c)

the median dorsal nerve, and {d) a nerve-plexus uniting h and c.

Nerves to supply the oesophagus, the proboscis, the integument,

special sense organs, etc., constitute the peripheral nervous system.

The brain (Plate X, figs. 7, 8) is made up of two large, ganglionic

masses situated in front of the mouth and immediately back of the

attachment of the proboscis (Plate XII, fig. 1). Each ganglion con-

sists of a dorsal and a ventral lobe, and is connected with its fellow

above and below the pi-oboscis-sheath, so that this latter organ is, at

its anterior portion, surrounded by a ring of nervous matter. The

brain, with its commissures, and the lateral cords have a central

fibrous core and a thick outer sheath of ganglion-cells. The dorsal

lobes of the brain (Plate X, fig. 8, d) are rounded and lie immedi-

ately above the ventral lobes, with which they are directly continu-

ous. Connecting the fibrous core of the dorsal lobe of one side

with that of the other is a comparatively thin dorsal commissure (dc).

A portion of the fibrous core continues back to the side-organs (so)

which lie close behind the dorsal lobes. A multitude of small fibres

pass from these lobes in all directions to the tissues of the head,

including the rh^nichodjeum, cephalic slits, integument, etc. These

nerves are for the most part sensory in their function.

The elongated ventral lobes (Plate X, figs. 2, 8, v) continue directly

backward into the lateral cords. There is a ventral commissure

(fig. 2, nc) much larger than the dorsal, connecting the ventral lobes.

The lateral cords {Id) are the direct posterior continuations of the

ventral lobes, so that it is impossible to decide where the latter end
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and the former begin. As an arbitrary point, however, I would sug-

gest that the origin of the vagus nerves be taken as the posterior

extx-emity of the ventral lobes. The vagus nerves, as described

below, pass to the lateral borders of the mouth and oesophagus.

The lateral cords pass backward in the body-wall (Plate X, fig. 4), in

a median horizontal plane, to the posterior end of the body without

appreciable change except as to size. Throughout their length they

are connected, both above and below, by a loose plexus of nervous

tissue (Plate XI, fig. 1, np) which forms a complete cylinder just

external to the circular muscular layer (cm). Most of the fibres

which ffo to innervate the integument, bodv-muscles and other tissues

first pass from the lateral cords into this plexus and thence to their

destination. From this plexus multitudes of nerve-fibres pass

peripherally, between the muscle-bundles, to the integument. Like-

wise at short intervals fibres are given off to the digestive canal.

Such fibres have to pass through the circular and inner longitudinal

muscular laj^ers.

In the median line the plexus is thickened to form a more or less

distinct dorsal, or medullary, nerve (Plate X, fig. 4, dn). Although

this nerve is much less conspicuous in this than in many related

species, it can be traced without difliculty to the dorsal commissure

of the bi-ain.

A pair of large nerves, the vagvs (Plate X, figs. 4, 6, 8, vn ; Plate

XY, fig. 8), arise from the internal borders of the ventral brain

-

lobes near the origin of the lateral cords. They are connected with

a strong commissure {cv) and pass downwards and outwards along

the edges of the mouth, to supply this organ and the anterior portion

of the oesophagus. The commissure is fully as large as either vagus

nerve and is provided with ganglion-cells on its dorsal border.

The proboscis is supplied with a pair of large nerves (Plate X,

figs. 6, 8, pn) from the anterior border of the strong commissure of

the ventral brain-lobes. From their origin these nerves run anteri-

orly near the proboscis-sheath and enter the proboscis at its attach-

ment to the cephalic muscles. After reaching the proboscis they

appear crescent-shaped in transverse section and lie in the midst of

the muscles on each side (Plate XII, fig. \\,pn). Their position in

the proboscis is thus similar to that of the lateral cords in the body-

wall. The ends of the crescents elongate until they meet above and

below to form a nervous plexus (fig. 1 2, np) between the circular

and inner longitudinal muscular layers.

Histology.^-T\iQ nervous tissues of Avhich the brain and lateral
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cords are constituted consist of a central fibrous core covered with a

delicate sffeatli of connective tissue, or neurilemma ; a thick layer of

ganglion cells with masses of connective tissue peripherally ; and an

outer sheath of connective tissue covering the whole.

Burger (2) finds in some species of Nemerteans four types of

ganglion-cells which differ more or less in size and shape and in their

relations with each other. Of these four types of cells three only

are met with in this species ; the fourth type, the " neurochord-

cells," not being present, or at least they have not been discovered.

All ganglion-cells appear to be unipolar, and are surrounded by a

loose sheath of connective tissue.

The first type of ganglion-cells (Plate XV, fig. 1,gc^) seems to be

characteristic of the dorsal brain-lobes. They are conspicuous from

their small, deeply-stained nuclei which in the sections ai*e packed so

closely together that it would seem that very little space could be

left between them for the cell-protoplasm which is seen with diffi-

culty, although from it a slender process can sometimes be made out.

The cells occur most abundantly in the outer and posterior borders

of the dorsal brain-lobes, but are also found in the dorsal commissures

and among the tissues of the head, surrounding the duct leading to

the side-organs. There are large masses of such cells in the side-

organs themselves. In the dorsal brain-lobes these cells are packed

together in large masses above and below the fibrous core. Cells of

the third type also occur abundantly in the inner and anterior bor-

ders of the dorsal lobes ; otherwise these lobes contain only those of

the first type. As the majority of the organs of special sense, includ-

ing the side-organs (and eyes in those species in which they are pres-

ent), are supplied with nerves from the dorsal lobes, there is evidence

that the cells of the first type are sensory cells and that the cephalic

nerves are largely sensory in their function.

The second type of ganglion-cells (Plate XV, figs. 3, 6) is charac-

teristic of the ventral brain-lobes and lateral cords. They occur

in large, radial clusters with their pi'ocesses converging towards the

fibrous core into which bundles of fibres from these cells pass at

certain points. After entering the fibrous core the fibres spread out

and are lost to sight among the other fibres of the core. In these

cells, also, the nucleus is very large in porportion to the size of the

cell, which, however, is much larger than that of the first type,

although only about half as large as a cell of the third type, measur-

ing about .008""" by .015"^".

Ganglion-cells of the third type (Plate XV, figs. 3, V, ,7c') are
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abundant in the inner and anterioi' borders of the dorsal brain-lobes,

on all sides of the ventral lobes, as well as in the lateral cords and

in the ventral commissure of the brain-lobes. These cells are very

large in comparison with those of the other types, measuring in

mounted specimens .025'""' by .015""'". Each cell is pear-shaped and

is provided with a large, spherical nucleus near the larger end. The

smaller end is continued into a process which, although large and

conspicuous, can be traced but a little way from the cell. These

cells mostly lie nearer the periphery of the brain than those of the

other types of cells. Surrounding each cell is a delicate sheath of

connective tissue.

The Jibrous core (Plate X, fig. 6 ; Plate XV, fig. 3,/c) is made up

of exceedingly fine and delicate fibres. In the brain this core swells

out in the dorsal and ventral lobes. The cores of the two sides are

connected by both commissures. Each dorsal lobe shows a partial

division into an upper lobule which ends free posteriorly, and an

under lobule which continues into the side-organ. Among the

fibres occurs a delicate, supporting connective tissue with a few

oval nuclei. Outside the fibrous core is a delicate inner sheath of

connective tissue, or neurilemma (Plate XV, fig. 3 ; Plate X, fig. 6,

cs), through which the fibres from the ganglion-cells pass in bundles

to spread out among the fibz-es of the core. Supporting the ganglion-

cells is a loose network of connective tissue (c) which, in certain

parts of the brain, notably on the inner borders of the ventral lobes

and the upper borders of the dorsal lobes, occupies a considerable

area which is devoid of ganglion-cells. SuxTounding the ganglion-

layers is an outer sheet of connective tissue {cs') much thicker than

the inner neurilemma and more or less broken up into broad bundles

of fibres.

The lateral cords (Plate X, fig. 5) are composed of a central mass

of fibrous tissue (/b) surrounded by a sheath of connective tissue

[cs) much thicker than the inner neurilemma of the brain. Delicate

nucleated fibres from this sheath run in all directions among the

nerve-fibres, and often cross from one side of the core to the other,

so that a few connective-tissue nuclei are often met with in the mid-

dle of the core. Outside this inner sheath, or neurilemma, the gan-

glion-cells {f/c) are arranged in a large mass above and one below the

fibrous core. These cells are mostly of the second type with a few

of the third type towards the periphery. On the outer and inner

borders of the cord no ganglion-cells occur, the outer border having

a broad band of loose connective tissue (c) with a few longitudinal
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muscular fibres, while the inner border of the fibrous core abuts

closely against the circular muscular layer of the body-wall. Out-

side the ganglion-layer is a loose and irregular sheath of connective

tissue {cs'). From the ganglion-layer bundles of nerve-fibres run

both into the fibrous core and into the nerve-plexus to be dis-

tributed throughout the body.

The nerve-plexus lacks ganglion-cells but contains, besides nerve-

fibres, an abundance of nucleated connective tissue fibres. It appar-

ently serves as the path through which the nerves from the lateral

cords are distributed to the various organs of the body.

The Cephalic Slits and Side-organs.

The side-organs, posterior brain-lobes, or olfactory lobes, as they

are variously called, are a pair of large, spherical organs lying in the

cephalic blood-lacunae, closely px'essed against the posterior borders

of the dorsal brain-lobes (Plate XI, fig. 2, so). Each has a thin

external sheath of connective tissue and a delicate outer endothelium

lining the blood-lacuna. Except where they are united with the tis-

sues of the head in front and on the anterior ventral border, they are

surrounded with blood. This fact led the observers of a few years

ago to consider the side-organs as having a respiratory function. A
large branch from the fibrous core of the dorsal brain-lobe passes

directly into the middle of these organs, and bent about in their tis-

sues lies a canal with sensory epithelium. This canal opens to the

exterior of the body near the posterior ends of the cephalic slits, and

places these organs in direct communication with the Avater in which

the animals live. Their function is still somewhat problematical,

though it is undoubtedly sensory, and is most generally believed to

be olfactory.

"The lateral cephalic slits (Plate X, figs. 1, 2, 3, 8, Is) are large

and deep, extending the entire length of the head and running for-

ward close to and a little above the proboscis-pore, those of opposite

sides not uniting together except by a very shallow furrow. . . .

Their margins are thin and mobile, often undulated or curled back so

as to open the slits widely and expose the deep posterior pits. . . .

"*

These slits are furnished with an epithelium which is not very dif-

ferent from that of the rest of the integument, except that the

cilia are longer and more conspicuous. Among the bases of the elon-

gated cells are, especially in the posterior portions of the slits, many

* Verrill, (1) p. 434.
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nuclei of cells which closely resemble those of the first type of nerve-

cells found in the dorsal brain-lobes. I believe these to be nuclei of

sensory cells, and the cephalic slits to be, for the most part, sensory

in their function.

In the region of the dorsal commissure of the brain the lateral slits

become so deep (Plate X, figs. 2, 8, Is) that they reach internally

almost to the brain-lobes. After giving off" the large canals (Fig. 3, cc)

to the side-organs the slits become suddenly shallow, and end a short

distance further back. The canal which thus arises from the poste-

rior end of each lateral slit passes backward in the angle between

the dorsal and ventral brain-lobes (fig. 3), to enter the side-organ at

its lower, outer and anterior border. Soon after its entrance into

the side-organ the canal bends sharply upwards to the dorsal border,

where it bends at a right angle and runs in this position nearly to the

posterior border. Here it again bends towards the inner side and

ends blindly among the masses of gland-cells which occupy the pos-

terior portions of the side-organs.

The portion of the canal between the lateral slits and the side-

organs has a much wider lumen than that within the side-organs.

The lumen is lined with elongated columnar cells each bearing a

cluster of long, coarse cilia on the free surface, while the opposite end

is tapered to a slender, often branched, fibre. Among the bases of

the cells occur many sensory cells similar to those of the lateral slits.

At its entrance into the side-organ, the canal becomes decidedly

smaller and the nuclei are farther removed from the lumen. After the

canal (Plate XIV, figs. 1, 2, cc) has reached the upper and outer bor-

der of the side-organ, and throughout the rest of its course, there is

a marked difterence in the character of the epithelium on one side of

the lumen. The columnar epithelial cells on the side of the canal

nearest the outer border of the side-organ are replaced by a smaller

number of very large and much modified cells. About six such cells

(fig. 2) are usually seen in a cross section of the canal, and to

these Dewoletzky (5) has given the name of " lateral cells." Of these

six cells the two outer (A-) are much longer than the others [k') and

from each a cluster of long cilia, adhering together to form a single

refractive column, projects a considerable distance into the lumen of

the canal.* Each of these cells may contain two or more nuclei in

its enlarged end which is farthest from th6 lumen. As Bilrger (2)

suggests, each of these " lateral border-cells " appears to be a consoli-

* In Micrura affinis these cilia are not consolidated into a single column, although

they are very long and are closely packed together.
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elation and modification of two or more simple, epithelial cells.

Each of the four cells betAveen them bears a similar, but smaller,

process and contains a single nucleus.

Bounding the opposite two-thirds of the lumen, and separated from

the lateral cells by a considerable space, are the less highly modified

"median" cells (fig. 2, rnc). These cells (fig. 3) are provided with

long cilia reaching to the center of the lumen. A dark band is seen

just above the bases of the cilia, which results from a thickening of

each cilium in this part. The nuclei of the cells are far removed from

the lumen.

A large bundle of nerves (figs, 1, '2,/b') from the dorsal brain-lobe

ramifies among the bases of the cells. Surrounding this nervous core,

which is really a direct continuation of the core of the dorsal brain-

lobe, is a thick mass of nerve-cells [gc) not unlike those of the first

type found in the dorsal brain-lobes, with which, in fact, they form

a continuous sheet.

Towards its postei'ior end the canal {cc') loses its conspicuous lin-

ing of elongated sensory cells and ends blindly among the masses of

large gland-cells which make up the greater part of the posterior

third of the side organ. These large, oval gland-cells [g) are filled

with a granular secretion which stains so deeply as to obscure the

finer details of the cells. Another mass of gland-cells occupies

the anterior border of the side-organ, and the two glandular masses

are connected by a thin superficial layer of similar gland-cells. These

glands discharge their secretion into the ciliated canal, probably in

the space between the median and lateral cells, or amongst the latter.

The Reproductive Organs.

The sexes, as in most Nemerteans, are separate and, in the bi'eeding

season, can be readily distinguished by their colors. Instead of the

white or pinkish color characteristic of this species in the summer and

early fall months, as the generative products develop at the approach

of winter both sexes take on a decidedly reddish color. In Feb-

ruary the males become bright red, while the females are dull

red in color ; in some cases appearing almost chocolate-colored.

These deep colors are confined mostly to the intestinal region where

the generative products are developed. The genital products are

fully matured in March and April, although living spermatozoa may
be .found as early as November. The breeding season extends over

a considerable period of time, some individuals depositing their

products fully a month before others ; nor are all the products in a
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single individual discharged at once, a specimen often showing a

portion of its genital sacs to be empty, while other sacs are filled

wdth mature ova or spermatozoa. By the first of May, in the vicinity

of New Haven, nearly all the genital products have been discharged.

The genital products are developed in flattened pouches, or sacs

(Plate XIV, figs. 10, 11, gs), which alternate with the intestinal

coeca. These sacs are closely bordered in front and behind by the

double band of dorso-A'entral muscles {dm) which lies between each

pair of intestinal cjeca. In the summer, before the genital products

begin to develop, the sacs occupy only a narrow t* -shaped space

(fig. 10) just inside the body-muscles. One end of this space lies

near the proboscis-sheath above, and the other near the lateral blood-

vessel beneath the intestine. It is in this space that the genital

products originate. As they mature, the sacs greatly enlarge and

finally occupy (figs. 9, 11) fully one-half of all the space within the

body-wall. They extend from near the body-muscles {Im) on three

sides nearly to the proboscis-sheath and central canal of the intestine

(?). In a horizontal section of the bod}^ the sacs are seen to be some-

what thicker next the central intestinal canal than distally. They

are also thicker above and below than in the middle. When the

genital products are nearly mature each sac is pointed into the mus-

cular layers of the body-wall at a point between the lateral cord and

the median nerve, though somewhat nearer the latter. This pointed

extremity forces its way through the muscular layers and the integu-

ment, making a duct through which the genital products may be dis-

charged. This duct is lined with flattened epithelium.

The genital sacs are also lined with a flattened epithelium, certain

cells of which are destined later to develop into ova or spermatozoa,

Avhile others apparently remain unchanged to form the follicles.

These epithelial cells have small, elongated nuclei. The cell-walls

could not be made out. In the female, when the ova begin to

develop, the nucleus of the epithelial cell greatly enlarges and the

cell acquires a more definite wall. The young ovum (Plate XIV,

fig. 5, ov') has a delicate investing membrane, or follicle (/b), and is

imbedded on one side in the loose connective tissue forming the

frame-work of the sac. As the ovum increases in size its nucleus

develops into the large germinal vesicle which has many germinal

spots, of which one or two are much larger than the others.

The fully ripe, living ovum (fig. 4) is .09"'™ to .11°'™ in diameter

and is surrounded by a gelatinous zona pellucida which swells up in

contact with water to about twice the diameter of the ovum. The
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substance of the ovum is largely made up of tine yolk-granules. The
transparent germinal vesicle is about one-third the diameter of the

ovum, and often contains a highly refractive germinal spot one-third

as large as the vesicle itself.

Spermatozoa develop from cells similar to those which form the

ova. In a section through a spermary (Plate XIV, fig. 6) in which

the spermatozoa are developing rapidly we see, next the connective

tissue framework of the sac, several rows of cells in which are very

large nuclei [sc), and in which the cell-outlines are not readily made
out. Above these are several irregular rows of cells with much smaller

nuclei {sc). In the next stage we find still smaller, oval or elongate,

bodies which usually show a nucleus at one end while the rest of the cell

is filled with a clear protoplasm. These are, apparently, the developing

spermatozoa, although I was unable to trace the whole course of

development. These are followed by nearly ripe spermatozoa [sp)

Avhich completely fill the lumen of the sac. The mature spermatozoa

(fig. 7) are long and slender, with a head-piece measuring about
012mm

jj^ length. This head-piece is tapered to an exceedingly fine

point in front, while the opposite end is swollen into a bright globule,

from w^hich goes off a tail-piece fully three times as long as the

head-piece.

The writer wishes to express his gratitude for valuable criticism

and advice, both to Professor A. E. Verrill, at whose suggestion and

under whose direction this paper has been written, and to Professor

S. I. Smith, in whose laboratory the work has been done.



W. R. Coe—Anatomy of Gerebratulus lacteus. 507

LITER A.TURE.

There is given below a list of a few of the more important recent papers on Xemer-

tean anatomy which are referred to in the text

:

1. A, E. Yerrill, The Marine Nemerteans of New England. Transactions of the

Conn. Academy, viii, 1892.

2. Otto Biirger, Unters. iiber die Anatomie u. Histologic der Nemertinen nebst Beitr.

zur Systematik. Zeits. f. wiss. Zoologie, 1, 1890.

3. Otto Biirger, Die Enden des Exkretorischen Apparates bei den Nemertinen. Zeits.

f. wiss. Zoologie, liii, 1892.

4. J. V. Kennel, Beitrage zur Kenntniss der Nemertinen. Arbeiten aus dem Zool.-

Zootom. Inst, in Wiirzburg, iv, IStT-lBTS.

5. Rudolph Dewoletzky, Das Seitenorgan der Nemertinen. Arbeiten der Zool. Inst.

zu Wien, vii, 1888.

6. W. C. Mcintosh, British Annelids; Part I, The Nemerteans. Ray Society, 1873.

7. A. A. W. Ilubrecht, Voyage of H. M. S. Challenger, 1873-76. Zool., xi.x, 1887.

8. A. A. W. Hulirecht, Der Exkretorische Apparat der Nemertinen. Zool. Anzeiger,

1885.

9. A. C. Oudemaus, Circulatory Apparatus of the Nemertea. Quart. Journ. Micros.

Sciences, XXV, 1885.

10. T. H. Montgomery, Stichostemma eilhardi. Zeits. f. wiss. Zoologie, lix, 1895.

11. L. Joubin, Les Nemertiens. Faune Frangaise. Paris, 1893.

12. Max Schultze, Beitrage zur Naturgeschichte der Turbellarien. Greifswald, 1851.

13. C. Semper, Die Verwandtschaftsbeziehungen der gegliederten Thiere. Arbeiten

aus dem Zool.-Zoot. Inst, in Wureburg, iii. 1876-1877.

14. A. Lang, Die Polycladen des Golfs von Neapel. Fauna und Flora des Golfs von

Neapel, xi, 1884.

15. "W. Salensky, Ban und Metamorphose des Pilidiums. Zeits. f wiss Zoologie.

xliii, 1886.

EXPLANATION OF PLATES.

With few exceptions the figures were drawn with the aid of a camera-lucida. On

the plates the following reference letters are used:

a, " rhabdite-cell " from the proboscis- c/, cilia.

epithelium. d, cephalic lacuna.

a\ gland-cell from same. cm, circular muscles.

av, anastomosing vessel between lateral cm\ outer layer of circular muscles in pro-

and dorsal vessels in intestinal region. boscis, and in body-wall in Carinella.

b, blood-vessel. co, dorsal cross of fibres in proboscis.

bb, buccal blood-vessel. co', ventral cross of fibres in proboscis.

be, ventral commissure of cephalic cs, inner sheath of connective tissue.

lacuna. cs', outer sheath of connective tissue.

bm, basement membrane. cu. cutis.

br, brain. cv, commissure of vagus nerve.

c, connective tissue. d, dorsal brain-lobe.

cc, ciliated canal in side-organ: cc', pos- clb, dorsal blood-vessel.

terior end of same. dc, dorsal commissure of brain-lobes,

ce, ciliated epithelial cell. dm, dorso-ventral muscles.
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dn, dorsal, or median, nerve.

e, epithelium; integument.'

em, epithelial musculature.

en, endothelium of rhynchoccelom.

en', endothelium of blood-vessels.

f, split between intestinal cajcum and sur-

rounding gelatinous tissue.

fc, fibrous core in dorsal brain-lobe.

/c', fibrous core in ventral brain-lobe and

in side-organ.

fo, ovarian follicle.

g, g', gland-cell; glands.

gc, ganglion-cell.

gc^, ganglion-cell of first type.

gc^, ganglion-cell of second type.

gc^, ganglion-ceil of third type.

gd, gelatinous tissue.

gd', genital duct.

gs, genital sac.

hm, horizontal muscles in the region of

the mouth.

i, intestine; interstitial cells of body-

epithelium.

ic, intestinal crecum.

ie, intestinal epithelium.

j, zona pellucida.

k, "lateral" cell of ciliated canal in side-

organ.

Ic, lateral cord.

U, lateral lacuna.

bn, longitudinal muscles: inner layer of

longitudinal muscles.

bn', outer layer of longitudinal muscles.

Is, lateral, or cephalic, slit.

Iv, lateral blood-vessel.

m, muscles.

mc, " median " cells of ciliated canal in

side-organ.

mf. muscle-fiber.

ml, median blood-lacuna.

71, nucleus.

MjJ, nerve-ple.xus.

0, mouth.

od, fuiterior commissure of cephalic lacunae.

oe, oesophagal epithelium.

01, oesophagal lacuna.

ov, oesophagal blood-vessel with contractile

walls, as distinguished from a lacuna.

ov', ovum.

2), proboscis.

2)c, parenchyma-cell.

2)1 cavity, or lumen, of proboscis.

2)71, proboscis-nerve.

2)0, proboscis-opening.

2)s, proboscis-sheath.

r, rhynchodseum.

re, rhynchoccelom.

rf, radial fibres.

rf, fibres from ganglion-cells.

ro, rhalidite-like bodies.

rs, rhynchodceum sphincter.

s, secretion.

so. sc, sc", germinal epithelium.

S2), spermatozoa.

tg, tubular gland in cutis.

u, nephridial canal.

xie, efferent duct of same.

ud, root-like process of epithelial cell.

V, ventral brain-lobe.

vc, ventral commissure of brain.

vn, vagus nerve.

X
,
point of attachment of proboscis.

With the exception of Plate XIII, figs. 3, 4, 6, 7, 10, and Plate XT, figs, 4, 5, 9,

11, 13, 14, all the figures are taken from Cerebratulus lacteus.

Plate X.

Figure 1.—Transverse section through the anterior portion of the head in front of the

brain. The large cephalic lacunae (cl) are seen on each side of the rhynchodseum

(r); X 8.

Figure 2.—Transverse section through the head in the region of the brain-commis-

sures; dc, dorsal commissure: vc, ventral commissure. The cephalic lacunas (c/)

are very small and compressed ; x 8.

Figure 3.—Transverse section through the head in the region of the brain
; d, dorsal

brain-lobe; v, ventral brain-lobe; cc, canal leading to side-organ. The dorsal

blood-vessel is seen in the walls of the proboscis-sheath Qw); cl, cephalic lacuna
;

ml, median lacuna ; x 8.
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Figure 4.—Transverse section through the head in the region of the mouth; o,

mouth ; hh, buccal vessel ; V7i, vagus nerve ; Ic, lateral cord ; dn, dorsal nerve ; 11^

laterallacuna
;
ps, proboscis -sheath. Above the mouth is seen a thick band of

horizontal muscles {hm) connecting the two sides of the incomplete circular mus-

cular layer {cm). The cutis (cm) in this region is very thick and the tubular

glands are much elongated ; x 8.

Figure 5.—Transverse section of the lateral cord in the oesophagal region. A large

mass of ganglion-cells {gc) is seen below, and a similar mass above, the fibrous

core (/c); cs^ inner sheath of connective tissue; cs\ outer sheath; c, loose con-

nective tissue; wz, a few longitudinal muscular fibres; x 110.

Figure 6.—Horizontal, longitudinal section through the ventral portion of the brain.

On the right-hand side, the proboscis-nerve (p?i) is seen to leave the fibrous core

of the ventral commissure. The vagus nerve {vn) originates from the inner

border of the ventral brain-lobe; gc, ganglion-cells; ml, median lacuna; x 40.

Figure 7.—Side view of brain and side-organ dissected from a small specimen pre-

served in a dilute solution of formalin; x 20.

Figure 8.—Diagram of the brain and large nerves of the head. Partly reconstructed

from sections, and jmrtly from a sketch of the organs in the living animal. The
extent of the cephalic slits {Is) is indicated by a dotted hne. The proboscis-nerves

{pn) are seen to originate at the anterior border of the ventral commissure.

After running forward a short distance they bend inwards to enter the proboscis.

The dorsal brain-commissure {dc) is seen to be very weak in comparison with the

ventral. The vagus nerves {vn) arise from the internal border of the ventral

lobes and are soon joined in the vagus commissure {cv), back of which they sepa-

rate widely to pass to the borders of the mouth ; x 6.

Figure 9.—Fart of a transverse section through the head in the region of the brain,

to show the ventral commissure {be) of the cephalic lacuna {cl). In the section

the single lacuna is horse-shoe shaped, surrounding the proboscis-sheath {ps)
;

x 10.

Plate XI.

Figure 1.—Transverse section through the body-wall in the middle third of the

oesophagal region, a short distance below the lateral cord ; e, epitheUum ; em,

epithelial musculature consisting of an outer circular, and an inner longitudinal

layer ; cu, outer portion of cutis with tubular glands and longitudinal muscles

;

cm', inner portion of cutis made up of anastomosing radial fibres; gd, gelatinous

tissue filling the space between the oesophagus and the body-wall ; m, muscula-

ture of oesophagus ; x 90.

Figure 2.—Horizontal section through the head, to show the attachment of the pro-

boscis at X. The proboscis is partially everted, so that the walls of rhynchodseum

are widely separated and the cephalic lacunse {cl) are much flattened out ; Is, pos-

terior end of cephalic slit from which the ciliated canal passes into the side-organ.

The cephalic lacunae are seen to pass directly into the lateral lacuna {II) surround-

ing the side-organ {so)
;

x 18. Compare Plate XII, fig. 1, in which the proboscis

hes in its normal position.

Figure 3.—Part of a transverse section through the nephridial region to show one of

the two efferent ducts {ue) of the nephridial system. The main longitudinal canal

(m) is seen internal to the lateral cord (fc) ; x 15.

Trans. Conn. Acad., Vol. IX. June, 1895.
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Figure 4.—Transverse section throiigh the intestinal region. Tlie genital duct (gd')

leads into the thin-walled genital sac (gs) from which all the genital products have

been discharged. The dorsal vessel (db) lies beneath the proboscis-sheath {ps)

and the lateral blood-vessels (Iv) occupy a position beneath the intestinal caeca (ic)

and on either side of the main intestinal canal ; x 8.

Figure 5.—Cells from the oesophagal epithelium isolated by maceration in a 0.2 per

cent, aqueous solution of formalin and stained with Delafield's htematoxylin. The

cilia which cover the outer, free surfaces are not shown ; x 150.

Plate XII.

Figure 1.—Horizontal section through the head to show the attachment of the pro-

boscis at X. The proboscis (p) is in its normal position and the cephalic lacunse

(cl) are normally distended; x 20. Compare Plate XI, fig. 2, in which the

proboscis is everted.

Figure 2.—A portion of the same section more highly magnified. The sphincter (rs)

is seen at the posterior end of the rhynchodaeum (?) and separates this chamber

from the cavity of the proboscis (pZ); x, attachment of proboscis; &r, brain (cut

somewhat obliquely) ; d, cephalic lacuna ; re, rhynchocoelom; x 55.

Figure 3.—Macerated cells from the epithelium of the proboscis ; a, " rhabdite-cell

"

with a row of rhabdite-like bodies in the upper portion ; ro, some of the extruded

"rhabdites;" a', one of the gland-cells which usually lie somewhat below the

" rhabdite-cells ;" x 250.

Figure 4.—Epithelium from the proboscis; e, epithelium; bin, basement membrane.

The outer row of nuclei are those of the " rhabdite-cells," the others belong

mostly to gland-cells. The " rhabdites " are seen as a dark band near the free

border; x 125.

Figure 5.—Diagram of the principal layers of the body-wall ; e, integument including

cutis and epithelium; Im', outer longitudinal muscles; np, nerve-plexus; cm,

circular muscles; hn, inner longitudinal muscles.

Figure 6.—Diagram of the layers in the proboscis for comparison with those of the

body-wall in figure 5; e, epithelium lining the lumen of the proboscis; hn, inner

longitudinal muscles; np, nerve-plexus; cm, circular muscles; Im', outer lon-

gitudinal muscles ; cm', outer circular muscles; en, endothelium bathed in the

rhynchocoelomic fluid.

Figure 7.—Part of a transverse section of the proboscis-sheath. The endothelium (en)

rests upon a very thick basement membrane (6m); Im, thick layer of longitudinal

muscles; cm, circular muscles separated from the outer longitudinal muscles {Im')

by a layer of loose connective tissue (c) ; x 140.

Figure 8.—Ciliated epithelium of the rhynchodseum. The cells are arranged with

great regularity, with their nuclei near their bases; x 175.

Figure 9.—Corpuscles from the rhynchocoelomic fluid.

Figure 10.—Posterior extremity of the proboscis of a small specimen; x 4.

Figure 1 1 .—Transverse section through the anterior end of the proboscis. Ciliated

columnar epithelium (e) lines the four-lobed lumen {pi}. The muscles (m) are all

longitudinal, and the nerves (p>n) are situated to the right and to the left of the

lumen in the midst of the muscles ; en, outer endothelium ; x 1 8.
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Figure 12.—Transverse section through the middle of the proboscis; co, co', dorsal

and ventral crosses of muscles. The epithelium (e) is thick and much folded.

The nerves have spread out to form a nerve-plexus (np) between the circular

and inner longitudinal muscular laj^ers. The thin, outer circular lawyer {cm^ lies

immediately beneath the endothelium
;

x 18.

Figure 13.—Transverse section of the proboscis near its posterior end. The epithe-

lium (e) is very thick, while the two inner muscular layers are much reduced.

The nerve-plexus cannot be made out in this portion. The outer longitudinal

muscular layer {Im') remains comparatively strong; x 18.

Plate XIII.

Figure 1.—Diagram ofthe blood-vascular and nephridial systems. The two large cephalic

lacunae {cl) are united in front, above the rhynchodajum, by a small commissure {od).

The ventral commissure is much larger, and from it arise the buccal vessels {bV)

and the dorsal vessel {dh). The dorsal vessel passes backward within the pro-

boscis-sheath to the point x without branching. At this point, which is at the

posterior end of the oesophagal region, the vessel leaves the sheath and gives ofE a

pair of branches {av), which anastomose with the lateral vessels {Iv) opposite each

pair of intestinal caeca. The nephridia occur in the middle portion of the

oesophagal region, and have a single pair of efferent ducts {ue).

Figure 2.—Cells isolated from the intestinal epithelium by macerating in a dilute solu-

tion of formalin ; 2a, a "goblet-cell" with its highly refractive secretion in small

particles; 2c, more slender cells but having a similar secretion. In 2e the secretion

has collected into globules (,s) of considerable size ; n, nucleus ; ud, fibre-like process

which is attached to the basement membrane ; x 300.

Figure 3.—Epithelium from the intestine of Micrura affinis. The slender cells are

partly filled with the characteristic colorless secretion in small globules ; x 150.

Figure 4.—Epithelium from the oesophagus of Carinella. The ciliated cells are very

httle elongated and among them are found many " goblet-cells " filled with a

mucus-like secretion ; x 150.

Figure 5.—Diagram of a portion of the nephridial system as shown in figure 1,

enlarged. The nephridial canals (m) are cross-striped while the blood-vessels are

only outhned; Iv, lateral vessel with branches about the oesophagus.

Figure 6.—Diagram of a portion of the nephridial and blood-vascular systems of

Lineus socialis. One main nephridial canal (m) with several efferent ducts {ue) is

seen close beside the lateral lacuna {II). There are few branches either from the

nephridial canals or from the lateral lacunas.

Figure 7.—A portion of the vascular system in Cerebratulus luridus from a horizontal

section. The nephridial canals break up into many small twigs {u) which wind

about on the outer border of the large, lateral blood-lacuna {II).

Figure 8.—Longitudinal section of the efferent nephridial duct as it passes through the

body-wall. Neither the cell-walls nor the cilia could be made out. Beneath the

thin basement membrane is seen a thick layer of connective tissue (c) ; m, muscles

of the body-waU
; x 200.

Figure 9.—Transverse section of the median, or dorsal, vessel showing the inner endo-

thelium {en') with the muscular coat {m) made up mostly of circular muscle-fibres

;

pc, the thick layer of elongated parenchyma-cells, bordered on the outside by the

endothelium {en) of the proboscis-sheath ; x 50.
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Figure 10.—Cross section of the main longitudinal nephridial canal (it) and its close

relation v/ith the lateral lacuna {II) in Cerebratuhis Leydii ; x 2'J5.

Figure 1 1
.—Blood-corpuscles ; x 500.

Figure 12.— Cross section of a small nephridial canal. The section is rather thick and

the nuclei of the cells do not appear as regular as is often the case. Cilia or cell-walls

are not seen ;
x 225.

Figure 13.—Cross section of a contractile blood-vessel with its regular coating of

parenchyma-cells {i~>c). The muscles (to) outside the endothelium {en') are con-

nected with radial fibi'es of connective tissue (?/) which hold the vessel in place

;

X 225.

Figure 14.—Longitudinal section of a blood-vessel. The parenchyma-cells do not

appear so sharply marked off as in a cross section ; x 225,

Plate XIV.

Figure 1.—Horizontal section of the side-organ showing the ciliated canal {cc) cut trans-

versely in its ascending portion ; cc' posterior portion of same canal cut obliquely.

The fibrous core {fc') is directly continuous with that of the dorsal brain-lobe.

Large areas of ganglion-cells {gc\ like those of the first type in the brain, are seen

on the right and left sides. A thick mass of large gland-cells {g) occupies the

anterior and posterior borders
;

c, sheath of connective tissue covering the whole;

X 150.

Figure 2.—Section of the ciliated canal, more highly magnified ; «, nuclei of the greatly

elongated " median " cells {mc\ far removed from the lumen of the canal {cc).

Around the lumen of the canal are two dark lines, the iianer being caused by the

thickening of the cilia at this point, and the outer being made up of the borders of

the cells ; k', inner " lateral " cells; k, outer " lateral " cells
;
/c', fibrous nerve-core i

X 250.

Figure 3.—One of the "median " cells macerated in formalin ; x 300.

Figure 4.—Nearly ripe, living ovum after being pressed from the body of the animal

;

j, zona pellucida. The transparent germinal vesicle contains a large germinal

spot ; X 50.

Figure 5.—Portion of an ovary with developing ova. The large ova {ov') lie against

the connective tissue framework (c) and are surrounded by a follicle (/o) of flattened

epithelial cells ; x 50.

Figure 6.—Portion of a spermary with developing spermatozoa. The layers of cells are

commonly much thicker than is here represented (only the nuclei of the cells are

shown); .sc, several layers of large "mother-cells" internal to the connective tissue

framework; sc', smaller cells derived from the division of the "mother-cells"; sc"

smaller, somewhat elongated cells which probably develop directly into spermato-

zoa which fill the lumen of the spermary ; x 500.

Figure 7.—Ripe spermatozoa ; x 800.

Figure 8.—Sagittal section through a portion of the intestinal region of the body; ic,

intestinal cteca, separated by thick bands of dorso-ventral muscles {dm); av

anastomosing blood-vessels seen above and below each intestinal cascum (these are

paired vessels uniting the dorsal with the lateral vessels : see Plate XIII, fig. 1)

;

gd, gelatinous tissue ; Zto, inner layer of longitudinal muscles of body-wall. From

a small specimen ; x 40.
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Figure 9.—Sagittal section througli a portion of the intestinal region of a male speci-

men with ripe spermatozoa. The genital products have developed between the

double bands of dorso-ventral muscles {dm) and filled up most of the space occupied

by the gelatinous tissue {gd, fig. 8). In this section the spermatozoa are develop-

ing from the germinal cells (sc) above and below the intestinal CiBca {ic). These

caeca are much flattened and the space between them is filled with ripe sperma-

tozoa {sp)
;
av, anastomosing vessels ; Im, internal longitudinal muscular la3'er of

the body-wall ; x 20.

Figure 10.—Part of a median horizontal section through the intestinal region of a

specimen in which the genital products are just beginning to develop ; i, intestinal

canal : «c, intestinal caeca, one of which is bilobed ; av, anastomosing vessel
; /,

split between intestinal caecum and gelatinous tissue ; ie, columnar cells of intesti-

nal epithehum; dm, dorso-ventral muscles in two thin, vertical bands which unite

near the intestinal canal
;

gs, genital sac in which the ova are just beginning to

develop; x 20.

Figure 11.—Horizontal section through the intestinal region of a female specimen in

which the ova are nearly ready to be discharged ; /, intestinal canal opening into

the caecum {ic)
;

gs, enlarged genital sac filled with near)}' ripe ova {ov). The

genital sac lies between the two bands of dorso-ventral muscles {dm); x 20.

Plate XY.

Figure 1.—Part of a transverse section through the integument in the oesophagal

region; e, ciliated and gland-cells of epithelium; /, interstitial cells among the bases

of same : bm, underlying basement membrane : em, epithelial musculature con-

sisting of an outer circular and an inner longitudinal layer; Im, longitudinal

muscles of cutis; rj] radial nerve and connective tissue fibres, the latter forming a

framework for the tubular glands {tg) which discharge their contents to the

exterior among the epithelial cells ; c, connective tissue occurring abundantly in

the lower portions of the cutis; x 150.

Figure 2.—Macerated cells from the body-epithelium. The cilia {ci) of the ciliated cells

(ce) are somewhat thickened near their bases. There are two varieties of gland-

cells : g, cells which secrete a homogeneous, semi-solid substance ; and g', those

which have a coarse, granular, and deep-staining secretion; x 300.

Figure 3. —Transverse section of the brain just back of the ventral commissure. The

fibrous core (/c) of the dorsal lobs is surrounded above and at the sides by gan-

glion-cells of the first type {gc'), with scattered cells, of the third t^'pe (gc^) peripher-

ally. The fibrous core of the ventral lobe (Jc') is provided with cells of the second

type as well as with those of the third type ; c, masses of connective tissue

;

cs, inner sheath of connective tissue surrounding the fibrous cores : cs', outer sheath

of connective tissue enclosing the whole brain; x 40.

Figure 4.—Body-epithelium in Micrura affinis ; g, gland cells among the ciliated cells;

X 125.

Figure 5.—Transverse section through the posterior portion of the oesophagal region

of Carinella jjellvxida. The nephridial canal {u) lies near the large lateral blood-

vessel {Iv) ; that of the left hand side is seen to open to the exterior. The lateral

cords (?c) are situated immediately beneath the thickened integument (c) and out-

side the outer circular muscular layer {cm') ; cm, inner circular laj-er ; Im, longi-

tudinal muscular layer ; X 50.
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Figure 6.—Part of a radial cluster of ganglion-cells of the second type with fibres {fr')

passing to fibrous core of ventral lobe
;

x 300.

Figure 7.—Ganglion-cells of the first (gfc') and third types (g'c^). The cell-walls are

not readily made out. Each cell is surrounded by a sheath of connective

tissue, 7a, a single cell of the third type; x 300.

Figure 8.—Portion of a transverse section through the head to show the origin of the

vagus nerves and thuir commissure (cv); cl, cephalic lacuna; d dorsal brain-lobe

V, ventral brain-lobe ;
x 12.

Figure 9.—Transverse section of Linens socialis through the region of the mouth ; m,

nephridial canal in close relation with the lateral blood-vessel {Iv). On the left

hand side is shown an efferent nephridial duct; o, mouth; Ic, lateral cord: e,

integument ; cm, circular muscles. From a small specimen ; x 40,

Figure lO.^Transverse section of a muscle-bundle. The nucleated fibres (m/) are

each surrounded by connective tissue, and the muscle-bundle by a sheath (c) of the

same tissue; x 500.

Figure 11.—Transverse and longitudinal sections of muscle in CarmeZZa ; x 200.

Figure 12.—Transverse sections of three muscle-fibres from the anterior end of the

proboscis-sheath. The flattened nucleus (n) is seen at one side of the contractile

substance. But few nuclei are commonly seen ; x 1000.

Figure 13.—Transverse section through the cssophagal region of Gerehratulus Leydii.

The efferent nephridial duct (we) joins the main nephridial canal near the lateral

blood-vessel {Iv). Branches of this blood vessel appear as large lacunae {ol) sur-

rounding the oesophagus (oe); Ic, lateral cords; x 18.

Figure 14.—Transverse section through the anterior portion of the head of Valencinia

to show the cephalic lacume (cl) partially divided into many small spaces by

thick strands of muscular tissue ;
x 25.
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—

Descriptions of three new species of New England
Pal^eonemerteans. By Wesley R. Coe.

Since the publication of Verrill's monograph on the Marine

Nemerteans of New England, in vol. viii of these Transactions, the

three following species of Palseonemerteans, which I believe to be

undescribed, have been found on this coast.

Carinella Johnston, Loudon's Mag. Nat. Hist., vi, 1833 (t. Mcintosh).

Carindla Burger, Nachr. vou der K. Ge.s. der Wiss. zu Gottingen, 1892
;
Joubin,

Faune Frangaise, 1893.

Head truncate in front, broader than the body, from which it is

often separated by shallow, transverse grooves. Intestine without

caeca. The lateral cords lie between the basement membrane of the

integument and the outer circular muscular layer of the body-wall.

The side-organs are but slightly developed, and consist of a pair of

epithelial pits which seldom become so deep as to penetrate a dis-

tinct lobe of the brain. There are but two longitudinal blood-vas-

cular trunks.

Carinella pellucida sp. uov.

Body slender, almost filiform, slightly flattened posteriorly. Head

broader than the body, somewhat flattened, often contracted so as to

become emarginate in front. Head marked off from the body by a

slight constriction formed by a pair of shallow, latei'al, transverse

grooves. Mouth small, placed ventrally, near the tip of the head.

Ocelli none.

Color pale gra^dsh white or translucent, often with a slightly yel-

lowish tinge. A small species, the sexually mature animals being

only about 25'°" long and having a diameter of about .5'"'". Most

of the specimens found are much smaller and in alcohol rarely exceed
gmra \^ length.* The sexual products mature early in July.

Savin Rock, near New Haven ; not uncommon at low water

among the tubes of annelids {Potamilla).

* Verrill has figured, without descriptions, on Plate xxxviii, figs. 11, 11a, in vol.

viii of these Transactions, a species of Nemertean, from Vineyard Sound, which he

designated as Lineus sp. (?), and which is probably identical with this.
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The epithelium of the integument (Plate xv, fig. 5, e) is composed

of columnar, ciliated cells and unicellular glands.* The former are

the more superficial and form an almost complete layer ; the flask-

shaped gland-cells lie among the bases of the ciliated cells and are

mostly filled with a secretion which stains deeply. A delicate base-

ment membrane lies beneath the epithelium. No cutis is present
;

the basement membrane of the integument resting directly upon the

body-muscles.

There are three layers of body-muscles : a thin, outer circular

layer {cm'), a strong longitudinal layer (Im), and an inner circular

layer (cm).

The proboscis-sheath is but slightly developed and reaches but a

little way back into the intestinal region. Its wall is made iip of an

outer layer of circular muscles directly continuous with the internal

circular layer of the body-wall, and an inner layer of longitudinal

muscles made up of a single layer of fibres. The endothelium rests

Vipon a well-developed basement membrane.

The proboscis is attached to the tissues of the head just in front

of the ventral commissure of the brain-lobes. The rhynchodseum

bends downward and opens on the ventral side near the tip of the

head. The layers of the wall of the proboscis repeat, as in Cere-

hratuhis, the layers of the body-wall, consisting of a thin external

circular, a longitudinal, and an internal circular muscular layer.

There is a delicate, outer endothelium bathed in the rhynchocoelomic

fluid, and a layer of columnar epithelium lining the proboscis-cavity.

Between this epithelium and the internal circular muscular layer lies

a pair of nerves in a position similar to that of the lateral cords in

the body-wall. The proboscis tei'minates posteriorly not far back in

the intestinal region. The epithelium gradually disappears and then

the circular muscular fibres, leaving only the longitudinal fibres

which form a slender retractor muscle. This muscle is attached to

the dorsal wall of the proboscis-sheath. At the point of attachment,

the wall of the proboscis-sheath thickens up and the muscular fibres

of the retractor become interlaced with those of the circular layer

of the sheath.

The epithelium of the cesophagus (Plate xiii, fig. 4) consists of

ciliated and glandular cells, many of the latter being filled with a

clear, mucus-like secretion. These cells are columnar and are

* In this genus, owing both to the larger size of the cells and to their more simple

arrangement, the cell-structure of the various tissues is much more readily made out

than in other genera of Nemerteans which I have examined.
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arranged with great regularity. The cell-walls and the cilia are

very distinct in most preparations. The intestine is without cseca,

although the lumen is more or less lobulated. Its epithelium is

made up of long columnar, ciliated cells filled with a secretion in

small globules, most of which contain a single deeply-stained, spheri-

cal granule.

The blood-vascular system consists of two longitudinal tninks

(Plate XV, fig. 5, Iv) lying on the inner side of the longitudinal mus-

cular layer of the body-wall, near the lateral cords. They are united

in front and behind. In the anterior part of the head is a single

large lacuna which divides into two at the antei-ior end of the rhyn-

chodfBum. The lateral vessels are narrow in the oesophagal region,

but are commonly enlarged farther back. There are many small

lacunce about the oesophagus. The two nephridial canals (m) lie close

against the dorsal walls of the lateral blood-vessels. There is a sin-

gle efferent duct at the posterior end of each canal.

The central nervous system lies between the outer circular muscular

layer and the basement membrane of the integument. It consists of

a four-lobed brain, a pair of lateral cords {Ic), and a median dorsal

nerve. The brain-lobes are united by a dorsal and a ventral com-

missure, of which the former is much smaller and lies in front of the

latter. The dorsal nerve is well developed. It arises from the dorsal

commissure and may be followed well back in the intestinal region.

The pair of vagus nerves to supply the mouth and anterior portion

of the (Esophagus arises from the internal borders of the ventral

brain-lobes, as in Gerebratulus. They lie just beneath the epithelium

at the sides of the mouth. The only indication of side-organs is a

slight modification of the epithelium on the lateral borders of the

dorsal brain-lobes. In some specimens there is a minute, shallow

pit in this situation.

The reproductive organs develop in sacs closely packed together

above the lateral blood-vessels. Each sac opens to the exterior on

the dorso-lateral surface of the body.

Parapolia, gen. nov.

Body stout, cylindrical in front; intestinal region flattened. Head

cylindrical, directly continuous with the body ; rounded in front
;

without lateral, horizontal slits but provided with a pair of lateral,

transverse furrows near the tip. Ocelli absent in the type species.

Proboscis-opening sub-terminal. Mouth situated but a short dis-

tance farther back, although it lies behind the brain.

IT,
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The body-wall is made up of integument, and outer longitudinal,

circular, and inner longitudinal muscular layers. The lateral cords

lie just outside the circular muscular layer.

Basement layer of the integument but little developed ; the cuti-

eular glands extend into the outer longitudinal muscular layer.

Proboscis without muscular crosses
;
provided with an outer longi-

tudinal, a circular, and an inner longitudinal muscular layer. The
side-organs, though small and flattened, form distinct lobes of the

brain. They are imbedded in the muscles of the head near the

dorso-lateral borders of the dorsal brain-lobes.

This genus is nearly related to Eupolia^ but the latter differs

especially in having the head broadened and not directly continuous

with the body ; in not having the intestinal region much flattened;

in having a distinct layer of connective tissue, or basement layer,

between the outer muscular layer of the body-wall and the glands

of the cutis ; in the structure of the proboscis ; and in the position

of the side-organs.

Parapolia aurantiaca sp. nov.

Body large, stout, rounded in the oesophagal region, flattened and

broad beyond. In alcohol the anterior portion of the body is cylin-

drical. The oesophagal region decreases in diameter towards its pos-

terior end. At the commencement of the intestinal region the body

suddenly flattens and widens, and is thus divided into two distinct

regions. In the intestinal region there is a conspicuous dorsal ridge

above the proboscis-sheath. Head blunt, rounded in front, cylin-

drical, continuous with the oesophagal region. It is provided with a

narrow, annular constriction near the tip. This constriction is made

up of two lateral, transverse furrows into which the ciliated ducts

leading to the side-organs open. In alcohol the transverse furrows

are united above and below, although in the living animal they are

probably separate. In the center of the constriction, in a sub-ter-

minal position, is a small dimple marking the position of the mouth

and the opening of the rhynchodaeura. The latter is a minute pore

situated on a slight prominence in front of the small, elongated

mouth. No eyes were observed nor can any be detected in micro-

scopic sections.

* Eupolia Hubrecht, Voyage of the Challenger, xix, 1887.

Polia (delle Chiaje) Hubrecht. Notes from the Leyden Museum, i, 1879 (non Quatre-

fages, Ann. des Sci. Nat., vi, 1846).

Eupolia Burger, Nachr. von der K. Gesellschafc der. "Wiss. zu Gottingen, 1892
;

Joubia, Faune Frangaise, 1 893.
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Length, more than 250'"™. (Esophagal region about e™"" in diam-

eter ; intestinal region 10'"'" wide by 4'"'" in thickness. Color, bright

orange. The mucus secreted by the integument is excessively tena-

cious.

Living in sand at low water. Wood's Holl, Mass., 1894. The

genital products are mature in August.

This species, described from two incomplete specimens, presents

a very striking appearance on account of its large size and its

gorgeous orange color. A complete animal, judging from the

fragments obtained, would probably measure at least two feet in

length.

Integument much as in Cerebratulus. The cutis is not provided

with an underlying layer of anastomosing radial fibres and, conse-

quently, its longitudinal muscles are not distinctl}^ separated from the

outer longitudinal muscular layer of the body-wall into which the

tubular glands of the cutis extend. In the intestinal region the

cutis is thin, and the epithelial musculature is well developed. The

muscles of the body-wall consist of three principal layers, as in Cere-

hratulus, although the inner longitudinal layer exceeds the circular

layer in thickness. The dorso-ventral muscles are rather poorly

developed.

The proboscis-sheath is provided with a strong muscular wall in the

anterior oesophagal region, but is thin and delicate farther back.

At the attachment of the proboscis, just in front of the brain, the

rhynchodseum makes a sharp turn and opens to the exterior on the

ventral side, near the tip of the head. The proboscis-sheath is pro-

vided with an inner layer of longitudinal, and an outer layer of circu-

lar muscles. The endothelium rests on a very thick basement mem-

brane of gelatinous connective tissue.

The musculature of the proboscis at its anterior end is made up

almost entirely of longitudinal fibres. Farther back a circular layer

arises, which divides the longitudinal muscles into a thin outer and

a thick inner layer. The columnar, ciliated cells of the epithelium

are separated from the muscles by a thin basement membrane. The

epithelium is thrown up into slender papillae, more conspicuous

towards the posterior end of the proboscis. A layer of connective

tissue of considerable thickness lies between the outer endothelium

and the muscles. At a point about one-third the length of the pro-

boscis from its posterior end the muscular layers become very thin.

Back of this point the inner longitudinal layer disappears while the
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cii'cular and outer longitudinal layers increase in thickness. A sec-

tion through the posterior third of the proboscis, therefore, shows

only an inner circular, and an outer longitudinal layer of muscles.

The epithelium of the oesophagus is composed of an outer layer of

ciliated cells with gland-cells beneath. The musculature is thin but

is easily made out. The intestinal Cieca are mostly lobed or forked

distally, above and below.

In the head there is a large, median lacuna which is partially

divided into many small spaces by strands of muscles which pass in

various directions through the lacuna from one side to the other.

Where these fibres come in contact with the blood they are clothed

with a layer of endothelium. Thus, instead of the two definite lacunae

which occur in Cerehratnlus, we find the tissues of the head to be

permeated by an irregular series of anastomosing blood-spaces which,

farther back, unite into two large lacunne. These, the lateral lacunae,

pass backward through the oesophagal region at the sides of the pro-

boscis-sheath and give off branches which surround the oesophagus,

except on its dorsal surface. They form large, anastomosing lacunfe

which occupy nearly all the space between the oesophagus and the

body-wall, so that there is very little gelatinous tissue developed.

The dorsal vessel, soon after its origin from the anastomosing lacunae

of the head, passes through the muscles of the proboscis-sheath,

as in Cerehratulus. In the posterior portion of the oesophagal region

the vessel leaves the sheath, beneath Avhich it passes to the posterior

end of the body.

The nephridial system begins a short distance back of the mouth

and continues nearly to the intestinal region. Near the middle of

the oesophagal region there is a single pair of efferent ducts from

which canals run both forward and backward, giving off numerous

branches which lie close against the walls of the oesophagal blood-

lacunae.

The foiir-lobed bi-ain is provided with a thin dorsal, and thick

ventral commissure. The side-organs are flattened and but little

developed. They lie just above the outer borders of the dorsal brain-

lobes, from the fibrous cores of which they are supplied with nerves.

A ciliated canal runs forward and opens into the transverse cephalic

slit on each side of the head. The side-organs do not come in con-

tact with the cephalic lacunae, but lie imbedded among the muscles

of the head. The lateral cords are united by a delicate nerve-plexus.

The dorsal nerve is but slightly developed.

The genital products develop in sacs which alternate with the
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intestinal cjeca. They are discharged through ducts opening on the

dorsal surface of the body. Many parasitic worms were found

imbedded in the muscles of the body-wall and occasionally in the

proboscis-sheath. They occurred coiled up in spherical or oval cap-

sules about 1'"™ in diameter,

Valencinia Quatrefages, Annales des Sci. Naturelles, vi, 1846; Burger, Nach. von

der K. Gesellschaft der Wiss. zu GottiDgen, 1892 ; Joubin, Faune Frangaise, 1893.

Head pointed in front, without lateral slits. Ocelli absent or few

in number. The proboscis-opening lies far back, nearly to the brain-

lobes. The body-wall consists of four layers : integument, outer

longitudinal, circular, and inner longitudinal muscular layers. The

lateral cords lie outside the circular layer of muscles.

Valencinia rubens sp. nov.

Body almost cylindrical, slightly flattened posteriorly. Head flat-

tened, elongated, sharply pointed in front, marked off from the body

by a shallow, annular constriction. Proboscis-opening minute, situ-

ated far back, just in front of the brain. Mouth small, placed a short

distance back of the proboscis-opening. Ocelli none. No lateral

slits. On each side of the head there is an inconspicuous pit into

which the canal of the side-organ opens.

Color pinkish anteriorly, deep red tinged with yellow posteriorly.*

A single specimen, from which the posterior end was missing, was

collected in the sand at low water at Wood's Holl, Mass., in Aug.,

1894. The length of the oesophagal region of this specimen was

about 35™™, and of the intestinal region only about 25""" remained.

The diameter was about 3™"'.

The glandular layers of the integument are not separated from the

outer longitudinal muscular layer of the body-wall. The circular

and inner longitudinal muscular layers are much as in Cerebratiilus.

The proboscis-sheath is thin, but it reaches far back. Proboscis short,

composed anteriorly of a circular and an inner longitudinal layer
;

farther back an outer longitudinal layer arises outside this circular

layer. There are three longitudinal blood-vascular trunks. The

dorsal vessel runs in the proboscis-sheath about two-thirds the length

*This species bears a close external resemblance to V. longirostris Quatrefages

(Annales des Sciences Naturelles, vi, 1846) of Europe. It appears to differ, however,

in the structure of the proboscis, and in other anatomical details.
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of the oesophagal region. The lacunae about the cesophagus are very-

large. The cephalic lacunae and nephridial system are briefly

described on p. 498.

Brain well developed, the four lobes distinct. Lateral cords small,

closely pressed against the circular muscular layer. Side-organs

well developed, united with the posterior ends of the dorsal brain-

lobes. Their internal borders are separated from the lateral lacunae

only by a thin band of tissue, A ciliated canal of considerable size

leads directly outward to a minute, shallow pit on the side of the

head. The reproductive organs develop in sacs alternating with the

intestinal caeca.

Sheffield Biological Laboratory op Yale Universitt, June, 1895.
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Supplement to the Marine Nemerteans and Planarians

OF New England. By A. E. Verrill.

A paper on these two groups was published by Dr. Charles Girard

in the Annals des Sciences Naturelles,* almost simultaneously with

my own articles in vol. viii of these Transactions. His paper,

which was intended to include all the species known from our

eastern coast, is partly a reprint of his own brief descriptions,

published while in this country abovit forty years ago, and partly a

compilation of the later descriptions of other authors. It contains,

therefore, very little in the way of new observations or facts. The

recent great advances in the knowledge of the anatomy and classifi-

cation of these groups is almost entirely ignored. f Consequently

the classification of each group is entirely artificial, both as to the

higher divisions and as to the genera and species. Several species

of the Nemerteans appear under two or more different genera, partly

owing to their compilation from different authors, without a personal

knowledge of the species, but in some cases owing to lack of suffi-

cient care in regard to the published synonymy given by recent

authors. In several cases mere color-varieties are raised to the rank

of species. From these two causes the total number of enumerated

species is much too large. A few species that had already been

named and described by me have also received new names. As

Dr. Girard has not seen the specimens, such species are sometimes

referred to wrong genera.

Owing to the great amount of confusion that has thus been intro-

duced into the synonymy of our species, I have thought it desir-

able to give a list of the east-coast forms catalogued by him, with

the names that they bear in my recent articles.

* The first part, pp. 145 to 192, is dated June, 1893; the second part, pp. 193 to

310, is dated Oct., 1893. A copy of the author's extra was received by me, Oct., 1893.

f For instance the groups Enopla, Anopla, Paleonemertea, and Schizonemertea are

ignored. The mouth is sometimes described as the genital orifice, and the proboscis-

pore is sometimes called the mouth (see under Neesia). Such errors are doubtless

due in most cases to the fact that many of the old descriptions are reprinted without

critical revision.
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MARINE NEMERTEANS.

Dr. Girard makes no use of the structure of the proboscis and

body-walls in his system, and therefore some of his genera contain

species belonging to distinct orders : Enopla and Anopla, for exam-

ple. On the other hand many of his genera are based entirely on

trivial external characters, such as the form of the body, constriction

of the neck, arrangement of the eyes, etc., which are frequently not

even of specific value. Therefore his generic groups are too numerous

and often too indefinite and uncertain.

The following genera adopted by Dr. Girard seem to have no real

standing, being either ai'tificial groups or synonymous with others

adopted by him :

Hecate^ Poseidon^ Polina, Borlasia, Nemertes, Neesia, Macrone-

mertes, Astemma, Mallezia, Menieria, Leodes, Meckelia.

The following may be regarded as sections, or in some cases as

subgenera of Ampliiporus : Cosmocephala, JSFareda, Ophionemertes,

Hallezia^ Polina.

The following may be considered as synonymous with Cerehrat-

ulus : Penieria, Leodes, Meckelia.

Several land and fresh-water Nemerteans are catalogued, which I

shall not here discuss. For the sake of brevity, I have omitted

references to the plates of my paper in vol. viii, where most of the

species are figured.

In the following list the species are given in the sequence used by

Dr. Girard.

Carinina grata Hubr. ; Gr'd, p. 245=Do. Verrill, these Trans., vol. viii, p. 443.

Drepanopliorus Iiankasteri Hubr. ; Gr'd, p. 246=Do. Verrill, these Trans.,

vol. viii, p. 415.

Cephalothrix linearis CErst. ; Gr'd, p. 247 =Do. Verrill, these Trans., vol. viii, p.

442.

Cosmocephala ochracea Ver. ; Gr'd, p. 249=Ainpliiporus ochraceus Ver.

vol. viii, p. .^.DG.

CosmocepJUala Stimpsoni Ver.; Gr'd, p. 250=Ainpliiporus angulatus (Fabr.)

Ver., vol. viii, p. 390.

This species is again enumerated as Ophionemertes Stimpsoni, on

p. 211.

Nareda superba Gr'd, p. 251=Amphiporus (?) superbus Ver., vol. viii, p. 403.

Nareda pulchella Gr'd, p. 251=Polygordius pulchellus.

Under the genus Nareda, Dr. Girard refers to the observations

published in 1867, by Mr. A, Agassiz, on the embryology of a form

which he at that time doubtfully referred to Nareda superha. It has
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been shown, many years ago, that the larvoB observed by him

belonged to a species of Polygordlus, Nevertheless Dr. Girard pro-

poses to refer them to a new species of JSfareda {N^. pidchella).

If this Polygordlus, which has not yet been described in the adult

state, be really distinct from those of Europe, it may retain his

trivial name.

The genus or subgenus Nareda is, itself, of doubtful value, as I

have previously shown (op. cit., pp. 403, 404).

Tetrastemma vittatum Ver. ; Gr'd, p. 252= Do. Ver., vol. viii, p. 411,

Tetrastemma vermiculus Ehr. ; Gr'd, p. 253= Do. Verrill, vol. viii, p. 408.

Hecate Gr'd, =Tetrastemma Ehr.

No characters of generic value are given for this group. The

type is a typical Tetrastemma, so far as I can judge.

Hecate Candida Gr'd, p. 254=Tetrastem.ma candidum. Ver., vol. viii, p. 404.

Hecate dorsalis Gr'd, p. 255=Tetrastem.mia dorsale Yer., vol. viii, p. 409.

Hecate elegans Gr'd, p. 256=Tetrastemm.a elegans Ver., vol. viii, p. 406.

Hecate serpentina Gr'd=Tetrastemma candidum, green var., Ver., vol. viii,

p. 404.

Hecate arenicola (Verrill) ; Gr'd, p. 257=Lineus arenicola Ver., vol. viii, p. 425.

In the original description of this form (which Girai'd quotes)

lateral cephalic slits were described. It belongs, therefore, to the

Schizonemertina or Rhagadocephala.

Hecate Kelleri Gr'd, p. 257=Tetrastemm,a elegans Ver., vol. viii, p. 406.

Dr. Girard has given this new and unnecessary name to the form

described by me, in 1875, as T. elegans. He supposes that it is dis-

tinct from the latter, and quotes only my original description.

There are no real differences pointed out by him, and none exist, so

far as I can see. The species is a common one, and I have examined

hundreds of living specimens. Although somewhat variable in

color, the species is easily distinguished when living.

Poseidon Gr'd, p. 258=Lineus and Micrura {pars.)

There is nothing in the description of this genus to distinguish it

from Lineus, nor from Micrura, when the caudal cirrus of the latter

is broken off, as often happens. The genus cannot be retained.

The type is a young Linens.

Poseidon Colei Gr'd, p. 258=Lineus viridis young, Ver., vol, viii, p. 418,

This is the type of Poseidon. It is evidently the young of a pale

vai'iety of Lineus viridis.

Traxs. Conn, Acad., Vol. IX. June, 1895.

36
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Poseidon affinis Gr'd, p 258=Micrura affinis Ver., vol. viii, p. 428.

Dr. Girard originally (1854) described this Bay of Fundy species

from Stimpson's colored drawings ; bis original description is now
merely reprinted. Tbe caudal cirrus was evidently overlooked by

Dr. Stirapson. In all other respects the brief and imperfect descrip-

tion applies well to the bright red 3IicrHra, very common in the

Bay of Fundy, which I have always identified with Girard's sjiecies.*

Cerebratulus cylindricus Pack. ; Gr'd, p. 60=Lineus viridis Ver., vol. viii, p.

418.

Cerebratulus olivaceus Packard; Gr'd, p. 260=C. fuscus Ver., vol. viii, p. 438.

Cerebratulus truncatus Hubr. ; Gr'd, p. 261 = Lineus truncatus Ver., vol. viii,

p. 427.

Cerebratulus medulatus Hubr.; Gr'd, p. 262=Do. Ver., vol. viii, p. 441.

This may be identical Avith C. luridus Ver.

Cerebratulus Spraguei (superfluous new name) Gr'd, p. 262 =C. fuscus Ver.,

vol. viii, p. 438.

Dr. Girard based this supposed new species entirely on a brief

note of its form and color published by mef under the designation

" Cerehratulus, 5ji:>.," in 18V8. It is only a greenish ccloi'-variety of

C. fuscus.

Cerebratulus augulatus ffirst. ; Gr'd, p. 263= C. fuscus (Fabr.) Ver., vol. viii,

p. 438, pi. xxxvii.

In my former paper I have given the much involved synonymy of

this common Arctic species. It is sufficient to remark here that the

Planaria angulata of Fabr., Fauna Gronl., and of Mtiller, is an

Amphiporus (= Cosinocep)hala 8tiinpsoni Gr'd, see., p. 524), and

that Planaria fusca Fabr. is evidently the present species of Cere-

bratulus. I have had specimens of both sj^ecies from Greenland for

comparison with our New England forms.

The 3Iicrura fusca Mclnt. is a distinct species of Cerebratulus

and shoiild receive a new name. I would, therefore, propose to call

it Cerebratulus maculosus.

Polina Stimp. ; Gr'd, p. 264=Amphiporus.

Three species were referred to this genus by Stimpson. The first

(P. rhomboidalis) from Australia, and the second {P. grisea) from

* Dr. Girard refers, on p. 259, to an erroneous quotation that I formerly made for

this species, under the name of Polia affinis.

f Report on Invert, of Vineyard Sd., etc., pp. 214, 336.
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Virginia, evidently belong to Amphiporus. The third [P. cervicalis)

from Japan, is more doubtful, but appears to be closely related to

A. rhomboidalis, so far as described.

Polina grisea Stimp. ; Gr'd, p. 265=Amphiporus griseus Ver., vol. viii, p. 398.

Polina glutinosa Ver.; Gr'd, p. 265=Amphiporus glutinosus Ver., vol. viii,

p. 397.

Lineus gracilis Gr'd, p. 268, pi. vi, figs. '?0-73= Lineus viridis (Fabr.) Ver.,

vol. viii, p. 418.

This species, which is described in considerable detail, is clearly

the typical form of the common Linens viridis, as Dr. Girai'd, him-

self, admits. He, however, expresses doubt as to the identity of our

species with that of Greenland, described by Fabricius and by
Miiller.*

I have carefully studied Greenland specimens and can find no

difference whatever. Moreover, various other recent writers have

recorded the same species from Greenland under the name of L.

Gesserensis. The description and remarks of Fabricius apply accur-

ately to this common species and to no other species of that region.

For more details of the involved synonymy, I must refer to my
former article.

Lineus dubius Ver.; Gr'd, p. 270= Do. Ver., vol. viii, p. 426.

Lineus pallidus Ver. ; Gr'd, p. 270=Db. Ver., vol. viii, p. 425.

Lineus communis Ver. {non Van Ben.) ; Gr'd, p. 274=L. socialis (Leidy) Ver.,

vol. viii, p. 424.

Borlasia Gr'd, p. 272 (non Okeu.).

Dr. Girard admits that this generic name is projjerly a strict

synonym of Lineus, as is well known, but he proposes to restrict it

to another group, following CErsted.

According to Dr. Girard, his genus has no lateral cephalic slits

and no ocelli. The pi'oboscis-pore is terminal, and the mouth is sub-

terrainal, antero-inferior. To judge from his brief description it

should belong either to the Enopla or to the Paleonemertea (per-

haps near Eapolio), but it is not possible to place it definitely in

either group until rediscovered and studied more carefully.

Borlasia Kurtzii Gr'd, Proc. Philad. Acad., vol. vi, p. 366 (1853); p. 273. Genus
uncertain.

This Carolinian species has not been redescribed since 1853. I

have never found any form agreeing with it. In color and general

* Dr. Girard erroneously states that the name was first given by Miiller to a Danish

species, but Miiller states that his species was obtained by Fabricius in Greenland.

A_'0 (
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appearance it must resemble the young of Cerehratuliis Leichji, but

the absence of cephalic slits should easily distinguish it from the

latter.

Nemertes Gr'd, p. 273=Lineus, authors.

The description of this genus applies to typical species of Linens.

Dr. Girard refers to it a true Linens and an Amphiporiis, neither of

which he knew personally.

Nemertes socialis (Leidy) Gr'd, p. 274= Lineus socialis Ver., vol. viii, p. 424.

Nemertes Verrilli Gr'd, p. 274—Amphiporus virescens Verrill, vol. viii, p.

400.

This species was based by Dr. Girard on the form briefly men-

tioned by me as '•'"Nemertes^ sp. undet. (c)," in 1873.* It was fully

described by me under its proper genus, in 1879. It is again enu-

merated by Dr. Girard, under my name, on p. 282.

Macronem.ertes gigantea Yer. ; Gr'd=Em.plectonema gigantetim. Ver., vol.

viii, p. 413.

Dr. Girard's description is a translation of my original one. This

generic type has recently been named Eunemertes (Vaillant, 1890),

but as Dr. Stimpson, in 1857, named the Borlasia caniillea Quatr.,

as the type of his genus, Emplectonema, his name should stand for

this group, f

* Eeport on Invert, of Vineyard Sd., p. 335.

f This genus includes several south-European species

:

Emplectonema Neesii ((Erst. \M'^)= Borlasia camillea Quatr., 1846.

Emplectonema Duoni= Eunemertes Duoni Joubin, 1890.

Emplectonema gracilis^Nemertes gracilis Johnst. -^^Nemertes habnea Quatr.

Emplectonema echinoderma^ Borlasia echinoderma Marion, 1874.

Emplectonema Marioni=zNemertes MarioniB.\i\)V., 1879.

Emplectonema Antonina (Quatr.)

Emplectonema carcinophila=Nemertes carcinophilus Kolliker.

The Nemertes Peronea (Quatr.), which has been referred to Eunemertes by Joubin,

appears to belong to another allied genus, lacking cephalic grooves.

I take this opportunity to state that the genus Diplopleura of Stimpson (1857)

is identical with, and long prior to Langia of Hubrecht.

He gave a sufficiently clear and correct diagnosis of the genus, and placed it in the

same section with Gerebratulus and Lineus. His type, D. Japonica^ was from Kago-

sima. I personally examined his specimens and colored drawings before they were

destroyed in the great Chicago fire.

The Mediterranean species, D. formosa (Hubr.), was the type of the genus Langia.

The two are evidently closely allied.

Another species, D. Obockiana, has been described by M. Joubin, as a species of

Langia, from Obock.
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Ophionemertes agilis (Ver.), Gr'd=Aniphiporus agilis Yer., vol. viii, p. 400.

In the paper last quoted, I have made Ophionemertes a subgenus

ov section of Amjyhijyorus, including the slender, very active species,

with many eyes on each side of the head, in linear series.

Ophionemertes Stimpsoni Gr'd, p. 277=Ainphiporus ang-ulatus Yer., vol.

viii, p. 390.

This species is also enumerated by Girard under the name of Cos-

mocephala Stimjysoni^ on p. 250. Its synonymy is fully explained

in my former article. It does not belong to the subgenus OpMone-

mertes.

Astemma resplendens Gr'd, p. 279=Ainph.iporus caecus Yer., vol. viii, p. 402.

Dr. Girard knew this species only from my brief mention of it in

1873, under the designation '•' Nemertes (?) sp, undet., a."

Astemma coUaris Gr'd= ?Amphiporus caecus Yer., young.

This name was applied b}^ Dr. Girard to the form designated by

me as '^ Nemertes (?) sp. undet., (6." It was very young (8'"'"), and

only imperfectly observed.

Micrura affinis Gr'd, p. 280=Do., Yerrill, vol. viii, p. 428.

This is identical with Poseidon affinis Gr'd, p. 258.

Micrura inornata Ver. ; Gr'd, p. 281 = Do. Yer., vol. viii, p. 431.

Micrura albida Ver.; Gr'd, p. 281=Do. Yer., vol viii, p. 431.

Am.phiporus virescens Yer.; Gr'd, p. 282=Nemertes Verrillii Gr'd, p. 274.

Amphiporus roseus (Mull.) Yer. ; Gr'd, p. 282 =Do. Yer., vol. viii, 395.

Amphiporus cruentatus Yer.; Gr'd, p. 283= Do. Yer., vol. viii, p. 399.

The five preceding species are taken from my former papers, with-

out change.

Hallezia Gr'd, (new name)=Dichilus Stimp.

This name is proposed for a subdivision of Am2jhiporus (tyjDes

A. hastatiis and A. bioculatus Mclnt.). It is essentially identical

with Dichilus Stimp. and iSfaredopsis Verrill (see vol. viii, p. 389).

Hallezia hastata Gr'd, p. 284, in part=Am.phiporus caecus Yer., vol. viii,

p. 402.

H. bioculata Gr'd, p 285=A. (Naredopsis) bioculatus ? Yer., vol. viii, p. 401.

Neesia Gr'd, p. 286, superfluous new name=Nemertes Mclnt., (not of earlier

authors)=Emplectonema Stimp., 1857r=Macroneinertes Yer., 1873=Eune-
mertes Yaill., 1885. (See above, p. 528.)

/I
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Dr. Girard gives, as the type of his proposed genus, the Amphi-

porus Neesii (Ersted, which is generally considered identical with

Borlasio, camillea Quatr., the type of Emplectonema and of Eiine-

mertes. Dr. Girard, however, thinks that the Neesii of Mcintosh is

not identical with that of (Ersted. The differences referred to are

probably based on errors of observation and different states of con-

traction.*

Neesia Grcenlandica ((Ersted) Gr'd, p. 287.

This is too imperfectly known for identification.

Neesia sangmnea Gr'd {AmpMporus Gr'd, 1853). Genus uncertain.

It is not probable that this very imperfectly described Carolinian

species belongs to this generic group. Dr. Girard states that there

are no lateral cephalic slits and that the "orifice genital" (=mouth)

is very lo?ig and near the anterior extremity, whereas in the typical

species the mouth is small, round, and inconspicuous. This form

may, perhaps, be allied rather to Eupolia. The "bouche" (=:pro-

boscis-pore) is described as small and terminal. The absence of

cephalic slits, if real, would indicate that it is a Paleonemertean, but

it has the general form of a Cerebratulas.

Renieria Gr'd (1853), p. 288— Cerebratulus.

No characters sufficient to separate this type from Gerehratulus

are given. It is stated that the buccal orifice is almost terminal

and opens on the superior surface as in Valeticifiia. But this

remark doubtless refers to the proboscis-pore, which is on the inferior

surface in that genus.

Renieria rubra Gr'd. p. 285=Cerebratulus ruber Ver., vol. viii, p. 437,

Leodes striolenta Gr'd, p. 2 88 r:: Cerebratulus striolentus Yer., vol. viii, p. 436.

Meckelia fragilis Gr'd (1851), p. 290, (uon Goodsir)=Cerebratulus Leidyi

Ver., vol. viii, p. 436.

The description here given shows that my reference of this species

to C. lacteus is erroneous. The name having been previously used

for a foreign species of the same genus cannot be adopted for either

of the American forms.

* Dr. Girard, in his generic description, p. 286, describes the terminal proboscis-

pore as the mouth (bouche), and the real mouth as the genital orifice (orifice genital).

The same errors are repeated under the species N. sanguineus. He also says that

there are no eyes, but in the Neesii of Mclnt. and in several allied species eyes are

numerous.

(^ Jmm



and Pkmarians of New England. 531

Meckelia atra Gr'd, p. 291=Cerebratulus ater Ver.

This is known only from Florida.

Meckelia Pocohontas Gr'd (1853), p. 291=Cerebratulus lacteus (Leidy, 1851)

Ver., vol. viii, p. 436.

It is not necessary to confound the name of this species with that

of the Lineus lacteus (Mont., 1805), nor with that of 3ficrura lactea

(Grube, 1855), though the latter has sometimes been referred to

Cerehratidiis. The name of the latter is also of later date than that

given by Leidy to our species.

Meckelia lactea Gr'd, p. 293 =preceding species.

Mr. W. R. Coe has shown that the color of this species varies

according to the development of the sexual products. The white

and pale individuals are those that are without sexual products, either

owing to immaturity or to the season of the year. This vol., p. 504.

Meckelia rosea Gr'd, p. 294=Cerebratulus Leidyi Ver., vol. viii, p. 436.

Meckelia Lizziae Gr'd, p. 294=Cerebratulus lacteus Ver., vol. viii, p. 433.

Meckelia lurida Gr'd, p. 295= Cerebratulus luridus Ver., p. 440.

The total number of east-coast Nemerteans enumerated by Dr.

Girard is 55, but of these one is a Polygordlus and 16 are synonyms,

leaving but 38 true species, of which 5 are southern, and not known
north of Cape Hatteras. In my paper in vol. viii. of these

Transactions, 50 species are enumerated from north of Cape Hatteras,

of which 17 are not given by Dr. Girard. Mr. W. R. Coe, in the

jDreceding article, has added three others : viz, Carmella pelluciday

Parccpolia aurantiaca, and Valencinia rubens. I understand that

Prof. McMurrich has observed at Wood's Holl a species parasitic on

Platyon'ichus ocellatus, which is probably related to the Emplecto-

nema carcinophila (Kull.) of Europe. I have also a new species of

Micrura to add to the list. Hence the total number of east-coast

species of Nemerteans, hitherto discovered, is about 60, including

two pelagic species.

Description of a neio species of Micrura.

Micrura caeca, sp. nov.

Body long, slender, subterete anteriorly, somewhat flattened pos-

teriorly, tapering very gradually to the posterior end, and somewhat

narrowed toward the head, which is not distinct from the body.

J ^ Kh/iJriL :
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Caudal cirrus translucent, rather long, slender, acute, usually ele-

vated at an angle to the body and two or three times as long as the

greatest breadth of the head. Cephalic slits long and deep, mouth

elongated, situated far back. Eyes wanting. Color, anteriorly, dull

brownish or yellowish red, gradually becoming dull greenish brown

farther back.

Length 75 to 100™'"
; diameter in extension 1,5 to 2™"".

Thimble Islands, near New Haven, under stones at low-water

mark. Two specimens of this new form were discovered by my
daughter, Lucy L, Verrill, at Outer Island, Aug, 1894,

In form, color, and habits this closely resembles some varieties

of Linens viridis, but the absence of eyes and the presence of a

slender caudal cirrus are characteristic features.

MARINE PLANARIANS,

Dr, Girard enumerates a considerable number of American fresh-

water Planarians which I do not now propose to discuss. That part

is, however, the most important portion of his article.

The marine species of Dendrocoela are mostly very poorly described

and classified and therefore it is very desirable to correlate them with

those described and figured by myself in vol. viii. of these Trans-

actions.

Perhaps the most important error in Dr. Girard's article was

made when he classified under the head of Marine Mhahdoccela a

number of genera which are true Dendrocoela, belonging to the

group Tricladidia : viz, Fovia, Bdelloura, Neojylana. Dinophilus

was also placed under the same heading, though the description of

D. horealis, which he quotes, probably does not refer to a true

JJinophilus, but to one of the Rhabdocoela.

As the numerous species of our marine Rhabdocoela, which I have

observed, have not yet been described, I shall not now review that

group.

Planocera elliptica Gr'd, p. 190, pi. vi, figs. 59, 60=Eustyloclius ellipticus

Ver., vol. viii, p. 87.

Mr, W. R, Coe has found numerous specimens of this species

having spermatophores imbedded at various places in the integu-

ment of the back, showing that it is fertilized hypodermically, as

is the case with certain other Planarians and some leeches (Clej^sine).

His specimens were found in the tubes of Cerebratidus lacteus, near

New Haven, Dec, 1893.
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Planocera nebulosa Gr'd, p. 1 91=Do. Ver., vol. viii, p. 92 (subgenus Flanoceropsis).

Imogine oculifera Gr'd, p. 192= Do. Ver., vol. viii, p. 475.

Stylochopsis zebra Ver.; Gr'd, p. 193=Stylochus zebra Ver., vol. viii, p. 463.

Stylochopsis lateralis (error for littoralis Ver.): Gr'd, p. 194=Eustyloclius

ellipticus Ver., vol. viii, p. 467.

Procerodes Wheatlandii Gr'd, p. 197=Procerodes ulvse Ver., vol. viii, p. 506.

This genus belongs with the Tricladidea. Dr. Girard states that

the Planaria %dv(x, (Erst, and P. frequens Leidy belong to the

Rhabdocoela. This is certainly not the case with the latter. Recent

European writers have also referred P. idvce to the Tricladidea.

The best descriptions of the latter agree closely with our species. I

believe the three forms are identical, but a fuller comparison is

needed.

Euplana gracilis Gr'd, p. 198, pi. vi, fig. 62= ?Prosthiostomuni gracile (Gr'd)

Ver., vol. viii, p. 496.

Dr. Girard's figure illustrates only the arrangement of the ocelli.

In this respect his figure does not agree precisely with my own.

Whether the two are identical is doubtful. The characters given

for the proposed new genus, Euplana, are wholly superficial and of

little value ; nor is there anything in the description to indicate

even the family to which the species belongs. It is to be hoped that

specimens agreeing with Dr. Girard's original type may be redis-

covered. Since my former article was printed I have obtained from

near New Haven several additional specimens of the form described

by myself, but all were immature and essentially like the one figured

by me. They varied somewhat in color,

Leptoplana variabilis Gr'd, p. 199= Do. Ver., vol. viii, p. 486.

Leptoplana ellipsoides Gr'd, p. 200=Do. Ver., vol. viii, p. 483.

Leptoplana folium Ver.; Gr'd, p. 201=Trigoiioporus folium Ver., vol. viii,

p. 487.

Fovia Warreni Gr'd, p. 225=Fovia affinis var. Warreni Ver., vol. viii, p. 505.

Bdelloura Candida Gr'd, p. 227 = Do. Ver., vol. viii, p. 499.

In my former article I have shown that Planaria limuli Graff, is

identical with this species. Although living on a Limidus in the

Frankfort aquarium, the Limidus was doubtless the American

species, and not a native of the North Sea, as Dr. Girard supposed.

This species is a genuine parasite, as I have previously explained,

and not a mere commensal, as Dr. Girard states. Tlie Bdelloura

rustlca Leidy is probably only the young of this species.
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Neoplana frequens Gr'd, p. 232=Procerodes ulvse Yer., vol. viii, p. 506.

Neoplana grisea Gr'd, p. 232=Fovia affinis var. grisea Yer., vol. viii, p. 505,

The genus Neoplana^ constituted for these two species, is super-

fluous, as well as heterogeneous. The two types belong respectively

to Procerodes and Fovia. These genera, as well as Bdelloura, are

Dendrocoela, as already stated. It is difficult to understand why
Dr. Girard referred them to the Rhabdocoela. In my former article

a sufficient account of their internal anatomy is given to show their

position with the Tricladidea or Monogonopora.

Additional Species.

Since the publication of my article in vol. viii, a few additional

species of marine Dendrocoela have been described from our coast.

Planocera inquilena Wheeler, Journal of Morph., vol. ix, p. 195, with fig. in

text, 1894.

Vineyard Sound, Mass., parasitic in the gill-cavity of Fulgxir

canalicidata.

A translucent, pale grayish species, with slender, pointed tentacles.

Bdelloura propinqua Wheeler, op. cit., pp. 169, 189, 1894.

A small species (8"^'" lo^g)? parasitic on the gills of Limulus, in

Vineyard Sound, Mass. This species is said to differ from B. Can-

dida in having more numerous testes, and in having a fibrous capsule

around the brain.

Synccelidium pellucidum Wheeler, op. cit, pp. 167-192, pi. viii, 1894.

This new genus and species is closely allied to Bdelloura, but has

the two main posterior intestinal rami united, and lacks a distinct

posterior sucker. It is 2 to 3""" long, and is parasitic on the gills of

Limuhis. It breeds in midsummer, in Vinej-ard Sound.

Its anatomy has been well described and figured by Mr. Wheeler.

/
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Acetic and Lactic Acids, Influence of,

310.

Action on Beef Proteids (Cooked), 302,
(Eaw), 303.

Blood-fibrin (Boiled), 305 ,(Raw), 304.

Milk, 323.

Starch, 327.

Adamastor cinereus, 465.

Adenocystis, 334, 338.

Lessonii, 338.

^strelata lessoni, 448, 449, 464, 465.

mollis, 465.

Azalena nasvia, 401, 412.

potteri, 412.

Agare«, 340. 343, 351, 356.

Agaram, 333, 334, 337, 340, 342, 343,

351, 356, 374.

Turneri, 340, 341, 342, 343, 356,

360, 370, 373.

Agroeca pratensis, 412.

repens, 412.

Agnlhasia, 376, 389, 390.

Alaria, 333, 334, 337, 346, 347, 352, 358,

360, 366.

angiista, 358.

crassifolia, 358, 370.

crispa, 358.

dolichorhachis, 358.

elliptica, 358.

esculenta, 358, 361, 370, 373.

fistulosa, 358.

flagellaris, 358.

grandifolia, 358.

lanceolata, 358.

laticosta, 358.

linearis, 358.

marginata, 358.

membranacea, 358.

oblonga, 358.

praelonga, 358.

Pylaii, 358, 373.

taeniata, 358.

Alarie«, 337, 346, 352, 358.

Alariidete, 337, 346, 349, 351.

Albatross, 437, 464, 465.

Sooty, 445.

Spectacled, 440.

Wandering, 437.

Amanrobius silvestris, 401, 410.

Amphiporus, 524, 526, 527, 528, 529,

530.

agilis, 529.

angulatus, 524, 529.

Amphiporus bioculati;s, 529.

cascus, 529.

cruentatus, 529.

glutinosus, 527.

griseus, 527.

hastatus, 529.

(Naredopsis) bioculatus, 529.

Neesii, 530.

ochracetis, 524.

rhomboidalis, 527.

roseus, 529.

(?) superbus, 524.

virescens, 528, 529.

Anatidae, 433.

Anous melanogenys, 465.

stolidus, 452, 464.

Anseres, 433.

Antipyrin and Acetanilid, Influence of,

320.

Aptenodytes chrysocome, 455, 458.

longirostris, 452, 466, 467.

papua, 454.

patachonica, 454.

pennantii, 452.

taeniata, 454.

Apterodyta longirostris, 452.

Argiope transversa, 406.

Arthrothamnus, 341, 342, 343, 351, 356,

374.

bifidus, 342, 356.

Bongardiana, 342.

Kurilensis. 341, 342, 356.

longipes, 342.

radicans, 342.

Astemma, 524.

collaris, 529.

resplendens, 529.

Atrypa, 378.

Attus audax, 419.

militaris, 420.

mitratus, 420.

palustris, 420.

pulex, 420.

tripunctatus, 419.

Bath3q)hantes tcn-icolus, 410.

Bdelloura, 532, 534.

Candida, 533, 534.

propinqua, 584;

rustica, 533.

Beecher, Charles E. Revision of the
Families of Loop-bearing Brachio-
poda, 376-399.
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Beecher, Charles E. The Development
of Terebratalla obsoleta, Dall, 393-
397.

Beef Protelds, Action on Cooked, 302.

Action on Raw, 303.

Birds and Eggs collected by Mr. Geo.
Coiner at Goiigh Island, etc. By G.
E. Verrill, 430-478.

Bismuth Ammonium Citrate (soluble).

Influence of, 319.

Sub-nitrate, Influence of, 319.

Black Night-Hawk, 465.

Blood-fibrin, Action on Boiled, 305.

Action on Raw, 304.

Blue-headed Molly Moke, 440, 464, 465.

Boracic Acid, Influence of, 309.

Borlasia, 524, 527.

camillea, 528, 530.

echinodenna, 528.

Kurtzii, 527.

Bouchardia, 379, 380, 385, 387, 389, 391.

Brachiopoda, Revision of the Families
of Loop-bearing. By Charles E.

Beecher, 376-399.

Buphagus skua antarcticus, 450.

Capea, 333, 334.

Cape Pigeon, 448, 466.

Carbolic Acid, Influence of, 315.

Carinella, 492, 515.

pellucida, 515, 531.

Carinina grata, 524.

Cariarachne versicolor, 417.

Catarhactes chrysocome, 458.

chrysolophus, 455.

Catarractes chrysolophus, 455, 456.

demersus, 458.

Centronella, 377, 383, 389, 390.

Centronellinre, 377, 390.

Cephalothrix linearis, 524.

Ceratinella brunnea, 407.

laeta, 407.

laetabilis, 408.

laticeps, 401.

minuta, 408.

Cerebratulus, 516, 517, 519, 520, 521,

524, 528, 530, 531.

angulatus, 526
ater, 531.

cylindricus, 526.

fuscus, 526.

lacteus, On the Anatomy of. By
Wesley R. Coe, 479-514.

Leydii, 491, 497, 528, 530, 531.

luridus, 497. 526, 531.

macroren, 489.

niaculosus, 526.

medulatus, 526.

olivaceus, 526.

ruber, 530.

Bp., 526.

Cerebratulus Spraguei, 526.

striolenta, 530.

truncatus, 526.

Chionarchus minor, 435.

Chionidae, 435.

Chionis minor, 435.

Chittenden, R. H. Papoid-digestion,
298-332.

Chloroform, Influence of, 315.

Chorda, 333, 335, 336, 338, 339, 350, 355,

374, 375.

filum, 338, 355, 373.

tomentosa, 338, 355.

Cistella, 377, 382, 384, 386, 387, 389,

391, 392, 393, 394.

Clubiona canadensis, 415.

ornata, 414.

Coe, Wesley R. Descriptions of three
new species of New England Palse-

onemerteans, 515-522.

On the Anatomy of a species of

Nemertean (Cerebratulus lacteus Ver-
rill) with lemarks on certain other
species, 479-514.

Ccenothyris, 390.

Comer, Geo. Birds and Eggs collected

by, 430.

Extracts from Journals, 466.

Cosmocephala, 524.

ochracea, 524.

Stimpsoni, 524, 526, 529.

Costaria, 333, 334, 340, 341, 342, 343,

351, 356, 370, 374.

Tumeri, 341. 356.

var. pertusa, 342.

Crithagra insularis, 463, 464.

Cryptonella, 377, 389, 390.

Cymathj«re, 340, 342, 343, 351, 356, 374.

triplicata, 356.

Dallina, 377, 382, 383, 384, 385, 387,

389. 391.

floridana, 382, 384.

Grayi, 380, 382.

Raphaelis. 380, 383.

septigera, 377, 380, 382, 384, 393,

394.

Dallinin*, 380, 386, 388, 391.

Daption capensis, 448, 464, 465, 466.

Davidson, Charles, Studies in the Eng-
lish Mystery Plays, 125-296.

Dendryphantes aestivalis, 420.

capitatus, 420.

militaris, 420.

Dichilus, 529.

Dictyna, 411.

Dictyoneuron, 343, 344, 345, 351, 357,

364, 371, 374.

Californicum, 357.

Dictyoth>Tis, 390.

Dielasma, 377, 389, 390.
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Dielasmina, 390.

Dinophilus, 532.

borealis, 533.

Diomedea culminata, 443.

exulaiis, 431, 437, 444, 445, 446,

447, 464, 465, 467, 468, 470.

melanophrys, 440, 447, 465, 466.

Diomedeidae, 437.

Diplopleura, 528.

forinosa, 528.

Japonica, 528.

Obockiana, 528.

Diplostyla canadensis, 410.

concolor, 410.

nigrina, 410.

Discolia, 376, 377, 390.

Discoliidce, 390.

Discoliinae, 377, 390.

Distyothyris, 389.

Diver, 449, 465.

Diving Petrel, 449.

Dolomedes sexpunctatus, 428.

tenebrosus, 428.

Drassus coloradensis, 413.

robustiis, 413.

saccatus, 413.

Drepanophorus Lankasteri, 524.

Duck, Desolation, 433.

Durvillaea, 333.

E
Eckloneae, 337, 351.

Ecklonia, 333, 334, 337, 347, 348, 349,

350, 352, 357, 362, 370, 374.

bicyclis, 357.

brevipes, 357.

bnccinalis, 348, 357, 359, 362, 363.

cava, 357.

latifolia, 357.

radiata, 348, 349, 357, 371.

Eckloniefe, 347, 357.

Egregia, 333, 337, 349, 350, 352, 358,

370, 374.

Menziesii, 349, 358, 366.

EgregieiB, 337, 349, 350, 352, 358.

Eisenia, 337, 347, 348, 349, 352, 357,
366, 370, 374.

arborea, 348, 357.

Emberiza braziliensis, 465.

Emerton, J. H. Canadian Spiders, 400-
429.

Emplectonema, 528, 529, 530.

Antonina, 528.

carcinophila, 528, 531.

Duoni, 528.

echinoderma, 528.

giganteiim, 528.

gracilis, 528.

Marioni, 528.

Neesia, 528.

Endesia, 381.

cardium, 382.

English Mystery Plays, Studies in the.

By Charles Davidson, 125-296.
Epeira aculeata, 405, 406.

affinis, 404.

apoclisa, 404.

aureola, 404.

carbonaria, 400, 402, 405.

displicata, 404.

fasciata, 406.

hilaris, 404.

marmorea, 403.

nigra, 401, 402.

nordmanni, 401, 403.

obesa, 404.

packardii, 405.

patagiata, 401, 404, 405.

sclopetaria, 401, 404, 405.

sericata, 404.

silvatica, 402, 403.

solitaria, 401.

strix, 404.

trifolinm, 404.

trivittata, 405.

Ergane splendens, 420.

Erigone cristata, 408.

laeta, 407.

laetabilis, 408.

viaria, 410.

Eucalathis, 377, 390.

Eudesia, 389, 391.

Eudyptes catarractes, 458, 459.
chrysocome, 457, 458, 459, 460, 461,

464, 468.

var. atrifrons, 460, 461.

chrysolophus, 455, 457, 458, 459,
461.

diadematus, 455.

nigrivestis, 458, 460.

pachyrhynchus, 459.

papua, 454.

saltator, 458, 459, 460.

sclateri, 459.

Eunemertes, 528, 529, 530.

Duoni, 528.

Euplana gracilis, 533.

Eupolia, 518, 527, 530.

Euryopis funebris, 407.

Eustylochus ellipticus, 479, 532, 533.

Eydyptes chrysocome, 466.

chrysolophus, 466.

Fisher, Irving. Mathematical inves-

tigations in the theory of value and
prices, 3-124.

Fovia, 532.

affinis var. grisea, 534.

var. Warreni, 533.
Warreni, 533.

Fucus, 333.

Fuliea chloropus, 465.

Fulmur, Giant, 447.
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G
Gallinula nesiotia, 434.

Giant Fulmar, 447.

GlossothjTis. 390.

Glottidia, 393.

Gnaphosa brumalis, 401, 413.

conspersa, 401, 413.

gigantea, 413.

Scudderi, 413.

Gongh Island, 368, 464.

GralliB, 434.

Gull, 450.

Black-backed, Southern, 450.

Mackerel, 451, 452, 464, 466.

Sea, 464, 465.

Gwynia, 377, 383, 384, 386, 387, 391,

393, 394.

H
Habrocestum montanum, 401, 420.

splendens, 420.

Hafgygia, 334, 340.

Haglet, Speckled, 448, 465.

Hahnia bimaculata, 412.

cinerea, 412.

Haligenia, 333, 334.

Hallezia, 524, 529.

bioculata, 529.

hastata, 529.

Hecate, 524, 525.

arenicola, 525.

Candida, 525.

dorsalis, 525.

elegans, 525.

Kelleri, 525.

serpentina, 525.

Hen, Sea, 450, 464, 465.

Herpyllus alarius, 412.

ater, 414.

variegatus, 412.

Hydrogen Peroxide, Influence of, 316.

Icius mitratus, 420.

Imogine oculifera, 533.

Impennes, 452.

Influence of Acetic and Lactic Acids,
310.

Antipyi-in and Acetanilid, 320.

Bismuth Ammonium Citrate (solu-

ble), 319.

Bismiith Sub-nitrate, 319.

Boracic Acid, 309.

Carbolic Acid, 315.

Chloroform, 315.

Hydrogen Peroxide, 316.

Lime-water, 310.

Mercuric Chloride, 315.

Peppermint Oil, 319.

Potassium Chlorate, 317.

Influence of Quinine Sulphate, 320.

Reaction, 307.

Salicylic Acid, 314.

Sodium Carbonate, 308.

Sodium Chloride, 317.

Strychnin and Brucin Sulphates,
320.

Temperature, 311.

Therapeutic Agents, etc. , 314.

Thymol, 316.

Irid«a, 333.

Ismenia, 377, 384, 385, 386, 387, 388,

389, 391.

Javavella, 390.

K
Kerguelen Island, 466.

Kingena, 388, 389, 391.

Kraussina, 380, 385, 391.

Lacazella, 893.

Laminaria, 333, 334, 336, 338, 339, 343,
351, 360, 363, 375.

Andersonii, 356, 370.

angustata, 355.

atrofulva, 356.

bifida, 342.

Bongardiana, 356.
bullata, 355.

crassifolia, 356.

cuneifolia, 355.

dentigera, 355.

digitata, 356, 370, 373.

discolor, 356.

ensiformis, 355.

Farlowii, 355, 370.
fissilis, 356, 373.

Gunneri, 356.

himantophylla, 356, 363.

hyperborea, 356.

intermedia, 356.

Japouica, 355, 370.

longicruris, 355, 373.

longipes, 355.

nigripes, 356, 373.

pallida, 356, 359, 363.

Peterseniana, 355, 370.

Phyllitis, 355, 375.

platymeris, 356.

radicosa, 339, 355, 370.

Rodriguezii, 339, 355.

Ruprechti, 356.

saccharina, 355.

sessilis, 356.

Sinclairii, 339, 355, 370.

solidungula, 339, 342, 355.

stenophylla, 356, 373.

;
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Laminaria tjeniata, 355.

triplicata, 342.

Lamiuariacepe, On the Classification and
Geographical Distribution of the. By
William Albert Setchell, 333-375.

Laminarieae, 338, 350, 356.

Laminariidefe, 337, 350.

Laminarius, 333.

Langia, 528.

Laqueus, 383, 385, 389.

Californica, 383.

Laridfe, 450.

Lanis cunicnlus, 467.

dominicanus, 450, 464, 465, 466.

niarinus, 450.

Lathys, 410, 411.

pallida, 401, 410.

Leodes, 524.

striolenta, 530.

Leptoplana ellipsoides, 533.

folium, 533.

variabilis, 533.

Lesser Sheath-bill, 435.

Lessonere, 337, 343, 351.

Lessonia, 333, 334, 335, 336, 337, 341,

343, 344, 345, 351, 357, 362, 364, 371.

fuscescens, 357, 359, 364, 371.

LaminarifEoides, 357, 371.

nigrescens, 357, 359, 364, 371.

ovata, 357, 359, 371.

Suhrii, 357, 359, 364, 371.

Lessonieae, 357.

Lessoniidege, 337, 343, 345, 351.

Lestris antarcticus, 450.

Lethia, 410, 411.

Lime-water, Influence of, 310.

Lineus, 525, 527, 528.

arenicola, 525.

bicolor, 497.

communis, 527,

dubius, 527.

Gesserensis, 527.

gracilis, 527.

lacteus, 531.

pallidus, 527.

socialis, 497, 527, 528.

sp. (?), 515.

truncatus, 526.

viridis, 525, 526, 527, 532.

Linyphia costata, 409.

humilis, 409.

marmorata, 409.

phrygiana, 409.

Liothyrina, 376, 378, 390.

Longipennes, 450.

Lophocarenum decemoculatum', 408.

latum, 408.

Lophomma cristata, 408.

elongata, 408.

Lycosa albohastata, 423.

beanii, 421.

communis, 421.

concinna, 425.

Lycosa dromoea, 423.

fumosa, 401, 421.

glacialis, 424.

groenlandica, 423, 424, 427.

impavida, 427.

indagatrix, 423.

iracunda, 423, 424.

polita, 422.

pratensis, 422.

quinaria, 422.

sinistra, 423, 424.

tachvpoda, 427.

tristis, 423.

uncata, 425, 427.

Lyra, 389, 391.

M
Macandrevia, 378, 381, 383, 384, 385,

389, 390, 391.

cranium, 377, 378, 380, 381, 382,

392 394
Macrocysteje, 337, 345, 351, 357.

Macrocystis, 333, 334, 335, 337, 343,

345, 351, 352, 357, 362, 363.

pyrifera, 357, 359, 361, 365, 371.

Macronemertes, 524, 529.

gigantea, 528.

Macrorhinus leoninus, 430, 466, 469.

Magas, 385, 387, 389, 391.

Magasella, 380, 381, 387, 389, 391.

Cumingi, 380, 381, 385, 389.

Magellania, 377, 378, 380, 381, 384, 387,

390, 391.

flavescens, 379, 380.

kerguelenensis, 380.

lenticularis, 379, 380.

venosa, 379, 380, 381, 392.

(Waldheimia) septigera, 381.

Wyvillii, 380.

Magellaniinje, 379, 385, 386, 388, 391.

Majaqueus sequinoctialis, 447, 448, 449,

465.

Mathematical investigations in the the-

ory of value and prices. Bv Irving

Fisher, 3-124.

Meckelia, 524.

atra, 531.

fragilis, 530.

lactea, 531.

Lizziae, 531.

lurida, 531.

Pocohontas, 531.

rosea, 531.

Megalanteris, 377. 389, 390.

MegathjTinre, 386, 391.

Megathyris. 384, 386, 388, 389. 391.

Megerlina, 379, 380, 385, 387, 391.

Jeflfreysi, 383.

Lamarckiana, 380.

(=Muhlfeldtia) truncata, 383.

Mercuric Chloride, Influence of, 315.



540 INDEX.

Meteorological Record at and near

Gough Island, 471.

Micaria constricta, 414
longipes, 414.

montana, 414.

Microneta qninquedentata, 410.

viaria, 410.

Micrura, 535, 526, 531.

affinis, 493, 503, 526, 529.

albida, 529.

caeca, 531.

fusca, 526.

inornata, 529.

lactea, 530.

Misumena aleatoria, 418.

asperata, 418.

vatia, 418.

Molly Moke, Blue-headed, 440.

White-headed, 440, 465.

Mountain Cock, 434, 464.

Miihlfeldtia, 377, 387, 389, 391, 394.

sanguinea, 383, 384, 385, 392.

trancata, 383, 384.

Mutton Bird, 448, 464, 465.

N
Nareda, 534, 525.

pulchella, 524, 525.

stiperba, 524.

Naredopsis, 529.

Neesia, 524, 529, 530.

Groenlandica, 530.

sanguinea, 530.

Nellie, 447, 464, 465.

Nemerteans and Planarians of New
England, Supplement to the marine.

By A. E. Verrill, 533-532.

Nemertes, 524, 528, 539.

balmea, 528.

carcinophilus, 538.

gracilis, 538.

Marioni, 538.

Peronea, 538.

soeialis, 538.

sp. undet., 538, (a) 539, {b) 539, (c)

528.

Verrilli, 528, 529.

Neon nellii, 430.

Neoplana, 532.

frequens, 534.

grisea, 534.

NeothjTis lenticularis, 385.

Nereocystis, 333, 334, 337, 343, 345,

351, 357, 365, 374.

gigantea, 345, 357, 371.

Liitkeana, 345, 357, 371.

Nesocichla eremita, 463, 464.

Nesospiza acunhse, 463, 464,

Newberria, 390.

Night Hawk, Black, 465,

Nightingale, 465.

Noddy, 452.

Nucleatula, 390.

Oeeanites oceanicus, 449.

Ogmorhinus leptonyx, 430, 466.

Ophionemertes, 524, 539.

agilis, 529.

Stimpsoni, 524, 539.

Ossifraga gigantea, 447, 464, 465, 468.

Oxyptila conspurcata, 417.

Pachynatha brevis, 406.

tristriata, 406.

Paddy, 435.

Paddy unker, 464.

Palfeonemerteans, Descriptions of three

new species of New England. By
Wesley R. Coe, 515-533.

Papoid-digestion. By R. H. Chittenden,
398-333.

Parapolia, 517.

aurantiaca, 518, 531.

Pardosa albomaciilata, 433.

brunnea, 435.

glacialis, 401, 434, 425.

groenlandica, 400, 423, 425.

lapidicina, 427, 438.

luteola, 437.

montana, 437.

pallida, 438.

tachypoda, 401, 437.

uncata, 401, 435.

Pearr, 445, 464, 465.

Pelecanoides urinatrix, 449, 465.

Pelecanoididae, 449.

Pellenes nigricepe, 420.

Penguin, Johnny, 456, 466.

King, 452, 466.

Macaroni, 466.

Rock-Hopper, 458, 464.

Peole, 445, 464, 465.

Peppermint Oil, Influence of, 319.

Petrel, Diving, 449.

Pintado, 448.

White-headed, 448.

Phalocrocorax verracosus, 463.

Phidippus morsitans, 419.

tripunctatus, 419.

Philteus militaris, 420.

Philodromus bidentatus, 419.

Phlasorhiza, 334.

Phoebetria fuliginosa, 445, 447, 464, 465,

466.

Phrurolithus alarius, 412.

Phyllospora Menziesii, 333.

Pigeon, Cape, 448, 466.

Sore-eyed, 435.

Pinnaria, 334.

Planaria angulata, 526.

frequens, 533.

fusca, 536.

limuli, 533.

ulvse, 533.

J4i.
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Planoeera elliptica, 532.

inqiiilena, 584.

nebulosa, 538.

Planoceropsis, 533.

Platidia, 877, 381, 382, 384, 386, 387,

389, 391.

Platyonichns ocellatus, 531.

Plays, Studies in the English Mystery.
By Charles Davidson, 125-296.

Poecilochroa variegata, 412.

Polia, 518.

affinis, 526.

Polina, 524, 526.

cervicalis, 527.

glutinosa, 527.

grisea, 526, 527.

rhomboidalis, 526.

Polygordius, 524, 531.

pulchellus, 524.

Porphyriornis comeri, 432, 434, 464.

nesiotis, 465.

sp. ? 464.

Poseidon, 524, 525.

affinis, 526, 529.

Colei, 525.

Postelsia, 343, 344, 345, 348, 349, 351,

357, 365, 371, 374.

palmseformis, 357.

Potassium Chlorate, Influence of, 317.

Pringlea antiscorbutica, 467.

Prion desolatus, 448, 464, 465.

vittata, 465.

Procellaria Capensis, 448.

cinei'ia, 465.

desolata, 448.

gigantea, 447.

lessoni, 448.

nereis, 449.

urinatrix, 449.

vittata, 465.

Procellariidae, 447.

Procerodes ulvje, 533, 534.

Wheatlandii, 533.

Prostliesima ati'a, 414.

funesta, 414.

melancholica, 414.

Prosthiostomum gracile, 533.

Pseudoprion desolatus, 448.

Pterygophora, 337, 346, 347, 352, 358,

366, 374.

Californica, 346, 358, 361, 370.

Pygope, 390.

Pygoscelis papua, 454.

tffi'niata, 454, 457, 466.

Wagleri, 454.

a
Qiierquedula eatoni, 433, 467.

Quinine Sulphate, Influence of, 320.

Trans Con'n. Acad., Vol. IX.

37

R
Pallid*, 434.

Renieria, 524, 580.

rubra, 580.

Rensseljeria, 377, 389, 890.

Rouen, Freising and Orleans Christmas
Plays, 178.

Runcinia brendellii, 418.

S

Saceorhiza, 333, 334, 336, 338, 351.

biilbosa, 339, 348, 355, 368.

dermatodea, 339, 355, 373, 374.

Saitia pulex, 420.

Salicylic Acid, Influence of, 314.

Scytosiphon, 384, 338.

filum, 333, 334.

lomentarius, 884.

tomentosus, 334.

Sea Gull, 464, 465.

Hen, 450, 464, 465.

Setchell, William Albert. On the Clas-

sification and Geographical Distribu-
tion of the Laminariaceae, 838-375.

Singa variabilis, 406.

Skua, Southern, 450.

Sodium Carbonate, Influence of, 808.

Chloride, Influence of, 817.

South Georgia, 465, 466.

Spai'row, 464.

Spheniscidoe, 452.

Spheniscus chrysocome, 458.

magellanicus, 454.

papua, 454.

Spiders, Canadian. By J. H. Emerton,
400-429.

Spirifer, 378.

Spiropalpus spiralis, 408.

Steatoda borealis, 406.

fusca, 407.

guttata, 406.

marmorata, 407.

Stemonyphantes bucculentus, 409.

StercorariidiP, 450.

Stercorarius antarcticus, 450, 464, 465
468.

Sterna hirundinacea, 451 , 452, 466.

hirundo, 465.

stolida, 452.

vittata, 451, 464, 465, 466.

Stinker, 447, 464, 465.

Stringocephalinae, 377, 390.

Stringocephalus, 877, 389, 390.

Strychnin and Brticin Sulphates, Influ

ence of, 820.

Stylochus zebra, 583.

Stylochopsis lateralis, 53^.

June, 1895.

/i^



542 INDEX.

Stylochopsis littoralis, 533.

zebi'a, 533.

Stylophora concolor. 410.

Syucoelidium pellucidvim, 534.

Teal, Eaton's, 433.

Tegenaiia brevis, 411.

civilis, 411.

derhaniii, 411.

domestica, 411.

Temperature, Influence of, 311.

Terebratalia, 377, 378, 382, 384, 385,

387, 389, 391, 393.

coreanica, 380, 383.

frontalis, 380, 383.

mariae, 383.

obsoleta, 382, 383.

The Development of. By Charles E.

Beecher, 392-397.

spitzbergensis, 380, 383.

transversa, 380, 382, 383.

Terebratella, 377, 378. 380, 381, 382,

384, 385, 391.

Buckmani, 385.

chiliensis, 379.

cruenta, 379, 380, 385.

dorsata, 379, 380, 382, 385, 392.

furcata, 385.

occidentalis, 392.

var. obsoleta, 382, 392.

rubicunda, 379, 380, 385.

Terebratellida>, 377, 386, 389, 391.

Terebratula, 376.

septigera, 377, 382.

transversa, 377.

Terebratulida?, 376, 389, 390.

Terebratulina, 376, 377, 378, 390, 393.

capnt-serpentis, var. septentrionalis,

381.

TerebratvilinjB, 377, 389, 390.

Tern, Wreathed, 451.

Tetragnatha extensa, 406.

Tetrastemma, 525.

candidum, 525.

dorsale, 525.

elegans, 525.

vermicnlus, 525.

vittatiam, 525.

ThalasscBca glaeialoide? 465.

Thalassiophylhmi, 3L , 334, 340, 341,

342, 343, 350, 351, 356, 374.

Clathrus, 337, 340, 356.

Thalassogeron chlororhynchns, 440, 441,

443, 444, 465, 466.

culminatus, 441, 443.

eximius, 440, 447, 464, 468.

Thanatus coloradensis, 419.

lycosoides, 419.

Therapeutic Agents and other sub-
stances. Influence of various, 314.

Theridion boreale, 406.

Theridion funebre, 407.

marmoratum, 407.

sph;prula, 407.

Theridium quadripunctatum, 406.

sexpunctatum, 406.

tepidarioriim, 401.

Theridula sphaerula, 407.

Thomisus aleatorius, 418.

asperatus, 418.

citreus, 418.

duttonii, 419.

fartus, 418.

Thymol, Influence of, 316.

Tibellus duttonii, 419.

Titanoeca Americana, 410.

Tmeticus jjectiuatus, 409.

plumosus, 409.

Tricladidia, 532, 533.

Trigonosemus, 385, 389, 391.

Trigouoporus folium, 533.

Tristan da Cunha, Additional Species
recorded from, 464.

Tubinares, 437.

Turdus guianensis, 465.

U
Ulopteryx, 347, 348, 351, 357, 366, 371,

374.

pinnatifida, 348, 357.

Valencinia, 498, 521, 530.

longirostris, 521.

rubens, 521, 531.

Value and Prices, Mathematical Inves-
tigations in the theory of. By Irving
Fisher, 3-124.

Verrill, A. E. Supplement to the marine
Nemerteans and Planarians of New
England, pp. 523-532.

Verrill, G. E. On Some Birds and Eggs
collected by Mr. Geo. Comer at Gough
Island, Kerguelen Island, and the Is-

land of South Georgia, with extracts

from his notes, including a meteoro-
logical record for about six months at

Gough Island, 430-478.

W
Whale Bird, 464, 465.

Xysticus bimactilatus, 416.

ferrugineus, 415.

gulosus, 415.

limbatus, 416.

pulverulentus, 41 7.

stomachosiis, 416, 417.

triangulosus, 416.

Zellania, 384, 388, 391.

Zilla montana, 406.

J/h-
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