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DEDICATION.

To His Excellency
DAVID B. HILL,
Governor of the State of New York .
SIR :

I have the honor to present to your Excellency a new volume of the Natural
History of the State, being a continuation of the work on the ParzontoLogy
OF THE STATE OF NEW YORK.

This volume 1is chiefly devoted to the description and illustration of the
Trilobites and other fossil Crustacea of the Oriskany, Upper Helder-
berg, Hamilton, Portage, Chemung and Catskill groups of the New York
Geological Series, and comprises about three hundred pages of text and forty-
nine quarto plates of illustration with explanatory text.

Besides the principal subject of the volume there is included some matter
supplementary to Volume V, part i1, embracing forty pages of descriptive text,
with eighteen plates and explanations. These subjects together comprise the
full amount of text and of plates which could be devoted to this volume under
the law of 1883, while making a proportionate allowance for the Volume V,
part ii, Lamellibranchiata, in two volumes, and Volume VI, already published,
and for Volume VIII, upon the Brachiopoda, which is yet to be published.

The present volume is the seventh of the entire series, and the fourth in
order which has been published under the provisions of Chapter 355 of the
Laws of 1883, by which it was directed “that the entire work should not
extend beyond five bound volumes in addition to those already issued.”

The entire number of species of Crustacea described and illustrated in this
volume is one hundred and forty-four, which are included under twenty-eight
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1v DEDICATION.

Genera. Of this number ninety-seven are Trilobites, which have perhaps a
greater general interest than any other class of fossils.

The material furnishing these descriptions and illustrations is chiefly the
result of field collections made within the State of New York; some of the
specimens dating back as far as the year 1832; including also specimens from
the collections of private individuals, and from the cabinets of institutions of
learning, which have been placed at the disposal of the author for the purpose
of enriching this volume.

While the work is far from reaching that degree of completeness which the
author could desire, it must be regarded as the best which could be accom-
plished under existing circumstances; presenting, as it does, a systematic
arrangement of the material at our disposal, it will furnish to students and
teachers the means of study, and classification of their own collections, and in
this view the author will hope that it may not prove unworthy of a place
among the series of volumes intended to illustrate the NaturaL HisTory OF THE
STATE oF NEW YORK.

I have the honor to be,
With great respect,
Your obedient Servant,

JAMES HALL,

State Geologist and Paleontologist.
ALsany, March, 1888.
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PREFACE.

Tris volume contains the descriptions and illustrations of the Trilobites
and other Crustacea of the Oriskany, Upper Helderberg, Hamilton, Port-
age, Chemung and Catskill groups of the New York Geological Series, which
essentially constitute the equivalent of the Devonian System of Kurope.
Some descriptive matter and illustrations, supplementary to Volume V, part ii,
are also included.

The volume, as it will now go to the public, is very different in its scope and
character from the original conception and plan of the author.

While still free to devise a scheme for the completion of the ParLzoNToLOGY
oF NEw YORK, in what appeared to him the most satisfactory manner, he had
contemplated a review and revision of all his previous work upon the Parzozoic
CrusTacEea, the early part of which had been done with very incomplete and
often unsatisfactory material and equally imperfect knowledge of the subject.
With this end in view, an effort was made, in 1873, through private subscription
of the citizens of Albany, to purchase from Mr. C. D. Walcott a collection of Tren-
ton limestone fossils, mainly for the sake of the Trilobites which it contained.
This plan failing, the collection went to the Museum of Comparative Zoology,
in Cambridge. At a later period, a second similar collection was offered to the
State Museum by Mr. Walcott, but its purchase was not effected. This collec-
tion like the preceding one was purchased by the Museum in Cambridge, which
now possesses a series of New York Trenton limestone fossils far superior to
any other in the country.

In the meantime the author had, at his own personal expense, sent an assist-
ant into the field to make collections, especially of TriLoBiTES, from the rocks
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below the Trenton limestone, intending to extend the work of collecting to all
the known localities of primordial fossils within, and adjacent to the State. The
result of the first season’s work proved so unsatisfactory and disappointing that
this plan was abandoned with regret, and nothing farther was attempted in
that direction.

From the time of the completion of Volume V, part ii, at the close of 1879,
the failure to make appropriations for the publication of this work, left in the
hands of the State Geologist a large amount of matter prepared, or partially
ready for publication. Of this material were eighty plates of LAMELLIBRANCHIATA,
which, with twelve additional plates, now constitute the illustrations of Volume
V, part 1, published in two volumes. A considerable number of the plates pub-
lished in Volume VI had, at that time, already been lithographed ; besides eight
plates of Crusracea for Volume VII. Of the Bracuioropa, which in the present
arrangement are to constitute Volume VIII, twenty-seven plates had been
lithographed when, in 1881, all progress in the ParzonToLogY oF NEW YORK
was suspended.

Upon resuming the work, under the limitations of the law of 1883, it
became necessary for the author to content himself with a volume restricted to
the description and illustration of the Devonian Crustacea, and in order to
make this one of a size approximating the other volumes, it became necessary
to include the supplementary material of Volume V, part ii, originally intended
for a separate publication, and which here follows the principal matter giving
title to the volume.

Under existing circumstances, it is not at all probable that the author will
ever have the opportunity of reviewing and revising his earlier work upon the
Trilobitic faunas of the older rocks, but he may hope that in the near future
the scientific institutions of New York may feel it incumbent upon them to
present to the public a work upon these fossils worthy of the subject and of
the State whose position is so well established as the pioneer and munificent
patron in the science of Parzonroroy. There is no longer any difficulty in
finding willing and able hands to perform such a work, and the material, though
scattered in the collections of different institutions, could readily be brought
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together for such an important purpose as a monograph of the PaLmozoic
CRUSTACEA.

In taking leave of a work which has in the past occupied his mind and
prompted his earnest endeavors, he can only regret that the circumstances
attending its final production have been less felicitous than he could have
wished. |

In the preparation of the matter for the press, and in the critical study of
the material, the author acknowledges with great satisfaction the able and
untiring efforts of his assistant, Mr. John M. Clarke.

The author acknowledges the liberality with which specimens have been
placed at his disposal for study and comparison, and begs leave to express his
obligations to the following-named gentlemen and institutions:

Dr. J. S. Newberry, -_ _- -- -- .- New York, N. Y.
Mr. Lows Bevier, __ _ - - . Marbletown, N. Y.
Mr. Cornelius Van Gaasbeck, - - _. -~ Kingston, N. Y.
Prof. S. G. Williams, - - - - Ithaca, N, Y.

Prof. H. S. Williams; __ - - . __ Ithaca, N. Y.

Prof. J. F. Whiteaves, Geological Survey of Canada, Ottawa, Canada.
Mr. R. D. Lacoe, - _ _ - .- Pittston, Penna.
Prof. W. H. Barris, - - - - Davenport, Iowa.
Mr. D. S. Chatfield, -. - - - _-  Syracuse, N. Y.
Mr. A. O. Osborne, . .- - - Waterville, N. Y.
Mr. D. D. Luther, _. - - - -~ Naples, N. Y.

Dr. C. Rominger,_. - - - - Ann Arbor, Mich.
Sir William Dawson, __ - .- - -. Montreal, Canada.
Prof. B. K. Emerson, .- - . - Ambherst, Mass.
Mr. Charles E. Beecher, - - .. .- New Haven, Conn.
National Museum, _ _ - - - - Washington, D. C.
American Museum of Natural History, - . New York, N. Y.
Prof. J. P. Lesley, . - . - - Philadelphia, Penna.
Prof. R. P. Whitfield, __ - - - . New York, N. Y.

Dr. J. Pohlman, __ . - _ - Buffalo, N. Y.
Prof. George H. Cook, . _. - - --  New Brunswick, N. J.
Prof. S. Calvin, __ -- - . -- Iowa City, Iowa.
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All the later drawings have been made by Mr. E. Emmons. Many of the
plates which bear the name of Mr. George B. Simpson, were drawn between
1870 and 1881, and have remained in the hands of the author awaiting
publication.

The accuracy and completeness of the original drawings will be acknowledged
both by the author and by the student in this department of PaLzonToLoGY.

Much the larger proportion of the lithography has been done by Mr. Philip
Ast, the completion of some of the plates bearing his name dating back to 1872.
In the continuation of the work, since 1886, Mr. Paul Riemann has done a
smaller number of the plates. In consequence of the pressure for the comple-
tion of the work within a specified time, the standard of quality originally
established has not been maintained in this and the preceding volume, but the
deterioration has principally come through the printing of the plates.

The typographical and mechanical execution of the work speaks for itself,

THE AUTHOR.
March, 1888.



INTRODUCTION.

TrE Crusracea discussed in this volume are, primarily, the species from the
Devonian formations of the State of New York, and, incidentally, such species
from other horizons as it has seemed important to introduce into the work either
for purposes of comparison or for the furtherance of our knowledge in other
respects. Since comparatively few species of the North American Devonian
Crustacea have been found to occur exclusively outside the limits of the State
of New York, these extra-limital species, for the sake of completeness, have
been brought within the scope of the work. The volume may, therefore, for
the present be regarded as a monograph of these Devonian Crustacea (not
including the Ostracoda).

In the ensuing discussions of the species the order followed is taxonomic,
although no single system of classification has been rigidly adhered to. The
chronological arrangement of the species is therefore subordinated to the
zoological order of the genera and families.

I. HisToRICAL.

The first published notice of the North American Devonian Trilobites was
given by Alexandre Brongniart (“ Crustacés Fossiles,” 1822), who referred to
his species Calymene macrophtalma, two American specimens, one of which is
probably referable to the species Phacops bufo or P. rana, Green, and the other,
a plaster cast of a specimen which subsequently served as the type of Calymene
[Dalmanites| anchiops, Green. In 1824, Dr. James E. Dekay (Annals of the
Lyceum of Natural History, New York), recognized the Calymene macrophthalma
(= Phacops rana), “ on the Helderberg Mountain near Albany, and at Coshung
Creek, near the Seneca Lake.” In 1832, Professor Amos Eaton (Geological
Text-book), described the species Nuffainia sparsa (= Homalonotus Dekays,
Green); and Asaphus (= Dalmanites) selenurus. 'This work was followed, in the
same year, by “A Monograph of the Trilobites of North America, with Colored
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Models of the Species,” by Jacob Green, M. D., accompanied by a Supplement
in 1835. This Monograph included several of the best known and most char-

acteristic of the Devonian species, namely :

Asaplus (= Dalmanites) pleuroptyz.

A. (= D.) myrmecophorus.

Calyinene (= D.) anchiops.

Calymene? Odontocephala — D. selenurus.

Calymene platys.

Dipleura (Homalonotus) Dekayi.
Culymene (= Phacops) bufo.

C. bufo, var. rana = Phacops rana.

In the Annual Reports of the Paleontological Department of the New York
State Geological Survey, for 1839, 1840 and 1841, Mr. T. A. Conrad described
the species Odontocephalus selenurus (Eaton), Asaphus (= Dalmaniles) aspectans,
Calymene marginalis (= Proétus Rowi, Green, 1838), Asaphus? denticulatus (= Dal-
maniles aspectans), and Asaphus? acantholeurus (= Dalmanites myrmecophorus, Green).
From this date onward to the year 1861, brief notices of American Devonian
Trilobites were published by various writers, viz.:

Emmons, Owen, Vanuxem.

Hall, Shumard,
In 1861, Professor James Hall published (Descriptions of New Species of Fossils

Burmeister,
Castelnau,

from the Upper Helderberg, Hamilton and Chemung groups; in advance sheets
of the Fifteenth Annual Report of the New York State Cabinet of Natural
History) a brief revision of the previously described Devonian Trilobites from
the State of New York, with the addition of several new species. The follow-

ing species were discussed :

Calymene platys, GREEN.
Homalonotus Dekayi, GREEN.
Phacops cristata, HALL,

Phacops bombifrons, HALL (= Ph. cristata, partim).

Phacops rana, GREEN.

Phacops bufo, GREEN.

Phacops Cacapone, HALL.

Phacops nupera, HaLL (1843).

Dalmania Helena, HALL (= Dalmanites) ospectans,
CONRAD.

Dalmania (= Dalinanites) myrmecophorus, GREEN.

Dalmania (= Dalinanites) emarginata, HALL,

Dalmanii (= Dalnanites) Pleione, HALL.

Dalmania (= Dalmanites) Boothii, GREEN.

Dalmania (= Dalmanites) selenurus, EAToxN,

Dalinania (= Dalmanites) bifida, HALL.

Dalmania (= Dalmanites) ZLgeria, HALL.

Dalmania (= Dalmanites) coronata, HALL.

Dalmania (= Dalmanites) anchiops, GREEN.

Dalmania(=Dabmanites)anchiops,vr.armata, HALL
Dalmania (= Dalmanites) Calypso, HALL.
Dalimania (= Dalmanites) Erina, HALL.
Dalmania (= Dalmanites) macrops, HALL.
Lichas grandis, HALL,

Lichas armatus, HALL (= L. Eriopis, HALL).
Proétus Conradi, HALL.

Proétus angustifrons, HALL.

Proétus Hesione, HaLL.

Proétus crassimarginatus, HALL.

Proctus clarus, HALL.

Proétus canaliculat ns, HALL.

Proctus Vernewili, HALL.

Proétus Haldemani, HALL.

Proctus macrocephalus, HaLv.

Proétus marginalis, CONRAD.

Proétus Rowii, GREEN.

Proétus longicaudus, HALL.

Proétus occidens, HALL.
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These species were, at this date, mostly published without illustration, but
figures of these and a few additional Devonian species were given in the
Illustrations of Devonian Fossils, in 1876.

The following authors have published descriptions or notices of the American
Devonian Trilobites, and full reference to their works will be found under the

generic and specific synonymies:

Barris, Conrad, Meek, Walcott,
Billings, Eaton, Nicholson, Whitfield,
Brongniart, Emmons, Owen, Williams, H. S.,
Burmeister, Green, Shumard, Williams, S. G.,
Castelnau, Hall, Vanuxem, Worthen.
Clarke, Kayser, *Vogdes,

The other orders of the Crustacea have only more recently attracted the
attention of American writers. The XipHosURA have been discussed by Wil-
liams and Packard; the EurypTERIDA, by Hall and Claypole; the PHYLLOCARIDA,
by Hall, Whitfield, Clarke, Packard, Beecher, Woodward and Jones; the
Decaropa, by Whitfield ; the PryLLopopa, by Clarke, Packard and Jones; and
the CirripEpIs, by Whitfield and Clarke.

I1. CLASSIFICATION.

In the discussions of the species, it has not seemed advisable to accord a
strict adherence to any given system of classification. The Trilobites, which
include the larger and, for the geological student, the most important part of
the work, stand first in order of treatment; the other orders of the sub-class
to which they belong, being considered in the latter portion of the work. In
the introductory discussion of the genera the same order is followed.

The classification which has been adopted, with modifications, for the purpose
of the work, is the following:

* It is understood that a ¢ Bibliography of the Pal@ozoic Crustacea,” by Lieut. Vogdes, is ready for press
at the present writing.
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CILASS, CRUSTACEA.

Sub-Class A. Entomostraca.

ORDER I—CIRRIPEDIA.
FaMiLy a. LEPADIDAE.

Genus 1. Strobilepis.
“ 2. Turrilepas.

FamiLy b. Bavanipz.
Genus 3. Protobalanus.

ORDER II—PHYLLOPODA.
FamiLy a. LiMyaApiAp .
Genus 4. Estheria.
¢ 5. Schizodiscus.

ORDER III—TRILOBITA.
FamiLy a. CALYMENIDA.
Genus 6. Calymene.
o 7. Homalonotus.

FamiLy b. BroNTEIDZ.
Genus 8. Bronteus.

FamiLy c¢. Pracopipa.
Genus 9. Phacops.
“ 10. Dalmanites.
Sub-genus 1. Hausmannia.
“ 2. Coronura.
“ Cryphaeus.
Odontocephalus.
Chasmops.

(13

T

(14

FamiLy d.  Acipaspinz.
Genus 11.  Acidaspis.

FamiLy e. LicHADE.
Genus 12. Lichas.
Sub-genus 1. Terataspis.
« 2. Conolichas.
“ 3.  Hoplolichas.
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FaMiLy e. LicuapzE—Continued.

Sub-genus 4. Arges.
“ 5. Ceratolichas.

“ 6. Dicranogmus.

Famity f. PRrokTIDA.
Genus 13. Proétus.

«“ 14. Phaéthonides.
« 18. Clyphaspis.

Sub-Class B. Merostomata.

ORDER 1V.—XIPHOSURA.

Famwwy a. Livmuripa.
Genus 16. Protolimulus.

ORDER V—EURYPTERIDA.

FamiLy a. EuRYPTERIDZE.
Genus 17.  Eurypterus.
« 18.  Stylonurus.

Sub-Class C. Malacostraca.

ORDER VI—PHYLLOCARIDA.

FamiLy a. CERATIOCARIDE.
Genus 19. Ceratiocaris.
« 20. Echinocaris.
« 21. Elymocaris.
«“ 22. Tropidocaris.
FamiLy b. PINACARIDE.
Genus 23. Mesothyra.
FamiLy ¢. RHINOCARIDZE.
Genus 24. Rhinocaris.

FamiLy d. DisciNoCARIDA.
Genus 25.  Spathiocaris.
“ 26. Dipterocaris.

ORDFER VII—DECAPODA.
FamiLy a. CAriipaz.
Genus 27. Paleopalemon.

XV



xvi INTRODUCTION.

ITI. CHRONOLOGICAL DISTRIBUTION.
Oriskany sandstone.

In the eastern outcrops of this formation but a single Crustacean species is
known, the gigantic Homalonotus major, from Ulster county. In the western
extension of these rocks into the Province of Ontario, are the species Phacops
cristata, Dalmanites (Hausmannia) pleuroptyzr and Dalmanites (Chasmops) anchiops,
all of which occur in the overlying Upper Helderberg limestones, a fact
which indicates the close alliance of the western Oriskany fauna to the true

Devonian.
Upper HELDERBERG GROUP.

Cauda-gaolli grit.

No Crustacea have been found in this formation.

Schoharie grit.
The rich Crustacean fauna of these rocks is exclusively trilobitic, and con-
sists of eighteen species from the local development of the formation in eastern
New York. These are:

Calymene platys. Lichas ( Terataspis) grandis.
Phacops eristata. :  Lichas (Conolichas) Lispidus.
Dalmanites (Housmannia) concinnus. Proctus Conradi.

Dalmanites (Coronura) emarginatus. Proétus angustifrons.
Dalmanites (Corycephalus) regalis. Proétus Hesione.

Dalmanites (Chasmops) anchiops. Proétus crassimarginatus.
Dalmanites (Chasmops) anchiops, var. armatus. Proélus sp.

Dalmanites (Chasmops) anchiops, var. sobrinus. Phaéthonides arenicolus.
Acidaspis callicera. Cyphaspis minuscula.

In addition to these are the species Proctus curvimarginatus and Proétus latimar-
ginatus, from the sandstone beds at Pendleton, Indiana, which lie at the base of
the Corniferous limestone, and contain a fauna closely allied to that of the
Schoharie grit in the State of New York.

Corniferous limestone.

The greatest numerical development of the Devonian Crustacea, as a whole,
is found in this extensive formation. The species are, however, mostly
of Trilobites which here attain their specific and individual culmination, all
other orders of Crustacea, excepting the CirrirEpIa being unrepresented. The
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xvil
condition of preservation of the fossils is often unsatisfactory, the specimens
being generally in a disjointed or fragmentary condition; moreover the char-
acter of the matrix 1s such that it is often a matter of great difficulty to prepare
the specimens in a proper manner for study. When the test of the animal has
been silicified the matrix is usually in the same condition, and when preserved
in the limestone, the substance of the test 1s usually softer and more friable than
the matrix. The transported boulders of chert which are found abundantly in
the drift accumulations south of the lines of outcrop of these rocks, and have
become decomposed by the gradual removal of the calcic carbonate mixed with
the silica, have proven a very fruitful source of instructive specimens. On
account of the usually fragmentary condition of the specimens, a few of the
species here described may eventually prove to be founded upon different parts
of similar animals. The following fifty-two species at present constitute the
Crustacean fauna of this formation:

TRILOBITA:

“Calymene platys.
Phacops cristata.

TRILOBITA :
Lichas (Hoplolichas) hylwns.
Lichas (Arges) contusus.

Phacops cristata, var. pipa.

[?) Phacops rana.
Dalmanites (Haousmannia) plewroptyx.
Dalmanites (Hausmannia) concinnus.

Dalmanites (Hausmannia) concinnus, var. serrula.

Dalmanites (Hausmannia) phacoptyz.
Dalmanites (Coronura) aspectans.
Dalmanites (Coronura) myrmecophorus.,
Dalmanites (Crypheus) comis.

[?] Dalmanites ( Cryphaeus) Boothi.
Dalmanites (Odontocephalus) selenirus.
Dalinanites (Odontocephalus) bifidus.
Dalmanites (Odontocephalus) Ageria.
Dalmnanites (Odontocephalus) coronatus.
Dalmanites (Corycephalus) pygmaus.
Dalmanites (Chasmops) anchiops.
Dalmanites (Clhasmops) anchiops, var. armalis.
Dalmanites (Chasmops) Calypso.
Dalmanites (Chasmops 2) Erina.
Dalimanites (Chasmops) macrops.
Acidaspis callicera.

Acidaspis sp.

Lichas (Terataspis) grandis.
Lichas (Conolichas) hispidus.
Lichas (Conolichas) Eriopis.

Lichas (Ceratolichas) gryps.
Lichas (Ceratolichas) dracon.
Proétus erassimarginatus.
Proétus folliceps.

Proétius clarus.

Proétus canaliculitus.
Proétus Vernenili.

Proétus microgemma.
Proétus stenopyge.

Proétus ovifrons.

Proétus delplinulus.

Proctus (2) planimarginatus.
Proétus tumidus.
Phadithonides arenicolus.
Phaithonides varicella.
Phacthonides gemimus.
Cyphaspis minuscula.
Cyphaspis stephanophora.
Cyphaspis diadema.
Cyphaspis hybrida.

CIRRIPEDIA :

Palwwocreusia Devonica.
Twirilepas flevuosis.
Turrilepas cancellatus.
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Of these species one occurs in the Lower Helderberg group, viz.: Dalmanites
(Hausmannia) pleuroptyz ; three in the Oriskany sandstone, viz.: Phacops cristata,
Dalmanites (Hausmannia) pleuroptyz, and Dalmanites (Chasmops) anchiops ; and eleven

in the Schoharie grit, viz.:

Colymene platys. Lichas (Terataspis) grandis.
Phacops eristata. Lichas ((onolichas) hispidus.
Dalmanites (Haousmannia) concinnns. Proctus crassimarginatus.
Dalmanites (Chusmops) anchiops. Phaéthonides arenicolus.
Dalmanites (Chasmops) ancliops, var. armatis. Cyphaspis minuscula.

Acidaspis callicera.
But a single characteristic species of this fauna ranges upward into the Hamil-

ton, viz.: Phacthonides gemmeus.

HAMILTON GROUP.

Marcellus shales.
The TrizosiTes found in these beds all pass upward into the Hamilton shales
where they attain a more perfect development. These are:

Homalonotus Dekayl. Proétus Haldemani.
Phacops rana. ‘ Proétus macrocephalus.
Dalmanites (Cryphceus) Boothi.

The peculiar character of the sea which deposited these bituminous shales was
not favorable to the existence of these animals, and 1t is only where the deposit
becomes calcareous that trilobitic remains are found. In addition to these
occurs the earliest known species of the Devonian PHYLLOCARIDA, Mesothyra
(Dithyrocaris ?) Veneris, and the interesting CirriPEDE, Protobalanus Hamiltonensis.

Hamilton shales.
In the rich fauna of these beds, the Crustacean element is much more varied
than at any other Devonian horizon. The Trilobites have become much fewer
in number since the close of the Upper Helderberg period, their place being

taken by members of other Crustacean orders. The species occurring in the
group are as follows:

Homalonotus Dekayi. T Dalmanites (Cryphaus) Pleione.

Phacops rana. Dalmanites (Cryplans) Boothi.
* Phacops bufo. Dalianites (Cryphecus) Boothi, var. Calliteles.
* Phacops Cacapona, * Dalmanites (Cryphaus) Barrisi.,

* Dalmanites (Hausmannia 2) Meeki. * Acidaspis Romingeri.
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Proctus Haldemani. * Procétus occidens.

Proétus macrocephalus. * Proétus (longicandus.

Proétus Rowi. Phaéthonides gemmeens.

Proétus jejunus. ¥ Phaéthonides (2) denticulatus.
* Proétus Phocion. Cyphaspis ornata.
* Proctus Prouti. Cyphaspis ornate, var. baccata.
* Proétus Nevade. Cyphaspis ciraspedola.

Of this list those bearing a star (¥) are from localities outside the State of New
York, which may be regarded as of the age of the Hamilton group.
Of the PHYLLOCARIDA, are:

Echinocaris punctata. Mesothyra spunca.
Elymocaris capsella. (Dithyrocaris) Belli.
Tropidocaris Hamiltonic, Rhinocaris columbina.
Mesothyra Neptuni. Rhinocaris scaphopterca.

Of the Pryrropopa, the species:
Estheria puler. Schizodiscus capsa.

Of the CIRRIPEDIA :

Strobilepis spinigera. Turrilepas nitidulus.
Turrilepas Devonicus. . Turrilepas foliatus.
Turrilepas squama. Turrilepas tener.

Of these forty species, twenty-nine occur within the limits of this State.

Tully limestone.
Trilobitic remains only have been found in this formation, and these are, with
one exception, the more common species of the underlying shales.

Bronteus Tullius. Dalmanites (Crypheus) Boothi, var. Calliteles.
Phacops rana. Proétus Rowi.
Dabmanites (Crypheus) Boothi. Proétus macirocephalus.

. Glenesee shales.
These bituminous beds have produced but a single Crustacean, Ceratiocaris
longicauda.

PorTAGE GROUP.
Under this designation, as used in this work, are included all the shales and
sandstones lying between the Genesee shales below and the lowest sandstones
bearing a typical Chemung fauna. These beds and their equivalents in other
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States have produced no Trilobites, their Crustacean fossils being mostly PavL-
LocArIDA. They are:

Stylonurus ? (Echinocaris?) Wrightianus. Echinocaris multinodosa.
Ceratiocaris Beecheri. Mesothyire Oceani.
Ceratiocaris? simpler. Spathiocaris Emersoni.
Echinocaris Whitfieldi. Dipterocuris penne-Daedali.
Echinocaris subleris. Dipterocaris pes-cerve.
Echinocaris pustulosa. Paleopalemon Newberryi.

CHEMUNG GROUP.

In the sandstones of this period the TRILOBITES are represented by two
species, Phacops nupera (see page 27) and Cyphaspis levis ; the XiPHOSURA, by
the species Protolimulus Eriensis ; the EURYPTERIDS, by FEuryplerus Beecheri; the
PryLrocArIDA, by :

Echinocaris condylepis. Tropidocaris interrupta.
Eckinocaris socialils. Dipterocaris Procne.
Elymocaris siliqua. Dipterocaris pes-cerve.

Tropidocaris bicarinata.

The Cirrirepia are represented by Twrrilepas (?) Newberryi; making a total of
eleven species.

CATSKILL GROUP.

The sandstones of the town of Andes, Delaware county, and of Meshoppen,
Wyoming county, Pennsylvania, have furnished specimens of the only known
Crustacean from this formation, Stylonurus excelsior.
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ORDER, TRILOBITA.

FayiLy, CALYMENIDZE.

Gexus CALYMEN E, Brongniarr. 1822.

1759.  Entomolithus, LINNE (partim). Act. Holm. 22,

1781. 7T'rilobus, BRueNNIcH. Kjoben. Selsk. Skrivt. Nye Saml 1.

1821. Entomostracites, WAHLENBERG. Nov. Act. Soc. Sci. Upsal., vol. viii.

1822.  Culymene, BroNGNIART. Hist. Nat. Crust. Fossiles.

1826. Calymene, Daryan. Ueber Palzaden.

1829. Calymene, HoLL. Handb. d. Petref.

1832. Calymene, GREEN. Monog. N. Am. Trilob.

1835. Calymene, BroNN. Leth@a (seognostica.

1837. Calymene, HisINGER. Lethwza Suecica.

1837. Calymene, BuckLaxp. Bridgewater Treat., vol. ii.

1837. Calymene, QuENsTEDT. ‘Wiegmann. Archiv., vol. iv.

1839. Calymene, MurcHISON. Silurian NSystem.

1839. Calymene, EMmMRrIcH. De Trilobitis.

1839. Calymene, ConraD. Second Ann. Rept. Pal. N. Y.

1840. Calymene, Sepewick and MurcHisoN. Trans. (veol. Soc.

1840. Calymene, MiLxe-Epwarps. Hist. Nat. Crustacés.

1841. Calymene, Cosrap. Fifth Ann. Rept. Pal. N. Y.

1842. Calymene, EmmMoxns. Rept. Second Dist. N. Y.

1842. Calymene, VaANnuxeM. Rept. Third Dist. N. Y.

1843. Calymene, GoLpruss. Neues Jahrb. fiir Min., vol. v.

1843. Calymene, BurRMEISTER. Organ. d. Trilobiten.

1843. Calymene, PorrLoCK. Geol. Rept. Londonderry.

1843. Calymene, Harr. Rept. Fourth Dist. N. Y.

1844. Calymene, D’ArcuiAc and De Ver~guiL. Alt. pal@eozoisch. Geb. im Nord. von Deutschl. und
Belgien. (Leonhardt).

1845. Calymene, EMyMricH. Neues Jahrb. fiir Min.

1846. Calymene, GEINITZ. Grundr. d. Versteinerungen.

1846. Calymene, Procrer. Traité 61ém. d. Paléont., vol. iv.

1846. Calymene, BArraNDE. Notice Prélim. and Nouv. Trilob.

1846. Calymene, Rouvavrr. Bull. Soc. géol. d. France, vol. iv.

1846. Calymene, McC'oy. Synop. Sil. Foss. Ireland.

1846. Calymene, BEyricH. Untersuchungen iib. Trilob.

1847. Culymene, Corba. Prodrom Monog. bohm. Trilobiten.

1847, Calymene, HarL. Pal. N. Y., vol. i

1848.  Culymene, SALTER. Mem. Geol. Surv. United Kingdom, vol. ii.
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1849.  Calymene, SALTER. Mem. Geol. Surv. United Kingdom, Decade ii.
1850. Calymene, McCoy. Ann. and Mag. Nat. Hist., vol. iv.

1851, Coalymene, McCoy. Synop. Pal. Foss. Woodwardian Mus.
1852, Calymene, BARRANDE. Syst. Sil. d. Bohéme, vol. i.

1852.  Calymene, OWEN. Geol. Surv. Wis., Iowa and Minn.

1855,  Calymene, SHUMARD. Rept. Geol. Surv. Missonri.

1855. Calymene, ExMoNs. American Geology.

1858. Culymene, BigsBY. Quart. Jour. Geol. Soc.

1860. Calymene, Hart. Thirteenth Rept. N. Y. State Cab. Nat. Hist.
1861. Calymene, HatL. Geol. Rept. Wisconsin.

1862. Calymene, McCoy. Synop. Sil. Foss. Ireland.

1862. Calymene, Harr. Fifteenth Rept. N. Y. State Cab. Nat. Hist.
1864. Cualymene, SALTER. Monog. Brit. Trilobites.

1865. Calymene, SALTER. Mem. Geol. Survey United Kingdom.

1867. Calymene, HarL. Twentieth Rept. N. Y. State Cab. Nat. Hist.
1869. Calymene, LINNARSSON. Vestergoth. camb. och. silur. Aflag.
1869. Calymene, HAIDENHAIN. Zeitschr. d. deutsch. geol. Gesellsch.
1872. Calymene, BARRANDE. Syst. 8il. d. Bohé&me, vol. i, suppl.

1873. Culymene, MeEK. Geol. Surv. Ohio, Paleontology, vol. i.

1875. Calymene, MEEK. Geol. Surv. Ohio, Paleontology, vol. ii.

1876. Calymene, HaLr. Tllustrations of Devonian Fossils.

1876. Calymene, RazMER. Letheea paleozoica.

1878. Calymene, ANGELIN. Pal. Scandinavica, pt. i.

1879. Calymene, ULricH. Jour. Cin. Soc. Nat. Hist., vol. ii.

1879. Calymene, Novak. Studien an Hypostomen, i.

1880. Calymene, VoapEs. Proc. Acad. Nat. Sci. Phil.

1881. Calymene, HaLL. Eleventh Rept. Geol. Surv. Indiana.

1881. Culymene, WaLcorT. Bull. Mus. Comp. Zoslogy, Harvard Coll.
1883. Calymene, Novak. Zur Kenntn. bohmisch. Trilob.

1884. Calymene, Novak. Studien an Hypostomen, ii.

1885. Calymene, ZirTeL. Handb. d. Paleontologie.

1885, Calymene, ErLERT. Bull. de la Soc. d’Etudes scientif. d’Angers.
1887. Calymene, ForrsTE. Bulletin, Denison University.

Diagrosis. Body oval.  Cephalon semicircular,
nearly three times as wide as long; rounded in
front, genal angles blunt, rarely produced into
spines. Anterior margin somewhat elevated ; gla-
bella strongly arched, sharply limited by deep dor- ==
sal furrows, and divided into three pairs of sub-spherical lobes, by the unequal,
short lateral furrows, the posterior pair of which bifurcate near their proximal
extremities. Cheeks convex, and with a distinct marginal border. Eyes situated
somewhat anteriorly ; visual surface small, homocorneal. The facial sutures
begin at the genal angles, and pass in a sigmoid curve to the eyes, thence,
parallel to the axis, to the anterior margin, where they are united by the
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transverse frontal suture. Hypostoma small, elongate-sub-quadrate; sides

gently concave; posterior edge emarginate.

Thoraz composed of thirteen broad segments; axis tapering backward.

Pygidium bearing six to eleven distinct annulations; axis regularly tapering

from the thorax.

Genvus HOMALONOTUS. Kavig., 1825.

Asaphus, BRonaN1aRT. Hist. Nat. Crust. Fossiles.

1822,
1825.
1825.
1828.
1832.
1835.
1837.
1839.
1839.
1840.
1840.
1541.
1842.
1842,
1842,
1843.
1843.
1843.
1843.
1843.
1844.
1844.
1846.
1845.
1847.
1849.
1849.
1850.
1850.
1851.
1852.
1852.
1852.
1854.
1855,
1855.
1858.
1858.
1859.
1360.
1860.
1862.

Homalonotus, K®&NIG.

Icones foss. sectiles.

Asaphus, DEstroxgcaaMPS. Mem. Soc. Linn. (du Calvados.
Asaphus, DALMAN.
Diplewra, Trimerus, GREEN. Monog. Trilob. N. America.

Homalonotus, BRONN.

Trimerus, GREEN.
Homalonotus, EMmMmricH. De Trilob. Dissert.
Homalonotus, MurcHIsON, Silurian System.
Homalonotus, MiLNE-Epwarps. Hist. Nat. Crustacés.

Homalonotus, BRONN,

Vet. Acad. Arsberitt.

Lethea Geognostica.

Amer. Jour. Science.

Leonhardt’s Jahrb. fiir Min. |

Homalonotus, PuiLrips. Palzoz. Foss. Cornwall, Devon and Somerset.
Dipleura, CoNRAD.
Homalonotus, D'Arcuiac and De Ver~NEvIL. Trans. Geol. Soc.

Dipleura, Vanuxem.. Rept. Third Dist. N, Y.

Homalonotus, Dipleura, HarL. Rept. Fourth Dist. N. Y.

Diplewra, Homalonotus, GoLpruss. Neues Jahrb. fur Min.

Homalonotus, CASTELNAU. Ess. sur le Syst. Sil. de ’Amer. Sept.

Homalonotus, GorLoruss. Neues Jahrb. fiir Min.

Homalonotus, F. A. R@MEr. Verstein. des Harzgeb.

Homalonotus, SEnGwick and MurcHisoN. ABlt. paleoz. Geb. im Norden von Deuatschl. und Belgien.
Homalonotus, EicHwALD. Sil. Syst. in Esthland.

Homalonotus, BURMEISTER. Organ. der Trilob.

Homalonotus, EMMRICH. Neues Jahrbuch fiir Min.

Pleesiacomia, CORDA.

Jour. Acad. Nat. Sei.

Prodr. Monog. bohm. Trilob.

Homalonotus, Rovavrr. Bull. de la Soc. géol. de France.

Homalonotus, SALTER.

Ann. and Mag. Nat. Hist.

Homalonotus, the Brothers SANDBERGER. Verst. Rhein Sch. Syst.
Homalonotus, De VErNEUIL. Bull. Soc. géol. de France.
Homalonotus, McCoy and SEpGwICK. Synopsis Brit. Pal. Foss.

Homalonotus, HALL.

Pal. N. Y., vol. ii.

Homalonotus, BARRANDE., Syst. Sil. Bohé&me, vol. 1.

Homalonotus, F. A. Reamer. Beitr. ii, zur Harzgeb.

Homalonotus, WIRTGEN and ZgiLeR. Verhandl. d. Naturhist. Vereins.
Homalonotus, F. A. R@&MER, Beitr. iii, zur Harzgeb.

Homalonotus, ANGELIN. Paleontologia Scandinaviea.

Homalonotus, Horrmany., Trilob. Russlands.

Homalonotus, BIGSBY.

Homalonotus,
Homalonotus,
Homalonotus,
Homalonotus,

HaLL.

Quart. Jour. Geol. Soc., vol. xiv.
Pal. N. Y., vol. iii,

EicuwaLp. Lethea Rossica.

1ALL.
Hary.

Canad. Nat. and Geol.
Fifteenth Rept. N. Y. State Cab. Nat. Hist.
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1863. Homalonotus, F. A. Raimer. Neues Jahrb. fiir Min.

1864. Brongniartia, SALTER. Monog. Brit. Trilobites.

1864. Trimerus, SALTER.  Monog. Brit. Trilobites.

1864. Kwnigia, Savrer. Monog. Brit. Trilobites.

1864. Dipleura, SsirER.  Monog. Brit. Trilobites.

1564, Burmeisteria, SALrer. Monog. Brit. Trilobites.

1864.  Homalonotus, De VErRNkriL.  Bull. de la Soc. géol. de France.

1864. Homalonotus, T HIHATCHEFF. Le Bosphore et Constantinople.

1864. Homalonotus, SALTER. Quart. Jour. Geol. Soc.

1866,  Homalonotus, D’ArcHIAC, FiscHER and DE VerNgviL. In Tchihatcheff’s Asie Mineure.
1867. Homalonotus, De VErNEviL. Comptes rendus.

1867. Homalonotus, ETHERIDGE. Quart. Jour. Geol. Soc.

1868. Homalonotus, DEwArLQue. Prodr. d. descript. géol. de Belgique.

1869. Homalonotus, Savrer and Woopwarp. Monog. Brit. Trilobites.

1872.  Homulonotus, BARRANDE. Syst. Sil. Bohéme, vol. i, suppl.

1873.  Homalonotus, WASHBURN. Amer. Jour. Science.

1875. Homalonotus, HArTT and RaTHBUN.  Ann. Lyec. Nat. Hist.

1876. Homalonotus, Harr. Illustrations of Devonian Fossils.

1876.  Homalonotus, Dipleura, R@MER. Letheea paleozoica.

1878. Homalonotus, AvcerLin. Pal@ontologia Scandinavica.

1879. Homalonotus, Harn. Twenty-eighth Rept. N. Y. State Mus. Nat. Hist.
1879. Homdalonotus, GERSTZECKER. Bronn’s Class. u. Ordnung. der Thierr., vol. v.
1881. Homalonotus, BEYRIcH. Zeitschr. d. deut. geol. Gesellsch.

1881. Homulonotus, HaLL, Eleventh Rept. Geol. Surv. Indiana.

1881. Homalonotus, Woopwarp. Geol. Mag., vol. viii.

1882. Homdonotus, Wo.pbwarDp. Geol. Mag., vol. ix.

1882.  Homnlonotus, BArRrois. Rech. sur les Terrains anc. des Asturies et de la Galice.
1883. Homalonotus, Koca. Monog. Homal. Art. Rhein. Unterdeyv.

1883. Homalonotus, Novak. Zur Kenntn. béhm. Trilob.

1884. Homalonotus. Novak. Studien an Hypost., ii.

1884. Homalonotus, BeEvsuavseN.  Oberharz. Spirif. Sandstn.

1885. Homalonotus, WaHITFIELD. Bull. Am. Mus. Nat. Hist., No. 6.

1885. Homalonotus, GossELET. Proc. Geol. Assoc. and Ann. de la Soe. géol. du Nord.
1886. Homalonotus, MAURER. Fauna rechtsrhein. Unterdev.

1886. Homalonotus, GosseLET. Ann. de la Soc. géol. du Nord.

1886. Homalonotus, BArrois. Bull. de la Soc. géol. de France.

1886. Howmalonotus, LepuscoxTE. Bull. de la Soc. géol. de France.

Diaenosis. Body usually large, produced, depressed -
above, with abruptly sloping sides. Axial furrows
indistinct or obsolete. Surface smooth or spinose.
Cephalon depressed-convex, wider than long; genal 7
angles rounded; anterior margin somewhat pro-

duced ; glabella sub-rectangular, smooth or with
faint lateral furrows; eyes small, situated somewhat back of the middle of the
shield; the facial sutures run from the genal angles over the eyes, converging
toward the frontal margin, where they are connected by the transverse frontal
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suture, thence they continue to the edge of the doublure, where they meet, thus
inclosing a small, free, sub-triangular plate. Thoraz composed of thirteen
deeply sulcate segments. Pygidium smaller than the cephalon, elongate-trian-
gular, posteriorly rounded or slightly produced. The axis bears usually from
ten to fourteen annulations. Pleurse smooth, or with posteriorly sloping ribs.

FayiLy, BroNTEID.T.
Gezxvs BRONTEUS, Goupruss. 1843.

1821. Entomostracites, WAHLENBERG. Nov. Aect. Soc. Sei. Upsala.

1822.  Asaphus, Broxcxiarr., Hist. Nat. Crust. foss.

1823. Adsaplus, Scurorurm. Nacht. ii, zur Pelrefakten.

1826. Asaphus (Illienus), Daryan. Ueber Palezaden.

1831. Asaplius, STEININGER. Mém. Soc. géol. de France.

1832. Olenus, Goupruss. Dechen’s Handb. der (eognosie.

1839. Asaphus (Olenus), Mrreiison.  Silurian System.

1839. Asaphus, EmyMricH.  De Trilob. Dissert.

1839. Brontes, GoLprrss. Nov. Act. Acad. N. C.

1840. Brontes, MueNSTER. Beitr. 1ii, zur Petrefaktenkunde.

1840. Brontes, SEpgwick and MrurcHisoN. Trans. Geological Society.

1841. Goldins, DE Konixck. Nouv. Mém. de PAcad. roy. de Bruxellex.

1841. Brontes, PuiLuips. Pal. Foss. Cornwall Devon and Somerset.

1842. Brontes, D’Arcuisc and DE Versevin. Trans. Geological Society.

1842. Brontes, MUENSTER. Beitr. V, zur Petrefaktenkunde.

1843. Bronics, F. A. ReMer. Verstein. des Harzgeb.

1843. Bronteus (Brontes), GoLprrss. Neues Jahrb. fiir Min.

1843. Bronteus, BurMEISTER. Organiz. d. Trilob.

1843. Brontes, PorTLock. Geol. Rept. Londonderry.

1844. Broutes, SEpcwick and MurcHisoN. ZRlt, Paldoz. Gebilde im Nord. von Deutschl. und Belgien
(Leonhardt).

1845. Bronteus, imyricH. Neues Jahrb. fiur Min.

1845. Brontews, MurcHisoN, DE VERNEUIL and KEYSERLING. Russie et Oural.

1845. Bronteus, BEYrRicd. Ueb. bohm. Trilob.

1846. Broutews, McCoy. Syn. Sil. Foss. Ireland.

1846. Bronteus, BARraNDE. Not. prélim. sur le Syst. Nil. Bohéme.

1846. Bronteus, BEyricH. Untersuchungen ib. Trilob. IL.

1846. Bronfeus, LogaN. Rept. Geol. Surv. Canada.

1847. Bronteus, Corpa. Prodrom. Mou. bohmischen Trilobiten.

1850. Bronieus, McCoy. Ann. and Mag. Nat. Hist.

1850. Bronteus, the BRoTHERS SANDBERGER. Verst. d. Rhein. Sch. Svst.

1852. Bronteus, Hain. Pal. N. Y., vol. ii.

1852. Bronteus, BARRANDE. Syst. Sil. Bohéme, vol. i.

1852. Brouteus, F. A. R&Mer. Beitr. ii, zur Harzgeb.

1855. Bronteus, ¥. A. ReMer. Beitr. iii, zur Harzgeb.

1857. Bronteus, BiLuivas. Rept. Prog. Geol. Surv. Canada.

1858.  Brontews, GIEBEL. Silur. Fauna Unterharz.
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1859. Bronteus, HarL. Pal. N. Y., vol. iii.

1862. Bronteus, McCovy. Synops. Nil. Foss. Ireland.

1863. DBroufrus, Binuixgs. Dev. and Silur. Foss., Square Lake, Maine.
1866. Bronteus, Biinisgs. Cat. Silur. Foss. Anticosti.

1866. Brouteus, F. A. Re&Mer. Beitr. v zur Harzgeb.

1867. Bronteus, HaLL, Twentieth Rept. N. Y. State Cab. Nat. Hist.
1870. Bronteus, Boxnissent. Essal sur la géologie de 1a Manche.
1872. Bronteus, BARRANDE. Syst. Sil. Bohéme. vol. i, Suppl.

1874. Bronteus, GosseLer. Bull. de 'Acad. roy. de Belgique.

1876. Goldius, TromeLIN and LeBescoNTE. Bull. Soc. géol. de France.
1876. Bronteus, R@MER. Letheea pal®ozoica.

1877. Bronteus, TroMELIN and GRASSET. Assoc. francais Avanc. Sei.
1878. Bronteus, WHITFIELD. Ann. Rept. Geol. Surv. Wisconsin.

1878,  Goldius, BayLe. Expl. Carte géologique de France, Atlas.
1878. Bronteus, Kayser. Fauna zlt. Devon. Abl. d. Harzes.

1879. Brouteus, KAYSER. Zeitschr. der deutsch. geol. Gesellschaft.
1879.  Bronteus, Novak. Studien an Hypostomen, i.

1882.  Bronteus, WHITFIELD. Geol. Wisconsin, vol. iv.

1883. Bronteus, Novak. Zur Kenntu. bohm. Trilob.

1884. Bronteus, CLARKE. Neues Jahrb. fiir Min.

1884. Bronteus, Novak. Studien an Hypostomen, ii.

1885. Goldius, (BuLERT. Bull. de la Soc. d’Etudes Scientif. d’Angers.
1885. DBronteus, BArRrois. Ann. Soc. géol. du Nord.

1885. Bronteus, Mauvrer. Kalke von Waldgirmes.

1885. Bronteus, Zrrren. Handb. d. Pal@ontologie.

1886. Bronteus, BaArrois. Ann. Soc. géol. du Nord.

1887. Goldius, TscHERNYCHEW. Mém. Comité. géol.

1888.  Brontes, FREcH. Zeitschr. der deutsch. geol. Gesellschaft.
1888. Bronteus, PENEckE. Zeitschr. der deutsch. geol. Gesellschaft.

Discrosis. Body broadly oval. Cephalon semi-
circular, with sharp, often somewhat produced genal
angles. Glabella closely appressed to the cheeks,

broad anteriorly and extending to the frontal mar-
gin. Lateral furrows indistinct or obsolete. The < \

facial sutures begin on the posterior margin, and in
front of the eyes run nearly parallel to the margin of the glabella, being con-
tinuous on the frontal margin. Eyes lunate, homocorneal, and situated some-
what posteriorly. Thoraz slightly larger than the cephalon, and composed
of ten segments, which upon the pleurse are simple and sharply pointed.
Pygidium very large, depressed-convex, parabolic in outline, with a very short
sub-triangular axis. The pleurs each bear seven or eight simple ribs, arranged
on each side of a larger median simple or compound rib.
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1840.
1840.
1840.
1840.
1840.
1841.
1842.
1842,
1843.
1843.
1843.
15843.
1843.
1844.
1844.
1845,
1845.
1846.
1846.
1846.
1846.
1848.
1849.
1850.
1850.
1850.
1850.
1850.
1851.
1851.
1852.
1852,
1853.
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SYNOPSIS OF GENERA.

Gexuvs PHACOPS, Emmricn.  1839.

Echinites, Zexo. Neue Physik. Belustig. vol. i.
Calymmene, BrRonaN1arT.  Hist. Nat. Crust. Foss.
Trilobites, SouLoTHEIM.  Nachtr. ii, zur Petref.

Calymene, HeNiNcHAUs. -Noggerrath’s Rheinl. u. Westphal. and Isis.
Calymene, BroNN. Leonhardt’s Zeitsch. Min.

Trilobites, StErNBER:. Verhand. d. Vaterl. Mus.
Calymene, DaLMaN. Ueber Paleaden.

Calymene, STEININGER. Mém. Soc. géol. d. France.
Calymene, GoLDpFUss. Dechen’s Handb. d. Geognosie.
Calymene, GREEN. Mon. Trilob. N. America.

Calymene, BRonN. Leth®a geognostica.

Calymene, BockLAND. Bridgewater Treatise.

Trilobites, Quexsrepr. Wiegmann. Archiv.

Trilobites, Sars and Borck. Gea Norvegica.

Colymene, MURCHIsON. Silurian System.

Phacops, EmmricH. De Trilob, Dissert.

Calymene, SowerBY. Trans. Geological Society.
Calymene, Exchwarp. Urwelt Russlands.

Calymene, MueNSTER. Beitr. iii, zur Petrefaktenkunde.
Calymene, MiLNE-EpwarDs. Hist. Nat. Crust.

Phacops, voy Buch. Beitr. zur Geol. Russlands.
Calymene, PaiLuips. Pal. Foss. Cornwall, Devon. and Somerset.
Calymene, D’ArcHIACc and De VERrRNEUIL. Trans. Geol. Soc. Lond.
Calymene, MUENSTER. Beitr. zur Petrefaktenkunde.
Phacops, GoLpruss. Neues Jahrb. fiir Min.

Calymene, Asaphus, F. A. ReMrr. Verst. des Harzgeb.
Phacops, BURMEISTER. Organiz. der Trilobiten.

Phacops, PorrLock. Rept. Geol. Londonderry.
Calymene, HaLL. Rept. Fourth Dist. N. Y.

Phacops, C. F. R@mMer. Rhein. Uebergangsgeb.
Calymene, OweN. Geol. Expl. Towa, Wis., IlL

Phacops, EMMrICH. Neues Jahrb. fiir Min.

Phacops, MurcHIsoN, DE VErNEUIL and KEYSERLING. Russie et Oural.

Portlockia, McCoy. Silur: Foss. Ireland.

Placops, GEINiTz. Grundr. der Versteinerungen.
Phacops, Picter. 'Traité Elém. de Paléont.

Phacops, BARRANDE. Notice prélim. and Nouv. Trilob.
Phacops, SALTER. Mem. Geol. Survey United Kingdom.
Phacops, RicHTER. Pal. des Thiiringerwaldes.

Phacops, the BRoTHERS SANDBERGER. Verst. d. Rhein. Sch. Nyst.
Phacops, Portlockia, McCoy. Ann. and Mag. Nat. Hist.
Phacops, DE VErNEUIL. Bull. Soc. géol. de France.
Phacops, SALTER. Quart. Jour. Geol. Society.

Phacops, F. A. Rasymer.  Beitr. i zur Harzgeb.

Portlockia, McCoy. Synop. Pal. Foss. Woodwardian Mus.
Phacops, McCoy. Synop. Pal. Foss. Woodwardian Mus.
Phacops, BARRANDE. Syst. Sil. d. Bohéme, vol. i.
Phacops, F. A. R&MER. Beitr. ii zur Harzgeb.

Phacops, GEINITZ. Grauwackenf. Sachsen.

xXxXVil
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1854, Phacops (partim), Wirrcey and Zeigr.  Verhandl. der Naturhist. Vereins.
1854, Culymenr, STEININGER.  Mém. Soc. géol. de France.

18535. Phacops, F. A. RasMur. Beitr. ii zur Harzgeb.

1856, Phacops, RicHTER,  Beitr. zur Palaont. des Thiringerwaldes.
1858. Phacops, (118BEL. Silur. Fauna Unterharz.

1859, Phacops, Harn, Pal. N. Y., vol. iil.

1860, Phacops, STeIN.  Zeitschr. d. deutsch. geol. Gesellschaft.

1860. Phacops, BivLinss.  Canadian Naturalist and Geologist.

1860, Phacops, Bicnwarp.  Lethwea Rossica.

1861. Plrops, Hatn. Descr. New Species Fossils.

1862, Phacops, HELLMANN. Die Petrefacten Thiiringens.

1862.  Phacops, GuEMBEL. Neues Jahrb. fir Min., etc.

1862. Placops, Harn. Fifteenth Rept. N. Y. State Cab. Nat. Hist.
1863. Phacops, RicHTER. Zeitschr. der deutsch. geol. Gesellschaft.
1863.  Phacops, BiLuings.  Dev. and Silur. Fossils Scuare Lake, Maine.
1864. Phacops, SALTER. Monog. Brit. Trilobites.

1865. Phacops, RicHTER. Zeitschr. d. deutsch. geol. Gesellschaft.
1866. Phacops, F. A. R&MeER. Beitr. v zur Harzgeb.

1867.  Phacops, ETHERIDGE. Quart. Jour. Geol. Soc.

1867.  Phacops, DE VerNEUIL. Comptes rendus.

1868. Phacops, MEeEx and WortHEN. Geol. Surv. I1l., vol. iii.

1868. Phacops, DEwaLQue. Prodr. d’une Descript. géol. de Belgique.
1870. Phacops, Tierze. Devon. Schicht. Ebersdorf.

1872, Phacops, KAYSER. Zeitschr. der deutsch. geol. Gesellschaft.
1872 Phacops, BArRraNDE. Syst. Sil. Bohé&me, vol. i, Suppl.

1873(Y). Phacops, ABprLLan.  Etudes géol. sur le Bosphore.

1873. Phacops, NicaorsoN. Palzontol. Ontario.

1874. Phacops, STEINHARDT. Die bis jetzt in preuss. Geschieb. gef. Trilob.
1875. Phacops, MAtRER. WNeues Jahrb. fiir Min.

1876. Phacops, Harn. Illustrations of Devonian Fossils.

1876. Phacops, MAURER. Neues Jahrb. fur Min.

1876. Phacops, C. F. RaMer. Lethea paleozoica.

1879,  Phacops, Novax. Studien an Hypostomen, i.

1880. Phacops, voN K@NeN. Neues Jahrb. fir Min,

1881. Phacops, Kayser. Jahrb. der Konigl. preuss. Landesanst und Bergakad.
1881. Phacops, ScEMIDT. Rev. Ostbalt. Trilob., pt. i.

1882. Phacops, WHITFIELD. Geol. Wisconsin, vol. iv.

1882. Phacops, BArrois. Rech. sur les Terrains anc. d. Asturies et de la Galice.
1884. Placops, WaLcorr. Pal. Eureka Dist.

1884. Placops, CLARKE. lIberger Kalk.

1884, Phacops, Novak. Studien an Hypostomen, ii.

1884. Phacops, Kigsow. Silur. und devon. (rexchieb. Westpreuss.
1885, Phacops, MAuRER. Kalke von Waldgirmes.

1885. Phacops, Zirren.  Handb. d. Pal@ontologic.

1885.  Phacops, BArrois. Ann. Noc. géol. du Nord.

1885, Phacops, (EuLerr,  Bull. de la Soc. d’Etudes Seientif. A’Angers,
1885, Pharops, WaLpscuMipr.  Dev. Schicht. Gegend Wildungen.

1885, Phacops, CLARKE. Geol. Succesion in Ountario Co.

1886, Phacops, BARROI.  Ann. Soc. géol. du Nord and Bull. Soe. géol. de France.
1836,  Phacops, MAtrRER. Fauna rechtsreh. Unterdev.

1886. Phacops, MATUusCHKA. Dachschiefer von Rerlehing.

1887. Phacops, Farste. Bulletin Denison University.
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Phacops, (BuLerT. Ann. de la Socitte géologique.
Phacops, FReEcH. Zeitschr. der deutsch. geol. Gesellzchaft.

Diagrosis.  Body oval. Cephalon parabolic;

genal angles obtuse, or produced into minute

spines.
riorly; the two anterior pairs of lateral furrows

indistinct. Eyes very large, conspicuous, bearing

Glabella tumid, prominent, widest ante-

numerous corneal lenses. Thoraz sub-quadrate ;

(=)

segments eleven; pleurae arched, and rounded at their extremities. Pygidium

moderately large, composed of few annulations; margin entire and not pro-

longed into a terminal spine.

Gexvs DALMANITES, Barranpe. 1852.

1772,
1781.
1794.
1811.
1821.
1822.
1823.
1825.
1826.
1829.
1832.
1832.
1832.
1835.
1837.
1837.
1837.
1839.
1839.
1840.
1840.
1841.
1843.
1843.
1843.
1843.
1845.
1845.
1846,
1846.
1846.
1847.
1848.

Entomolithus, Borx. Lithoph. Bornian.

Trilobus, BruennicH. Kjoben. Sellsk. Skrivter. Nye Samml.
Entomolithus, Reuss. Mayer’s Samml. phys. Aufs,
Trilobites, PArgiNsoN. Organic Remains.

Entomostracites (partim), WaHLENBERG. Nov. Act. Upsala,
Asaphus, BrovgNiarT. Hist. Nat. Crast. toss.

Trilobites, ScHLoTHEIM. Nachtr. il zur Petrefakt.
Trilobites, STERNBERG. Verhandl. (des Vaterl, Mus.
Asaphus, Darmay. Ueber Paleaden.

Asaphus, HoLt. Haundb. der Petrefacten.

Asaphus, EaTon. Geological Text-book.

Asaphus, Gororuss. Dechen’s Handb, der Geognosic.
Asaplius, GREEN. Monog. Trilob. N. America.

Asaphus, GREEN. Suppl. Monog. N. Amer. Trilob.
Asaphus, HISINGER. Lethesea Suecica.

Asaphus, BuckLanp. Bridgewater Treatise.

Asaphus, QUENSTEDT. Wiegmann. Archiv.

Asaphus, Calymene, MURCHISON. Silurian System.

Phacops partim, EmMmricH. De Trilob. Dissert.

Asaphus, MiLNe-Epwarps. Hist. Nat. Crust.

Phacops, vox BucH. Geb. Format. Russlands.

Asaphus, Aspidolites, Conrap, Fifth Ann. Rept. Pal. N. Y.
Asaphus, Harr. Rept. Fourth. Dist. N. Y.

Asaphus, GoLprrss. Neues Jahrbh. fiir Min.

Phacops, BURMEISTER. Organiz. d. Trilobiten.

Phacops, PorTLock. Rept. Geol. Londonderry.

Dalinania, EMyurica. Neues Jahrb. fiir Min.

Phacops, Asaphus, MurciisoN, DE VERNEUIL and KEYSERLING.

Phacops, GEINITZ.  Grundr. der Versteinerungen.
Phacops, BARrRANDE. Notice prélimin.

Phacops, Rovavir. Bull. Soc. géol. de FFrance.
Odontochile, Corpa. Prodrom Monog. héhm. Trilob.
Phacops, Hart. Pal, N. Y., vol. i.

Russie et Oural.
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1849. Phacops (partim), SALTER. Mem. Geol. Sury. United Kingdom.
1849. Phacops (partim), McCoy. Ann. Mag. Nat. Hist.

1849. Dalmannic, SALTER. Mem. Geol. Surv. United Kingdom.

1850. Odontochile, McCoy. Ann. and Mag. Nat. Hist.

1850. Phacops, the BROTHERS SANDBERGER. Verst. d. Rhein. Sch. Syst.
1851. Odontochile, McCoy  Synop. Pal. Foss. Woodwardian Mus.

1851. Phacops, HaLL. Foster and Whitney’s Rept. Geol. Lake Sup.
1852. Dalmania, Dalmanites; BARRANDE. Syst. Sil. Bohéme, vol. i.
1852. Phacops, ANGELIN. Pal@ontologia Suecica.

1852. Dalmania, HarL. Pal. N. Y., vol. ii.

1852. Phacops, F. A. R&mer. Beitr. ii zur Harzgeb.

1853. Phacops, SALTER. Mem. Geol. Survey, Decade vii.

1855. Phacops, F. A. R@&MER. Beitr. iii zurr Harzgeb.

1855. Dalmania, SHUMARD. Rept. Geol. Surv. Missouri.

1858. Dalmania, GIEBEL. Silur. Fauna Unterharz.

1858. Phacops, Asaphus, BigsBY. Quart. Jour. Geol. Soc., vol. xiv.
1859. Dalmania, Hart, Pal. N. Y., vol. iii.

1860. Dalmania, Harr. Canadian Naturalist and Geologist.

1860. Dalmania, Biuings. Canadian Naturalist and Geologist.

1861. Dalmanites, HALL. Ann. Rept. Geol. Surv. Wisconsin.

1861. Dalmania, HarL. Descr. New Species Fossils.

1862. Dalmania, HELLMANN. Die Petrefacten Thiiringens.

1862. Dalmania, HarL. Fifteenth Rept. N. Y. State Cab. Nat. Hist.
1862. Phacops (partim), McCoy. Synops. Silur. Foss. Ireland.

1863. Dalmania, BiLLiNgs. Dev. and Silur. Foss. Square Lake, Maine.
1863. Dalmania, HaLL. Transactions Albany Institute.

1864. Phacops (Odontochile), SALTER. Monogr. Brit. Trilobites.

1865. Dalmanie, MEEK and WorTHEN. Proc. Acad. Nat. Sci. Phil.
1867. Dalmania, HaLt, Twentieth Rept. N. Y. State Cab. Nat. Hist,.
1868. Dalmaniles, DEWALQUE. Prodrom. d’une Descrip. géolog de Belgique.
1868. Dalmanites, MEEK and WorTHEN. Geol. Surv. Ill., vol. iii.

1869. Dalmania, HAIDENHAIN. Zeitschr. der deutsch. geol. Gesellschaft.
1869. Phacops, LINNARssON. Vestergoth camb. och. silur. Aflag.

1871. Dalmanites, MEEK. Proc. Acad. Nat. Sci. Phil.

1872. Dalmanites, BARRANDE. Syst. Sil. Boh&me., vol. i, Suppl.

1872. Dalmanites, MEEK. Am. Jour. Science.

1873. Dalmanites, MEEX. Geol. Surv. Ohio, Paleont. vol. i.

1874. Phacops (partim), STRINHARDT. Die bis jetzt in preuss. (Geschieb. gef. Trilobiten.
1875. Dalmania, HARTT and RaTHBUN. Ann. Lyc. Nat. Hist.

1875. Dalania, Harr and WHITFIELD. Geol. Survy. Ohio, Palzont. vol. ii.
1876. Dalmania, C. F. R&MER. Leth®a palzozoica.

1876. Dalmanites, HALL. Twenty-eighth Rept. N. Y. State Mus. Nat. Hist.
1876. Dalmanites, Harn. Illustrations of Devonian Fossils,

1876. Dalmanites, BARRETT. Am. Journ. Science.

1877. Dalmanites, MEEx. Geol. Expl. Fortieth parallel.

1878. Dalmanites, Kayser. Fauna d. @lt. Devon.-Ablag. Harz.

1878. Phacops, ANGELIN. Palzontol. Scandinav.

1879. Dalmmanites, NovAk. Studien an Hypostomen, i.

1879. Dabnanites, WALcoTT. Thirty-first. Rept. N. Y. State Mus. Nat. Hist.
1880. Dalmanites, KaAYSER., Zeitschr. d. deutsch. geol. Gesellschaft,
1881. Dalmanites, ScuMipT. Revision Ostbalt. silur, Turilob.

1881. Dalmamnites, MENEGHINI. Roy. Academia dei Lineci
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1883. Dalmanites, Novak. Zur Kennt. béhm. Triloh.

1884. Dalmanites, Novak. Studien an Hypostomen, ii.

1884,  Dalnanites, Warcorr. Palzontol. Eureka Dist.

1885. Dalmanites, CLARKE. Geol. Succesion in Ontario Co.

1885. Dalmanites, BHLERT. Bull. de la Soc. d’Etudes Secientif. d. Angers.
1886. Dalmanites, Barrors. Bull. de la Soc. géol. de France.

1887. Dalmanites, Farste. Bull Denison. Univ,

The species of the genus Dalmanites frequently exhibit a tendency to varia-
tion in many of their more important features. This variability may be either
in the relative development of the lateral glabellar furrows, the coalescence of
the glabellar lobes, or in the ornamentation of the margins of the cephalon and
pygidium ; the features of the glabella are of more distinctive importance,
the ornamental characters undoubtedly being of a somewhat more fugitive
value. By the unequal development and suppression of the glabellar lobes
and furrows, there is an evident transition from the typical Dalmanites to the
typical Phacops. Again, the gradual coalescence of the lateral glabellar lobes
produces forms following the type of the genus Chasmops, in which the first two
pairs are united, and of the genus Monorakos, in which the three lobes of each
side are coalesced. The ornamental features are of importance in the establish-
ment of subordinate groups of a provisional character. It is here proposed to
group under the term Hausmannia the typical and unvaried forms of Dalmanites
which follow the type of D, caudatus, (Briinnich) Emmrich, and D. Hausmanni,

Brongniart.
SuB-ceENus HAUSMANNIA, N s.-G.

Disgnosis.  Body elongate-ovate, depressed-
convex. Cephalon lunate ; genal angles produced N
into spines; glabella scarcely prominent; frontal g
lobe transverse or sub-rhomboidal; all the lateral ( \ ))
lobes well developed. Thorar composed of eleven '
segments; pleurae beveled, the posterior segments
often produced. Pygidium large, bearing more
than eleven annulations; margin entire, often pro-
duced into a caudal spine.
The Devonian species, which are referred to
this group, are to some extent imperfectly known, and it may eventually
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become necessary to place such as are now known only from pygidia in some

other association.
Sup-geNus CORONURA, N s-a

Diaaxosis.  Pygidium large, bearing along its
lateral margins a row of long, cylindrical, acute
and gently recurved spines. The posterior ex-

tremity is crescentic, its margin being smooth or
furnished with a row of erect spines. Annulations

numerous.

Suvp-ceNus CRYPH A US, Green. 1837.

1832,  Asaplus, GReEeN. Monog. Trilob. N. America.

1833. Olenus, STEININGER. Mem. Soc. géol. de France.

1835. (wlymene, HexiNguaus. Litt, Lithograph.

1835. Asuplus, GoLpruss. Leonhardt’s Jahrb. f. Min.

1837. (yphewus, GREEN. Amer. Journ. Science.

1839. (rypheeus, Conrap. Second Ann. Rept. Pal. N. Y.

1840. Plewracanthus, MiLNE-EpwArDps. Hist. Nat. Crust.

1842. Olenus, D’Arcuiasc and De VErNEUIL. Trans. Geol. Soc.

1843. Asaphus, GoLpruss. Leonhardt’s Jahrb. fiir Min.

1843. Crypheus, HarL. Rept. Fourth Dist. N. Y.

1843. Paradoxides, F. A. R&MeR. Verstein. d. Harzgeb.

1844. Olenus, D’Arcuiac and De VeryguviL. /Elt. paleoz. Gebilde im Nord. von Deutschl. und Belgien.
1844.  Pleuracanthus, C. F. R@eMeR. Rhein. Uebergangsgeb.

1846. (rypheeus, Rovavrt. Bull. soc. géol. de France.

1846. Phacops, BrrMEisTER. ~ Organ. d. Trilobiten,

1847. Asteropyge, Metacanthus, Corpa.  Prodrom. Mon. bohm. Tril.

1849, Cryphwus, McCoy, (non Crypheus, GREEN). Ann. Mag. Nat. Hist.
1850. Phacops, Cleirurus, F. A. Racmer.  Beitr. i. zur Harzgeb.

1850. Cryphens, DE VERNEUIL. Bull Soc. géol. de France.

1850. Phacops, the BRoTHERS SANDBERGER. Rhein. Schicht. Syxst.

1850. Crypheus, DE VirxeviL.  Bull. Soe. géol. de France.

1854. Phacops, WirrceN and ZeiLgr.  Verhandl. des Naturhistor. Vereins.
1856. Dalmanic, Ricurer. Beitr. zur Palreontol. des Tharingerwaldes.
1861. Dalmnnia, Hatn. Fifteenth Rept. N. Y. State Cab. Nat. 1list.
1864. Phlacops (Crypheus), SALTER.  Monog. Brit. Trilobites.

1866, Crypheus, D’ARcHIAC, FiscHER and Dg Ver~yeviL. In Tcehihatcheff’s Asie Mineure.
1865. Crypheus, F. A, RamMer. Beitr. v. zur Harzgeb.

1867.  Cyyphwus, DE VERNEUIL. Comptes rendus.

1867, Phocops, ETHERIDGE.  Quart. Jour. Geol. Soc.

1868, Pleuracantlus, DEwALque.  Prodrom. 'une Descrip. géolog. de Belgique.
1873(?).Cryphwus, AspuLLan. Ltudes géol. sur le Bosphore.
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1876.  Dalmanites, Hatu. Illustrations of Devonian Fossils,

1896, Cryphaus, C. F. RaMiER.  Lethaea palaozoica.

1878, Crypheus, Kaysgr. Abhandl. z. Specialkarte Pr. und d. Thiir. St.

1879, Cryphaus, Lossey.  Zeitschr. der deutsch. geol. Gesellschaft,

1881 Cryphaus, ScHLUETER.  Sitzungsb. niederrh. Gesell. in Bonn.

ISS3. Crypheens, Kaysgr.,  Jahrh, der Konigl. Preuss. geol. Landesanst. und Bergakad.
1884.  Cryplurus, BEusHAuseN.  Abhandl z Specialkarte Pr. und d. Thir. St.

1885.  Cryplevus, Zirten. Handb. d. Palivontologie.

1886. Crypheus, MavrerR. Fauna rechtsrhein. Unterdev.

1886.  Cryphwus, Matuscags.  Dachschiefer von Berleburg.

Diagnosts, Genal angles produced into long,
often laterally compressed and narrow spines. // \\
Posterior thoracic segments produced and acute. / \
Pygidium with five annulations and five pairs of j

marginal lobes or spines. Terminal lobe more or
less developed.

SuB-geENus ODONTOCEPHALUS, Conrap. 1840.

1832, Adsaplus, EatoN. Geological Text-book.

1882, Calymene, GREEN. Mon. Trilob. N. America.

1849.  Odontocephalus, Coxrap. Third Ann. Rept. Pal. N. Y.

1842. Odontocephalus, Vanuxem. Geol. Rept. Third Dist. N. Y.

1843. Odontocephalus, Hatn. Geol. Rept. Fourth Dist. N. Y.

1845, Odontocephalus, EmyricH.  Leonhardt and Bronn’s Neues Jabrb. fir. Min.
1861. Dabnania, Haru. Fifteenth Rept. N. Y. State Cab Nuat. Hist.

1868.  Odontocephalus, MEEK and WoRTHEN. (Geol. Sarv. Illinois, vol. iii.

1876. Dalinanites, HarL, Illustrations of Devonian Fossils.

1885. Odontocephalus, Zirren. Handb. d. Paleontologie.

Diaanosis. The frontal border of the cepha-
lon bears a series of incisor-like denticulations,
which lie in contact at their distal extremities.
These are longest in front and become obsolete
about half way from the anterior extremity to
the tips of the genal spines. Pygidium usually
with two more or less developed terminal spines.
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Sus-6eNus CORYCEPHALUS, N. SUB-GEN.

Diagnosis. The entire frontal and lateral

margins of the cephalon bear a single row of

widely separated denticulations, which may

be acute and triangular or broad and sub-

quadrate.

1837.
1838.
1843.
1845.
1846.
1848.
1849.
1850.
1851.
1852.
- 1853.
1864.
1869.
1874.
1876.
1876.
1878.
1885,

Sus-ceNus CHASMOPS, McCoy.

Asaphus (partim), MurcHisoN. Silurian System.
Trilobites (partim), Sars and Borck. Gza Norvegica.
Phacops (partim), PortLock. Geolog. Rept. Tyrone.
Phacops (partim), EmmricH, Neues Jahrb. fir Mio.
Phacops (partim), Burmeister. Organiz. Trilobites.
Dalmanie, SALTER. Mem. Geol. Surv. United Kingdom.

Phacops {(partim), SALTER. Mem. Geol. Surv. United Kingdom.

Chasmops, McCoY. Ann. and Mag. Nat. Hist.

1850.

("hasmops, Odontochile, McCoy. Synops. Pal. Foss. Woodwardian Mus.

Chasmops, ANGELIN. Palaontologica Suecica.
Pracops (Dalmania), SALTER. Geol. Surv. Decade vii.
Chasmops, SALTER. Monogr. Brit. Trilobites.

Phacops (partim), LiNNARssoN. Verstergotl. camb. och. silur. Aflag.
Phacops (partim), STEINHARDT. In preuss. Geschieb. gef. Trilobit.

Dalmanites (partim), HarL. Illustrations of Devonian Fossils.
Chasmops, C. F. R&mMER. Lethwa palzozoica.

Phacops (partim), AxceLiy.  Paleontologia Scandinavica.
Chasmops, ZiTTEL. Handb. der Palzontologie.

Diagnosis.  Genal angles usually produced into

spines.

Frontal lobe of the glabella large, trans-

verse and not intersected by the facial sutures.

Lateral lobes unequal, the first and second pairs

being coalesced and the third pair nearly obso-

lete.
spine.

Pygidium large, sometimes with a terminal
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1838.
1838.
1839.
1839.
1839.
1840.
1840.
1840.
1841.
1843.
1843.
1843.
1843.
1844.
1845.
1845.
1846.
1846.
1846.
1846.
1846.
1846.
1847.
1848.
1848.
1850.
1850.
1852.
1852.
1855.
1855.
1855.
1857.
1858.
1859.
1859.
1862.
1862.

11862.
1863.
1866.
1868.
1869.
1872.
1873.
1875.
1876.
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FaMmiLy, ACIDASPIDZE.

GeEnus ACIDASPIS, Murcmison. 1839.

Ceratocephala, WARDER. Amer, Jour. Science.

Ceratocephala, ANTHONY. Amer. Jour. Science.

Acidaspis, MurcHIsoN. Silurian System.

Arges (partim), GoLpruss. Nov. Act. Caes. Leop. Cur.
Odontopleura, EMmricH. De Trilob. Dissert.

Trinucleus® MuENSTER. Beitr. iii zur Petrefaktenkunde,
Acidaspis, MiLNE-EpwarDs. Hist. Nat. Crust., vol. iii.
Acidaspis, Acantholoma, CoNraAD. Third Ann. Rept. Pal. N. Y.
Dicranurus, Conrap. Fifth Ann. Rept. Pal. N. Y.

Ceraurus, LockE. Amer. Jour. Science.

Bronteus (partim), F. A. R@Mer. Verstein. Harzgeb.

Arges (partim), Odontoplewra, GoLpruss. Neues Jahrb. fiir Min.
Odontopleura, BurMEISTER. Organiz. d. Trilob.

Odoniopleura, Arges, C. F. R@MeR. Rbheinisch. Uebergangsgeb.
Odontopleura, EmMricH. Neues Jahrb. fiir Min.

Ceraurus, Loven. Ofvers. of. Kongl. Vetensk. Akad. Forhandl.
Acidaspis, McCoy. Synopsis Silur. Foss. Ireland.

Odontopleura, BARRANDE. Notice prélim. sur Syst. Sil. Bohéme.
Odontopleura, GEINITZ. Grundriss d. Verstein.

Odontopleura, Picrer. Traité élément. de Paléont.

Odontopleura, BEYricH. Untersuchungen ueber Trilob.
Polyeres, Rovavrr. Bull. Soc. géol. de France.

Odontopleura, Selenopeltis, Trapelocera, Corpa. Prodrom Monog. béhm. Trilob.
Acidaspis, Harn. Pal. N. Y., vol. i.

Acidaspis, PaiLruips and SALTER. Mem. Geol. Surv. United Kingdom.
Acidaspis, McCoy. Ann. and Mag. Nat. Hist.

Odontopleura, the Brothers SANDBERGER. Vestein. d. rhein. Schicht. Syst.
Acidaspis, BArrANDE. Syst. Sil. Bohéme, vol. i.

Acidaspis, F. A. R@MEeR. Beitr. ii zur Harzgeb.

Acidaspis, SHuMARD. Geol. Surv. Missouri.

Acidaspis, EMmoNs. American Geology.

Acidaspis, F. A. Re&Mer. Beitr. iii, Harzgeb.

Acidaspis, BiLLiNgs. Rept. Geol. Survey Canada.

Acidaspis, GieseL. Silur. Faun. Unterharz.

Acidaspis, BuiuLings. Rept. Prog. Canad. Geel. Surv.

Acidaspis, HarL. Pal. N. Y., vol. iii.

Acidaspis, McCoy. Synops. Silur. Foss. Ireland.

Acidaspis, HeLuman. Die Petrefacten Thiiringens.

Acidaspis, HarL. Geol. Surv. Wisconsin.

Acidaspis, RIcCHTER, Zeitschr. der deutsch. geolog. Gesellschaft.
Acidaspis, F. A. R@eMer. Beitr. v, Harzgeb.

Acidaspis, MEEK and WorTHEY. Geol. Surv. Illinois, Pal., vol. iii.
Acidaspis, LINNARsON. Vestergotl. camb. och. silur. Aflag.
Acidaspis, BARRANDE. Syst. Sil. Bohéme, vol. i, Suppl.
Acidaspis, MEEK. Geol. Ohio, Paleontology, vol. i.

Acidaspis, MiLLER. Cincin. Quart. Jour. Science.

Acidaspis, C. F. Re@MER. Leth®a pal®ozoica.
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IS8T
1578.
1879,
1874,
1879.
1581,
1883.
1884.
1885.
1885.
1887.

Diacnosis. Body depressed-convex. Sur-
face ornamented with numerous spines.
Cephalon 1ndistinctly trilobate, with two
longitudinal furrows crossing the glabella,
produced by the union of the inner ex-
tremities of the three pairs of lateral fur-
rows. Occipital ring conspicuous. Thorex

SYNOPSIS OF GENERA.

Acidaspis, Warcorr. Twenty-ninth Rept. N. Y. State Mus. Nat. Hist.
Acidaspis, Kavser. Fauna elt. Devon. Ablag. des Harzes.

Acidaspis, Havn,  Trans. Albany Inst., and Twenty-eighth Rept. N. Y. State Mus. Nat. Hist.
Acidaspis, WaLcorr.  Thirty-first Rept. N. Y. State Mus. Nat. Hist.
Aridaspis, Novak. Studien an Hypostomen i,

Acidaspis, Hain. Eleventh Ann. Rept. Geol. Surv. Indiana.
Acidaspis, Novak., Zur Kennt. bohm. Trilob.

Acidaspis, Novak. Studien an Hypostomen ii.

Acidaspis, Zirrgn.  Handb., d. Paleontologie.

Acidaspis, Scanupr,  Revision d. Ostbalt. Silur, Trilob.

Acidaspis, FogrsTE. Bulletin Denison University.

with from nine to ten segments, each one bearing a strong, nonsulcate ridge

on the pleurse, which is produced into a long, hollow spine. Pygidium short,

small; axis bearing from one to three annulations, and the pleurae usually but

a single one. Margins spiniferous.

e e e R

T W kLWL

W ie WD
o

fu—
[0 2]

1533.
1835.
1837.
1838.
1839.
1840,
1842,
1842,
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Fawminy, LicHADAE.

Gexus LICHA'S, Datvan. 1826.

Entomostracites, WAHLENBERG. Nova Acta Soc. Sci. Upsala.
Trilobites, ScuvotHeiM. Nachtr. iii zur Petrefacktenkunde.
Paradorides, BRoNGNIART., Hist. Nat. Crust. Fossiles.
Puayacdoxides, Biassy., Jour. Acad. Nat. Science.

Asaplius, Dauman.  Ueber Palzeaden.

Lichas, Datman.  Ueber Palaaden.

Ampyr, Datsian,  Arsberitt,

Lichas, HorL. Handbuch der Petrefacktenkunde.
Paradorides, GREEN. Monograph of the Trilobites of North Ameriea.
Lichas, BRony. Lethwa geognostica.

Ampyr, Hisiner.  Lethea Sueciea.

Platynolus, Coxrap.  Ann. Rept. Pal. N. Y.

Arges, GoLpruss. Nova Acta Acad, €. 1., XIX.
Paradorides, MiLNE-Epwarnps.,  Hist. Nat. Crustacos,
Asaphus, Conrap.  Jour. Acad. Nat. Science.

Arges, D’Arcuiac and DE VerNkviL.  Traus. Geol. Nociety.



1842.
1843.
1843.
1843.
1843.
1843.
1843,
1843.
1844.
1844.

1845.
1845.
1845.
1845.
1846.
1846.
1846.
1846.
1846.
1847.
1847.
1847.
1847.
1847.
1847.
1848.
1849.
1850.
1852,
1854.
1854.
1855.
1857.
1857.
1858.
1858.
1858.
1859.
1859.
1860.
1861.
1862.
1862,
1862.
1863.
1865.
1865.
1865.
1866.
1867.
1869.
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Metopias, Eichwarp. Urwelt Russlands.

Metopias, EicuwaLp. Beitr, zur Kenntn. d. Russ. Reichs.

Metopius, LEUCHTENBERG. Thierrest. des Urwelts.

Paradoxides, GoLpruss. Neues Jahrb. fiir. Min.

Arctinurus, CASTELNAU. Essai sur le Syst. Sil. de ’Amerique Septentrionale.

Platynotus, HarL. Geol. N. Y., Rept. Fourth District.

Lichas, BurMEISTER. Organization der Trilobiten.

Nuttainia, PorTLoCcK. Geolog. Rept. Londonderry, ete.

Asaphus, Brcawarp.  Silursch. Esthlands.

Arges, D’ArcuiAc and DE VerNEUiL. Die @lt. paldozoisch. Gebilde im Norden von Deutschl. u. .
Belgien.

Nuttainia, EMMRICH. Neues Jahrbuch fiir Min.

Lichas, Lovex. Ofversigt af Kongl. Vetensk. Akad. Forhandl.

Lichas, BEYricH. Ueber béhm,. Trilobiten.

Calymene, MURCHISON. Quart. Jour. Geol. Soc.

Lichas, BARRANDE. Notice prélim. sur le Syst. sil. Bohéme.

Bronteus (partim), BARRANDE. Notice prélim. sur le Syst. sil. Bohéme.

Trilobites (partim), BARRANDE. Notice prélim. sur le Syst. sil. Bohéme.

Lichas, BeyricH. Untersuchungen ueber die Trilobiten.

Arges, BeyricH, Untersuchungen ueber die Trilobiten.

Calymene, McCoy. Silurian Foss. Ireland.

Corydocephalus, Corpa. Prodrom Monog. bohmischen Trilobiten.

Dicranopeltis, Corpa. Prodrom Monog. bshmischen Trilobiten.

Acanthopyge, CorpA. Prodrom Monog. béhmischen Trilobiten.

Dicranogmus, CorpA. Prodrom Monog. bshmischen Trilobiten.

Platynotus, HaLL. Pal=zontology N. Y., vol. i.

Lichas, SALTER. Mem. Geol. Surv. United Kingdom.

Lichas, McCoy. Ann. Mag. Nat. Hist.

Lichas, FLETCHER. Proc. Geol. Society.

Lichas, BARRANDE. Syst. Silur. du Centre de 1la Eohéme, vol. i.

Lichas, AncgeLIN. Palzontologia Scandinavica.

Lichas, ExcawarLp. Grauwacksch. Liv. und Esthlands.

Lichas, EMMoNs. American Geology.

Lichas, Excuwarp. Beitr. zur geogr. Verbreit d. foss. Thiere Russlands.

Lichas, Nigskowski. Archiv. fiir Naturk. Liv, Esth und Kurlands.

Lichas, HoFFMANN. Verhandl. der kaiserl. Mineral. Gesellsch.

Lichas, ScamipT. Archiv. fiir Naturk. Liv, Esth und Kurlands. :

Lichas, DETHLEFF and BorLL. Archiv. d. Vereins d. Freund. d. Naturgesch. in Mecklenburg.

Lichas, HavL. Palzontology N. Y., vol. iii.

Lichas, N1EsRowsKI. Archiv. fiir Naturk. Liv, Esth und Kurlands.

Lichas, ExcuwaLp. Lethsa rossica.

Lichas, C. F. R&Mer. Foss. Fauna d. Silur. Diluvialgeschieb. von Sadowitz.

Lichas, HatL. Sixteenth Rept. N. Y. State Cab. Nat. Hist.

Lichas, HELLMANN. Die Petrefacten Thiiringens.

Lichas, McCoy. Synopsis Silur. Foss. Ireland.

Lichas, HaLL. Transactions Albany Iunstitute.

Lichas, WiNcHELL and MarcY. Mem. Boston Society Nat. Hist.

Lichas, MEEK and WorTHEN. Proceed. Acad. Nat. Science.

Lichas, BiLLiNGgs. Pal®zozoic Fossils, vol. i.

Lichas, BiLings. Cat. Silur. Foss. Anticosti.

Lichas, HaLL. Twentieth Rept. N. Y. State Cab. Nat. Hist.

Lichas, KARsTENs. Beitr. zur Landeskarte von Schleswig-Holstein.
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1872. Lichas, BARrRANDE. Suppl. Syst. Silur. du Centre de la Bohéme, vol. i.
1872. [Lichas, KAvser. Zeitschrift der deutsch. geolog. Gesellschaft.

1874. [Lichas, STEINHARDT. In preussisch. Geschieb. gef. Trilobiten.

1874. Lichas, Biruings. (‘anadian Naturalist and Geologist.

1878. Lichas, MiLLER. Jour. Cincinnati Soc. Nat. Hist.

1879. Lichas, HarL. Twenty-eighth Rept. N. Y. State Mus. Nat. Hist.

1880. Lichas, Novak. Sitzungsber. d. Kéngl. béhm. Gesellsch. d. Wissenschaften.
1882. Lichas, BRSGGER. Silur. étagen 2 und 3, im Kristianiageb. und anf Eker.
1884. Lickhas, TornqQuist. Undersdk. 6fv. Siljanourdd. Trilobit fauna.

1885. Lichas, ScamipT. Mem. de 'Acad. imp. de St. Petersbourg.

1886. Lichas, BArRrois. Ann. de la Société géol. du Nord.

1887. Lichas, FoErsTE. Bulletin Denison University.

1888, Lichas, FrRECH. Zeitschr. der deutsch. geol. Gesellsch.

DiagNosis.  Body broadly oval. Cephalon transverse. Glabella convex and
subdivided by two longitudinal furrows, which are produced by the union of
the proximal extremities of the lateral furrows. Eyes situated somewhat pos-
teriorly. Facial sutures beginning on the posterior margin, near the genal
angles, passing forward from the eyes in sub-parallel lines to the anterior mar-
gin.  Hypostoma sub-quadrate, with a deep reintrant curve on the posterior
margin. Centrum gently convex. Thoraz composed of eleven segments. Pleurse
sulcate and produced into acute terminations. Pygidium sub-triangular, gently

convex. Axis very short, with but two or three annulations. Pleurs broad,
sulcate. Margins lobate.

SuB-gENus TERATASPIS, Har.. 1863.

1862. Lichas, HaLL. Fifteenth Rept. N. Y. State Cab. Nat. Hist.
1863. Terataspis, HaLrL. Sixteenth Rept. N. Y, State Cab. Nat. Hist.
1876. Acidaspis (Terataspis), HavL. Illustrations of Devonian Fossils.

Diagrosis.  Frontal lobe of the glabella
ellipsoidal, longitudinally and transversely
bisymmetrical, strongly and equally con-
stricted on all sides. First and second
lateral lobes coalesced and strongly spinose
at their summit; third lateral lobe obsolescent or extinct. Glabellar area be-
tween the anterior lobe and occipital ring much depressed. Occipital ring broad,
bearing strong spines or baculate tubercles. Pygidium with one annulation upon

the axis, two or three upon the pleurs, and bearing eight long, recurved, simple
or compound marginal spines.
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Sus-geNus CONOLICHA S, Dames. 1877.

1859. Lichas, HaLL. Pal. N. Y., vol. iii.

1861. Lichas, Hatu, Descr. New Species Fossils.

1862. Lichas, HaLu. Fifteenth Rept. N. Y. State C'ab. Nat. Hist.

1869. Lichas ?, KarsTENs. Beitr. zur Landesk. herzog. Schleswig und Holstein,
1874. Lichas, STEINHARDT. In preus. Gesch. gef. Trilob.

1876. Acidaspis (Terataspis), Harr. Illustrations of Devonian Fossils.

1877. Conolichas, DaMEs. Zeitsch. der deutsch. geol. Gesellsch.

1885. Conolichas, Scamipr. Revision Ostbalt. Silur. Trilob.

1885. Conolichas, ZitreL, Handb. d. paleontologie.

Draarosis.  Glabella with only anterior and posterior
lateral furrows. Lateral lobes well defined. Frontal

lobe, and sometimes the lateral lobes, conically elevated,
and often inclined backward.

Sus-genus HOPLOLICHA S, Dames. 1877.

1842. Asaphus, CoNrap. Jour. Acad. Nat. Sci. Phila.

1846. Lichas, BeyricH. Untersuchungen iib. Trilob.

1858. Lichas, DeTHLEFF and BorL. Trilobiten Mecklenburgs.

1859. Lichas, Nigszgowskl. Monogr. Trilob. Ostseeprov.

1867. Metopias, QUENSTEDT. Petrefaktenkunde.

1869. Lichas, KarsTENs. Beitr. zur Landesk. herzog. Schleswig und Holstein.
1874. Lichas, STEINHARDT. In preus. Geschieb. gef. Trilob.

1871. Hoplolichas, Dames. Zeitsch. der deutsch. geol. Gesell.

1885. Hoplolichas, Scamipr. Revision Ostbalt. Silur. Trilob.

1885. Hoplolichas, ZirteL. Handb. d. Paleontologie.

Diagrosis. The frontal lobe of the glabella
longitudinally arched, evenly convex, tubercled,
spiniferous or with a single strong baculate_pro-
cess. Lateral furrows asin Conolichas. Occipital
ring bearing a simple or compound spine.
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Sus-cexus ARG E S, Goupruss. 1839.

1837. (wWymene, GREEN. Am. Jour. Science.

1839. Arges, Goupruss. Nov. Act. Acad. Caes. Leop. Car., vol. xix.
1843. Arges, Gorpruss. Neues Jarhb. fiir Min,

1846. Lickas, BArRranDE. Notice pr¢lim. sur le Nyst. sil. Bohéme.
184f. Arges, BEYricH. Untersuchungen iib, Trilob.

1847. Corydocephalus, Acanthopyge, partim, Corna. Prodrom Monog. bohm. Trilob.
1852. A4rges, HavL. Pal. N. Y., vol. ii.

1852. Lickas, BARRANDE. Syst. Sil. Bohéme, vol. i

1857. Lichas, Nieszkowskl. Monog. Trilob. Ostseeprov.

1858. Lichas, HorrmMaxy. Trilobit. Russlands.

1878. Lickas, AxgELIN. Pal®ontologia Scandinaviea.

1885. Adrges, Scumipr. Revision Ostbalt. Nilaur. Trilob.

Dragnosis.  Middle lobe of the glabella
sub-rectangular, longitudinally arched, often
spiniferous. Second lateral lobes larger than
‘the first; third lateral lobes inconspicuous or

obsolete. Palpebral furrows indistinct.

Sup-cexus CERATOLICHA S , N. SUB-GEN.

Diaenosis.  Frontal lobe ellipsoidal and
strongly convex, faintly constricted on the
abrupt and almost vertical posterior slope.
The elevated posterior edge of this lobe bears
two or four long recurved spines. The lateral
lobes are very depressed and obsolescent, the
first and second pairs coalesced, and the third
pair either obsolete or represented by faint
tubercles in the occipital furrow. Just within

each palpebral lobe is a slender spine, and
the occipital ring bears a long central recurved double spine.

Ceratolichas differs from Conolichas, Dames, in the depressed and obsolete lateral
lobes ; from Terafaspis, Hall, in the sub-quadrate, slightly constricted frontal
lobe, and from Arges, Goldfuss, in having the frontal lobe shorter, more ele-
‘vated, and abruptly sloping toward the posterior extremity.



SuB-cENus DICRANOGMUS, Corpa.

SYNOPSIS OF GENERA.

1846.  Lichas (partim), BArranpe. Notice prélim. sur le Nyst. sil. Bohéme.
1847, Dicranogmus, Corpa.  Prodrom Monog. bohm. Trilob.

1852. Lichas ( partinm), DARRANDE., Syst. Sil, Bohéme, vol. i.

1878.  Lichas (partim), AxcELIN.  Palivontologia Seandinavica.

1847.

Diagnosis. Dorsal furrows of the glabella
parallel, becoming obsolete toward the anterior
margin. Second lateral furrows transverse;
second lateral lobes smaller than the first;
third lateral lobes inconspicuous or obsolete.
Palpebral furrows not conspicuous.

1826. Culymene, Daryan. Ueber Palaaden.

1829.  Calymene, HoLL. Handb. der Petrefakten.

1831.  Proitus, STEININGER. Mem. Soc. géol. de France.

1832. Calymene, GoLprrss, Dechen’s Handb. d. Geognosie.

1832. Calymene, GREEN. Mon. Trilob. North America.

1837. Calymene, HisingkR. Lethea SNueciea.

1837. Calymene, QUENSTEDT. Wiegmann Archiv.

1838. Calymene, GREEN. Amer. Jour. Science.

1839.  Cuwlymene, ConrADp. Second Ann. Rept. Pal. N. Y.

1839. Adsaplus, McrcHIsSON, Nilurian System.

1839. Asaphus, EMMricH. De Trilob. Dissert. .

1840. (wlymene, MiLNE-EpwARDS. Hist. Nat. Crust. fossiles.

1842. Calymene, D’ArcHiac and De VERNEUIL. Trans. Geol. Soc. London.
1842. Asaphus, ConraDp. Jour. Acad. Nat. Sei.

1843. Gerastos, GoLpruss, Leonhardt und Bronn’s Neues Jahrb, fiir Min,
1843. Proctus, Fonia, BURMEISTER. Organiz. d. Trilob.

1843. Calymene. HaiL. Rept. Fourth Dist. N. Y.

1844, (Gerastos, C. F. R@MeER. Rhein. Uebergangsgeb.

1845. Glerastos, ExyricH. Neues Jahrb, fiir Min.

1845. Prodtus, Loven. Ofversigt. af. Kongl. Vetensk Akad. Forhandl.
1846. Proétus, BARRANDE. Notice prélim. sur Nyst. Nil. Bohéme.

1846. Prostus, BeyricH. Untersuchungen iib. Trilob.

1846. Forbesia, McCoy. Synopsis Sil. Foss. Ireland.

1846. Proctus, Rovavrr. Bull. Soe. géol. de France.

1847. Proctus, NXiphogonium, Corpa. Prodrom Mon. bohm. Trilob.

1848. Proctus, PriLLips and NALTER. Mem. Geol. Surv. United Kingdem.
1850. Trigonaspis, Cylindraspis, the Brothers SANDBERGER. Verst. d. Rhein. Scht. Syst.
1850.  Proétus, F. A. Ra:MeERr.  Beitr. i zur Harzgeb.

1852, Proitus, BARRANDE. Syst. Silar. béhm., vol. 1.

1852. Proctus, Havn, Pal. N, Y., vol. ii.

FamiLy, Pro&Tip.E.

Gexus PROETU S, STEININGER.

1831.

xli
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1854. Proétus, WirTGEN and Zemgr. Verhandl. d. Naturhist. Vereins.
1855. Proétus, SHUMARD. Geol. Surv. Missouri.
1856. Cylindraspis, Ricarer. Beitr. zur Paldontol. d. Thiiringerwaldes.
1858. Prodtus, Biaspy. Quart. Jour. Geol. Soc.
1858.  Proctus, F. A. R@MeER. Beitr. iv zur Harzgeb.
18538. Proctus, GiEBEL. Silur. Faun. Unterharz.
1859. Proétus, Harn., Pal. N Y., vol. iii.
1860. Proctus, HaLL. Thirteenth Rept. N. Y. State Cab. Nat. Hist.
1860. Proétus, Biuuings. Canadian Naturalist and Geologist.
1361. Proétus, HarL. Descrip. New Species Fossils. Rept. N. Y. State Cab. Nat. Hist.
1862. Proétus, Harl. Fifteenth Rept. N. Y. State Cab. Nat. Hist.
1863. Proétus, Suumarp. Trans St. Louis Acad. Sei.
1863. Proétus, RicHTER. Zeitschr. der deutscher. geol. Gesellschaft.
1864. Proétus, RicHTER. Zeitschr. der deutscher. geol. Gesellschaft.
1865. Proétus, MEex and WoRTHEN. Proc. Acad. Nat. Science.
1865. Proétus, RicHTER. Zeitschr. der deutsch. geol. Gesellschaft.
1868. Proétus, Meex and WorTHEN. Geol. Surv. Illinois, vol. iii.
1868. Gerastos, DEwALQUE. Prodrom. d’une Descr. géol. de Belgique.
1869. Proétus, LINNARssoN. Vestergotl. camb. och silur. Aflag.
1870, Proétus, TieTZzE. Devon. Schicht. Ebersdorf.
1871. Proélus, MEEK. Proc. Acad. Nat. Science.
1872. Proctus, Kaysgr. Zeitschr. der deutsch. geol. Gesellschaft.
1872, Proétus, MEER. Amer. Jour. Science,
1872. Proétus, BARRANDE. Syst. Sil. Bohéme. vol. i, Suppl.
1873. Proétus, MEEK. Geol. Surv. Ohio Palzontology, vol. i.
1874  Proétus, Brirings. Palxoz. Foss. Canada, vol. ii.
1875. Proétus, HarL and WHITFIELD. Geol. Surv. Ohio Palzontology, vol. ii.
1876. Proétus, C. F. R@uer. Lethaa palzozoica.
1876. Proétus, Harr, Illustrations of Devonian Fossils.
1877.  Proctus, Hain and WHITFIELD. U. S. Geol. Surv. Expl. Fortieth Parallel.
1877.  Proétus, MEex. U. S. Geol. Surv. Expl. Fortieth Parallel.
1878. Proétus, Forbesia, Celmus, ANGELIN. Palweontologia Scandinaviea.
1879. Proétus, Novak. Studien an Hypostomen, i.
1879. Proétus, Barris. Proc. Davenport Acad. Science.
1880. Dechenella, KAYSER, Zeitsch. der deutsch. geol. Gesellschaft.
. 1881. Proétus, WiLLiaAMS. Amer. Jour. Science.
1881. Proétus, WETHERBY. Jour. Cincinnati Soc. Nat. Hist.
1883. Proétus, WoobwARD. Geological Magazine.
1884. Proitus, Warcorr. Paleontol. Eureka Dist.
1884. Prostus, Novak. Studien an Hypostomen, ii.
1885. Proétus, Declkenclla, CLARKE. Geol. Succession in Ontario Co.
1885.  Proétus, EuLERT. Bull. de la Soc. d’Etudes Scientif. d’Angers.
1885. Proétus, Mavrer. Kalke von Waldgirmes.
1885. Proétus, ZitTEL. Handb. d. Paleontotogie.
1886. Proitus, Mavrer. Fauna d. rechtsrhein. Unterdev.
1887.  Dechenella, STAINER. Ann. de la. Noc. géol. de Bretagne.
1887.  Proélus, Phillipsia (partim), Herrick. Bulletin Denison University.
1887.  Proétus, Forrste. Bulletin Denison University.
1887. Dechenella, TSCHERNYSCHEW. Mem. Comité géol., vol. iii.
1887.  Proétus, BHLERT. Annales d. Socidte Gdologique, vol. xix.
1887. Proitus, Vogpes. Ann, N. Y. Acad. Science.
1888. Proétus, Dechenella, FRECH. Zeitschr. der deutsch. geol. Gesellschaft.
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Diagnosis. Body generally small, elongate-
ovate in outline. Cephalon semicircular, margin
usually conspicuous and elevated; genal angles
rounded or produced into spines. Glabella tapering
anteriorly, scarcely reaching the frontal margin;
lateral furrows conspicuous, faint or obsolete on

the dorsal surface, distinct upon the internal sur-
face. Eyes large, semilunate; lenses small, homocorneal. Facial sutures be-
ginning on the posterior margin, just within the genal angles, and running from
the eyes in nearly straight lines to the frontal margin, terminating on the edge
of the doublure. Hypostoma elongate-rectangular, margins incurved and cen-
trum very convex. Thoraz longer than the cephalon, composed of from eight
to ten segments, which are sulcate upon the pleurse, sharply angled at the
fulerum, and rounded at their extremities. Pygidium sub-semicircular. Axis
arched and bearing from four to thirteen annulations; pleurs annulated ; mar-
ginal area broad and entire.

The genus Proétus possesses a greater specific representation in the Devo-
nian formations of North America than any other group of Tvrilobites, and
appears to have attained its culmination of development both in species and
individuals in the waters which deposited the limestones of the Upper Helder-
berg group. But notwithstanding the abundance of specimens in these rocks,
our knowledge of many of the species is imperfect on account of their usually
fragmentary condition, and more complete material may eventually require the
union of some of the forms described from detached parts of the animals, and
which are now of necessity regarded as distinct species. In the higher Devonian
formations the species are fewer, but the specimens are usually more complete
and more satisfactory for purposes of description.

The material which has been at hand for the study of the twenty-six Devo-
nian species here described is fairly representative, and in some instances com-
paratively abundant. All our observations point distinctly to the fact that the
genus Proétus includes a well-defined group of Trilobites, subject to but little
variability in essential characters, and that the numerous subdivsions of the
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genus erected by various authors have not been founded on the broadest
conception of the value of slight variations.

With the single exception (P. longicaudus), all the American Devonian species
possess ten thoracic segments; this one has but nine, and were this feature to
be accorded generic significance, the species would fall under the subdivision
Xiphogonium, Corda (Prodrom Monogr. bohm. Trilob., 1847). Ten however is
the normal number of segments for the genus, and the possession of but nine
(P. sculptus, Barrande), or even of eight (P. Barrandii, F. A. Roemer), is perhaps
to be regarded as an embryological character retained in maturity. It has been
customary to constitute subdivisions of this genus, and even distinct genera,
upon the variations in the form of the glabella, and in the apparent number
and length of the transverse glabellar furrows. Evidently the fact has fre-
quently been overlooked that a glabella which evinces no trace of these fur-
rows upon the external surface, will, under favorable weathering or upon a cast
of the internal surface, show the normal number of four pairs and the poste-
rior accessory pair of furrows. In occasional instances, where the ornamenta-
tion of the crust of the glabella has been preserved without defect, traces of
all these furrows may be observed, but this is not true of species in which the
glabella is normally smooth. The vertical compression of the crust, causing
it togive way along the furrows, often develops them, or the slight detach-
ment of the crust from its matrix makes them apparent by translucence.
Thus the species Proétus folliceps, P. crassimarginatus, P. Haldemani, P, Rowi,
in normal preservation, have a smooth, unfurrowed dorsal surface, but either
in casts of the internal surface, or in cases of compression, show all the char-
acteristic glabellar furrows. 1In the former condition of preservation P. fol-
liceps, P. crassimarginatus, P. clarus, P. Haldemani, P. Rowi and P. macrocephalus
would follow the type of Gerastos, Goldfuss; P. canaliculatus and P. longicaudus
would belong to the genus Zonia, Burmeister. In other states of preservation
P. folliceps, P. Haldemani, P. Rowi and P. macrocephalus would fall under the
recently established genus Dechenella, Kayser. Therefore, and for the addi-
tional reason that even upon the internal surface of the glabella the furrows

are subject to great variation in development (in P. crassimarginatus and
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P. ovifrons being almost extinct), it becomes manifestly impossible to ascribe
even a sub-generic value to such variations.

The sub-genus Phaélon was proposed by M. Barrande, in 1846, for forms
of Proétus in which the pygidium bears a marginal fimbria caused by the ex-
tension of the annulations.

Forbesia, McCoy, 1846 (Proétus concinnus, Dalman, type), is a Proétus in which
but two pairs of lateral furrows have been observed.

Celmus, Angelin, 1878 (C. granulatus, Ang., type), is founded upon an ex-
ample in which there are twelve thoracic segments and but two pairs of lateral
furrows. These last two genera are as yet imperfectly known, and may prove to
include species showing a structure intermediate between that of the true
Proétus and of Cyphaspis.

Gexvs PHAETHONIDES, Axceun. 1878.

1835. Asaphus (partim), MvrcuisoN. Siluvian System.

1845.  Proétus (partim), LoveEn, Ofversigt. af. Kongl. Vetensk. Akad. Forhandl,
1846. Phaéton, BARRANDE (?). Notice préliminaire sur les Syst. Sil. Bohéme.
1847.  Prionopeltis, Corpa (7). Prodrom Monog. béhm. Trilob.

1832. Proitus (Phaéton), BARRANDE (7). Syst. Sil. Bohéme, vol. i.

1863. Proétus (partim), BiLLixgs. Dev. and Silur. Foss. Square Lake, Me.
1877. Proétus (Phaéton), MEEK. U. 8. Geol. Surv. Expl. Fortieth Parallel.

1878. Phaéthonides, ANGELIN. Pal®ontologia Scandinavica.

1885. Phaiton, BaLERT. Bull. de la Soc. I’Etudes Scientif. d’Angers.

Diaexosis.  Cephalon as in Cyphaspis, the fron-
tal area, however, being more deeply concave,
and the lateral glabellar furrows stronger and
generally duplicate. Thoraz composed of not less
than seven narrow segments, and probably more.
Axis wide. Pygidium Proétoid, relatively large,

bearing from eight to twelve annulations upon
the axis, and eight or nine upon the pleurs.
These annulations extend to the margin, and
are conspicuously duplicate their entire length.
Surface tubercled or smooth.
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The term Phaéton was used by M. Barrande in 1846 (Notice préliminaire sur
le Systéme Silurien et les Trilobites de Bohéme, p. 62), to include a certaln series
of Trilobites possessing Proétoid characters, but differing from the normal Proétus
in having the annulations of the pygidium produced into a marginal fimbria.
This term was at first given generic value, but subsequently reduced by its
author (Syst. Sil. de Boh¢me, vol. i, p. 433, 18562), to the position of a sub-
genus. The name Phaéfon was long previously used by Linnzus for a genus of
birds, and in 1847, Corda (Prodromeiner Monographie der Bohmischen Trilobi-
ten) made use of the term Prionopellis for the same group. In 1878, Angelin, in
the posthumous edition of the Paleontologia scandinavica (part 1, p. 21), referred to
the group under the term Phaéthonides, ascribing the credit of the name to

Barrande, giving it generic value and re-defining the genus in the following

words :

« Corpus latiusculum, sub-ovate, distincte longitudinaliter trilobum, testa
leevissima, aciculata tectum.

«“ Caput semilunare, undique marginatum canaliculoque lato, intramarginali
preeditum. Anguli capitis exteriores cornigeri. Frons ovata marginem api-
calem haud attingens, utrinque lobo 1 distincto basali, lineisque 2 obsoletis
abbreviatis 1mpressis. '

“ Qculi sat magni, semi-circulares, approximati, sub-basales. Sutura facialis
utrinque ab oculis extrorsum flexa, postice ad latera capitis anticeque ad margi-
nem apicalem ducta.

“ Thoraz e segmentis 10, sulco pleurico instructis; rachi pleuris angustiore.

“ Abdomen majusculum, semi-circulare, immarginatum, margine integerrimo
aut dentato; rachis angusta, sub-cylindracea, aute scuti apicem evanescens;
latera scuti sub-plana, costis dichotomis.”

As thus amended the group is made to include not only species with fimbri-
ated pygidia, hut also such as have the pygidial margin entire; cephala with a
short, ovoid glabella, having distinct basal lobes and two paifs of faint, obso-
lescent lateral furrows in front of the lobes.

The type species under Angelin’s diagnosis is Asaphus (Proctus) Stokesi,
Murchison, in which the pygidium has an entire margin, and the cephalon
bears features which are more closely similar to those of the genus Cyphaspis
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than of Proétus, namely : the glabella is short and ovoid, with large, sub-pyri-
form basal lobes distinctly separated from the hody of the glabella, frontal area
broad and conspicuous. In the type species of Phaéton, however (Proitus
Archiaci and P. striatus, Barrande), the glabella is sub-quadrate or broadly conate,
the basal lobes not separated from the glabella by the third lateral furrows,
while the two pairs of anterior furrows are clearly visible. Angelin’s genus
Phaéthonides includes a well-defined group of trilobites allied in certain features
of the cephalon to Cyphaspis, and in certain features of the pygidium to Proétus,
but it appears very doubtful if this term can be used with propriety to cover
the species recognized by Barrande under the name Phaélon. Phaéthonides
is represented in the American formations by four species, two from the Lower
Helderberg and two from the Devonian, and both cephalon and pygidium of
all these are known. A doubtful species is known from the Devonian rocks
of Nevada, which seems to be more closely allied to the Phaéion of Barrande
than to the Phaéthonides of Angelin. Shall it eventually prove necessary
to separate the species originally included under Phaéfon as generically distinct
from Phaéthonides, recognition should be accorded to the term Prionopellis,
Corda, 1847, which name was proposed for the same variations included under

the term Phaéton, Barrande.

Genvs CYPHA SPIS, BurMEisTER. 1843,

1843. Cyphaspis, BURMEISTER. Organ. der Trilobiten.
1843. Calymene, F. A. RaMeR. Verstein. des Harzgeb.
. 1843. Gerastos, GoLpruss. Leonhardt and Bronn’s Neues Jahrb. fiir Min.
1844. Phacops, C. F. Remer. Verstein. d. Rhein. Uebergangsgeb.
1845. Proétus, Loven. Ofversigt. af. Kongl. Vetensk. Akad. Forhandl.
1846. Cyphaspis, GEiNiTZ. Grundr. der Verstein.
1846. Cyphaspis, BARRANDE. Notice prélim. sur. Syst. Silur.
1847. Cyphaspis, Conoparia, Goniopleura, Corpa. Prodrom Monogr, bohm. Trilob.
1850. Cyphaspis, the Brothers SANDBERGER. Verstein. d. Rhein. Schichtensyst.
1852. Cyphaspis, BARRANDE. Syst. Sil. Bohéme, vol. i.
1852. Cyphaspis, F. A. R&mer. Beitr. ii zur Harzgeb.
1855. Cyphaspis, SHUMARD. Geol. Surv. Missouri.
1855. Cyphaspis, F. A. ReMer. Beitr. iii zur Harzgeb.
1858. Cyphaspis, GIEBEL. Silur. Fauna Unterharz.
1862. Cyphaspis, HELLMANN. Die Petrefackten Thiiringens.
1863. Cyphaspis, HALL. Trans. Albany Institute.
1869. Cyphaspis, HAIDENHAIN, Zeitschr. der deutsch. geol. Gesellsch.
1872. Cyphaspis, BARRANDE. Syst. Sil. Bohéme, vol. i, suppl.
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1874, Cyphaspis, SteiyHARDT. Die bis jetzt in preuss. Geschieb. gef. Trilob.
1875. Cyphaspis, MavrerR. Neues Jahrb. fiir Min.

1876.  Cyphaspis, C. F. Raimer.  Lethza pal®ozoica.

1876, Phillipsia ? (Brachym-topus?). HarL. Illustrations of Devonian Fossils.
1878, Cyphaspis, Kayser. Faun. aelt. Devon. Ablag. des. Harzes.

1878.  Qonioplewra, AxgrLy. Palzontologia Scandinavica.

1879. Cyphaspis, HaLr. Twenty-eighth Rept. N. Y. State Mus. Nat. History.
1831.  Cyphaspis, HauL. Eleventh Ann. Rept. GGeol, Surv. Indiana.

1880. Cyphaspis, WHITE. Second Ann. Rept. Geol. Survey Indiana.

1884. Cyphaspis, CLaAkgeE. Neues Jahrb, fiir Min,

1884.  Phillipsia ?, Cyphaspis, Warcort. Paleontol. Eureka District.

1885, Cyphaspis, CLARKE. (+eol. Succession in Ontario Co.

1885. Cyphaspis, Mavrer. Fauna der Kalke von Waldgirmes.

1885.  Cyphaspis, ZirreL. Handbuch d. Pal:vontologie.

1888, Cyphaspis, Mavrer. Fauna d. rechtsrh. Unterdevon.

1886. Cyphaspis, Barrois. Ann. de la Soc. géol. du Nord.

Diacnosis.  Cephalon semicircular; genal
angles produced into long spines. Glabella
strongly arched, short and narrow, with two
small pyriform basal lobes, bounded on all

sides by deeply impressed furrows. Anterior
lateral furrows obsolete. Cheeks broad, gran-

ulose; eyes small, semilunate. Facial sutures

beginning near the genal angles, and in front

of the eyes diverging to the frontal margin. Thoraz composed of from ten to

seventeen segments, which are rounded at their extremities. Pygidium semi-

circular, bearing from two to eight annulations upon the axis.

XIPHOSURA.
Faminy, LivvLin.xg.

Genvvs PROTOLIMULUS, Packarp. 1886.

1885. Prestwichia, H. S. WiLLIAMs.  Amer. Jour. Science.
1886. Protolimulus, Packarp. Mem. Nat. Acad Sciences.

Driaenosis.  Cephalothoraz  relatively large, sub-semicircular, genal angles
produced. Cephalic appendages small; terminal segments of the posterior
members foliaceous. Abdomen composed of six (?) segments, including the large

caudal spine.
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This genus 1s represented by a single

species which demonstrates the early ap- — -

. . 7
pearance of the true limuloid crustacea. It / 4 Ve
1s probable that its nearest known ally is the

xlix

Neolimulus falcatus, Woodward, from the Upper g O
Silurian of Lanarkshire. The latter fossil is - - \
S

regarded by Packard (Mem. Nat. Acad. Sci., p.

161, 1886), as not referable to the XipHosura, 3 — [ \\ |
and, together with the genera Hemiaspis, Bunodes, \\\

Pseudoniscus and others are made to constitute
a distinct group (suborder, Packard), SynzipHo- :
sura. This separation is made principally on
the ground that in all these forms the abdomi-

nal segments are free and not coalesced as in ¥

Neolimulus fal’catus, Woodward.

Limulus. 1t may be questioned whether the non-anchylosis of the segments
has been satisfactorily demonstrated in Neolimulus, or if so, whether a division

of so high value as a sub-order is wisely established upon a
character.

EURYPTERIDA.

Famivy, EvrypTERID A,
Gexus EURYPTERUS, Deray. 1825.

1825. FEurypterus, DErRAY. Ann. Lyceum Nat. Hist. New York.

1831. Eidothea, ScovLER. Edinburg Journ. Nat. and Geograph. Science.

1835. Eurypterus, HARLAN. Med. and Phys. Researches.

1835. Eurypterus, HARLAN. Trans. Geol. Society Penna.

1835. Eurypterus, BRoNN. Leth®a geognostica.

1836. Eurypterus, HiIBBERT. Trans. Roy. Soc. Edinburg.

1839. Eurypterus, Fiscugr. Bull. de. la Soc. Imp. des Naturalistes de Moscou.
1841. FEurypterus, CoNraADp. Ann. Rept. Pal. New York.

1843. Eurypterus, VANUXEM. Geol. N. Y.; Rept. Third Dist.

1843. Eurypterus, BurMrIsTR. Organ. der Trilobiten.

1848. Eurypterus, C. F. R&Mer. Palaeontographica.

1850. Eurypterus, C. F. R@eMer. Lethaa geognostica.

1853. Eurypterus, Dana. Crust. U. S. Expl. Exped. Capt. Wilkes.

1854. FEuryplerus, ExcunwALp. Bull. de la Soc. Imp. des Naturalistes de Moscou.
1855. Eurypterus, McCoy. British Paleoz. Fossils.

1855. Lepidoderma, REuss. Denkschr. der Akad. Wissensch. Wien.

1856. Eurypterus, HuxLey. Quart. Jour. Geol. Soc.

single larval
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1856. Lesmahago, MURCHISON. Quanrt. Journ. Geol. Soc.

1856. Himantopterus, SALTER. Quart. Jour. Geol. Soc.

1856. Eurypterus, BANKS. Quart. Jour. Geol. Soc.

1858. Eurypterus, Savter. Quart. Jour. Geol. Soc.

1859. Eurypterus, Page. Advanced Text-book of Geology.

1859. Eurypterus, Dolichopterus, HALL. Palzontology N. Y., vol. iii.

1859. Eurypterus, Huxiey and Savter. Mem. Geolog. Sury. United Kingdom.
1859. Eurypterus, NIESZKOWSKI. Avechiv. fiir Naturkunde Liv, Est und Kurlands.
1863. Ewrypterus, SALTER. Quarterly Journal. Geol. Soc.

1864. Eurypterus, Woopwarp. British Assoc. Rept.

1864. Eurypterus, WooDWARD. Geological Magazine.

1868. Eurypterus (Anthraconectes), MEEK and WORTHEN. Amer. Jour. Science.
1868. Eurypterns (Anthraconectes), MEEK and WORTHEN. Geol. Surv. Illinois, vol. iii.
1868. Eurypterus, WoopwArD. Quart. Jour. Geol. Soc.

1869. Pterygotus, Baiy. Brit. Assoc. Rept.

1870. Eurypterus, WoopwARD. British Assoc. Rept.

1871. Eurypterus, Woopwarp. Quart. Jour. Geol. Soc.

1871. Eurypterus, Woopwarp. Trans. Woolhope Club.

1872. Eurypterus, BArraNDpE. Syst. Sil. du Centre de la Bohéme. Suppl.

1872. Eurypterus, WoopwarD. Monogr. Brit. Foss. Merostomata.

1876. Eurypterus, C. F. R@Mer. Lethza palzozoica.

1877. Eurypterus, Dolichopterus, C. E. Harur. Trans. Amer. Philos. Soc.

1882. Euwrypterus, Poniman. Bull. Buffalo Soc. Nat. Sci.

1882. Eurypterus, WaitriELD. Descr. New Species Fossils from Ohio.

1884. Eurypterus, Haru. Eurypteride Devon. and Carbonif. Format. Penna. Rept. P 3.
1884. Eurypterus, WHITEAVES. Geol. and Nat. Hist. Surv. Canada. Palzoz. Fossils.
1887. Eurypterus, WoopwaRrD. Geological Magazine.

Diagnosis.  Body elongate.  Cephalon about one-fifth the length of the body,
sub-quadrate in outline, gently convex. Hyes large, reniform, situated some-
what anteriorly, and within them lie two ocular punctee or ocelli.  Oral aperture
surrounded by five pairs of cephalic appendages, in front of which is a pair of
minute antennules. The first three pairs of appendages or gnathopods are of
approximately the same length, the joints of the fourth pair being more elon-
gate and the fifth pair being developed into powerful swimming appendages, the
last two segments of which are very broad and flat. Behind the mouth lies an
oval plate (Metastoma). Abdomen upon the dorsal side composed of six segments,
the first of which corresponds to the operculum of Limulus. Upon the ventral
surface there are but five segments apparent, all of which are divided by a median
suture, the first two bearing median processes extending posteriorly. The
first segment also bears a series of symmetrically arranged median plates, which
may be connected with the genital apparatus. Post-abdomen composed of six
tapering segments and a long slender caudal spine.
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Getus STYLONURUS, Pace.

1856.

Quart. Journ. Geol. Society.

Quart. Journ. (veol. Soc., vol. xxxvii.

1856. Stylonurus, Pace. Advanced Text-book of Geology.
1857. Eurypterus, Savter. Edinb. New Phil. Journ.

1859. Stylonurus, Page. Advanced Text-book of Geology, 2d ed.
1859. Eurypterus ( partim), SALTER.

1859. Eurypterus, SALTer. In Murchison’s Siluria, 3d ed.
1864. Stylonurus, Woopwarp. British Assoe. Rept.

1867. Stylonwrus. Murchison’s Siluria, 4th ed.

1881. Equisetides, Dawson. (?)

1882. Stylonurws, MARTIN. Trans. N. Y. Acad. of Sciences.
1883. Dolichocephala, CLaypPoLE. Proc. Amer. Philos. Soc.
1883. Stylonurus, HALL.

Diagnosts. Body in general propor-
tions similar to Eurypterus. Cephalon
sub-quadrate or sub-pentagonal in
outline. Eyes large, circular and
approximate, sometimes surrounded
by conspicuous orbital ridges. Ocelli
situated at the posterior extremity of
a median ridge, passing between the
eyes. Surface coarsely squamose.
Cephalic appendages in five (?) pairs,
the last of which are produced nearly
to the extremity of the telson. Seg-
ments of the Abdomen as far as known,
similar to those in general features
Those of the post-

abdomen each bear a pair of lateral,

of FEurypterus.

detachable processes or epimera. Cau-
dal spine long and slender or sub-

clavate.

Thirty-sixth Rept. N. Y. State Mus. Nat. Hist.

;

Restoration of Stylonurus Logani, according to Woodward.
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1839.
1848.
1849.
1851.
1851.
1852.
1852,
1853.
1853.
1853.
1853.
1854.
1856.
1859.
1859.
1860.
1860.
1865.
1865.
1866.
1866.
1867.
1868.
1871.
1872.
1872.
1872.
1873.
1874.
1875.
1876.
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1885.
1885.
1885.
1885.
1886.
1887.

1888.
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ORDER, PHYLLOCARIDA.

FamiLy, CERATIOCARIDE.

Gexvus CERATIOCARIS, McCoy. 1849.

Onchus (partim), Acassiz. Murchison’s Silurian System.

Onchus ( partim), PaLuies. Mem. Geol. Surv. United Kingdom.
Pterygotus, Ceratiocaris, McCoy. Ann. and Mag. Nat. Hist.
Leptocheles, McCoy. Brit. Pal®oz. Foss.

Pterygotus (Leptocheles), BRoNN. Lethza geognostica.

Onchus, Harr. Pal. N. Y., vol. ii.

Ceratiocaris, BroNN. Lethza geognostica.

Dithyrocaris, Geinrrz. Verstein. Grauwacken. Sachsen.
Leptocheles, McCoy. Quart. Jour. Geol. Soc.

Ceratiocaris (Leptockeles), BARRANDE. Neues Jahrb, fiir Min.
Dithyrocaris ?, SHARPE. Quart. Journ. Geol. Soc.

Ceratiocaris, Leptocheles, MurcHIsoN. Siluria.

Ceratiocaris, SALTER. Quart. Journ. Geol. Soc.

Ceratiocaris, Hain. Pal. N. Y., vol. iii.

Ceratiocaris, SALTER. In Murchison’s Siluria.

Ceratiocaris, SALTER. Ann. and Mag. Nat. Hist.

Ceratiocaris, ANGELIN. Palzontologia Scandinavica, suppl.
Ceratiocaris, WoopwARD and SALTER. Chart Foss. Crustacea.
Ceratiocaris, WoopwARD. Geol. Magazine.

Ceratiocaris, Woopwarp. Geol. Magazine.

Ceratiocaris, SALTER. Mem. Geol. Surv. United Kingdom.
Ceratiocaris, SALTER. In Murchison’s Siluria.

Ceratiocaris 2, MEEK and WoRTHEN. Am. Jour. Sci. and Pal. I1l., vol. iii.
Ceratiocaris, WoopDWARD. Geol. Magazine.

Ceratiocaris, WoopwarD. Geol. Magazine.

Ceratiocaris, BARRANDE. Syst. Sil. Bohéme, vol. i, suppl.
Ceratiocaris (Colpocaris), MEEx. Proc. Acad. Nat. Sci. Phila.
Ceratiocaris, ETHERIDGE. Mem. Geol. Surv. Scotland.
Ceratiocaris, ETHERIDGE. Ann. and Mag. Nat. Hist.

Ceratiocaris (Colpocaris), MEEK. Geol. Surv. Ohio Pal@ontology, vol. ii.
Ceratiocaris, C. F. R@MER. Leth®a pal®ozoica.

Ceratiocaris, You~Na. Proc. Roy. Phys. Soc. Edinb.

Ceratiocaris, Pourmaxy. Bull. Buffalo Soc. Nat. Sci.

Ceratiocaris, PEAcH. 'Trans. Roy. Soc. Edinb.

Ceratiocaris, PACKARD. Monog. North Amer. Phyllop. Crust.
Ceratiocaris, ETHERIDGE, WooDWARD and JoNEs. Rept. Committee Fossil Phyllop.
Ceratiocaris, BercHER. Ceratiocaride Chemung and Waverly groups, Geol. Surv.Penna. Rept.P 3.
Ceratiocaris, ZirteL. Handb. d. Pal@ontologie.

Ceratiocaris, NovAg. Sitzungsb. bshm. Gesellsch. d. Wissensch.
Ceratiocaris, CLARKE. Devon. Faunas Ontario Co.

Ceratiocaris, CLARKE. Geol. Succession in Ontario Co.
Ceratiocaris, JoNES and WoobwARD. Geol. Magazine.
Ceratiocaris, PoniMaN. Bull. Buffalo Soe. Nat. Sci.

Ceratiocaris, ETHERIDGE, WooDWARD and Joxes. Fifth Rept. Committee Fossil Phyllop. Paleoz.
Rocks.

Ceratiocaris, JoNES and WooDWARD. Geological Magazine, March and April.
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Diaenosis.  Carapace bivalved, prob-
ably with membranous attachment, no
distinet hinge-joint observable; valves
sub-ovate, semi-ovate, sub-quadrate or
trapezoidal ; contracted in front, with
the end sharp or rounded above the median line of the valve; more or less
truncate. Rostrum a single lanceolate piece, the surface of which is chevron-
marked. Antenns (?) obscure. Dentate mandibles often apparent. Abdomen
many-jointed, with fourteen or more segments, of which from four to seven
extend beyond the carapace. Some or all of these segments bore small lamelli-
form branchial appendages. Post-abdomen consisting of a long caudal plate
which supports three caudal spines, namely: (1) a strong, tapering telson, thick
at the proximal end, with its trifid articulating surface resembling that in the
telson of Limulus, acute at the distal extremity and with the lateral margins
ornamented with spinules or setee ; and (2) two shorter, simpler, lateral append-
ages. The entire dorsal surface has a lineate ornament, and the ventral margin
of the carapace a thin raised rim. (Jones and Woodward, Geol. Mag., Decade
iii, vol. ii, p. 385. 1885.)

The species from the North American Devonian which are referred to this
genus, are represented only by very incomplete specimens, which leave much
to be desired for an accurate determination of their generic relations. The
genus reached its culmination both in specific and individual development in
the Upper Silurian and probably became extinct in this country with the close
of the Devonian age.

Genvvs ECHINOCARIS, Warrrierp. 1880.

1863. Ceratiocaris, Harr. Sixteenth Rept. N. Y State Cab. Nat. Hist.

1876. Ceratiocaris (Aristozoe), Harr. Illustrations of Devonian Fossils.

1880. Eckinocaris, WHITFIELD. Amer. Journ. Science.

1881. Equisetides, Dawsox (?). Quart. Journ. Geol. Soc., vol. xxxvii.

1682. KEchinocaris, PAcKARD. American Naturalist.

1883. Echinocaris, PACKARD. Monog. N. Amer. Phyllop. Crustacea. [P 3.
1884. Echinocaris, BEECHER. Ceratiocaride Chemung and Waverly groups, Geol. Surv. Penna. Rept.
1884, Echinocaris, JoNEs and WoopwArD. Geolog. Mag. '

1885, Echinocaris, EPHERIDGE, WoopwaRD and JoNgs. Third Rept. on Fossil Phyllopoda.

1885. Echinocaris, Zitrer. Handb. d. Pal@zontologie.

1885. Echinocaris, NovaK. Sitzungsber. d. bshm. Gesellsch d. Wissensch.

1885. KEchinocaris, CLARKE. Devon. Faunas Ontario Co.

1886. Echinocaris, CLARKE. Geol. Succession in Ontario Co.



liv SYNOPSIS OF GENERA.

Diagwosis. Carapace bivalvular, each valve obliquely
sub-ovate in outline; hinge-line straight and shorter
than the greatest length of the shield. Anterior ex-
tremities slightly gaping, posterior extremities some- |

what produced, incurved or truncate. Rostrum absent |
or not observed. The cephalic and anterior portion of
the thoracic area marked by various regularly and sym-

metrically arranged nodes, two of which bear the optic
spots. Nuchal furrow more or less distinct. The tho-
racic portion of each valve bears one or two longitudi-
nal, somewhat curving lateral ridges or carinse. Abdo-

men naked, composed, so far as known, of six somites,
which are furnished with short spinules or prickles on
their dorsal surface. Caudal plate short and produced
into a stout telson. Lateral spines or cercopods nar-

row and longer than the telson.

There are now known seven species referable to
this genus in which the carapace has been observed, and while these are
well-defined by differences in outline and the development of the nodes and
ridges upon the surface, it appears that the nodes are constant in number and
disposition in all the species. Of these nodes the cephalic region bears two, the
anterior of which is large, irregularly defined and sometimes strongly tubercled
upon its surface (E. punctata, E. socialis), the posterior small and situated close
upon the hinge-line; the fhoracic region also bears two, one at the hinge-line
just behind the nuchal furrow, obliquely and anteriorly produced; the second
originating near the ventral extremity of the first, transversely and posteriorly
elongated and sometimes continuous with the lateral carina. (E. sublevis,
E. pustulosa.)

It is important to notice that certain species of the genus Arisfozoé, Barrande,
exhibit an arrangement of the cephalothoracic nodes very similar to that in
Echinocaris (A. memoranda, A. regina, A. bisulcata), while other species included
under that genus are widely dissimilar in this respect. None of the carapaces
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in Aristozoé bear lateral carinz. It has recently been shown by Novik (Sitz-
ungsber. d. Kl. bohm. Gesellsch. d. Wissensch. Jahrg. 1885,) that the species
Bactropus longipes, Barrande, is probably the posterior abdominal somite of
Aristozoc regina, and that the Ceratiocaris debilis, Barrande, may prove to be the
telson spine of the same species. This spine is longitudinally ridged and bears
a row of short prickles along each lateral margin. The genus Ptychocaris,
Novik, 1885, from the same beds as Aristozoé, presents an intermediate group
of forms in which the lateral carina is present, but in the arrangement of the
anterior nodes it differs from both Echinocaris and Aristozoé. The points of
similarity in Aristozoé and Ptychocaris with Echinocaris are of interest as the
former genera antedate Echinocaris in paleeozoic faunas, being characteristic of
the Etage F, or Hercynian Fauna of Kayser and Novédk, while the genus
Echinocaris is limited to middle and upper Devonian formations, and as yet
known is exclusively American in its distribution.

Gexus ELYMOCARTIS, Beecuer. 1884.

1884, [Elymocaris, BEECHER. Ceratiocaride Chemung and Waverly groups, Geol. Surv. Penna. Rept. P 3.
1885. Elymocaris, ETHERIDGE, WooDpWARD and Jones. Third Rept. Committee Foss. Phyllop.
1885. Elymocaris, ZtrteL. . Handb. d. Palzontologie.

Diaenosis. Carapace bivalvular, hinge-line straight and extend-
ing nearly the entire length of the valves. Outline elongate-sub- [ ~<|-~
quadrangular or sub-ovate. Surface gently and evenly convex.

Cephalic region smooth or marked by two low broad nodes; optic
node usually distinct. Rostrum absent or not observed. Abdo-
men composed of two naked segments. Posi-abdomen with a very
short caudal plate to which are articulated a broad, convex and
rapidly tapering telson and two short lateral spines which are
crenulated along their inner margins for the attachment of the setee.

Gexvs TROPIDOCARIS, Bercuer. 1884,

1884, Tropidocaris, Buecugr. Ceratiocaridi Chemung and Waverly groups, Geol.Surv.Penna.Rept. P 3.
1884. Tropidocaris, ETHERIDGE, WooDWARD and Jones. Third Rept. Committee Foss. Phyllop.

1885. Tropidocaris, Novak. Sitzungsber. bshm. Gesellsch. d. Wissensch.

1885. 1vopidocaris, ZirteL. Handb. d. Paleontologie.
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Disgnosis.  Carapace bivalvular, sub-quadrate or sub-ovate in
outline, posterior margin transverse or incurved. Hinge-line
straight, nearly equaling the length of the valves. Valves
slightly gaping at the anterior extremity. Rostrum narrow
and elongate, ornamented with longitudinal ridges. ~Cephalic

region characterized by low, rounded, indistinct elevations.
Optic node well defined. Surface with one or more strong
longitudinal carinse. Abdomen, as far as known, composed of
two segments, which are sub-cylindrical and without nodes or
spines.

FamiLy, PINACARIDE.

Genvvs MESOTHY R A, Nov. GEN.

(See Plate xxxii.)

Diaanosis.  Carapace sub-quadrate in outline, composed of two valves which
come into contact at the apices of two broad, sub-triangular extensions, situated
on the dorsal line opposite the eye-nodes, forming a short and broad anterior,
or rostral cleft and a long posterior cleft. Rostrum not observed. The pos-
terior dorsal cleft was covered either by a single elongate plate, with each
margin of which the valves were in symphysis, or, as is more probable, by a
double plate, divided by a median suture. Test broadly infolded on the lower
surface, thickened and produced into a conspicuous and acute posterior spine.
Posterior margin incurved and produced into a short spine at the dorsal line.
Surface with a single strong carina on each valve. Abdomen consisting of two
somites of which the posterior is the longer. Post-abdomen with a broad caudal
plate, which is produced into a relatively short telson. Lateral spines long
and setaceous.

This genus is established to include certain species hitherto referred, on in-
sufficient grounds, to the genus Dithyrocaris, Scouler. The peculiar structure of
the hinge area separates it widely from Dithyrocaris, unless the type species of
that genus has been inadequately described. There is, however, so close a
similarity in these forms of Mesothyra with many of the described species of
Dithyrocaris, in all respects except the feature noticed, as to give rise to a sus-
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picion that a closer examination, of specimens of the various species described
under the latter genus, may afford evidence of the structural features exhibited
in Mesothyra. No simple bivalved carapace unquestionably referable to the genus
Dithyrocaris, 1s known in the American Devonian; the species Dithyrocaris
Belli, Woodward, from the Middle Devonian of Gaspé, being too inperfectly
known to allow its generic relations to be determined. To facilitate a com-
parison of these two genera, the following index to the literature of the genus
Dithyrocaris is given :

Gezxus DITHYROCARIS, ScouLer. 1843.

1535. Argas, ScouLER. Records of Science.

1843. Dithyrocaris, PorTLOCK, Geol. Rept. Londonderry.

1844. Dithyrocaris, McCoy. Syn. Carb. Foss. Ireland.

1849. Dithyrocaris, McCoy. Ann. Mag. Nat. Hist.

1855. Dithyrocaris, McCoy. Syn. Brit. Pal. Fossils.

1855, Dithyrocaris, F. A. RevMeR. Beitr. iii zur Harzgeb.

1863. Dithyrocaris, SALTER. Quart. Jour. Geol. Society.

1864. Ditkyrocaris, Lupwig. Paleontographica, vol. xi.

1865. Dithyrocaris, SALTER and Woopwarp. Chart of Fossil Crustacea.
1869. Dithyrocaris, MEEK and WoRTHEN. Proc. Acad. Nat. Sci. Philadelphia.
187v. Dithyrocaris, WoopwARD. Rept. Brit. Association.

1871. Dithyrocaris, Woopwarp. Rept. Brit. Association.

1871. Dithyrocaris, WoobwaRD. Geol. Magazine.

1873. Dithyrocaris, MEEx and WoRTHEN. Geol. and Pal. Illinois, vol. v.
1873. Dithyrocaris, WoopwARD and ETHERIDGE. Mem. Geol. Surv. Scotland.
1873. Dithyrocaris, WoopwARD and ETHERIDGE. Geol. Magazine.

1874. Dithyrocaris, WooDWARD and ETHERIDGE. Geol. Magazine.

1878. Dithyrocaris, Kayser. ZAlt. Devon. Ablag. Harz.

1878. Rachura, ScupbpER. Proc. Boston Soe. Nat. History.

1879. Dithyrocaris, ETHERIDGE. Quart. Jour. Geol. Society.

1882. Dithyrocaris, PAcKARD. Amer. Naturalist.

1883. Dithyrocaris, PACKARD. Monog. N. Amer. Phyllop. Crustacea.

1884. Dithyrocaris, CLARKE. Neues Jahrb. fiir Min.

1884. Dithyrocaris, WHITE. Thirteenth Ann. Rept. Geol. Surv. Indiana.
1885. Dithyrocaris, Novak. Sitzungsb. bhm. Gesellsch. d. Wissenschaft.
1887. Dithyrocaris, ETHERIDGE, WooDWARD and Joxgs. Fifth Rept. Commitiee Foss. Phyllop.

Diagnosts.  Carapace sub-quadrate in outline, bivalvular, the valves being
connected by a simple, straight hinge-line, and gaping at the anterior extremity,
forming the rostral cleft. Rostrum unknown. Kach valve bears a single,
gently curved carina. Optic nodes generally conspicuous. Abdomen composed
of ? segments of which but one is naked. Post-abdomen consisting of caudal
plate and three caudal spines.
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FamiLy, RHINOCARIDA.
Gesus RHINOCARIS, nNov. GEN.

Diacwosis.  Cephalothorar univalvular, later-
ally appressed ; outline as in Ceratiocaris. An-
terior extremity produced into a narrow, ver-
tically flattened prore continuous with sub-
stance of the carapace. The axial line of the carapace bears a low ridge along
which it shows no inclination to separate when laterally compressed. Surface
smooth or with one or more lateral carins, and ornamented by finely elevated
lines, granules or tubercles. Abdomen composed of not less than four smooth

sub-cylindrical somites. Post-abdomen bearing three spines, of which the telson
s elongate and conical and the cercopods flattened.

This genus includes a series of forms which may tentatively be regarded as
Phyllocarida, but which represent a type of crustacean structure hitherto unre-
cognized, taxonomically intermediate between the univalve PHYLLOCARIDA,
Hymenocaris and Dictyocaris, and the Macrourous DECAPODA.

Faminy, DISCINOCARIDZ.
Gexnus SPATHIOCARIS, CrLarge. 1882.

1882, Spathiocaris, CLARKE. Amer. Journ. Science.

1883. Spathiocaris, PAckaRD. Monog. North Amer. Phyllop. Crustacea.

1883. Spathiocaris, ETHERIDGE, WooDWARD and JoNEs. Rept. Committee Foss. Phyllop.
1884. Spathiocaris, CLARKE. Neues Jahrb. fiir Min.

1884. Spathiocaris, Dames. Neues Jahrb. fiir Min.

1884. Spathiocaris, Vox KoENEN. Neues Jahrb. fiir Min.

1884. Spathiocaris, ETHERIDGE, WooDWARD and Jongs. Second Rept. Committee Foss. Phyllop.
1884.  Spathiocaris, JoNes and WoopwARD. Geol. Magazine.

1885. Spathiocaris, CLARKE. Devon. Faunas Ontario county.

1885, Spathiocaris, ETHERIDGE, WooDWARD and Jongs. Third Rept. Committee Foss. Phyllop.
1885. ASpathiocaris, Dames. Neues Jahrb. fiir Min.

1885.  Spathiocaris, ZirteL. Handb. d. Paleontologie.

1886. Spathkiocaris, CLARKE. Geol. Succession in Ontario Co.

D1sewosts.  Carapace in one piece, elliptical, sub-conical and patelloid ; apex
situated at or near one focus of the ellipse. The cephalic cleft begins just in
front of the apex and slowly widens to the anterior extremity. Surface orna-

mented with closely set concentric lines and usually with fine radii on the ante-
rior and posterior portions.
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Genvs DIPTEROCARIS, Cuarge. 1883.

1883. Dipterocaris, CLARKE. Amer. Jour. Science.

1883. Dipterocaris, ETHERIDGE, WooDWARD and JoNEs. Rept. Committee Foss. Phyllop.

1884. Dipterocaris, Joxus and Woopwarp. Geol. Magazine,

1884. Dipterocaris, ETHERIDGE, WooDWARD and JoNes. Second Rept. Committee Foss. Phyllop.
1885. Dipterocaris, CLarkk. Dev. Faunas Ontario county.

1885.  Dipterocaris, ETHERIDGE, WooDpWARD and JoNEs. Third Rept. Committee Foss. Phyllop.
1885. Dipterocaris, ZirreL. Handb. d. Palzontologie.

1886. Diplerocaris, CLARKE. Geol. Succession in Ontario Co.

Diaenosis.  Carapace in one piece, ovate in general outline; normally with
an elevated dorsum and sloping sides. Each extremity is strongly notched,
dividing the carapace into two broad ale connected by a narrow isthmus which
shows no evidence of a dorsal suture or anchylosis. Surface ornamented by
concentric elevated lines or wrinkles.

The true organic character of the bodies included under the genera Spathio-
caris and Dipterocaris and allied forms, from the Devonian horizons of Great
Britain and Europe, has been a subject of some debate among recent writers.
A diversity of opinion has arisen from the fact that while some of the species
included under the closely related genera Pelfocaris, Salter, Aptychopsis, Barrande,
Discinocaris, Woodward, Aspidocaris, Reuss, Cardiocaris, Woodward, Ellipsocaris,
Woodward, and Spathiocaris, Clarke, have afforded
indisputable evidence of a free rostral plate cover-
ing the anterior cleft, e. g., Peltocaris aplychoides,
Salter; Aptychopsis prima, Barrande; Cardiocaris

Remeri, Woodward ; Discinocaris Browniana, Wood-
ward; since the original description of the species
as crustacea, others have been found in the body  Discinocaris Browniana, Woodward,

chamber of a single species of Goniatites (G. intumescens) (Cardiocaris lata, Wood-
ward, Spathiocaris Keneni, Clarke, both from the middle Devonian limestones
at Bicken, Westphalia). From this fact, together with the similarity of these
latter bodies in many respects to the aptychi of Mesozoic Cephalopoda, and
their agreement in outline with the transverse section of the body chambers in
which they have been found, there is no doubt that these two species at least
have had some organic connection with the cephalopoda, serving a similar
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function to the aptychi of the Ammonites. All the representatives of the
genera mentioned show a degree of analogy in formn and structure which, with-
out accessory evidence, would naturally lead to their allocation to the same
zoological position. The earliest of these genera established, viz., Pelfo-
caris, Discinocaris and Apltychopsis are of undoubted crustacean nature, as they
show evidence of a cephalic or rostral plate filling the anterior cleft, and
moreover, they are found at Silurian horizons where Goniatites are unknown.
Referring to the Devonian species, it must be taken into consideration that
they occur at horizons which are usually prolific in Goniatites, but while some
may be cephalopodous, as the two species mentioned, those described by Key-
serling from the Domanik-schiefer of Petschora-land, by Woodward from the
black shales of Biidesheim, and those from the State of New York occur in no
intimate or suggestive association with these fossils. The species Spathiocaris
Emersoni has proven an abundant fossil at certain localities in the lower shales
of the Portage group, but it has not as yet been seen in intimate connection
with Goniatites. On the other hand it is found at an horizon in which the
Phyllocarid crustacea appear to have attained their maximum development in
this country.

Of the bipennate species, or those with the univalvular shield cleft at both
anterior and posterior extremities (Dipterocaris, Pterocaris), we have no means
of positively determining the nature, either from analogy with the aptychi of
cephalopods or from similarity to any undoubted crustacean, except as shown
in the genus Peliocaris, etc. With our present knowledge their crustacean
affinities appear the more decided; the anterior cleft for the rostral plate, the
posterior cleft for the protrusion of the abdomen, and the sides normally
sloping as in Peltocaris, Rhinocaris, etc.

On plate 35 of this volume is given a figure representing a minute bipennate
body having the outline of Dipterocaris, lying within the body-whorl of a large
individual of Goniatites complanatus. The body-whorl of the shell has a width
of 37 mm., the diameter of the entire shell having been as great as 75 mm.;
the length of the Dipterocaris-like body is 56 mm. The specimen is from the
lower shales of the Portage group, in which Goniatites complanatus is the most
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abundant cephalopod and furnishes the only instance observed, after the most
careful examination of the rocks, of any such association of these bodies, and
also the only example of the occurrence of a body resembling Diplerocaris in
these beds. If this association is not purely accidental, and if there actually
existed any organic connection between the Goniatite and the enclosed body,
the latter has certainly not been similar in function to the aptychi.

While it is necessary to recognize the fact that of the bodies included under
the genera Spathiocaris, Cardiocaris, Discinocaris, Dipterocaris, Plerocaris and
Pholadocaris some are undoubtedly crustacean and others, with certainty,
cephalopodous, with our present knowledge it is impossible to draw the divid-
ing line between them.

ORDER, DECAPODA.

FamiLy, Caripipa.

GExus PALAAOPAL AMON, Warrrierp. 1880.

Diacrosis.  Cephalothorax not rostrate (?), keeled upon the dorsum and sides.
Antennules not observed. Antennse with very strong basal joints, exceeding
in strength any of the thoracic appendages. Eye-peduncles probably short.
Thoracic ambulatory appendages slender, not forcipate. Abdomen composed of
six segments. Telson short, rapidly tdpering and connected by a membranous
expansion with the lateral caudal spines. In the midst of this caudal expansion
lies a pair of thin lamellar spines articulated at their proximal extremities to
both telson and lateral spines.

ORDER, PHYLLOPOD A.
FamiLy, LIMNADIADZ.

Genvvs ESTHERIA, RepreLL.

(DEVONIAN SPECIES ONLY.)

1846. Posidonomya, EicHwALD. Geol. Russia.
1849. Asmusia, Pacut. Devon. Kalk in Livland.
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1852. Posidonomya, Pacur. Ueb. Dimerocrinites.

1852. Posidonomya, Kurorca. Geogn. Karte Gouvern. Petersbourg.

1856. Estheria, JoNes. Quart. Journ. Geol. Society.

1858.(?) Posidonia, VoN HELMERSEN. Geogn. Untersuch. Mittl. (zouvern. Ruxsl
1859. [Estheria, JoNgs, Quart. Journ. Geol. Society.

1860. Asmusia, PANDER. Monogr. der Saurodipterinen.

1862. FEstheria, JoNrs. Monogr. Foss. Estheriz.

1882, Estheria, CLARKE. Amer. Journ. Science.

1883. Estheria, PackArD. Monogr. North Amer. Phyllop. Crustacea.

Diagnosis.  Carapace bivalvular, the outline of each valve being sub-circular,
obliquely oval or sub-quadrate. Beaks generally anterior, sometimes sub-
central. Dorsal or hinge-line straight, shorter than the greatest length of the
valves. Surface rarely smooth, usually with concentric lines of growth, the
interstitial spaces being often ornamented with a fine punctate or reticulate

sculpture. Test very thin.

Gexus SCHIZODISCUS, ~Nov. GEN.

Diacnosis.  Carapace bivalvular, the valves readily separable along the hinge.
Outline circular or ovate, narrowing posteriorly. Surface convex or depressed,
elevated at the beaks which are prominent, slightly incurved, and situated
anteriorly. Hinge-line equaling in length the greatest diameter of the cara-
pace; edges parallel and not gaping at either extremity. Surface ornamented
by regularly concentric wrinkles.

ORDER, CIRRIPEDTIA.

Famirny, BavLanma,

Gexus PROTOBALANUS, nNov. GEN.

Diaenosts.  Shell ovate about the basis; composed of twelve plates of which
the carina is largest and most elevated. Rostrum small; lateralia five on each
side; radial areas between the lateralia broad ; scutum and tergum not known.
General surface depressed convex.
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Faminy, LEPADID A,
Genus STROBILEPIS, nov. aEN,

Diagnosts.  Capitulum composed of
four vertical ranges of plates, having in
general a trihedral form, but varying
greatly in contour and size. Each plate
is closely articulated to, and sometimes
overlapping the next preceding. The
anterior extremity is terminated by a

relatively large, circular, conical plate,
against the sides of which the first plate in each vertical range lies. In the
type species, two of the four vertical ranges of plates are of about the same
size, one consists of a few very small plates and the fourth is modified into a
series of spines which appear to be articulated to one another at their bases
and to lie opposite the range of small plates. Plates calcareous and relatively
thick.  Surface ornamented by fine concentric, often obsolete wrinkles of
growth, and low radiating furrows and ridges, and entirely covered with minute

punctze.

Gexus TURRILEPAS, Woopwarp. 1865.

1865. Turrilepas, WoopwarDd. Quart. Journ. Geol. Society.

1872. Plumulites, BARRANDE. Syst. Sil. Bohéme, vol. i, suppl.

1875. Plumulites, HaLL and WHITFIELD. Geol. Surv. Ohio, Paleontology, vol. ii.

1876. Plumulites, C. F. Re&mer. Lethiea paleozoica.

1882. Plumulites, CLARKE. Amer. Journ. Science.

1882, Plumulites, WHITFIELD. Ann. New York Acad. Sciences. v
1884. Plumulites, ZiTTEL. Sitzungsber. d. math.-phys. Classe d. k. bayer. Akad. d. Wiss.
1885. Plumulites, ZirteL. Handb. d. Palzontologie.

Disgnosis.  Elongate cone-shaped bodies, composed of from
four to six vertical ranges of scale-like plates, which are sub-
triangular in general outline and are covered with strong, some-
what elevated concentric lines. The plates of the middle range
are distinguished from those of the lateral ranges by their more
convex surface and median carina. (ZITTEL.)

Turrilepas Wnghtianus.
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The structure and exact relations of these bodies still remains open to some
question. As the separate plates are usually detached and isolated, it is im-
possible to determine how great a variation in form may have existed among
them in any given species, and, therefore, it may be that some of the plates
here described as different species on account of their diversity in form, will even-
tually have to be united, as being different parts of animals belonging to the same
species. By Woodward and Zittel these fossils are regarded as representing the
scaly peduncle of Lepadoid cirripedes similar to Loricula and Archeolepas, and by
Barrande as an elementary type of capitulum. Figures are given by Barrande
and Woodward which represent the different ranges of plates constituting these
bodies in approximately their normal position, but in none of them is the
character of the distal extremity of the scaly covering represented. The type
specimen of the closely allied genus Sirobilepis (S. spinigera) has a single
conical terminal plate at the distal extremity, and the entire body is probably
to be regarded as a capitulum, and from analogy it would appear that the view
of Barrande in regard to the nature of Twurrilepas may be correct.

The term Turrilepas was proposed by Woodward in 1865, the character of the
fossils being analysed at some length and accompanied by satisfactory illustra-
tion. It has, however, been customary among authors to accord recognition to
the term Plumulifes, given by Barrande in 1872, with somewhat more extended
description and illustration. There seems, however, to be no valid reason why
Woodward’s term should not be accorded acceptance.

The genus Lepidocoleus, Faber, (Journ. Cinti. Soc. Nat.
Hist., 1886), founded upon a nearly entire specimen of
the Plumulites Jamesi, Hall and Whitfield, appears to be
composed of but two ranges of vertical plates of unequal
size, interlocking along their basal edges for their entire
length.

Lepidocoleus Jamest.



CRUSTACEA

OF THE

UPPER HELDERBERG, HAMILTON, PORTAGE AND CHEMUNG GROUPS.

DESCRIPTIONS OF SPECIES.

TRILOBITA.
CALYMENIDA.

CALYMEN E, Broneniarr. 1822,

CALYMENE PLATYS.
PLATE I, FIGS. 1-9; AND PLATE XXV, FiG. 1.

Calymene platys, GREEN. Monogr. Trilob. of North America, p. 32. 1832.
Calymene platys, HaLL. Descrip. New Species of Fossils, ete., p. 54. 1861.
Calymene platys, HaLn. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 82. 1862.
Calymene platys, HarL. Illustrations of Devonian Fossils, pl. i, figs. 1-9. 1876.
GENERAL ForM aND ProporTiONs. Body elongate-sub-ovate, widest anteriorly
and tapering rapidly to the posterior extremity.
Surface convex, laterally deflected, sub-equally trilobate. Length to

width as 1.7 to 1.

CepHALON short and broad, outline crescentic; length to width as 1 to 2.5.
Margin on the anterior extremity thickened, slightly produced, reflected
and broadly infolded to the doublure. Epistomal surface narrow. Genal
angles rounded, not produced. Frontal area narrow and obscured by the
overarching glabella.

Facial sutures having their origin on the lateral margins just in front of the
genal angles, passing inward with a slight curve nearly parallel to the posterior
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margin, to the eye, thence forward at nearly right angles, to the frontal mar-
gin, where they pass over upon the doublure, gradually approximating, and
terminating on the epistomal margin. These lateral branches are united
hy the transverse frontal suture just below the frontal margin, thus leaving
a free median frontal plate.

Glabella large, trapezoidal or sub-quadrate in outline; widest posteriorly,
where the width nearly equals the length of the cephalon; convex, tumid
on the frontal lobe; dorsal and anterior furrows strong and deeply impressed ;
lateral furrows in three pairs, the first of which is faint and almost obso-
lete, the second short and broad, the third longer, curved slightly forward,
bifurcatihg near its anterior extremity, the posterior branch having a retral
bend. Frontal lobe sub-hemispherical, gibbous; second and fourth pair of
lateral lobes transversely pyriform, the latter much the stronger and having
a diameter equal to one-fourth the posterior width of the glabella; third pair
inconspicuous, and seen only under favorable preservation.

Occipital furrow narrow on the axis, widening on the cheeks; occipital
annulation broad, elevated, becoming flattened on the cheeks toward the genal
angles.

Cheeks broadly sub-triangular, depressed convex; free portions triangular,
small.

FElyes small, situated somewhat anteriorly; palpebral lobe depressed, broad,
making the visual surface distant from the glabella; palpebral furrow deep
and strong.

TrorRAX sub-equally trilobate, margins sloping posteriorly. Length and width
equal.

Azis broadest at about the fifth segment, thence tapering evenly to the
pygidium.

Pleure deflected along the fulcrum at about one-third their width from the
axial furrows.

The thirteen segments have a slight double curve upon the axis, bending
backward at a short distance from the axial margins, thence forward again
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along the axial line. Upon the pleurse the segments are grooved, the ante-
ricr limb of each being smiall and becoming obsolete on the beveled planes

of articulation.

Pyaiorom spherically sub-triangular, truncate and strongly emarginate on the
posterior border. Length to width as 1 to 1.3.

Axis broad, rapidly narrowing and ending abruptly in a blunt elevation
within the posterior border; its terminal portion is flattened above, and
from its apex a low ridge passes over the post-axial area. Axial annula-
tions six.

Pleure broad, and abruptly deflected. Anterior margins strongly beveled
by the articulating planes, and meeting the lateral margins at an@ngle of
ninety degrees. Pleural annulations four, flattened near the margin and

sometimes showing a tendency to bifurcate.

HyposToma sub-quadrate; lateral margins strongly incurved, posterior border
emarginate. Anterior angles auriculate, margins thickened and slightly

reflexed ; centrum elevated, sharply carinate.

Surface Ornamentation. The cast of the external surface of a nearly entire
individual, which served as Dr. Green’s type of the species, shows faint
tubercles over the glabella and free cheeks, but these appear to be obsolete
upon the occipital annulation and the rest of the body.

Dimensions. The smallest individual of this species which has been
observed is the type specimen. It affords the following measurements:
Length 63 mm.; width 46 mm. The largest individual observed measures:

Body. Cephalon. Thorax. Pygidium.
Length _______.___. 130 mm. 30 mm. 75 mm. 25 mm.
Width - __ . _.__. 75 mm. 75 mm. 70 mm. 30 mm.

Fragments of still larger individuals are sometimes found, a single pygidium
from the Upper Helderberg limestone of the Falls of the Ohio measuring
45 mm. in length and 35 mm. in width, indicating an individual of quite
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colossal size, which, judging from the proportions afforded by other specimens,

must have measured upwards of 200 mm. in length.

Observations. There is a strikine similarity in the specific details of Caly-
mene platys, Green, and those of Calymene Niogarensis, Hall. Indeed upon the
basis of any external feature, further than the great difference in size attained
by the two species, it might be difficult to establish the specific limitations.
Here, however, the notable diversity in the hypostomas proves of great import-
ance. In Calymene Niagarensis the hypostoma is elongate, with the anterior
margin entire, lateral margins broadly incurved and reflexed, sharply and
deeply emarginate behind, centrum convex and rounded, bounded by. a strong
sulcus at its base, and bearing a conspicuous furrow on its posterior portion.
~In respect to size, the largest individuals of Calymene Niagarensis will not exceed
50 mm. in length, and the smallest observed of Calymene platys do not fall
below 65 mm. in length, and as noticed, may have attained a length of 200 mm.
Murchison has figured a large individual of Calymene Blumenbachi, Brongniart,
which has a length of about 100 mm. (Silurian System, pl. vii, fig. 6), and
Angelin one of Calymene spectabilis, Angelin, 125 mm. in length (Palsontol.
Scandinavica, pl. xix, fig. 5). It is a noteworthy fact that the last known
representative of this characteristic Silurian genus, Calymene, should have attained
dimensions which surpass those of any of its known predecessors.

Distribution. Upper Helderberg group. In the Schoharie grit, at Schoharie,
Schoharie county, and Knox, Albany county. In the Upper Helderberg lime-
stone, at Falkirk and Clarence Hollow, Erie county, and Falls of the Ohio.

HOMALONOTUS, Kene. 1825,

HomALoONOTUS MAJOR.

PLATE V A, FIG. 1.

Homalonotus magjor, WarrrisLp. Bulletin Amer. Mus. Nat. Hist., vol. i, No. 6, Art. xi, p. 193, pl. xxii.
1885,

The CrpraLON and anterior portion of the TrHorax have not been observed.

The Trorax has the lateral margins sloping somewhat less rapidly than in
Homalonotus Dekayi, and very much as in H. delphinocephalus. Surface flat,
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“abruptly deflected for nearly an inch at the margins, and very indistinctly
trilobate. ‘

Azxis very broad, width more than two-thirds the width of the body. Seg-
ments broad and flattened, abruptly deflected at the anterior and posterior
margins and separated by very narrow transverse furrows, which are scarcely
distinguishable for their entire length, but are most noticeable at the margins
of the axis, where lie the deep depressions to the leg-bases or visceral
supports.

The deep transverse furrows along the middle of the segments are con-
spicuous and most distinet toward the lateral margins of the thorax and upon
the broad beveled articulating planes. The same liability to error in regard
to the anterior and posterior limits of the segments is noticeable in the lower
surface of this species as mentioned in the description of Homalonotus
Dekayi. The segments are evenly curved over the axis and posteriorly
deflected toward the margins.

Pyeipium elongate-sub-triangular. Surface depressed-convex, sloping evenly to
the margins.

Axis well defined and composed of ten annulations, the articulating ring
being the posterior half of the apparent last thoracic segment. These annu-
lations are broad, flat or slightly rounded, and are nearly transverse, with a
slight forward bend over the axis.

The pleure bear seven or eight distinct annulations. Posterior margin
slightly produced. In one specimen the posterior extremity is broken away,
its extension being indicated by the slope of the lateral margins, and in the
other it has been displaced and forced to one side.

Surface of the test characterized by tubules of comparatively small size,
which have left their impressions on the cast of the lower surface.

Observations. Of this remarkable species of Homalonotus but two examples
have been discovered. The smaller of these, and somewhat better preserved
specimen, showing the pygidium and five thoracic segments, has served as
the type of the original description, and the other which is here figured
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in further illustration of the species, retains the pygidium and indications
of ten segments. The former fragment has a length of 155 mm., and a
width of 130 mm.; the latter a length of 220 mm., and a width of 150
mm. These specimens were obtained by Mr. Louis Bevier, of Marbletown,
Ulster county. They are beyond doubt representatives of the largest known
species of this genus, and were two of the largest known trilobites. Mr. Whit-
field estimates the entire length of the specimen described by him, as restored
from proportions furnished by other species, at fifteen and one-half inches.
With the figure of the larger specimen here given is an outline restoration, the
data for which have been derived from a careful summary of measurements of
species in which the pygidium is strongly annulated. The result indicates an
individual measuring 874 mm. or 14.95 inches in length, and 145 mm. or 5.8
inches across the base of the cephalon. This outline will help the student to
realize, better than may be done from the figure of the fragment alone, the
colossal size attained by this species.

Fragments of Homalonoti of large size have been described by other authors.
Salter has referred (Palseontogr. Soc., vol. xvii, p. 109) to a large specimen of
Homalonotus rudis, which he estimates may have been a foot in length when
entire. Beushausen has figured a pygidium of Homalonotus gigas, F. A. Reemer,
from the Spiriferen-sandstein of the Hartz Mountains (Beitr. zur Kenntn. Ober-
harz. Spirif. Sndst’ns, pl. i, fig. 1. 1884), which measures Y4 mm. in length,
and though proportionally narrower than the pygidium in H. major, represents
an individual probably not much shorter than the one here illustrated. It is
noteworthy that this large species, Homalonotus gigas, is from a lower Devonian
formation, not widely differing in age from the horizon of Homalonotus major.
In the distinctly annulated pygidium, Homalonotus major agrees with the major-
ity, if not with all the species of Homalonotus known from Silurian and lower
Devonian horizons, and in this regard differs from Homalonotus Dekayi of the
Hamilton group, in which the annulations are faint or obsolete.

Distribution. The locality of these fossils as given by Mr. Bevier, for the
specimen here figured, is “Lower Oriskany, bank of 4th Binnewater, Rosendale,

Ulster county,” and for the type specimen, ¢ Upper Oriskany, Cranberry Dam, 5th
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Binnewater, Ulster county.” This reference is probably correct, as the matrix
of the larger trilobite shows a well-defined specimen of Spirifera arenosa, an
Oriskany species, and Mr. Whitfield has mentioned the occurrence of a young
individual of Strophodonta magnifica upon the smaller specimen.

HomavronoTus DERAYI.
PLATE II, FIGS 1-11; PLATE III, FIGS. 1-5; PLATE 1V, FIGS. 1-6; AND PLATE V, FIGS. 1-10,

Dipleura Dekayi, GREEN. DMonog. Trilob. North America, p. 79. 1832.

Nuttainia sparsa, Eatox. Geological Text Book, p. 34. 1832.

Dipleura Dekayi, VANUXEM. Geology of New York. Survey Third Geol. Dist., p. 150, fig. 1. 1842.
Dipleura Dekayi, HaLL. Geology of New York. Survey Fourth Geol. Dist., p. 205, fig. 1. 1843.
Homalonotus Dekayi, EMMoNs. Manual of Geology, pp. 146, 147, figs. 134, 135. 1860.

Homalonotus Dekayi, HaLL. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 113. 1862.
Homalonotus Dekayi, Hart. Illustrations of Devonian Fossils, plates ii, iii, iv, v. 1876.

GeNeEraL ForMm aND Proportions. Elongate, linguiform, anterior and posterior
extremities produced and sub-angulate; lateral margins nearly straight and
approximating posteriorly. Length to width about as 2 to 1.

Surface depressed-convex or flattened, obscurely trilobate, abruptly de-

flected along the lateral margins.

CerHALON broadly sub-triangular in outline, posterior side the longest; angles
rounded. In the usual condition of preservation the lateral margins approach
each other at an angle of ninety degrees, making, at the basal margin, an
angle of forty-five degrees. With the retention of normal convexity, the
shield is nearly equilateral. Length to width as 1 to 1.9. The surface is
normally depressed-convex or flattened, deflected beneath the ocular nodes;
trilobate; frontal and lateral areas narrow, the former produced into a
short prora.

The facial sutures take their origin on the lateral margins of the doublure in
front of the genal angles and pass inward, parallel to the posterior margin
of the cephalon, to the eye, thence forward with a broad curve inward to
the anterior margin at the base of the prora, bending thence on to the epis-
tomal doublure, meeting at its inferior margin. The branches of the facial
suture are united on the upper surface of the prora by a straight transverse
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frontal suture, thus leaving a free median plate upon the epistoma, which is
elongate-sub-triangular in outline, attenuate at the apex, and recurved at

the base which forms the anterior portion of the prora.

Glabella sub-quadrangular, broadest behind; lateral margins slightly
incurving ; angles rounded; length equal to three-fourths the length of the
cephalon. Surface depressed-convex. Lateral furrows in three pairs, the
first two of which are short, extending about one-fourth the distance across
the glabella, and are perpendicular to the margin. The third pair near their
proximal extremities are bent backward. The third or posterior lobes are the
strongest, the anterior or frontal lobe having about the same strength as each
of the first two pairs. Rarely in young individuals, and only under favorable
preservation, are these furrows and lobes to be seen, since they become
obsolete at an early stage of growth.

Cheeks. The movable portions are flattened, and when normally preserved
are abruptly deflected. They have rarely been observed isolated, although
the cephalic shield is not infrequently seen with these parts wanting.

Eyes situated at the summit of strong, elevated nodes, each of which
occupies nearly one-third the entire surface of the cephalon. These nodes
are bounded by low sulci separating them from the glabella, occipital ring
and lateral area. Visual surface small, lunate, covered with minute homo-
corneal lenses, of which about one thousand have been counted in each eye
of a small individual. Palpebral lobe capping the visual surface, and sloping
evenly and abruptly to the palpebral furrow.

TroraX broad; length equal to the wicth. Surface depressed-convex, scarcely

trilobate; lateral portions abruptly deflected; margins approximating pos-
teriorly.

Azis broad, making two-thirds the width of the body.

Pleure narrow, deflected along their median line.

Each of the segments is broadly rounded or flattened upon the axis,
the posterior margin infolding over the articulating ring of the next

succeeding segment. These articulating rings are exposed even where the
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animal has been preserved in an extended condition. In casts of the under
surface, the usual mode of preservation in the sandy shales of the central
counties where individuals are most abundant, the transverse median groove
upon the segments appears very broad and deep, and may be misleading in
determining the true limits of the segments. In such specimens, along
the low and indistinct longitudinal axial furrows, there are rows of double
depressions or pits at the anterior and posterior margins of adjacent seg-
ments, which are suggestive of the depressions left by the visceral sup-
ports or basal joints of natatory appendages; but in position they are
not homologous with those observed in Phacops rana and other species.
The transverse groove 1s continued upon the pleurse, passing over the broad
beveled articulating planes, but becoming obsolete before reaching the mar-
gin. In specimens where the crust is retained, this furrow is visible only as
a sharply impressed line.

Pyamrom. Outline sub-triangular ; length and width equal. Anterior margin
with a forward curve; lateral margins nearly straight, with an upward curve

near the posterior extremity, which is produced into a sub-spatulate exten-
sion. Surface convex, faintly trilobate. The angle of convergence of the

lateral margins is nearly ninety degrees and the anterior basal angles about
forty-five degrees each. The articulating ring and furrow are conspicuous.

The azis tapers rapidly, becoming obsolete before reaching the posterior
margin. Ten annulations may be counted upon it, and eight upon the
pleure. These annulations are rarely visible upon the dorsal surface except
in young individuals and become obsolete in mature animals, where traces of
them can be seen only in casts of the under surface.

Hyrostoma sub-quadrate, auriculate at the anterior angles, emarginate on both
anterior and posterior margins; centrum low, convex ; posterior sulcus and
posterior lateral pits conspicuous; margins thickened, not reflected. Surface
pustulose.

Surface Ornamentation. The surface of the test on its more prominent

portions is marked by the openings of large vertical tubulipores. On casts
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of the lower surface impressions of the projecting edges of these tubules
are also visible. Between these openings may be seen minute pittings which

are the openings of smaller tubules.

Dimensions. An average example affords the following measurements:

: Body. Cephalon. Thorax. Pygidium.
Length ___________. 156 mm. 40 mm. 73 mm. 43 mm.
Width _____________ 75 mm. 75 mm. 73 mm. 48 mm.

The largest entire individual observed has a length of 220 mm. and a width
of 100 mm.; the smallest a length of 10 mm. and a width of 6 mm.

Observations. Homalonotus Dekayi, the latest and most prolific representative
of the genus in America, differs from the Homalonofi of the earlier Devonian
and the Silurian, both in this country and Kurope, in the obsolescence of
the annulations of the pygidium at maturity. It is an abundant fossil in the
sandy shales of the Hamilton group of the central counties of the State where
it is usually preserved in the form of casts. West of Cayuga county it is of
much rarer occurrence and appears to be mostly confined to the shales above the
Encrinal limesione. In Genesee and Erie counties it is very seldom met with,
and in the eastern outcrops of this formation in Schoharie and Albany counties
it is not abundant.

Distribution. Hamilton group. In the Marcellus shales on Flint Creek,
Ontario county; in the Hamilton shales at Bear’s Gulf, near Summit, Schoharie
county ; Cazenovia, Leonardville and Hamilton, Madison county ; East Worcester
and elsewhere, Otsego county ; Pompey Centre, Pratt’s Falls and Delphi, Onon-
daga county; Bellona, Yates county; Hopewell and West Bloomfield, Ontario
county ; Tichenor’s and Menteth’s* Points, Canandaigua Lake; Darien, Genesee

county ; Hamburgh and Eighteen-mile Creek, Erie county.

*This name a~ used in the previous publications on the Palaontology of New York, and as spelled by the
original owner of the property on Canandaigua Lake, was Montcith. It is now understood that its present
owner has changed the spelling of the name to Mentetl.
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HomavroNoTus VANUXEMI.
PLATE V B, FIGS. 1, 2.

Homalonotus Vanuxemi, Harr. Paleontology N. Y., vol. iii, p. 352, pl. Ixxiii, figs. 9-14. 1859.

Turs species was described from very meager material consisting of detached
pygidia and a fragment of the thorax. Although it has proven to be a fossil
of rare occurrence, more complete specimens have since been obtained, which
make the introduction of the species in this place important both for the pur-
pose of extending the knowledge of its characters and of comparison with the
Devonian Homalonoti. The very large fragment here figured consists of the
pygidium and eleven segments of the thorax, the latter part being considerably
weathered on the left side and over the dorsum. It was obtained from a

~quarry in the Lower Helderberg limestone at Kingston, Ulster county, and
1s so preserved as to retain its normal convexity. This specimen shows that
the species approximates very closely Homalonotus delphinocephalus, Green, differ-
ing from the latter, however, in the features pointed out in the original descrip-
tion, namely, the greater number of annulations in the pygidium ; the former
having upon the axis eleven or twelve, including the articulating ring, the latter
nine or ten; and upon the pleurse the former ten and the latter eight. The
pleural slopes of H. Vanuremi appear also to have been considerably broader.
The cephalon, which is restored in the figure from a fragment (the only example
yet observed) taken from the limestone at Port Jervis, Orange county, is con-
siderably produced at the anterior extremity, even more thanin H. delphinocephalus
or H. Dekayi. Just in front of the glabella is a gentle and broad depression,
giving to the frontal prolongation a shovel-shaped surface. The glabella is
generally smooth, and regularly convex, unlike that of the Niagara species,
which often shows a lobate character. That the Lower Helderbery species
attained very considerable size is shown by the restoration of the missing parts
of the figured specimen, as given upon the plate, indicating that the animal
reached a length of 276 mm., or eleven inches.
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BRONTEID.L.

BRONTEUS, Gorpruss. 1843.

BronTEUS TuLLius, n. sp.

PLATE VIII A, FIGS, 34-36.

CepHALON and THORAX unknown.

Pyamiuym flabellate, comparatively small; outline semi-ovate, anterior margin

rounded and incurved toward the axis. Length to width as 2 to 3.
Surface depressed, gently elevated and convex about the axis, becoming
concave toward the margin and slightly reflexed at the edge.

Azis short, about one-fourth the length of the shield; width about twice
the length. Outline broadly trigonal. Articulating ring prominent, but not
well preserved in the type specimen. No annulations visible.

Pleure very broad and bearing fifteen broadly flattened and simple annula-
tions. Of these the widest lies in the axial line with seven on either side.
These annulations are nearly straight, radiating evenly from the'margins of
the axis and separated by narrow, sharply impressed sulci. Both the annula-
tions and sulci become obsolete before reaching the border, the posterior
ones not extending so far as the anterior. The border is ornamented with a
single row of minute spinules, numbering about twenty-five along the termi-
nal margin of each annulation; these measure scarcely 1 mm. in length and
are inclined slightly upward. Doublure very broad, extending fully half way
across the pygidium.

Test extremely thin; the portions retained are strongly and regularly
pustulose, the pustules on the ribs apparently extending to the margin. The
doublure is marked by distant, sub-parallel, anastomosing, lamellose lines.

The type specimen has a length of 15 mm. and a width of 21 mm.

Another specimen of limestone from a different locality bears the epis-
tomal doublure of some trilobite. This fragment is broadly convex and
prominent over the central area and constricted toward the sides, and is quite

unlike the frontal doublure of any associated species of crustacean, but has
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the outline and contour usual in this part of Bronfeus. It may, therefore,
with propriety, be regarded as belonging to this species.

Observations.  This species ix represented only by the two fragments
described, both of which were discovered by Professor S. G. Williams, of Cor-
nell University, by whose kindness this notice appears. Unusual interest
attaches to it as the first representative of the genus Bronfeus discovered in
the Devonian of America, although the genus is abundantly represented in
the Devonian horizons of Europe. .\ close relationship is observable in the
species Bronfeus Tullius and B. granulatus, Goldfuss, from the middle Devonian
of the Eifel and the lower upper-Devonian limestone of the Iberg-Winterberg
terrane. This similarity consists in the number and contour of the ribs and the
ornamentation of the dorsal surface and doublure. The fauna of the Iberg lime-
stone is characterized by a very abundant development of the species Rhyn-
chonella cuboides, Sowerby, of which species the American representative R.
venustula, Hall, occurs only in the Tully limestone, the formation from which
Bronteus Tullius has been derived. The row of minute spinules along the pos-
terior margin of the pygidium of our species shows its relationship to the
comparatively limited group of forms following the type of Bronteus thysanopeltis,
Barrande. This group includes at present the following species, viz.: B. thysa-
nopeltis, Barrande, B. clementinus, Barrande, B. acanthopeltis, Schnur, B. Barrandii,
Hébert, B. Waldschmidti, von Koenen, B. Raphacli and B. Trutati, Barrois,
and B. Tullius. In Bronfeus Tullius these spines are much more minute than in
any other of the species mentioned. Kayser* has observed that this group of
Bronteus stands in the same relation to the Silurian forms of the genus as the
genus Crypheus does to the normal forms of Dalmanites, i.e., those after the
type of D. Hausmanni. So far as known, it 1s limited to Devonian faunas, and
is appropriately designated by the term Thysanopellis, applied to this variation
by Corda (Prodrom. Monog. Trilob., 1847), and revived by Barrois (Ann. de la
Soc. Géol. du Nord, p. 181, 1886), with sub-generic value.

Distribution. Hamilton group. In the Tully limestone, Kingsley’s Hill, north-
east of Otisco, and Borodino, Onondaga county.

* Elteste Devrbir;—Ablagi'. des Harzes, p. 255. 1878.
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PHACOPIDA.

PHACOPS, Emmricu. 1839.

PHACOPS CRISTATA.
PLATE VI, FIGS. 1-13, 16-29 ; AND PLATE VIII A, FIGS. 1-4.

Phacops cristata, Hatt. Descr. New Species of Fossils, ete., p. 67. 1861.

Phacops bombifrons, HarL., Descr. New Species of Fossils, etc., p. 67. 1861,

Phacops cristata, Hatn. Fifteenth Rept N. Y. State Cab. Nat. Hist., p. 95. 1862.
LPhacops bombifrons, Hair. TFifteenth Rept. N. Y. State Cab. Nat. Hist., p. 95. 1862.
Phacops cristata, HaLL. _ Illustrations of Devonian Fossils, pl. vi, figs. 1-13, 16, 17. 1876.
Phacops bombifrons, HaLL. Illustrations of Devonian Fossils, pl. vi, figs. 18-29. 1876.

GeneraL Form anDp Prorortrions. Outline elongate, sub-elliptical. Length to

width as 1.7 to 1. Lateral margins sub-parallel.
Surface depressed-convex, echinate along the axis.

CepHALON broadly ovate or nearly semi-circular in outline; length to width as

4 to 7. Frontal area obsolete, lateral area narrow, margins broadly thickened
by doublure, and produced at the genal angles into short blunt spines, which
are directed slightly upward and inward. Sub-marginal sulcus strong, ex-
tending to within a short distance of the genal extremities, bearing on the
lateral margins, behind the epistoma, ten or eleven crenulations which
diminish in size backward. Epistoma comparatively narrow.

Facial Sutures not observed.

Glabella broad, convex, sub-pentagonal, tumid (generally flattened in ex-
amples from the Schoharie grit), protuberant, extending for one-third its
length beyond the frontal margin. In favorably preserved specimens, either
of the external or internal surface, traces may be seen of the first and second
pair of lateral furrows; third lateral furrows deeply impressed but undefined,
making the third or basal lobes of the glabella very obscure. Antero-lateral
furrows may sometimes be discerned in front of the first pair of lateral fur-
rows, and parallel to the palpebral sulci.

Occipital furrow broad and deep; occipital ring elevated and conspicuous.
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Cheeks depressed, sloping abruptly to the margins, broad and flat about the
genal angles, echinate at the extremities.

Elyes large, scarcely reaching the height of the glabella. Visnal surface
lunate. Corneal lenses, in the normal individual, abundant and subject to
considerable variation in number. Beginning at the posterior angle of the
visual surface and following the rows diagonally, parallel to the lower posterior
margin, the number of rows is generally eight, in no ohserved instance ex-
ceeding nine and rarely falling to seven. In Phacops rana the number of rows
is usually nine, often ten, and rarely eleven or eight. In Phacops cristata the
number of lenses averages about sizfy, varying between the limits forty-
seven and eighty-two, the higher numbers being reached only in examples
from the Upper Helderberg limestone. Palpebrum scarcely prominent;
strength of the palpebral lobe varying with the elevation of the eye.

Trorax. Margins sub-parallel, tapering slightly backward. Surface depressed-
convex, and strongly trilobate. Length to width as 4 to 5.

Azis convex and evenly tapering.

Pleure flattened above and abruptly deflected at about one-third their
width from the axial furrows. The segments show a slight retral curve on
the axis near the margins, bending forward over the axial line; dichotomous
on the pleure, the anterior limb becoming obsolete at the fulecrum by the
development of the lateral articulating planes.

Pvemrom.  Outline transversely semi-elliptical. Length to width as 1 to 2.
Surface convex, depressed on the pleurs.

Azis prominent, tapering to a broad, obtuse and obscurely defined termina-
tion within the posterior margin; in well-preserved specimens it bears five
or six annulations, and behind these three or four pairs of tubercles or unde-
veloped annulations, which are separated by a low axial depression.

The pleure each bear five, and traces of six dichofomous annulations, all be-
coming obsolete before reaching the margin. In casts of the under surface,
which is the usual condition of preservation in the Schoharie grit, and often
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in the Upper Helderberg limestone, the bifurcate character of the pleural

annulations is not always readily discernible.

Hyrostoma elongate-triangular. Length to width as 1 to 1.25. Antero-lateral
angles strongly auriculate. Anterior margin with a gentle forward curve,
lateral margins tapering evenly to the posterior extremity, which bears a short
medial spine with a smaller spine on either side. Centrum convex; posterior
sulcus conspicuous; postero-lateral depressions faint; a pair of circular

depressions near the anterior angles.

Surface Ornamentation. The surface of the glabella is covered with low,
closely set tubercles, traces of which seldom appear in the casts of the
under surface. The other portions of the shield are smooth, except
the genal angles which are faintly pustulose, each bearing a short, stout
spine. At the center of the occipital ring is a similar, though consider-
ably stronger spine, the first of a row of spines, twelve in number, ex-
tending along the axial line to the pygidium. In young individuals these
spines are low and inconspicuous, and are usually accompanied by a few faint
tuberculations upon the axis. The surface of the pygidium is nearly or quite
free of ornament in the adult, and faintly pustulose in the young individual,
the pustules being coarser upon the axis and finer upon the pleurse, where
they are arranged in single rows upon each ridge of the annulations.

Dimensions. Entire individuals referable to the type form of this species, are
very rarely found, although fragments are of frequent occurrence. A single
nearly entire example from the Schoharie grit has the following dimensions:

Body. Cephalon. Thorax. Pygidium.
Length .___________ 47 mm. 14 mm. 23 mm. 10 mm.
Width _____________ 26 mm. 26 mm. 20 mm. 20 mm.

An entire cast of the lower surface from the Corniferous limestone gives the
following measurements:

Body. Cephalon, Thorax. Pygidium,
Length _.___.______ 75 mm. 19 mm. 43 mm. 18 mm.
Width - ____ ________ 38 mm. 38 mm. 35 mm. 24 mm.

These dimensions may be regarded as those of normal full growth.
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Observations.  Specific Diagnosis. The diagnostic characters of this species
are very clearly defined, and may be summarized as follows: (a) the axial
row of spines extending as far as the pygidium, (b) the short, stout spines
on the genal angles, (¢) the strongly protuberant g¢labella, (d) the com-
parative absence of tuberculations, except on the glabellar surface, () the ten
or eleven crenulations upon each side of the sub-marginal furrow of the
cephalon, (f) the dichotomous annulations of the pygidium. In the summary
of these features Phacops cristata differs from any species known outside of the
State of New York, and therefore cannot be satisfactorily compared with any
extra-limital forms in the United States. Phacops fecundus, Barrande, from
the F, G and H étages of Bohemia, and the lower and middle Devonian
of the Kifel, Westphalia and the Hartz, presents a striking similarity in
outline, in the protuberant glabella and the grooved pygidial annulations.
Phocops Logani, Hall, from the Lower Helderberg group, bears a pygidium with
similarly bifurcate ribs and obtusely terminated axis, and a cephalon with minute
spines on its genal angles, but it is distinguished from Ph. cristata by the con-
spicuous nodes along the margins of the axis of the thorax, the stronger tuber-
culation of the surface, and the absence of an axial row of spinules. Phacops
Trajanus, Billings, also from the Lower Helderberg group, bears bifurcate annu-
lations on the pygidium, but as this species is incompletely known, its further
resemblances to Ph. cristale cannot be indicated. As described and limited in
the original description (loc. cit.) Phacops cristata was made to include all the
forms of this genus occurring in considerable abundance in the Schoharie grit,
and these exclusively, with the exception of a single specimen from the Upper
Helderberg limestone at the Indian quarries, Onondaga county. The species
Phacops bombifrons was erected at the same time for certain cephalic shields and
pygidia from the Upper Helderberg limestones, in which a degree of similarity
to Phacops cristate was acknowledged, but in which a more prominent and pro-
tuberant glabella, wider occipital furrow, narrower palpebral sulcus and stronger
palpebral lobe, were regarded as distinguishing characters. With due allowance
made for differences in the mode of preservation in the sandstone and lime-
stone of the Upper Helderberg, the specific identity of forms referred to
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Phacops bombifrons with Phacops cristate, with the more abundant material
now accessible, appears to be indisputable. There remains, however, a form of
Phacops, abundant in nearly all the outerops of the Corniferous limestone in
the State, which it was not intended to include under the original diagnosis of
Phacops bombifions, and which has hitherto remained unnoticed in any published
description, or has been tacitly referred to the species Phacops rana. A careful
examination has proven that Phacops rana occurs with extreme rarity, if ever,
in this formation, and that the specific affinities of these abundant individuals
are much too close to Phacops cristata to justify their recognition as an indepen-
dent species. They may be tentatively regarded as a prolific variety of Phacops

cristata, under the following designation.

PHACOPS CRISTATA, var. PIPA, n. Vvar.
PLATE VIII A, FIGS. 5-18.

The essential points of difference between this form and the normal Phacops
cristata, are the following: (a) greatly inferior size, (b) absence of the axial row
of spines, (¢) smaller spines at the genal angles, (d) fewer annulations upon the
pygidium, (e) smaller number of corneal lenses, varying, as ascertained from
measurements of a large number of specimens, from twenty-three to forty-five
for each eye. They agree with Phacops cristale in (a) general proportions,
(b) gibbosity of the glabella, (c) presence of the genal spines, which though
sometimes faint may always be detected, (d) crenulated sub-marginal sulcus,
(e) obtuse termination of the axis of the pygidium, (f) dichotomous annula-
tions on the pygidium, (g) similar surface ornamentation. A single p_\'gidiﬁm
of this variety from the decomposed Corniferous chert of Ontario county, is of
exceptional interest as showing on a cast of the inferior surface seven pairs
of muscular impressions just within the margins of the axis.

The dimensions of an average entire individual are; length 26 mm.; width
16 mm. The smallest observed has a length of 12 mm., and a width of 7 mm.

Distribution.  Phacops cristata. Oriskany sandstone: Cayuga, Province of Ontario,
associated with Dalmanites anchiops, Green, Spirifera arrecta, Hall, Streptorhynchus
(Orthis) hipparionyz, Vanux., Rensseleria ovoides, Hall. Upper Helderberg aroup: in
the Schoharie grit, near Clarksville, Albany county ; Schoharic, Schoharie count A
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In the Corniferous limestone at the Indian quarries, Onondaga county ; East-
man’s quarry, Waterville, Oneida county ; Howell’s quarry, Lime Rock, Genesee
county. Variety pipa. In the Corniferous limestone everywhere; especially
abundant in the central and western outcrops at Waterville, Oneida county ;
Phelps and Clifton Springs, Ontario county ; LeRoy and Lime Rock, Genesee
county ; Clarence and Williamsville, Erie county, and in the boulders of decom-
posed chert in Ontario county; Falls of the Ohio. Also at Walpole and North
Cayuga, Province of Ontario.

. PHACOPS RANA.
PLATE VII, FIGS. 1-11; PLATE VIII, FIGS. 1-18; AND PLATE VIII A, FIGS, 21-33.

Calymene bufo, var. rana, GREEN. Monograph of the Trilobites of North America, p. 42. 1832.
Calymene bufo, HarL. Geology N. Y., Part. iv, p. 201. 1843.

Calymene bufo, OWEN. Geolog. Exploration of a part of Iowa, Wis. and Ill., p. 74, pl. xii, fig. 1. 1844.
Phacops bufo, EMmons. Manual of Geology, p. 138, fig. 124 (6). 1860.

Phracops rana, HaLL. Descriptions New Species of Fossils, ete., p. 55.  1861.

Phacops rana, HaLL. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 93. 1862.

Phacops rana, MEgx and WorTHEN. Geol. Surv. Ill., vol. iii., p. 447, pl. xi. figs. la—e. 1868.
Phacops rana, NicrOLSON. Paleont. Province of Ontario, p. 123, figs. 5, 6a. 1873.

Phacops rana, HaLL. Tllustrations of Devonian Fossils, pl. vii, figs. 1-11; viii, figs. 1-17. 1876.
Phacops rana, WHiTFIELD. Geology of Wisconsin, vol. iv, p. 839, pl. xxvi, figs. 17-19. 1882.
Compare Phacops rana, WALcorT. Palzont. Eureka District: Monog. U.S. Geol. Surv., vol. viii, p. 207. 1884.

GeENERAL Form AND Proporrions. Outline elongate sub-oval; greatest width
(measured at the posterior margin of the cephalon) to axial length as 1 to 2.
The cephalon, thorax and pygidium are to one another in length as 1.5 to 2
to 1. Thoracic margins straight, sub-parallel, gently converging posteriorly,
connecting the curves of the cephalon and pygidium, which are approxi-
mately arcs of large and small circles respectively, the former with its center
upon the occipital ring, the latter central upon the eighth thoracic segment.

CepHALON arcuate, sub-semicircular, the regularity of the outline interrupted
by the slight protrusion of the glabella and the genal extremities. Frontal
margin obscure, concealed by the overhanging glabella; lateral edges faintly
marginate and rounding to the obtuse genal angles; occipital margin nearly
straight, bending backward on the axis. Occipital annulation strong, and
equal in size to the segments of the thorax; occipital furrow narrow and

becoming obsolete upon the cheeks.
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Faciol Sutures very rarely discernible. Occasional examples, in unusually
perfect state of preservation and favorably weathered, or compressed 1n such
manner as to slightly separate the cephalon along these lines, show that they
take their origin on the lateral margins just in front of the genal angles, pass
along the posterior edge of the visual area, thence forward along the margin
of the palpebrum, following the frontal furrow of the glabella until they
meet, thus taking the normal direction for the facial sutures in the Phacopide.
It is probable that the separate parts of the cephalon, in all stages of growth,
are virtually anchylosed along these lines, as the cheeks are rarely, if ever,
found detached.

Glabella large, gibbous, filling all the space between the palpebral lobes,
and separated from them by deep furrows. Outline sub-pentagonal; greatest
width anteriorly. Transverse lateral furrows three on each side, of which
the first two are obsolescent, often discernible only on casts of the under
surface. In well-preserved specimens their existence is indicated by obscure
depressions in the ornamentation of the surface. The third pair of trans-
verse furrows is very strong, extending entirely across the posterior limb
of the glabella, making a narrow annulation in front of the occipital ring.
In favorably preserved specimens there are faint indications of short, longi-
tudinal furrows parallel to the ocular sulci, and in front of the first pair of
transverse glabellar furrows.

Cheeks abruptly sloping to the margin nearly in a plane with the visual
area, narrowing anteriorly and reflected ventrally to form the doublure.
This doublure or infolded margin is broad at the genal angles, narrowing
somewhat beneath the eyes, thence forward, widening beneath the glabella to
form the broad depressed epistoma. A strong sulcus passes along the doub-
lure just below the margin, widening into a broad groove upon the epistoma,
and toward the genal extremities its margins bear five or six crenulations
which become finer as they approach the angles.

Eyes prominent, scarcely reaching the height of the glabella in uncom-
pressed specimens. Palpebral lobe strong, scarcely as high as the palpebrum
and extending to the occipital furrow. Palpebrum crescentic.  Visual area
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lunate, separated from the cheek by a strong, smooth sulcus; corneal lenses
abundant, scleral cavities generally hexagonal ; the number of lenses varying
greatly with age.  Counting from the lower posterior margin diagonally, the
number of rows of lenses in normal, mature individuals 1s fen, in senile or in
young individuals often eight or nine. The average number of lenses in nor-
mal adults, ascertained by enumeration upon several hundred eyes, is between
Sorty and fifty for each eye. The variation in the number of lenses, as far as
observed, is hetween thirty and eighty-eight for each eye; the former in a very
young individual, 12 mm. in length; the latter in an adult of average size,
measuring 34 mm. in length, and bearing eleven rows of lenses. Eyes show-

ing more than sixty-five and less than forty lenses are unusual.

THorAX sub-quadrate, lateral margins slowly tapering. Surface strongly trilo-
bate.

Azis flattened at the margins, evenly convex in the middle, slightly nar-
rower than either lateral lobe, widest at the third or fourth segment, tapering
very slowly to the ninth, and thence much more rapidly to the pygidium.

Pleure flat for about one-third their width from the axis and thence
abruptly deflected to the margin. KEach segment along the axis shows a
slight retral bend from the margins to a point where, upon the under surface,
the basal joints ot the branchise, natatory appendages, or visceral supports
were attached. Each segment of the pleurse bears a furrow which becomes
obsolete at the fulcrum ; beyond this point the segment becomes attenuate,

presenting scarcely more than a beveled surface of articulation.

Pycipiuy relatively small; posterior margin the arc of a circle; anterior mar-
gin transverse in the middle, angulated toward the sides by the articulating
planes.

Azis rapidly and evenly tapering from the last segment of the thorax,
reaching an acute termination just within the posterior margin.

Pleure broad, depressed-convex, sloping evenly to the posterior margin.
In well-preserved examples, nine simple, transverse annulations can be
counted upon the axis, and seven upon the pleurse; the latter being hroadly
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rounded and simple. The doublure is broad, extending about one-fourth the
distance across the shield, and slightly thickened at the margin. The out-
line is truncate or slightly emarginate at the apex of the axis, a feature

always exaggerated in flattened specimens.

Surface Ornamentation. In the average mature individual the surface of
the test is ornamented with tubercles, which are largest and most closely set
upon the glabella. Upon the cheeks, the axis and the pleural annulations of
the pygidium, the tubercles are smaller and less distinct, and except in senile
individuals, in which the entire surface is pustulose, certain portions of the
test are comparatively smooth, namely, the palpebral lobes, the pleurse, the
marginal portions of the axis and pygidium. Upon the doublure and epis-
toma the surface is marked by sub-parallel lamellose lines.

VENTRAL ANATOMY. |

Hypostoma. Notwithstanding the abundance of this species the hypostoma
has rarely been observed. A well-preserved example belonging to a large
individual, 1s elongate-triangular or sub-spatulate, very wide on the anterior
margin and strongly auriculate, the antero-lateral extensions having a width
equal to one-fourth the width of the plate. The width of the plate on the
anterior margin is one-third greater than the axial length. The lateral
margins are parallel for a short distance, thence approximating rapidly,
and the posterior extremity bears three small spines, one situated in the
axial line, and a shorter one on either side. The lateral margins and the
antero-lateral processes are sharply inflected. The centrum is large and
broadly convex, bounded behind by a distinct sulcus, and showing indieca-
tions of two postero-lateral depressiohs. Low circular depressions are
also noticeable near the antero-lateral angles. Surface covered with con-
centric strize. |

Carefully prepared sections of the test show, upon its inferior surface, a
serles of paired processes, which take their origin upon each segment of the
axis, beginning with the third lobe of the glabella and extending to the pygi-
dium. These processes are digitiform, hollow, flattened or faintly grooved
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on the posterior face, continuous with the test, and formed by the deep
deflection of the anterior margin of each segment and its reflection to the
articulating ring. They originate just within the margins of the axis at
points which are marked upon its dorsal surface by a slight posterior deflec-
tion of the scoments, and as they pass downward converge toward the axial
line where members of the same pair would nearly meet. Thirteen pairs of
these processes are discernible, one for the third lobe of the glabella, one for
the occipital annulation, and eleven for the segments of the thorax, the first
two lobes of the glabella and the annulations of the pygidium being unrepre-
sented. Similar processes have been observed in Phacops latifrons by von
Koenen (Neues Jahrb. fiir Min., etc., 1880, vol. i, p. 430), and are regarded
by him as the bases of support for the natatory appendages. The interpreta-
tion of the ventral anatomy of the trilobites as given by Walcott for certain
species (Calymene senaria, Ceraurus pleurezanthemus), would regard such pro-
cesses as enclosed within the ¢“ventral membrane,” and consider them
functionally as supports for the axial viscera. Sections of other specimens of
Phacops rana show evidence of the existence of such a ventral membrane, to
the lower surface of which the natatory appendages were probably attached.
The presence of this membrane does not, however, preclude a direct muscu-
lar connection across the visceral cavity, between the axial processes and

the leg-bases.

Development. The members of this species assume very early in their life-
history the essential features of maturity. Notwithstanding the abundant
material in the collections of the State Museum, which afford great variations
in size, no noteworthy deviation in form, proportions or details has been
observed in the different stages of growth, except in the number of corneal

lenses, as noticed above.

Dimensions. An average of several hundred measurements gives for the
average Individual a length of 32 mm., and a width of 19 mm. The largest

entire individual observed measures as follows:
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Body. (‘ephalon. Thorax. Pygidium.
Length _____._____. 100 mm. 32 mm. 38 mm. 30 mm.
Width ____ . . ____ 53 mm. 53 mm. 51 mm. 47 mm.

The smallest entire specimen seen is 12 mm. long and 6 mm. wide. Frag-
ments of hoth larger and smaller individuals have been observed.

Observations.  Specific Diagnosis. The original of Calymene bufo, Green (Mon-
ograph of the Trilobites of North America, p. 41), was an imperfect individual
accredited to an uncertain locality in the State of New Jersey, which may be re-
garded as of Devonian age. Calymene bufo, var. rana, Green (loc. cit.), is cited
by the same author as occurring at Seneca, Ontario county, N. Y., which is a
locality on the shales of the Hamilton group, and as this Phacops 1s the only
representative of the genus known to occur in this formation in the State of
New York, no doubt can remain of the correctness of the specific reference.
Phacops rana 1s very generally disseminated throughout the different horizons
of the Hamilton group, from the Marcellus shales to the top of the Tully
limestone. It may also occur in extremely rare instances in the Upper
Helderberg limestones, but the species of Phacops so abundant in the latter
formation and usually referred to Phacops rana, has proved to be an entirely
distinet form, Phacops cristata, var. pipa. (see description of that species, where the
differences in the Phacopes of the Hamilton and Upper Helderberg formations
are summarized). Phacops rana finds closer allies in the Devonian species of
Europe. With Phacops latifrons, Bronn, from the middle Devonian of the Eifel and
elsewhere, 1t is closely similar in general proportions and most of its superficial
details, both species having the pleural annulations of the pygidium simple and the
termination of the axis acute (a noteworthy agreement). Points of difference
may, however, be enumerated as follows: Phacops latifrons has (a) the cephalon
more compressed laterally; (b) a narrower and more pentagonal glabella; (c) a
more coarsely tubercled glabella and smoother cheeks; (d) more numerous
corneal lenses, varying between seventy-seven and ninety for average adult
individuals; a variety of this species having as many as one hundred and
twenty.
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A still more intimate agreement may be found in the form Phacops latifrons,
var. occitanus, Tromelin and Grasset, as described by Barrois (Ann. de la Soc.
Géol. du Nord, vol. xiii, p. 75, 1885), from the lower middle Devonian of the
Hérault. This variety, with all the essential specific characters of Ph. latifrons,
has the eyes less elevated, the basal glabellar annulation smaller and without
the strong, central tubercle; the tuberculation of the glabella is finer, and
the granules on the pleurse of the pygidium less strongly marked. These
different forms undoubtedly represent the same species in trans-oceanic faunas,
and are only such variations as might be expected in descendants of the same
ancestors subjected to different conditions of life. With Phacops fecundus, Bar-
rande, of the later formations (Hercynian) of the Bohemian Basin, étages F,
G and H, there is also a close agreement except in the occurrence of sulcate
annulations upon the pygidial pleurse in the latter species.

The specimens from the Eureka District and Lone Mountain, Nevada, identi-
fied by Walcott (loc. cit.) as Phacops rana, Green, present points both of similarity
and difference with the typical forms of the species, at the same time showing
distinct features allying them to the Upper Helderberg species Phacops cristata.
They resemble the former species in (a) the absence of spines at the genal
angles, (b) the apparently simple pleural annulations of the pygidium; they
are similar to the Upper Helderberg form in (a) the inconspicuous palpebrum,
(b) the strong palpebral lobe, (c) the deep and broad occipital furrow which
bears no trace of the transverse ring behind the frontal lobe, (d) the elevated
and narrow occipital ring, (e) the hypostoma with strong antero-lateral eleva-
tions enclosing shallow depressions, (f) the obtuse and flattened termination of
the axis of the pygidium, (g) the interrupted terminal annulations of the axis.
This western form, as observed by Mr. Walcott, thus appears to be a variety
connecting the two species named and may eventually be regarded as of distinct
specific value.

Distribution. Upper Helderberg group. The occurrence of Phacops rana in
this formation is not yet established beyond question. A single specimen is
labelled from the Corniferous limestone near LeRoy, Genesee county. Hamil-
ton group: In the Marcellus shales rarely, at Chapinville, Ontario county : in
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the limestone near the top of these shales abundant, at LeRoy and Stafford,
Genesee county ; Flint Creek, town of Seneca, Ontario county : in the Hamil-
ton shales everywhere ; the most prolific localities being in the western coun-
ties; Tichenor’s and Menteth’s Points, Canandaigua Lake; Centerfield, Hope-
well and Flint Creek, Ontario county; shores of Seneca and Cayuga Lakes;
Moscow and York, Livingston county; Darien and Pavilion, Genesee county ;
Hamburgh and Eighteen-mile Creek, Erie county: in the Tully limestone at
Moravia, Seneca county; Bellona, Yates county; near Borodino, Onondaga
county. Also in the Hamilton formation at Charlestown, Indiana; ¢ Bake-
Oven,” Jackson county, Illinois; Iowa City, Solon, Roberts’ Ferry, Johnson
county ; Independence, Buchanan county, and New Buffalo, Scott county, Iowa;*
Washington Street Bridge and Whitefish Bay, near Milwaukee, Wisconsin ;
Cumberland, Maryland ; (?) Comb’s Peak and Lone Mountain, Nevada; Wid-
der and Arkona, Province of Ontario.

Puacops Buro.
PLATE VIII, FIGS. 25, 26.
Calymene bufo, GREEN. Monogr. Trilob. North America, p. 41. 1832,
Phacops bufo, HaLL. Descr. New Species of Fossils, ete., p. 65. 1861.
Pracops bufo, HALL. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 93. 1852,
Phacops bufo, HarL. Illustrations of Devonian Fossils, pl. viii, figs. 24, 25. 1876.

THE type specimen of Dr. Green’s species is an imperfect cast of the lower
surface, and 1s said to have been found in a dark grayish limestone in the State
of New Jersey. Its geological horizon was not definitely stated by its author,
but 1s undoubtedly of the age of the Upper Helderberg or Hamilton group.
The original example of the species presents a general agreement with Phacops
rana (Calymene bufo, var. rana, Green), of the Hamilton group, but appears to be
somewhat more elongate, with a proportionally longer and more tumid
glabella. Specimens from New York State agreeing with the type have not

been observed.

* These localities in Iowa have been kindly communicated by Professor Samuel Calvin.
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Puacops CacapoNa.
PLATE VIII, FIGS. 19-21. 3
Calymene bufo, CasrenNavu.  Essal sur le Syst. Nilo de PAmeér. Sept., p. 21, pl. ii, figs. 1-4.  1843.
Phacops Cacapona, Haru, Descr. New Species of Fossils, ete., p. 68, 1861.
Phacops Cacapone, 1aru. Fifteenth Rept, N. Y. State Cab. Nat. Hist., p. 96. - 1862.
Phacops Cacapona, HaLr. Illustrations of Devonian Fossils, pl. viii, figs. 18-23.  187¢.

THE two specimens from which this species was originally described are inte-
rior and somewhat imperfect casts of enrolled individuals, retaining very few of
the features which are essential in determining the value of closely allied species
of this genus. In general proportions they resemble Phacops rana as that fossil
appears in the limestone layers of the Hamilton group, except that the glabella is
more protuberant and the glabellar furrows more strongly marked, and in these
features it approximates Phacops cristata. Whether the species belongs to either of
‘these two, or is valid in itself, cannot be definitively determined without the ac-
quisition of specimens retaining the test, the genal extremities and the pygidium.
The specimens described and figured by Castelnau (loc. cit.) as Calymene bufo, Green,
were from the same locality asthe type specimensof Phacops Cacapona. Thisauthor’s
figures do not, however, assist in determining the specific value of his examples.
Distribution. Hamilton group. Mouth of the Cacapon River, near its junc-
tion with the Potomac, Virginia.
PHACOPS NUPERA.
PLATE VI1iI, FI1G. 27.

Calymene nupera, HarL. Geology of N. Y. Survey Fourth Geol. Dist., p. 262, fig. 116. 1843.
Phacops nupera, HarL. Illustrations of Devonian Fossils, pl. viii, fig. 26. 1876.

TaE type specimen of this species was found during the progress of the geo-
logical survey of the State in a loose block of sandstone, apparently of the age of
the Chemung sandstones, near the mouth of Chemung Creek, in Chemung county.
No other specimen is known to have been found since, and this is not satisfactorily
preserved for purposes of identification. Inall apparent features it agrees with
Phacops rana of the Hamilton group, but the critical characters for distinguishing
the Devonian Phacopes, viz.: the genal extremities, the cephalic doublure and
the pygidium, are not retained, and it is consequently impossible to determine
its specific value. The original designation is, therefore, retained, awaiting the
acquisition of material which may serve either to establish or discard it.

Distribution. Chemung group. Chemung Creek, Chemung county.
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DALMA NITES, Barranoe. 1852.

HAUSMANNIA, ~ s.-6.

DarmaniTEs (HAUSMANNIA) PLEUROPTYX.
PLATE XI 4, FIG. 1-3.

Asaphus pleuroptyx, GREEN, Monog. Trilob. North Amer., p. 55. 1832,
Dalmania plewroptyx, Harn, Pal. N. Y., vol. iii, p. 356, pl. 74, figs. 5% 97 (not figs. 1-4, 6-8, 10-12); pl. 75,
fig. 1? 1859.

This species, the most abundant of all the trilobites of the Lower Helder-
berg faunas, has been found in the Oriskany sandstone of Canada, associated
with Spirifera arrecta, Streptorhynchus (Orthis) hipparionyz, Phacops cristate and
Dalmaniles anchiops, and also in two well-defined examples of the pygidium, in
the Corniferous limestone of the State of New York. The species thus becomes
the only member of the trilobitic fauna of the Lower Helderberg known
to have continued its existence into the Upper Helderberg formations.
Its occurrence in Devonian horizons affords the opportunity of suggesting
some corrections of the previous identifications of the species. The two species,
D. pleuroptyz, Green, and D. micrurus, Green, both of which were established
upon pygidia, were recognized in the third volume of the Palsontology of
New York, and the differences between them were there pointed out. It is
nevertheless true, that while it is not difficult to select examples of such pygidia
as appear to be specifically distinct, the differences seem to disappear with
abundant material, so that upon the basis of the pygidia alone, the attempt to
separate the two species is exceedingly unsatisfactory. The type specimen of
D. pleuroptyzr was from the Lower Helderberg of the Helderberg mountains,
and extensive collections subsequently made from this prolific locality show
that the abundant pygidia of this species are everywhere associated with cephala
heretofore undescribed, a specimen of which is here figured (pl. xi a, fig. 1).
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The outline of thix cephalon 1s nearly erescentie, 1ts length one-half its width,
and the genal angles produced nto conspicuous spines.  The glabella agrees
with that of D. Housmanni, hoth in proportions and character of lobation. Its
frontal lobe hears three circular depressions, one on the axial line and one near
each of the lateral extremities; of these the former is largest and deepest.
The eyes are large and elevated, the orbital suleus unusually broad and con-
spicuous; the checks slope abruptly in front, and more cvenly toward the genal
angles, and their surface ix marked by irregular, conspicuous wrinkles, except
where it 1= crossed by the hroad, smooth sulcus in which the facial suture lies.
The border is a very characteristic feature, being moderately broad, smooth and
concave on the sides, narrowing near the extremities of the frontal glabellar
lobe and produced in front into a sub-nasute extension. Just below the lateral
extremities of the glahella begins a series of marginal crenulations or alternate
thickenings and thinnings, which become more conspicuous anteriorly.
The border thus has a character similar to that of D. anchiops, and is
of especial interest ax suggesting the inception of that peculiar frontal orna-
mentation which is more fully developed in Odonfocepholus. There is no doubt
that this is the cephalon of D. pleuroptyz, as in one well-defined example the
parts have been found in conjunction. The cephala which were referred to
this species on plate lxxiv of the third volume of the Palaeontology of New
York, with the possible exception of figures 5 and 9, must therefore belong to
another species. No similar heads have been found in the Helderberg mount-
ains. The original pygidium of D. micrurus, Green, is known to have come
from Schoharie, although the author regarded it as from Trenton Falls. At
Schoharie the large pygidia which agree with the type of D. micrurus are not
uncommon, and the cephala with which they are there associated, and those in
the western extension of the Lower Helderberg formation, in Herkimer county,
should probably be regarded as belonging to this species. The cephala
described here as that of D. pleuroptyr appear to be of rare occurrence at
Schoharie, and that species seems to have been most abundant in the
Shaly Limestone, and D. micrurus in the Lower Pentamerus Limestone.
The entire young individual figured on plate lxxiv (Pal. N. Y., vol. iii), may
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be regarded as a spécimen of the latter species. The fragmentary specimen
represented on plate lxxv, fig. 1, is from a locality in Pennsylvania, and its
coalesced glabellar lobes indicate a distinct species.

Distribution. Lower Helderberg group. Near Clarksville, Albany county ;
Schoharie, Schoharie county. Oriskany sandstone: Township of Walpole,
Province of Ontario. Corniferous limestone: Clarence Hollow, Erie county;
Lime Rock, Genesee county.

DarmaniTEs (HAUSMANNIA) CONCINNUS.

PLATE XI A, FIGS. 9-11.,
Dalmanites concinnus, Hart. Illustrations of Devonian Fossils, pl. x, figs. 3-5. 1876.

Pycioium only known. Outline sub-triangular, posteriorly acuminate. Surface
convex, trilobate.

Auzis relatively narrow, width less than one-third that of the shield, slightly
elevated along the axial line, and tapering to an abrupt termination within
the margin ; bearing nine to ten flattened transverse annulations, which are
thickened or faintly nodose on the axial line.

Pleure broad, deflected in an even curve to the margins and bearing seven
or eight annulations which are broad, low and flat, and are separated by fine
narrow sulci. The first five annulations are grooved by fine impressed
lines, which extend to the margin. The anterior and posterior limbs thus
formed are of equal strength. The margin is slightly thickened, becoming

- wider posteriorly and produced into a short and stout caudal spine. Surface

smooth or minutely granulose.

Dimensions. 'The largest pygidium observed has a length of 16 mm., and
a width of 18 mm.; the smallest a length of 9 mm., and a width of 10 mm.

Distribution. Upper Helderberg group. Schoharie grit, Schoharie, Schoharie
county ; near Clarksville, Albany county; Corniferous limestone, near Caledonia,
Livingston county; Cayuga, Province of Ontario.

DarmaniTES (HAUSMANNIA) CONCINNUS, var. SERRULA, n. Var.
PLATE XI A, FIG. 12.

A siNGLE very small pygidium measuring 4 mm. in length and width bears
all the characters of the normal pygidium, but has in addition to them a row
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of short spinules upon the lateral margins.  These spinules are five in number
upon each side, the first heing the largest, their size diminishing posteriorly so
that the last is little more than a crenulation of the margin. They are short,
stout, acute, and directed backward. The terminal spine of the pygidium also
1s relatively longer and more slender than in the normal form.

This specimen is from the decomposed chert of the Corniferous limestone at
North Cayuga, Province of Ontario.

DaLmaniTEs (HAUSMANNIA) PHACOPTYX, n. Sp.
PLATE XI A, FIGS. 23-26.

FraoMmENTS of three large pycipia show pleurse which are broad on the anterior
margin, but narrow rapidly backward and are abruptly deflected toward the
posterior extremity. The margin is entire and the border quite narrow,
widening at the posterior extremity, where it is laterally flattened and pro-
duced into a stout spine, having about one-fourth the length of the pygidium,
and strongly bent upward.

The azis is composed of eleven or twelve moderately broad annulations,
and towards its posterior extremity merges into the caudal ridge and spine.

The pleure bear twelve or thirteen ribs which are separated by wide, shal-
low sulci, and are strongly curved backward near their distal extremities.
Each of these annulations is conspicuously sulcate. The surface is covered
with spinules and acute tubercles which appear to be irregularly scattered
over the annulations. On the axis they are sometimes in pairs or in single
transverse rows, becoming crowded together near its margins; on the pleurse
they appear to lie exclusively upon the anterior limb of each annulation,
although the larger spinules are often so broad at the base as to extend across
the entire width of the annulation. The surface between the tubercles and
spinules is covered with fine granulations.

Dimensions. The largest and most complete specimen observed has a length
of 62 mm. to the tip of the caudal spine; its width across the anterior
margin, when entire, would be about 85 mm.

Observations. 'This species, though imperfectly known, is of interest as pre-

senting a continuation into the Devonian formation, of a type of Dalmanifes
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which attains its highest development in the Silurian. In outline and contour

it

shows an intimate relationship with an undescribed species of Dalmanites

from the Lower Helderberg formation. It is, moreover, directly comparable
with Dalmanites spinifera, Barrande, from the ¢tage G, and D. rhenanus, Kayser,

from the Wissenbach slates of the L.ower Devonian.

Distribution. Upper Helderberg group. Cayuga, Province of Ontario.

Darmanites (Hausmannia) MEEkr

PLATE XI A, FIGS. 28-30.

Dalmanites (undet. sp.), MEEg. Geol. Expl. Fortieth Parallel, vol. iv, p. 48, pl. i, figs. 11, 11a. 1877.
Dalmanites Meeki, Warcorr. Monogr. U. S. Geol. Surv., vol. viii: Pal. Eureka Dist., p. 207, pl. xvii, figs.

5, ba-b (not fig. Hc). 1884.

Tue material representing this species consists of detached specimens of a

glabella, a very large hypostoma and a quite perfect pygidium. The last-
named part is very closely similar, probably identical with the pygidium of
Dalmanites anchiops, but if the associated glabella belongs to the same species
as the pygidium it will be necessary to regard these fragments as characteriz-

ing a distinct specific form.

CepaaLON. The glabella is very similar to that of Dalmanites pleuroptyz, Conrad.

The frontal lobe is large and transversely sub-elliptical, depressed-convex
above ; the three pairs of lateral lobes are distinctly defined; the first two
widest at their outer extremities, the last narrow, transverse and extending
as an annulation across the glabella. The lateral furrows of the second pair
appear to be nearly obsolete toward their distal extremities, causing a tend-
ency to coalescence in the adjoining lobes. The occipital furrow is narrow
and shallow, the occipital ring moderately broad and elevated, and without
any central spine.

Pyeiprom as in Dalmanites anchiops, although bearing two or three more pleural

annulations than is usual in mature examples of that species.

Hyrostoma elongate-triangular, surface depressed-covex. Anterior margin

slightly arched, antero-lateral extremities sub-auriculate. Centrum broadly
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convex bearing a pair of short lateral furrows which terminate centrally in
two conspicuous depressions or pits, bounded posteriorly by a low suleus,
beyond which ix a linguiform extension bearing upon its margin five spinules,
one of which lies on the axial line, with two on either side.

Distribution.  Lower horizon of the Devonian limestone, Comb’s Peak, and
on the divide at the head of the Reese and Berry Caiion, Eureka District,
Nevada.” (Walcott, loc. cit.)

CORONURA, n. s.-6.

DarmaniTEs (CORONURA) ASPECTANS.
PLATE XII, FIGS. 1-11, 13.

Asaphus aspectans, CoNrAD. Fifth Ann. Rept. Pal. N. Y., p. 49, fig. 9. 1841.
Asaphus? denticulatus, Coxrap. Fifth Ann. Rept. Pal. N. Y., p. 48. 1841.

Dalmania adspectans (in crror), Harn. Descr. New Species of Fossils, ete., p. 60. 1861,
Dalmania Helena, Havu. Descr. New Species of Fossils, ete., p. 61. 1861.

Dalmania adspectans (in error), Hart. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 88. 1862.
Dalmanic Helena, HaLL. Fifteenth Rept. N. Y. State Cab. Nat. Hist.. p. 89. 1862.
Dalmanites Ohioensis, MEgg. Proc. Acad. Nat. Sci. Phil., p. 91. 1871.

Dalmanites Ohivensis, MEgk. Pal. Ohio, vol. 1, p. 234, pl. xxiii, fig. 1. 1873.
Dabmanites denticulatus, Harn. Illustrations of Devonian Fossils, pl. x, fig. 1. 1876.
Dalmanites aspectans, Harr. Illustrations of Devonian Fossils, pl. xiii, figs. 6-8, 1876.
Dalmanites Helena, HALL. Illustrations of Devonian Fossils, pl. xiii, figs. 11-14. 1876.

THis species has been observed only in detached portions of the exoskeleton.
The pygidia which have been described under the specific designations
Dalmanites Helena and D. Ohioensis (op. cit.), are not uncommon in the
Corniferous limestone of New York and Ohio, and associated with them
are fragments of large cephala, which presumptively can belong to no
other species. Such a fragment of the cephalon, consisting of a free
cheek retaining the visual surface of the eye, served as the original
of the Asaphus aspectans of Conrad; more recently a larger fragment, also
retaining the greater portion of the eye and agreeing in all particulars with
Mr. Conrad’s type, has been found in the Corniferous limestone at Columbus,

Ohio, associated with the pygidiam of D. Helena.* There is no other

* Through the kindness of Dr. J. 8. Newberry this_éli»i:éiﬁm made available for use in the
revision of these species.
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<pecies known to us from this formation in Ohio, to which such fragments
could be referred, and none in the Corniferous limestone of New York,
except D. myrmecophorus, in which species the cephalon was undoubtedly
similar in many respecté to that of D. Helena, though of much larger dimen-
sions than are indicated by these fragments. It seems necessary to establish
Mr. Conrad’s specific name, aspectans, upon a basis which will include the
forms heretofore referred to D. Helena and D. Ohioensis.

The description of the original fragment is as follows: “ A small portion
of the buckler and one eye only is visible, but the eye is of an extraordinary
height, the margins parallel, and the lenses arranged in parallel longitudinal
lines, small and very numerous.”

In this specimen the eye is remarkably elevated, sub-semi-cylindrical,
reaching a height of 9 mm., with a width of 8 mm. across the base. The
corneal lenses are numerous, and though the condition of preservation does
not permit the enumeration of them, thirty rows are visible, some of them
containing as many as thirty-four lenses each. It would therefore be safe to
infer that the eye bore not less than 700 lenses. The attached portion of
the cheek has a broad flattened border, and is covered with strong, closely
crowded tubercles. ‘

Additional details of the Cephalon are furnished by the Ohio specimen, as
follows: the outline of the shield is semi-elliptical, the broad flat border
slightly thickened toward its inner margin, the marginal sulcus deep and
moderately broad, the genal angles produced into long sharp spines; the
facial suture takes its origin at a point about half-way from the apex of the
cheek-spine to the anterior extremity, passing abruptly forward over one-
half the width of the border, thence straight across to the marginal sulcus,
and inward to the inner angle of the visual surface ; over the convex surface
of the cheek it lies in a deep groove; the surface of the cheek beneath the
eye is slightly flattened and the orbital ridge is well defined ; occipital furrow
and ring moderately strong.

Of the thoraz nothing has been observed.
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Pyeipiun sub-ovate-triangular in outline, posteriorly truncate or broadly emar-
ginate. Surface depressed-convex, with a general upward inflection poste-
riorly. Margin thickened, narrow, widening into the post-axial border.

Azis convex, width equal to one-fifth the width of the shield along a given
annulation, regularly tapering to obsolescence upon the posterior margin;
composed of sixteen to twenty transverse, somewhat flattened annulations,
separated by moderately strong furrows.

Pleure wide, convex near the axis, thence regularly depressed toward the
margin ; composed of sixteen to eighteen broad, slightly flattened annula-
tions, which become obsolete upon the margin. These are faintly sulcate,
and are separated from one another by furrows, which are deepest and
broadest near the margin. The border is ornamented by a fringe of conspic-
uous spines, one in continuation of each pleural annulation. Of these spines
the anterior pair is the shortest, and their length increases backward to the
ninth or tenth pair, thence becoming shorter to the terminal pair, in which
the spines are broader and stouter than elsewhere, and distinctly curved
upward and toward the axial line. These terminal spines are separated,
at their bases, by a distance equal to the width of the axis on its anterior
margin.  The surface of the pygidium is covered with regularly arranged
tubercles, of which the axis bears five longitudinal rows, one axial and four
lateral (becoming two on the posterior annulations), each annulation bearing
a single row of three or five tubercles Each pleural annulation bears two
rows, one for each anterior and posterior limb. Upon the lateral margins
the tubercles become stronger and are more scattered, while the posterior
border between the terminal spines is smooth. In the New York specimens
the entire surface ornamentation, with the exception of the marginal spines,
is frequently almost or quite obsolete.

Dimensions. An average pygidium from the Falls of the Ohio measures 60
mm. in length and 79 mm. in width; one from western New York, 46 mm.
in length and 67 mm. in width. The largest specimen observed has a length
of 67 mm. and a width of 100 mm.; the smallest a length of 35 mm. and a
width of 51 mm.
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Observations. The pygidium of this species, as already noticed, is subject to
some variation in the matter of surface ornament. The type specimen of Dal-
manites Helena is from the Corniferous limestone of the Falls of the Ohio, and
all specimens from this locality have shown a regularly tubercled surface. In
the limestones of the same age near LeRoy, N. Y., where the species 1s abun-
dantly represented, the ornamentation has become nearly obsolete, and it is
probable that a specimen in such condition was the original of the Dalmanites
Ohioensis, described by Mr. Meek, from the Corniferous limestone of Marblehead,
Ohio. In general form and outline, spinose margin and number of annula-
tions, D. aspectans presents a close agreement with D. myrmecophorus. There
are however persistent differences in the two species which may be enumerated
as follows: in D. aspectans the posterior border between the marginal spines
bears no tubercles, and is only slightly elevated; the tubercles of the surface
are not nodiform, and are always regularly arranged, except upon the lateral
margins; the terminal spines are short and not laterally flattened. The
original of Asaphus? denticulotus, Conrad (Fifth Ann. Rept. Pal. N. Y., p. 68.
1841), was a fragment of a pygidium reported as from the Schoharie grit, at
Schoharie, and a specimen from the Upper Helderberg limestone at Schoharie,
exhibiting the same characters as those accredited to Mr. Conrad’s type, was
figured in the Illustrations of Devonian Fossils (pl. x, fig. 1). The original
of Mr. Conrad’s description is no longer accessible, but the specimen mentioned
from the limestone shows a variation from the type of Dalmanites Helena in
having the posterior spines broader, stouter and more flattened vertically, the
posterior border bearing a few scattered tubercles; it retains, however, features
characteristic of . Helena (= aspectans) in the regular arrangement of the
tubercles upon the annulations, and the absence of an elevated spinose border.
It seems advisable to include this slight variation under the species D. aspectans
rather than to establish varietal terms for all intermediate forms between the
closely allied species D. aspectans and D. myrmecophorus. The specific name
denticulatus has actual priority by a single page over the term aspectans ; as, how-
ever, the fragment designated by the former name proves not to be in all
respects a normal example of the species it represents, and as the description



CRUSTACEA. 37

of the latter species was accompanied by a figure, no violence is done to Mr

Conrad’s determinations by according recognition to the latter name.

Distribution. Upper Helderberg group. Corniferous limestone: near Clarks-
ville, Albany county ; Schoharie, Scholiarie county ; Caledonia, Monroe county ;

Lime Rock, near LeRoy, Genesee county; Clarence, Erie county; Falls of the
Ohio, Columbus and Marblehead, Ohio.

DaLmanNiTEs (CORONURA) MYRMECOPHORUS.
PLATE XTI A, FIG. 13; PLATE XIII, FIG. 12; PLATE XIV, FIGS. 1-6; AND PLATE XV, FIGS. 1-4,

Asaphus myrmecophorus, GREEN. Suppl. Monog. Trilob. North America, p. 16. 1835.

Asaphus? acanthopleurus (acantholenrus, in error), CoNrap. Fifth Ann. Rept. Pal. N. Y., p. 48. 1841.
Dalbmania myrmecophorus, Hatt. Descr. New Species of Fossils, ete., p. 60. 1861,

Dalmania myrmnecophorus, Halu. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 88. 1862.

Asaphus 2 acantholenrus, (Coxrap) Harn. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 113. 1862.
Dalmanites myrmecophorus, HaLr. Illustrations of Devonian Fossils, pl. xiii, figs. 15, 16. 1876.
Dalmanites acantholewrus, Harn. Illustrations of Devonian Fossils, pl. xix, fig. 14. 1876.

The CepHALON and THorAX of this species have been observed only in a condi-
tion so fragmentary as to be unsatisfactory for description or positive

identification.

PycipiuM large, sub-ovate-triangular, broadly emarginate behind. Surface
depressed-convex, scarcely flabellate, conspicuously trilobate.  Posterior
limbus with an upward curve, which begins at the posterior third of the
shield and terminates in a vertical spiniferous border.

Azis relatively narrow, width about one-fifth the width of the shield upon
the anterior margin ; evenly tapering to a termination which becomes obso-
lete within the posterior border. Composed of sixteen to nineteen broad
transverse annulations, separated by narrow, deep furrows.

Pleure broad, most convex at about one-third their width from the axial
margins, thence rapidly sloping and becoming somewhat flattened near the
edge; composed of fifteen to eighteen broad annulations, which widen

toward their distal extremities, and in some instances show traces of a faint
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groove upon the surface. Border narrow at the sides, produced at the
postero-lateral angles into two broad, stout, incurving cornua, whose Inner
bases are continuous and form an elevated marginal collar at the posterior
extremity. The articulating ring and each pleural annulation, at its termina-
tion upon the margin, bears a round, smooth terete, and gently incurved
spine. These spines are shortest in front and increase in length toward the
posterior cornua. The posterior collar has a width equal to that of the axis
on its anterior margin, and bears a series of strong spines; one situated
centrally, bifurcating at two-thirds its length, and, in a large individual,
reaching a height of 10 mm., a short accessory pair of spines near the base of
the foregoing (sometimes absent), a second and stronger pair at the beginning

‘of the posterior curve, a third pair at the base of the broad terminal spines,

and the incurved, elevated terminal spines or cornua, each of which bears an
accessory spine near the apex. (See plate xv, figs. 1-3.) The height of the
cornua in a large example is 12 mm.

The Surface of the pygidium is covered with strong, sub-spiniform, irregu-
larly disposed nodes. Upon the axis each annulation bears but a single row,
but no arrangement in longitudinal rows is discernible. Upon the pleurse
there is evidence of an irregular, double row of nodes, but at the lateral and
posterior margins the nodes are more abundant and irregularly disposed.
A single example having an irregularly nodose axis, and a central spine on
the posterior collar, has the pleural nodes relatively small, abundant and
arranged in two regular rows as in Dalmanites aspectans, affording evidence of
the affinity of these two species in this respect. The characteristic orna-
mentation of Dalmanites myrmecophorus is however exhibited in pygidia
varying widely in dimensions, the smallest individual noticed retaining this
feature quite as strongly marked as the largest.

A single large glabella which differs from that of any known species of
the Upper Helderberg group, may belong to this species. It has the general
outline and contour of the glabella in typical Dalmaniles, except that there
is an apparent tendency to obsolescence in the second lateral furrows. The

frontal lobe bears a pair of conspicuous nodes just behind its center, and a
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pair of sharp tubercles in the median depression between the lateral lobes.
The occipital furrow is narrow, and the occipital ring broad and rounded.

The entire surface, except in the furrows, is sharply tubercled.

Dimensions. An average pygidium measures 50 mm. in axial length and
80 mm. in width ; the largest observed is 115 mm. in length and 180 mm. in
width ; the smallest 6 mm in length and 10 mm. in width. The glabella
described has a length of 38 mm. and about an equal width.

Observations. The remarkable size attained by the pygidia of Dalmanites
myrmecophorus show it to have been, at maturity, an animal of gigantic propor-
tions. A careful restoration of the outline of an individual on the basis of
the largest pygidium above referred to, has been made by comparison with
the proportions of other species of this type of Dalmanites, and the result, which
may be regarded as approximately correct, at all events not exaggerating the
size, indicates that the animal when entire may have attained a length of 398
mm. or 16 inches, the largest form of Dalmanites yet observed, and one of the
largest trilobites known. A similar restoration of the smallest pygidium
gives an individual 21 mm. or .8 of an inch in length. Fragments of large
cephala and thoracic segments have been occasionally observed in association
with these pygidia, but our present knowledge of these parts is insufficient for
satisfactory description. A few thoracic segments found in place with a pygi-
dium indicate an irregularly nodose surface, and fragments of the head-shield
show a wide and flat border, and a closely and strongly tubercled surface. The
differences and similarities in Dalmanites myrmecophorus and Dalmanites aspectans
are noticed under the description of the latter species. The Asophus ? acantho-
pleurus of Conrad (loc cit.) was described from a fragment of the posterior portion
of a very large pygidium of this species, in which the central spine is very
strong, and the other marginal spines, as indicated by their bases, larger than
have been observed in any other example. This specific term has been used
in the various preliminary publications upon these fossils, as the nature of the
posterior border in Dalmanites myrmecophorus had not at that time been observed.
There now appears to be no doubt of the identity of the two species. The
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original of D. acanthopleurus is from “near Schoharie, in limestone with Odonto-

cephalus (Onondaga limestone).”

Distribution. Upper Helderberg group. In the Corniferous limestone, near

Clarksville, Albany county; Schoharie, Schoharie county; Canandaigua,
Ontario county; Lime Rock, near LeRoy, Genesee county.

Darmanites (CORONURA ?) EMARGINATUS.
PLATE XI A, FIGS. 7, 8.

Dalmanites emarginatus, Hatn. Illustrations of Devonian Fossils, pl. x, fig. 2. 1876.

Or this species fragments of the pygidia only, have been observed, which may be

characterized as follows: Outline sub-triangular, broadly emarginate behind ;
apex of reéntrant angle sub-acute.

Azis narrow, tapering evenly to an apex near the posterior border and con-
nected with the margin by a sharp, low ridge; it is compos'ed of twenty
to twenty-two transverse annulations.

Pleure broad, slightly produced upon the postero-lateral areas, and bearing
seventeen to twenty broad and flattened annulations, which show a slight
tendency to duplicature toward the posterior extremity. The border is
narrow at the sides and widens a little posteriorly, where all the annulations
become obsolete upon approaching it. Surface ornamented by pustules, each
annulation bearing a single row upon the axis, and a double row upon the
pleurse. The axis bears five longitudinal rows, one in the axial line, and two
on either side. Upon the margin of the pygidium the pustules are more
irregularly scattered. The lateral margins bear no spines and the posterior
border is covered only with granulations.

The dimensions of the shield are approximately 22 mm. in length, and 32
mm. in width.

Observations. This little known species presents points of similarity with

Dalmanites aspectans, but differs in the following particulars, viz.: (a) the pos-

terior margin is angulate and not transverse or crescentic, nor produced into
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postero-lateral spines, (b) the lateral margin is not spinose, (¢) the termination
of the axis is connected by an angular ridge with the margin.

Distribution. Upper Helderberg group. Schoharie grit, Schoharie, Schoharie
county.

[s-a.] CRYPH A US, Grreen. 1837.

Darmanites (CRYPHAEUS) coMIS, n. sp.

PLATE XVI A, FIG. 1.

A smarL and somewhat incomplete pygidium indicates an undescribed species
of this sub-genus. It is characterized by the narrow axis curving slightly
inward on the margins, and bearing six annulations, four distinct and elevated,
and the last two faintly defined. The pleurse are moderately broad, sloping
somewhat abruptly toward the margins, and bear five annulations, each of
which terminates in a short, blunt spinule, with the apex directed backward.
Whether or not there was a terminal spinule, as in the other American species,
cannot be determined from this specimen. The pygidium has a length of
4 mm. and a width of 5 mm.

Distribution. 1In the decomposed chert of the Corniferous limestone, Walpole,
Province of Ontario.

DarmaniTes (CrypHZEUS) PLEIONE.
PLATE XVI A, FIG. 2.

Dalmania Pleione, Havr. Descr. New Species of Fossils, ete., p. 62. 1861.

Dalmania Pleione, HaLL. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 90. 1862.

Dalmanites Pleione, Haru. Illustrations of Devonian Fossils, pl. xvi, fig. 17. 1876.

Crypheeus Pleione, Kavser. Abhandl. z. Geol. Specialkarte von Preussen, etc., Band ii, Heft 4, p. 33. 1878

Tue imperfect pygidium which served as the original of this species is closely
similar in general proportions, number of annulations and marginal spines to that
of D. Boothi var. Calliteles. The spines however are relatively longer, more slen-
der, rounder and more distant than in the mature individuals of the variety
mentioned, but have a striking similarity to the pygidia of the young of that
form. Our knowledge of the species in America is at present limited to the
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single type specimen, but Kayser has provisionally referred to this species a
pygidium from the Lower Devonian at Daun in the Rhine-land.
Distribution. Hamilton group. Hydraulic limestone, Falls of the Ohio.

Darmanites (CryrHEUS) BooTHL
PLATE XVI, FIGS. 1-4; AND PLATE XVI A, FIGS. 3-8.

Crypheus Boothii, GREEN. Amer. Journ. Science, vol. xxxii, p. 343, figure. 1837,

Cryphaus Greenii, Coxrap. Second Ann. Rept. Paleont. Dept. N. Y. State Geol. Surv., p. 66. 1839.
Crypheeus calliteles, CoNrAD. Second Ann. Rept. Paleont. Dept. N. Y. State Geol. Surv., p. 62. 1862.
Asaphus Hallii, CoNrap. Third Ann. Rept. Paleont. Dept. N. Y. State Geol. Surv., p. 204. 1840.
Cryphaeus calliteles, HaLL. Geology of N. Y., Pt. IV, p. 201. 1843.

(4] Crypheeus calliteles, De VERNEUIL. Bull. Soc. Géol. de France, 2nd Ser., vol. vii, p. 164, pl. i, fig. 3. 1850.
Phacops pectinatus, F. A. R&Mer. Beitr. I, zur Kenntn. d. Harzgeb., p. 62, pl. ix, fig. 27. 1850.
Dalmania calliteles, Emmons. Manual of Geology, p. 138, f. 124 (7). 1860.

Dalmania Boothii, HarL. Descr. New Species of Fossils, ete., p. 63. 1861.

Dalmmania Boothii, Hair. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 91. 1862.

Dalmanites Boothii, Harl. Illustrations of Devonian Fossils, pl. xvi, figs. 1-6, 9-11, 13, 15, 16. 1876.
Crypheus stellifer, KAYSER (partim). Abhandl. z. Geolog. Specialkarte von Pr. und d. Thiir. St., vol. ii, pt.
4, p. 33. 1878.

Crypheus laciniatus, KAYSER (partim). Abhandl. z. Geolog. Specialkarte von Pr. nnd d. Thir. St., vol. ii,
pt. 4, p. 34. 1878.

GeNERAL ForM aAND ProportioNs. Body sub-ovate, laterally and posteriorly
fimbriate; length about one-half greater than the width. Surface depressed-
convex, distinctly trilobate. Axis prominent, elevated; pleurse flattened.

CepHALON relatively large; outline semi-elliptical, faintly producéd on the
frontal margin; length to width as 1 to 2. Frontal area narrow, lateral area
broader but mostly occupied by the strong eye-lobes Margin thickened by
a broad doublure, which widens under the frontal limbus to form the epistoma,
and is produced at the genal angles into spines which normally reach to the
sixth thoracic segment, and are equal in length to the axial length of the
glabella. These spines are broad, thin and blunt, and lie nearly in a ver-
tical plane. |

The Facial Sutures take their origin on the lateral margins at points about
half-way between the frontal extremity and the apices of the cheek-spines,
pass inward and downward to the lower margin of the ocular lobe, thence
over the eye to the anterior edge of the frontal lobe of the glabella, meeting
near the anterior extremity just within the margin.
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Glabella elongate-sub-pentagonal ; length and width equal, and nearly
equal to the length of the cephalon. Frontal lobe large, transversely sub-
elliptical in outline; the width equal to one-third that of the cephalon.
The first pair of transverse furrows is long, directed obliquely backward;
the second pair shorter and more transverse; the third pair still shorter and
transverse. All these glabellar furrows are deeply impressed at their
proximal extremities, as shown in casts of the inner surface. The first
glabellar lobes are strong and sub-triangular; the second and third lobes
shorter and more annular. Occipital furrow very narrow and sharply im-
pressed ; occipital ring strongly arched upon the axis, narrowing behind the
ocular nodes, and widening again to the genal spines.

FEyes large, elevated, exceeding the height of the glabella. Visual surface
lunate, corneal lenses numerous, an adult example showing fifteen rows,

» numbering diagonally from the lower posterior margin, and 206 lenses for
each eye. Palpebrum inconspicuous, scarcely overlapping the visual surface.
Palpebral lobe depressed, sloping evenly to the narrow palpebr‘(ﬂ sulcus.

Trorax. Length to width as 1 to 1.5.

Azis arched, widest at the fourth segment, tapering thence evenly to the
pygidium.

Pleure flattened, gently deflected along the fulecrum. Segments narrow
upon the axis, with a slight double curvature, bending forward along the
axial margins and axial line; grooved upon the pleura, the anterior limb
low and becoming obsolete along the fulcrum; the posterior limb slightly
beveled, and considerably produced at the extremities.

Pyeipium sub-triangular, depressed-convex.

Azis tapering with slightly incurved miargins, and ending abruptly just
within the posterior border; bearing from ten to fourteen annulations in
well-preserved specimens.

The pleure each bear five annulations which are sulcate, the posterior
limb in each becoming obsolete near the niargin, while the anterior limbs
are flattened, thickened, slightly curved and produced beyond the margin
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into spinex having a length nearly equal to the length of the pleurse them-
selves. A spine similar to these, but shorter and relatively broader, is pro-
duced in the axial line, thus making eleven spines in the pygidial fimbria.
Some slight variation is noticeable in the form of these spines, but in typical
examples, the ten lateral extensions of the fimbria are broad, short, flat and
closely set, the apex pointed backward, the terminal lobe being shorter

and linguiform.

HyposToma, elongate-sub-triangular; anterior angles auriculate, posterior ex-

tremity sub-linguiform. Centrum convex, bounded posteriorly by a conspi-
cuous sulcus. The postero-lateral pits on the centrum are joined by a faint

groove. Surface covered with venate lines and faintly granulose.

Surface Ornamentation. In the normal forms of this specles the entire sur-
face is covered with granulations which become quite strong on certain por-
tions, viz., the axial region of the glabella and thorax, and the surface of the
pygidial fimbria, where the granules become elongate and pustuliform, often
crowded and more conspicuous than upon the surface of the shield itself
Upon the thoracic pleurse are single rows of low and inconspicuous pustules,
which, in somewhat weathered specimens from the shales, often appear as
shallow punctee. The occipital ring bears a strong central spiniform node,
and the thoracic segments along the axial line, sometimes evenly rounded,
are usually slightly angulated or nodose, the nodes becoming stronger toward
the pygidium. The annulations of the pygidium are evenly rounded. The
surface of the doublure is granulose.

Variations from the type of Crypheus Boothii, Green, as diagnosed by its
author, and as here described more at length, occur in a series of asso-
ciated forms presenting a marked and persistent deviation in certain
features. This 1s most noticeable in the character of the pygidial fimbria,
but it appears that no variation has taken place in this feature without
correlative variation in certain other respects. In many individuals of this

sub-genus, particularly those occurring in the limestone layers in the Hamilton
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shales, the lobes of the pygidial fimbria, instead of being flat, broad and
contiguous, are more lanceolate, relatively narrow, elevated along the middle,
with the apex nearly terminal. Upon careful comparison of these pygidia
with Dr. Green’s description of Crypheus Calliteles, it appears beyond question
that the species was founded upon a pygidium of this character. The original
specimens of both C. Calliteles and C. Boothii were derived from the same
locality, viz.: Huntingdon, Huntingdon county, Pennsylvania. The varietal
feature of the pygidium with its associated characters is evidently a genetic
difference, as it is apparent in the youngest individuals observed, and it
therefore seems advisable to recognize in Green’s species, C. Calliteles, at
least a variety, with the following differential characters:

Darvanites (CrypE£US) Boorni, var. CALLITELES.*
PLATE XVI, FIGS. 5-22; AND PLATE XVI A, FIGS. 9-17.

Crypheeus Collitelus, GrREEN. Amer. Journ. Science, vol. xxxii, p. 346. 1837.

Daliwanites Boothii, Havr. Illustrations of Devonian Fossils, pl. xvi, figs. 7, 8, 12, 14. 1876.

() Crypheus callileles, ? KAysgr. Abhandl. z. Geolog. Specialkarte von Pr. und d. Thiir. 8t., vol. ii, part
4, p. 32, pl. iii, fig. 10. 1878.

GENAL spines long, flat, tapering to an acute extremity and reaching to the eighth
thoracic segment; slightly depressed laterally and distinctly grooved by the
occipital furrow for two-thirds their length. The occipital ring is unusually
wide, and bears a stout spiniform node at its center. The first thoracic
segment has a node or faint spine upon the axial line, and thence backward
to the pygidium the spiniform nodes increase in size; the first annulation of
the pygidium also bears a short spine. The lateral lobes of the pygidial
fimbria are distant, narrow, lanceolate, elevated along the middle, having the
apex terminal. The axial lobe is shorter than the rest, but more elongate
than in D. Boothi and acutely angled. The surface of the test is mostly very
faintly granulose, the glabella and pygidial lobes generally quite smooth, the
posterior portion of the genal spines more strongly granulose than any other
part of the surface, and the thoracic segments furnished with single rows of
low pustules. Abundant material representing this species affords evidence

* The specitic name of this species as 01'igina11$' published is U"mfelus:I;rolml,]y a typographical error
for the personal noun Calliteles.
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of a considerable variation in size, from a length of & mm. to a length of
120 mm., as indicated by a large fragment, and this development in indi-
vidual growth is accompanied, in the earlier stages, by considerable variation
in the form of the pygidial lobes. A pygidium measuring 1 mm. in length
and 3 mm. in width to the tips of the spines, has a very elevated axis, which
is sub-spinose along the axial line, strongly incurved toward the extremity,
and bears but six annulations. The marginal spines are unusually elongate
and baccillate, the first pair being longest, the length decreasing backward,
the two posterior pairs becoming strongly incurved toward the posterior
extremity. The terminal lobe is very small and scarcely visible. With
advancing growth the spines become relatively broader, and radiate regularly
from the curve of the margin, assuming a sub-equal length, and the terminal

lobe becomes gradually more conspicuous. Individuals occur occasionally in

the shales of the Hamilton group, which indicate a slight inclination from
the type of Dalmanites (C.) Boothi to that of the variety D. (C.) Calliteles to the
extent of retaining the broad, short, vertically flattened cheek-spines of D. (C.)
Boothi, and showing a tendency in the thoracic segments to become spinose
on the axis, and in the pygidial spines to become narrow and acute. Such
forms would naturally be expected in abundant material, but their rare
occurrence, makes it inadvisable to recognize the usual variation as a dis-

tinct specific form.

Dimensions. A normal adult of Dalmanites (Crypheus) Boothi affords the

following measurements:

Body. Cephalon. Thorax. Pygidium.
Length_ .. _________. 38 mm. 12 mm. 15 mm. 11 mm.
Width ... ... ___.. 24 mm. 24 mm. 22 mm. 18 mm.

Of Dalmanites (Crypheus) Boothi, var. Calliteles, the following :

Body. Cephalon. Thorax. Pygidium.
Length ___._______._ 37 mm. 13 mm. 18 mm. 11 mm.

Width _ .. ___. 26 mm. 26 mm. 19 mm. 21 mm.
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Observations. It has been suggested by Professor Emanuel Kayser (Fauna d.
geltst. Devon-Ablagerungen d. Harzes (loc. cit.), p. 33), that all the pygidia of
Dalmanites Boothi represented in the Illustrations of Devonian Fossils (loc. cit.),
do not belong to the same species, and he has consequently divided them in
the following manner: Fig. 10 (pl. xvi), = Crypheus stellifer, Burmeister ; figs.
8, 11, 14, = Crypheus laciniatus, C. F. Roemer; figs. 3, 6, 9, = Crypheus Calli-
teles (Boothii), Green. QOur observations do not sustain this sub-division. The
type of C. stellifer, Burmeister (Organiz. der Trilobiten, pl. iv, fig. 8), shows a
terminal spine upon the pygidium, exceeding in length any of the marginal
spines: the same is true of C. Callifeles ? Kayser (loc. cit., pl. 111, fig. 10). This,
however, is a feature which has not been observed in any specimen of the New
York species. C. laciniatus, C. F. Roemer, bears a distinctly triangular caudal
shield and a very broad terminal lobe, while the C. laciniatus of the Sandbergers
(Versteinerungen d. Rhein. Schicht. Syst., pl. i, fig. 5¢), referred by Kayser to
C. stellifer, Burmeister, differs in this feature, and if correctly figured, might
with propriety be regarded as identical with C. Boothi, var. Calliteles.

Distribution. Upper Helderberg group? Dalmanites (Crypheus) Boothi. The
pygidia of this species have been observed in the limestone lying beneath the
Marcellus shales at the Indian Reservation, four miles south of Buffalo, Erie
couﬁty, associated with Chonetes lineata, Vanux., and Ch. laticosta, Hall. Hamil-
ton group. Marcellus shales: In the limestone near the top of these shales, on
Flint Creek, Ontario county; LeRoy and Stafford, Genesee county. Hamilton
shales: Rarely in the sandy shales of the eastern and central counties, at Bear’s
Gulf, near Summit, Schoharie county; East Worcester, and elsewhere, Otsego
county ; Cazenovia and Madison, Madison county; Pratt’s Falls and Delphi,
Onondaga county; abundant in many localities in the western counties; on the
shores of Seneca and Cayuga Lakes; in the shales above the Encrinal limestone
at Menteth’s and Tichenor’s Points, on Canandaigua Lake, and in the towns of
Hopewell, Gorham, Canandaigua and East Bloomfield, Ontario county; Pavi-
lion and Darien, Genesee county; Jaycox’s Run, near Geneseo, and Moscow,
Livingston county ; Eighteen-mile Creek and Hamburgh, Erie county. Also
from Thunder Bay Run, Michigan. Dalmanites (Crypheus) Boothi, var. Calliteles :
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in the limestone near the hase of the Hamilton shales, at Centerfield, and in the
upper shales on Canandaigua Lake, Ontario county. In the Tully limestone
at Tinker’s Falls, Onondaga county ; Goodwin’s, Cayuga Lake, and near Loda

Landing, Seneca Lake.

DaLmaniTEs (CryrHZEUS) BARRISI, n. sp.

PLATE XVI A, FIG. 18.

Specinvess of pyaipia from the buff and drab Devonian limestones in the State
of Towa, present certain peculiarities which will not permit their union
with either of the foregoing species. The general aspect of these caudal
shields is quite similar to that presented by very young individuals of Dal-
maniles Boothi, var. Calliteles, with the exception that in the latter the axial
spine is scarcely developed, while in the Iowa species it is conspicuous
and broader than any of the lateral spines. The lateral spines are long,
round, slender and terete, with a gentle backward curve; slightly thickened
at the base, and not elevated along the middle as in the New York species.
They are also relatively much larger than in any adult specimen of the var-
iety Calliteles observed.

The azis of the pygidium tapers rapidly, and bears from six to eight annu-
lations, which have a strong forward inclination in the middle.

All the specimens representing this species are small, but are of about the
same size, and have undoubtedly attained their mature growth. The best
preserved of the specimens has a length of 8 mm. to the extremity of the
axial spine, a width of 9 mm. along the anterior margin to the bases of the
lateral spines; the length of the anterior spines is 5 mm.

Distribution. Hamilton group. In the limestones usually referred to this
horizon near New Buffalo, and at Searstown and Iowa City, Iowa.
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[s-¢.] ODONTOCEPHALTUS, Cosrap. 1840.

DaLmaniTES (ODONTOCEPHALUS) -SELENURUS.
PLATE XI B, FIGS. 15-21; AND PLATE XII, FIGS. 1-13.

Asaphus selenurus, EaToN. Geological Text Book, p. 31, pl. i, fig. 1. 1832.

Calymene? odontocephala, GREEN. Monog. Trilobites of North America, Suppl., p. 9. 1832.

Odontocephalus selenurus, CoNrAD. Third Ann. Rept. Palaeontological Dept. N. Y. Survey, p. 204. 1840.

Odontocephalus selenurus, VANUXEM. Geology of N. Y., Survey Third Geol. Dist., pp. 139, 140, fig. 1. 1842.

Odontocephalus selenurus, Harr. Geology of N. Y., Survey Fourth Geol. Dist., p. 175, fig. 1. 1843.

Dalmania selenurus, HaLt. Twelfth Rept. N. Y. State Cab. Nat. Hist., p. 88. 1859.

Dalmania selenurus, HaLL. Descr. New Species of Fossils, etc., p. 56. 1861.

Dalmania selenurus, HarLn. TFifteenth Rept. N. Y. State Cab. Nat. Hist., p. 84. 1862.

Odontocephalus ? (Dalmanites (Odontocephalus) arenarius, MEEK and WorRTHEN. Geol. Surv. Illinois,
vol. iii, pp. 416, 417, pl. ix, fig. 10.

Dalmanites selenurus, HALL. Illustrations of Devonian Fossils, pl. xii, figs. 12-14. 1876.

Dalmanites Fgeria, Harr. Illustrations of Devonian Fossils, pl. xii, figs. 1, 2, 7. 1876.

Dalmanites coronatus, HAaLL. Illustrations of Devonian Fossils, pl. xii, figs. 15, 16. 1876,

GeNErAL Form aNDp Prorortions. Outline elliptical or elongate-sub-ovate ;
anterior and posterior margins ornate. Length somewhat less than twice
the width.

Surface depressed-convex above, lateral slopes abrupt. Cephalon, thorax
and pygidium to one another in length as 1 to 1.3 to 1.

CepuaLoN. Outline sub-semielliptical, somewhat produced in front; length
about one-half the width. Surface convex, sloping abruptly in front and
at the sides. Border moderately broad, horizontal in front and composed of
nine conspicuous incisor-like processes, the strongest of which is central,
with four on either side, which become regularly smaller as the margin nar-
rows backwards, the terminal one standing just in front of the lateral ex-
tremities of the frontal lobe of the glabella. These tooth-like extensions
are narrow and constricted at their bases, but widen rapidly so that they
come in contact-at the outer margin, though remaining entirely discrete. On
the cheeks the border is broadly grooved and sloping, thickened along the
outer and inner boundaries, and at the genal angles rounded or produced

into a short, inconspicuous spinule.
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The facial sutures take their origin at points on the lateral margins about
one-third the distance from the angles of the cheeks to the anterior extremity,
and are normal in their direction.

Glabella sub-clavate or elongate sub-pentagonal, extending to the frontal
margin. Length and width nearly equal. Longitudinal furrows deep.
Anterior lobe suh-rhomboidal, wider than long. Surface gently and evenly
convex, sloping somewhat more rapidly anteriorly than laterally. First
lateral furrows oblique and extending nearly across the g¢labella, second and
third furrows transverse and short. First and second lateral lobes short and
elevated, third lobes narrow and annular. The axial portion of the glabella
behind the anterior lobe is rounded and depressed. Occipital furrow narrow
and moderately deep, becoming more conspicuous upon the cheeks; occipital
ring broad and elevated upon the axis, being very narrow upon the cheeks
close to the axial furrows, but rapidly widening toward the genal extremities.

Cheeks moderately broad, flattened and strongly sulcate about the base of
the eyes; abruptly deflected laterally.

Eyes prominert, elevated above any other portion of the head. Visual
surface broad, lunate ; lenses’numerous. Palpebrum not prominent; palpehral
lobe very depressed.

TuorAX sub-quadrate, somewhat wider than long. Surface depressed-convex,

deflected at the sides.

Axis narrow anteriorly, widening to the sixth segment, thence backward
rounding and tapering rapidly to the pygidium. The segments are broad
and flat or gently convex, with an anterior curve over the axial line.

Pleure moderately broad, flat along the axial furrows for more than one-
half their width, thence deflected more or less abruptly. Each annulation is
conspicuously sulcate, the anterior limb being as broad at the fulerum as
the posterior limb at its widest point.

Pyeroron.  General outline sub-triangular or sub-semielliptical. ~ Surface

depressed above, lateral slopes more or lesx abrupt. Border narrow : post-

axial area flat, bending slightly upward and bearing two slender divergent
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spines, giving the crescentic caudal extremity from which the specific name
is derived.

Azis relatively narrow, having less than one-fourth the width of the shield
on the anterior margin; margins approximating with a slight inward curve
to the apex which is broad, smooth, somewhat elevated, and distant from
the posterior margin. Annulations from nine to eleven with indications of
others on the terminal portion, visible only on casts of the under surface

Pleur@ composed of eight flattened annulations and traces of a ninth, which
are abruptly bent backward near the margin. When the crust is well-pre-
served the surface of each annulation bears a fine impressed line extending

its whole length.

Hyrostoma elongate-sub-triangular or sub-linguiform. Anterior margin arcuate,
antero-lateral angles auriculate. Centrum moderately convex, bearing
posteriorly two pits connected by a faint groove, and separated from the
posterior lingua by a conspicuous sulcus. The posterior margin appears to
be smooth, but probably bears normally, one, three or five spinules. Lateral

margins abruptly deflected dorsally.

Surface Ornamentation. The surface of the glabella, cheeks, margin and mar-
ginal denticulations is covered with faint obsolescent tuberculations. The
entire test is very strongly punctate and the openings of the vertical tubules
are visible everywhere upon the upper surface as well as upon casts of the

under surface.

Dimensions. Fragments of this species show a wide variation in size.
Entire individuals are however of comparatively rare occurrence, and of

these one of average size measures as follows:

Body. Cephalon. Thorax. Pygidium.
Length______________ 80 mm. 24 mm. 36 mm. 20 mm.
Width - _____________ 46 mm. 46 mm. 44 mm. 37 mm.

The largest entire individual observed has a length of 95 mm., and the

smallest a length of 50 mm.
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Observations. This species was originally described by Professor Amos Katon,
from a caudal shield bearing elongate, divergent spines, giving the posterior
margin a crescentiform outline; and at the time of publication this was the
only part of the animal known. The original of Culymene? odoniocephala, Green,
was a detached head, and was regarded as a distinct species until Mr. Conrad,
in 1840, described an entire individual from the limestone at Auburn, Cayuga
county, under the name of Odontocephalus selenurus (loc. cit.). The species is
abundant in many outcrops of the Corniferous limestone, and appears to be
restricted to this formation. Entire individuals are, however, seldom met
with unless in an enrolled condition. Although very closely allied in general
features and in many détails, with the associated species here referred to the
same sub-generic group, Dalmanites selenurus is distinguished by the follow-
ing persistent features: (a) the denticulations on the frontal margin number
nine; (b) the extremities of the cheeks are obtuse or produced into minute
spines; (c) the caudal spines are long, slender, divergent and bent ubward,
with their bases distant; (d) the number of pleural annulations on the pygidium
is eight, with indications of a ninth. The peculiar frontal ornamentation in
the species of Odonfocephalus appears to have had its inception in the marginal
crenulations or thickenings on the frontal limb of Dalmanites pleuroptyz of the
Lower Helderberg, a feature reproduced in the species D. anchiops of the Scho-
harie grit. In both these species the crenulations are longest and most con-
spicuous in front and disappear opposite the lateral extremities of the anterior
lobe of the glabella. In like manner, in the sub-genus CorvcepHALUS, the
Lower Helderberg species D. dentatus seems to be the forerunner of D. regalis
of the Schoharie grit, and D. pygmeus of the Corniferous limestone, in all of
which the dentate ornamentation extends around the entire cephalic margin.

Distribution. Upper Helderberg group. Corniferous limestone: Marbletown,
Ulster county; near Clarksville, Albany county; Schoharie, Schoharie county ;
Eastman’s and other quarries, Waterville, Oneida county ; Cherry Valley, Otsego
county; Manlius, Onondaga county; Auburn, Cayuga county; Canandaigua,

Clifton Springs and Phelps, Ontario county; Lime Rock, near LeRoy, Genesee
county ; Clarence, Erie county.
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Datyanires (ODONTOCEPHALUS) BIFIDUS.
PLATIE XI B, FIGS, 22-25.

Dalmania bifida, HAaLL. Descr. New Species of Fossils, ete., p. 63. 1861,

Dalmania bifide, Havn., Fifteenth Rept. N. Y. State ('ab. Nat. Hist., p. 91. 1862,

Compare Dalmaniies (Odontocephalus) Hgeria, HALL 2, Muik and WorTHEN. Geology of Illinois, vol. iii,
p. 417, pl. x, fig. 4 a, L, ¢.  1868.

THE pYeipIUM only of this species is known, and while presenting in general
features a similarity with that of Dalmanites selenurus it is characterized by the
following persistent points of difference, viz.: (a) the axis bears eight annula-
tions; (b) the pleurse show seven annulations with indications of an eighth;
(c) the caudal extremity is narrow and considerably produced, making the post-
axial area very conspicuous; (d) the caudal spines are close together, short,
stout and parallel. The Dalmanites Aigeria? of Meek and Worthen (loc. cit.)
appears to be more closely allied in the character of the terminal spines of the
pygidium, to D. bifidus. The cephalon which is referred by these authors to
the same species as the pygidia, is represented in their figure as having a frontal
border with a row of elongate perforations which do not extend to the margin.
If this character of the specimen is accurately shown, there can be no doubt
that this form is widely different from any species of Odonfocephalus known from
formations in the State of New York.

Distribution. Upper Helderberg group. Corniferous limestone: Phelps,
Ontario county ; Lime Rock, Genesee county ; Columbus, Ohio.

DarLmaniTEs (OpoNTOCEPHALUS) AUGERIA.
PLATE XI B, FIGS. 1-11.

Dalmania Ageria, HaLL. Descr. New Species of Fossils, ete., p. 57. 1861.
Dalmania /Fgeria, HaLL. Fifteenth Rept. N. Y. State Cab. Nat. Hist.,, p 85. 1862.
Dalmanites Ageria, HarL. Illustrations of Devonian Fossils, pl. xii, figs. 3-6, 8-11. 1876,

Tuis species in its general features and broader details is so closely similar to
D. selenurus, that the description of that species will serve for this one except
in the following particulars: in D. Zgeria (a) the body is rather more slender,
tapering more rapidly backward; (b) the frontal denticulations are eleven in
number, one central and five on either side, the terminal ones standing oppoxsite
the lateral extremities of the frontal lobe of the glabella; (c) the genal angles are
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produced into slender spines which extend as far as the fourth or fifth thoracic seg-
ment; (1) the axis of the pygidium bears ten distinct annulations, and upon the
cast of the under surface indications of five more; (e) the pleurse of the
pygidium each bear ten annulations, the last of which is often indistinct ;
(f) the caudal extremity is furnished with two short, obtuse, depressed, sub-
spiniform processes; (g) the surface of the pygidium, in well-preserved
examples, bears a double axial row of tubercles, with a fainter row on
either side, and scattered tubercles of the same strength over the pleurs.
These characters appear to be persistent and indicate a well-defined specific
variation from the type of Dalmanites selenurus.

Distribution. The range of this species appears to be restricted to the out-
crops of the Upper Helderberg limestone in the western counties of the State,
where D. selenurus is apparently of rare occurrence, viz., Schultz’s Farm, near

Clarence, and Williamsville, Erie county.

Darmanites (ODONTOCEPHALUS ?) CORONATUS.
PLATE XI B, FIGS. 12-14.

Dalmania coronate, Hatn, Descr. New Species of Fossils, ete., p. 58. 1861.
Dalmania coronata, Harn. TFifteenth Rept. N. Y. State Cab. Nat. Hist., p. 86. 1862.
Dalmanites coronatus, Harn, Illustrations of Devonian Fossils, pl. xii, fig. 17. 1876.

A siNgLE example of this species has been observed, and this consists of the
pygidium and a portion of the thorax, both of which are closely similar to the
corresponding parts in Dalmanites selenurus, the pygidia of the two species having
the same number of axial and pleural annulations. The single specimen how-
ever has a caudal extremity free of spines but broadly emarginate, evenly
rounded and bent slightly upward. There 1s no evidence that spines have ever
existed and have been accidentally lost during the life of the animal, but the
posterior margin appears to have been preserved in a normal condition. If
this varietal feature prove, upon more complete knowledge, to be accompanied
by a variation in the details of the head from that of D. selenurus, the species
will afford an interesting initial form for the differences exhibited in the caudal
spines of the several species of the sub-genus Odonfocephalus.

Distribution. Upper Helderberg group. Corniferous limestone: near Auburn,
Cayuga county.
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CORYCEPHALUS, . s.-a

DaryaniTeEs (CORYCEPHALUS) REGALIS.
PLATE XI, FIGS. 1-4.

Dalmanites regalis, Harr. Illustrations of Devonian Fossils, pl. xi. 1876,

CepuaLON large, outline lunate or semi-ovate; length (axial) to width as 1 to 2.
Border narrow and vertical in front, becoming broader on the sides, and
produced at the genal angles into long incurving spines, which equal in
length the axial length of the shield. The margin is ornamented by a
series of quadrate denticulate processes, which are short in front of the
glabella, but become broader and longer on the sides. These processes
are somewhat constricted toward their bases, hollow and sub-cylindrical in
front, flattened at the sides. On the anterior margin they slope outward
with about the same inclination as the frontal area, but at the sides thcey
stand almost at right angles with the nearly vertical genal area. Nineteen
of these processes are visible upon one-half of the most perfect example, a
portion of those on the other half being broken away; this would make
thirty-eight around the entire margin of the head.

Facial Sutures apparently normal, lying in deep sulci in their course over
the cheeks.

Glabella sub-hexagonal; surface convex in front, depressed behind; widest
across the tips of the first pair of lobes; length and width about equal.
Anterior lobe large, sub-pentagonal, transverse on the anterior margin ; lateral
margins short and nearly parallel to the axis; postero-lateral margins rapidly
approximating. Surface convex, sloping almost vertically to the anterior
margin, more gently to the sides, and 1s nearly horizontal posteriorly. The
first lateral furrows are broad and shallow, inclined backward; the first
lateral lobes are elevated and nearly transverse; the second lateral fur-
rows are distinctly impressed at their inner extremities, becoming obsoles-
cent outward, giving the first and second lobes the appearance of coalexcing

for the outer one-third of their length ; third lateral furrows narrow and
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deep; third lateral lobes well-defined, transverse. Occipital furrow narrow,
becoming wide and deep upon the cheeks; occipital ring very wide upon
the axial line, but narrowing to the axial furrows and upon the cheeks.
Cheeks elevated, very convex and protuberant at the sides, constricted at
their bases by the broad marginal sulcus; posterior slope abrupt. The
summit about the base of the eye is grooved by a deep orbital sulcus.
Eyes lunate, elevated, moderately large; palpebrum depressed; lenses

abundant.

TaorRAX and Pysipium unknown.

Surface covered with conspicuous, often sharp, spiniform tubercles, of
which the strongest appear to be one in each angle of the occipital ring and
marginal sulcus, and a single row about the bases of the marginal denticula-
tions. Upon these processes the ornamentation consists of fine granules.

Dimensions. The more perfect example of the cephalon has an axial length
of 45 mm.; a length to the extremity of the cheek spines of 92 mm., and
a width of 88 mm.

Observations. All that i1s known of this remarkable species is from the two

somewhat fragmentary cephala which were collected in the year 1832. One

of these 1s a cast of the dorsal surface and the other preserves nearly the

whole of the crust. In the peculiar denticulate character of the border, distinet

from that in the sub-genus Odonfocephalus, the species finds an ally in the

minute Dalmanites pygmeus of the Corniferous limestone.

Distribution. Upper Helderberg group. Schoharie grit, in the town of Knox,

Albany county.

DaLMaNiTES (CORYCEPHALUS) PYGMAUS, n. Sp.

PLATE XI, FIGS. 5-8.

CEPHALON minute, outline sub-semicircular or sub-elliptical. Surface convex,

abruptly depressed at the sides. Margin narrow, thickened and produced
at the genal angles into long slender spines which curve inward toward the
extremity.
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The facial sutures take their origin at points on the margins nearly one-
half the distance from the genal angle to the anterior border, and follow a
direction normal for the genus.

Glabelle convex, scarcely elevated along the axial line. Width on the
frontal lobe about one-third that of the cephalon, rapidly diminishing to the
occipital ring. Frontal lobe transverse, sub-rhomboidal; first glabellar fur-
rows extending backward, each somewhat less in length than one-third the
width of the glabella; second and third furrows transverse, short, not encroach-
ing upon the mesial elevation of the glabella; first pair of glabellar lobes
sub-triangular, second and third pairs smaller, sub-quadrate. Occipital furrow
shallow, widening on the cheeks, and uniting at the genal angles with the
marginal sulcus. Occipital ring conspicuous.

Cheeks depressed at the margin, elevated toward the ocular lobes.

FElyes anterior, elevated and relatively large.

Surface finely pustulose except upon the border and occipital ring.
The lateral margins and genal spines bear a series of denticulations or short
spinules, which, in one specimen, appear to exist also upon the anterior
border. The occipital ring bears a strong central tubercle.

Dimensions. 'The two specimens of this species which have been observed
have about the same size, namely :

Length - _ ... 1.7 mm
Length to apex of spines_ ____ .. ________________.____. 3 mm
Width_ _ .. 2.5 mm

Observations. This little species bears a striking resemblance in its propor-
tions and outline, incurved cheek spines and denticulated border to Dalmanites
regalis of the Schoharie grit; in the former, however, the eyes are placed
further forward, the glabellar lobes are relatively much smaller and the marginal
denticulations narrower and pointed. The minute size of the specimens may
indicate that they are the young of some species of whose mature form we are
still ignorant, but as the only examples yet seen have the same size, it is
probable they are of mature growth.



58 PALZONTOLOGY OF NEW YORK,

Distribution. Upper Helderberg group. Corniferous limestone; in the decom-

posed chert boulders, Canandaigua, Ontario county.

DarLmaniTEs (CORYCEPHALUS) DENTATUS.
PLATE XI A, FIGS. 4-6.
Dalbnanites dentata, BARRETT. Amer. Jour. Science, vol. xi, 3d Ser., p. 200, plate. 1876,
Dalmanites dentata, Barrerr. Amer. Jour. Science, vol. xii, 3d Ser.. p. 70. 1876.

Tuis interesting Lower Helderberg species is the earliest known form of Dal-
manites which presents a development of the ornamentation of the frontal border
of the cephalon, a feature which becomes so characteristic of many species of
this genus in the Upper Helderberg. This ornamentation consists of a single
row of acute denticulations, about thirty-five in number, decreasing in size
toward the genal extremities, and in their shape indicating the inception of the
broader, incisor-like processes of -Dalmanites regalis, D. pygmeus and the group
represented by D. selenurus. In other respects however Dalmanites dentatus
retains the distinctive characters of the Silurian representatives of this genus,
that is, forms following the type of Dalmanites Hausmanni, Brongniart, and in
respect to features, which are not of an ornamental character, is in harmony
with its assoclates in the Lower Helderberg formations, viz., D. nasutus, D. tridens,
D. pleuroptyz. The distinct lobation of the glabella, and the absence of any
tendency in the first and second lateral lobes to coalesce, the frontal glabellar
depression, the long, terete thoracic segments, and the narrow, triangular, cau-
date pygidium, are all features, which in their entirety, give a pre-Devonian
aspect to the species. With the opening of the Devonian age some or all of
these features appear with modifications o distinet as to require the recogni-
tion of sub-divisions in the genus. A notice of Dalmanites dentatus ix introduced
in this place for purposes of comparison with the Upper Helderberg species,
and on account of its frontal ornament is referred with D. regalis and D. PYygmeus
to the group, Corycephalus.

Distribution.  Lower Helderberg group. In the shaly limestone at Port Jer-
vis, Orange county ; Becraft’s Mountain, near Hudson, Columbia county.
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[s-a.] CHASMOPS, McCov. 1840.

DarmaniTes (CHASMOPS) ANCHIOPS.
PLATE IX, FIGS. 1-6, 10, 12,13; AND PLATE X, FIGS. 1-14.

Calymene anchiops, GREEN. Monog. Trilob. North Amer., p. 35. 1832,

Asaphus laticostatus, GREEN. Monog. Trilob. North Amer., p. 45. 1832.

Phacops anchiops, BurMEISTER. Organ. d. Trilob., p. 90. 1846.

Dalmania anchiops, HauL. Descr. New Species of Fossils, etc., p. 55. 1861.

Dalmania anchiops, Hair. TFifteenth Rept. N. Y. State Cab. Nat. Hist., p. 83. 1862.

Dalmanites anchiops, Harn. Illustrations of Devonian Fossils, pl. ix, figs. 1, 3-6, 10, 12, 13; pl. x, figs.
6-14. 1876.

GeNERAL ForMm Anxp Proporrions. Body sub-elliptical in outline, more or less
produced at the extremities.
Surface depressed-convex, distinctly trilobate; lateral margins deflected
and sub-parallel. Length (including caudal spine), to width as 2 to 1.

CepuALON relatively short, length about one-third the width ; outline crescentic,
slightly produced on the frontal margin. Surface evenly convex. Border
narrow anteriorly, bearing in front of the glabella five to seven low crenula-
tions or undulations, which become wider and thicker upon the cheeks, and
produced at the genal angles into stout and rapidly tapering spines, which
reach the third thoracic segment. Doublure wide and deep at the genal
angles, narrowing at the lateral margins, and extending into a relatively
narrow epistoma in front.

Facial Sutures normal.

Glabella elongate sub-pentagonal, widest anteriorly, depressed-convex ;
bounded on all sides by low sulci. Anterior lobe large, sub-rhomboidal ;
first pair of lateral furrows long, inclined backward; second pair obso-
lete, except at their proximal extremities, where they appear upon the
cast as two deep pits; third pair transverse or inclined slightly forward,
almost obsolete at their distal extremities; first and second glabellar lobes
coalescent, forming a single pair of large convex lobes, whose elevation
exceeds that of the frontal lobe; third glabellar lobes narrow, depressed and

relatively inconspicuous. Occipital furrow narrow on the axis, becoming
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broader and deeper on the cheeks, occipital ring prominent and bearing short
and sharp central spine; narrowing to the axial furrows, thence rapidly
widening to the genal spines.

Eyes lunate, large and elevated considerably above the summit of the
glabella, and closely appressed against its coalescent first and second lobes.
Visual surface with numerous corneal lenses, the single specimen (a young
individual) in which they may be enumerated, showing eighteen rows,
counting diagonally from the lower posterior margin, and one hundred and
ninety-two lenses. Palpebrum scarcely prominent; palpebral lobe depressed
and sloping abruptly to the narrow and elevated palpebral furrow.

Cheeks sloping abruptly from the ocular node to the thickened and some-
what flattened margin. A deep sinus, which is stronger in old individuals,
bounds the ocular node and flattens the subjacent portion of the cheek.

THORAX sub-rectangular, length to width as 4 to 5. Surface depressed-convex.

Azis relatively narrow, widest at about the fifth segment, thence regularly
tapering to the pygidium.

Pleure velatively broad, flat for about one-half their width and thence
rounded to the lateral margins.

Each segment has a slight forward curve along the axial line, being sulcate
on the pleursee and having the anterior limb abbreviated by the beveled
planes of articulation.

Pyeipium sub-triangular, depressed-convex or flattened. Posterior extremity

produced into a stout, upwardly curved spine, usually short, but sometimes
equaling the pygidium in length. Length, including the caudal spine, equal
to the width. _

Axis having less than one-third the width of the shield on the anterior
extremity, regularly tapering to an obtuse, broadly rounded termination, and
composed of from nine to fourteen broad, flat, transverse annulations.

Pleure broad and rounding more or less abruptly to the margins, bearing
eight or nine wide, flattened annulations, which become obsolete just within

the border. Wherever the crust is retained the annulations are seen to be
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faintly grooved near their distal extremities, but in the usual condition of
preservation as casts of the lower surface, the tendency to duplicature is not
often apparent. Doublure narrow on the sides, rapidly widening toward
the posterior spine, where it extends forward as far as the termination of the
axis. The caudal spine is not infrequently broken away from the margin of
the doublure, giving the caudal shield a semicircular outline.

Surface Ornamentation. The surface of the cephalon, within the border and
the occipital ring, ix covered by strong tubercles, which are closely disposed
over the cheeks and more scattered on the glabella. In old individuals these
tubercles extend to the margin, and the orbital ridge of the cheek becomes
covered with fine granulations. The surface of the thorax and pygidium is
smooth or finely granulose. Pygidia of young individuals show low nodes or
tubercles upon the pleurse, apparently arranged in three or four oblique rows
with indications of similar ornamentation upon the axis.

Dimensions. The only specimen observed which retains the parts in con-
junction affords the following dimensions, proper allowance being made for
the caudal spine which is lost. |

Body. Cephalon. Thorax. Pygidium,
Length _______..___. 103 mm. 25 mm. 40 mm. 38 mm.
Width _____ ________ 49 mm. 49 mm. 50 mm. 39 mm.

The smallest head-shield observed has a length of Y mm., and a width of
16 mm., and the largest, which can safely be referred to the normal form of
the species, a length of 39 mm., and a width of 70 mm. Pygidia vary in
size from a length and width of 15 mm., to a length and width of 110 mm.

Variations. Large cephalic shields associated with Dalmanites anchiops and
bearing all the essential specific features of the normal form, afford some
important varietal differences. One series of these variations has been
already described under the first of the following designations.
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DarmaniTES (CHASMOPS) ANCHIOPS, var. ARMATUS.
PLATE IX, FIGS. 7-9.
Phacops anchiops, HarL. Foster and Whitney’s Geol. Rept. Lake Superior, p. 124. 1851.
Dalmania anchiops, var. armata, HarL. Descr. New Species of Fossils, ete., p. 56. 1861.

Dalinania anchiops, var. armata, HarL. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 84. 1862.

Dalianites anchiops, var. armata, HauL, Illustrations of Devonian Fossils, pl. ix, figs. 2, 7, 8.  1876.

THE points of variation in these specimens may be thus summarized : (a) the
spine upon the occipital ring is very long, round and very stout toward the
base. Its length is sometimes quite equal to the length of the glabella, while
in the typical forms of the species the spine is not more than one-third or
one-fourth of that length; (b) the genal spines are inconspicuous or ohsolete ;
(¢) the surface, as shown in casts of the exterior, is free from tubercles or
other ornamentation; (d) the eyes appear to be less elevated and bear fewer
corneal lenses.

As the cephala of this character have not been found in conjunction with
the other parts of the animal, it is impossible to determine whether the thoraces
and pygidia belonging thereto, also varied from the type, since none of these
parts have been seen which show any variation from the normal form. The
largest cephalon observed has a length of 80 mm., and a width of 116 mim.,
indicating an animal upwards of 200 mm. in length when entire.

DALMANITES ANCHIOPS, var. SOBRINUS, 1. var.
PLATE IX, FIG. 11.

Dalmanites, n. sp.? Hatt. Illustrations of Devonian Fossils, pl. ix, fig. 11. 1876.

A SINGLE CEPHALON from the Schoharie grit has the general proportions of the
specles, but shows a variation from the foregoing in the following particulars,
viz.: (a) the glabella is much more convex, and projects slightly beyond the
frontal margin, (b) the genal angles appear to be without spines, (c) the
occipital ring bears no spine, (d) the facial suture, where it crosses the sum-
mit of the cheek, lies in a much deeper sulcus. The original is a cast of the

lower surface and is somewhat imperfect, but its features seem to be dis-
tinctly varietal.
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Observations. The Calymene macrophtalma of Brongniart (Crustacés Fossiles, p.
15, pl. 1, fig=. 4, 5. 1822) embraced much heterogeneous material, and included
a specimen which is now referred to Dalmanites anchiops. Two of the diverse
forms mentioned by Brongniart were {from unknown localities in America; one
of these was a plaster cast made from the specimen which subsequently served
as the type of Asaphus laticostatus of Green. Of the others, one form (fab. cit.,
fig. 5), is the Calymene macrophthalma of Murchison, Phacops Brongniartii of Port-
lock, and the Phacops lutifrons of Burmeister; the other is the Phacops macrophthal-
mus of Burmeister. The Asaphus Wetherelli, Green, which has been regarded
by Burmeister (Organiz. der Triloh., p. 90) as probably a young individual of
Phacops anchiops, was undoubtedly an imperfect specimen of Dalmanites limulurus,
Green, from the Niagara group.

Dalmanites anchiops and its varieties show a divergence from typical forms
of the genus Dalmaniles (D. Hausmanni, D. pleuroptyz, etc.), in the coalescence of
the first and second pairs of the glabellar lobes, a feature which places it under
the group Chasmops of McCoy. In the typical species of "Chasmops (Phacops)
conicophthalmus, Sars and Boeck ; Phacops macrurus, Sjégren, these united lobes
are large, and upon the dorsal surface give no apparent evidence of the obso-
lescent second glabellar furrows. D. anchiops in its usual condition of preser-
vation as casts of the inner surface of the test, shows traces of these furrows,
but when the crust is retained, or upon casts of the dorsal surface they are
quite obsolete The small basal or third glabellar lobes are usually quite
distinctly separated from those in front, but occasionally show a tendency to
coalesce with the others and form a single lobe on each side. In some species
of Dalmanites (Phacops Lopatini, Schmidt, and Phacops Sibericus, Schmidt), this
coalescence is complete, and for such variations the sub-generic term Monorakos
has been recently proposed (Schmidt, Bull. de 'acad. imp de sciences de St.
Petersb., vol. xii, p. 417. 1886).

Distribution.  Dalmanites (Chasmops) anchiops: Oriskany sandstone, Walpole,
Province of Ontario, in association with Phacops cristata, var. pipa, Streplorhynchus
(Orthis) hipparionyz, Spirifera arrecta, Rensseleria ovoides. Upper Helderberg
group. Abundant in the Schoharie grit, in the town of Knox and vicinity



64 PALZONTOLOGY OF NEW YORK.

of Clarksville, Albany county; and at Schoharie, Schoharie county. In the
Corniferous limestone, on Schultz’s Farm, near Clarence, Erie county; Port
Colborne, Province of Ontario; Falls of the Ohio. Dalmanites (Chasmops)
anchiops, varieties armatus and sobrinus: Schoharie grit, Albany and Schoharie
counties. The variety armatus has also been found in the Upper Helderberg

limestones at Arched Rock, Mackinac, Michigan.

Datmanites (Cmasmops) CALYPSO.
PLATE XI A, FIGS. 19-22.

Dalmania Colypso, HatL. Deserip. New Species of Fossils, etc., p. 61. 1861.
Dalmania Calypso, Hart. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 89. 1862.
Dalmanites Calypso, Hart. Illustrations of Devonian Fossils, pl. xiii, figs. 1, 2. 1876.
GenerAL ForMm axp Proporrions. Outline elongate-elliptical, posteriorly sub-
acuminate ; length to width as 2 to 1.

Surface convex, axially elevated, sub-equally trilobate.

CeruaLoN. Outline sub-semi-circular, length to width as 1 to 2. Border thin,
moderately broad, flattened on the anterior limb, depressed at the sides, and
produced at the genal angles into conspicuous spines. Surface convex,
somewhat flattened axially.

Facial Sutures taking their origin on the lateral margins just in front of the
genal spines, thence following a direction normal for this genus. Upon the
free cheeks they lie in a broad, conspicuous sulcus, which unites with the
sulcus at the base of the eye and becomes obsolete upon the margin.

Glabella elongate-sub-pentagonal, widest anteriorly; length and width
equal. Surface gently rounded, depressed above. Anterior or frontal lobe
large, transversely sub-elliptical or sub-rhomboidal; first pair of lateral
furrows strong, inclined posteriorly and passing three-fourths the distance
across the glabella; first and second glabellar lobes coalescing, reniform, ele-
vated at their outer margins; second lateral furrows obsolete except at their
proximal extremities, where they are represented by two deep depressions
or pits; third glabellar lobes inconspicuous, transverse and separated from
the coalesced first and second lobes by the faint third pair of lateral furrows.
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The axial portion of the glabella between the lateral lobes is somewhat ele-
vated, terminating in a narrow annulation formed by the coalescence of this
part with the third pair of lobes. Occipital furrow narrow ; occipital ring
broad and strongly arched.

Cheeks grooved and slightly flattened beneath the orbital ridge, falling
away thence somewhat abruptly to the margins. The regular convexity of
their surface is interrupted only by the sutural grooves.

Elyes large, closely appressed to the glabella, and more elevated than any
other portion of the cephalon. Visual surface lunate, lenses abundant. Pal-
pebrum crescentic, narrow; palpebral lobe sloping rapidly from the coalesced
first and second lobes of the glabella, from which it is separated by a sharp
furrow.

Trorax. Outline sub-quadrate, lateral margins slowly approximating. Length
and width equal. Surface conspicuously and sub-equally trilobate.

Axzis strongly arched, relatively narrow on the anterior margin, widening
to the fourth or fifth segment, thence narrowing to the pygidium ; segments
transverse, or with a slight double curve, posteriorly near the margins and
anteriorly over the axial line.

Pleure flattened above for one-half their width, and abruptly deflected at
the sides. Each segment is strongly elevated near the axial furrow, and con-
spicuously sulcate, the anterior limb, at the fulecrum or line of geniculation,
being as broad as the posterior limb. The former becomes obsolete upon the
lateral slope where the planes of articulation are broad.

Pyemium.  Outline sub-triangular, sub-equilateral ; width slightly greater than
the length. Surface convex anteriorly, angulated on the axial line, and on
the posterior portion sloping abruptly from this line to the margins.

Azis arched, equal in width to one-fourth the width of the shield, sides
appressed and sharply angulated upon the median line; evenly tapering to a
termination, beyond which an angulated ridge is continued to the margin;
bearing twelve annulations which are low, somewhat flattened and trans-

verse, each one with a short, laterally compressed spine or spiniform node.
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The pleur@ are moderately broad and bear eleven or twelve low and flat
annulations, which are grooved by fine impressed lines, and become obsolete

upon the wide and slightly thickened border.

Hyrostoma. Elongate, sub-triangular; width on the anterior margin equal
to the length. Antero-lateral angles broadly auriculate; lateral margins
incurved and rapidly approximating. The posterior margin apparently bears
five minute spines, one situated medially, and two on either side, but the only
specimen observed is somewhat broken at this part, and 1ts character cannot
be satisfactorily determined. Margins thickened and sharply deflected.
Centrum low, depressed-convex. Posterior sulcus conspicuous; postero-

lateral pits moderately strong and elongate.

Surface Ornamentation. -The glabella is covered with moderately strong
and evenly disposed tubercles which become ohscure or obsolete upon the
cheeks and margin. The frontal lobe of the glabella bears a circular pit on
the axial line just back of its centre. The segments of the thorax appear
faintly pustulose upon the axis; otherwise the surface is smooth or minutely

granulose.

Dimensions. The single entire individual known measures as follows.

Body. Cephalon. Thorax. Pygidium. Hypostoma.
Length _______ 80mm. 23 mm. 32mm. 25 mm. 18 mm.
Width ________ 44 mm. 44 mm. 41 mm. 30 mm. 18 mm.

Observations. 'The pygidium of Dalmanites Calypso shows strong points of
similarity with that of D. Frina. They differ, however, in these respects: (a)
the type of D. Erina is faintly nodose along the axial line, but not angulate or
spinose, (b) the shield is more depressed, (¢) the outline is a broader curve, and
(d) the border wider and usually somewhat unsymmetrical. It may eventually
become necessary, with a more complete knowledge of the latter species, to
unite the two under one designation, but with our present material is scems
desirable to retain the species tentatively as distinet.

Distribution.  Upper Helderherg group.  Corniferous limestone: Sandusky.

Ohio; Falls of the Ohio, Ky.; Schoharie, N. Y.
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Darmanites (Crasmors?) EriNa.
PLATE XI A, FIGS. 16-18.

Dalmania Erina, HALL. Descr. New Species of Fossils, ete., p. 62, 1861.
Dalmania Erina, HaiL. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 90. 1862.
Dalmanites Erina, Haun. Illustrations of Devonian Fossils, pl. xiii, figs. 3, 4. 1876.

THE pyeipiuM of this species only has been observed. Its outline is paraboloid.
Surface depressed-convex.

Axis less in width than one-third the width of the shield, elevated or.sub-
angular along the median line, evenly tapering to a termination just within
the margin; bearing twelve to fourteen transverse or retrally curved annu-
lations which are thickened or sub-nodose on the axial line.

Pleure depressed in an even curve to the margins; composed of eleven or
twelve broad, low annulations, separated by narrow sulei and becoming obso-
lete upon the broad border. Each annulation is grooved by a fine impressed
line. In casts of the lower surface the lines upon the annulations, the
sulci between them and the nodes upon the axial line appear much stronger
than upon the test. Border broad, thickened, sometimes widening irregu-
larly toward the posterior extremity. From the termination of the axis a
low but sharply angled ridge extends to the posterior margin. Surface
minutely granulose, the granulations being more conspicuous upon the border.

The differences between this species and Dalmanites Calypso are pointed out

in the description of the latter species.

Dimensions. An average specimen measures 18 mm. in length and 28 mm.
in width ; the largest specimen observed attaining a length of 31 mm., and
a width of 40 mm.

Distribution. Upper Helderberg group.- Corniferous limestone: Eastman’s
quarry, Waterville, Oneida county; Canandaigua, Ontario county; LeRoy and
Stafford, Genesee county; Williamsville and Clarence, Erie county.
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DaLmaniTES (CHASMOPS) MACROPS.
PLATE XI B, FIGS. 14, 15.

Dalmanio maerops, HaLL. Descer. New Species of Fossils, ete., p. 59. 1861.
Dalmania macrops, HauL., TFifteenth Rept. N. Y. State Cal. Nat. Hist., p. 87. 1862.
—_— , . Tllustration of Devonian Fossils, pl. xiii, figs. 9, 10. 18786.

(Not mentioned in the explanation of the plate).

PorTION of the CEPHALON is the only part of this species known. It is lunate
in outline, border narrow and thin.

Glabella long, equaling four-fifths the length of the shield Frontal lobe
sub-rhomboidal, one-third wider than long; first pair of lateral furrows long,
inclined backward and nearly meeting ; second lateral furrows obsolete except
at their proximal extremities; third lateral furrows inconspicuous, inclined
a little forward. The first and second glabellar lobes are coalesced and some-
what more elevated than the highest point of the frontal lobe. The third
pair of lobes is inconspicuous and transverse. Occipital furrow narrow and
shallow ; occipital ring broad, rounded and strongly arched.

Eyes very large, elevated above any other portion of the cephalon.
Visual surface measuring 9 mm. in height, and bearing about 500 lenses.
Palpebrum scarcely prominent; palpebral lobe relatively small and closely
appressed to the compound middle lobe of the glabella. Orbital sulcus
distinct.

The Cheeks appear to have been relatively small and depressed or flattened
near the margin.

Surface finely pustulose upon the glabella, smooth or granulose upon the
cheeks and occipital ring.

The single specimen by which this species is represented has a length of
20 mm,, and a width of 38 mm., and presents about the characters which,
from comparison with the species Dalmanites Calypso, might be expected in
the cephalon of D. Erina. Whether the latter species, which is now known
only from its pygidia, should be united with D. macrops must be left to a
more complete knowledge of these fossils.

Distribution. Upper Helderberg group. Corniferous limestone : Schoharie.
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ANCIDASPIDA.

ACIDASPIS, MurcHisoN. 1839.

ACIDASPIS CALLICERA, n. SP.

PLATE XVI B, FIGS. 1-13.

GENERAL ForMm AnNDp OvurLiNE. Body ovate; anterior margin slightly transverse;
lateral margins evenly converging from the base of the cephalon.
Surface convex along the axis, depressed on the pleurse. Length to width
as 4 to 3.

CEPHALON transversely sub—recta.ngula,r, anterior and posterior margins sub-
parallel, lateral margins divergent at the genal angles. Width equal to
rather more than twice the length.

Facial Sutures beginning on the posterior margin, just within the genal
angles, passing inward and forward over the eye-lobes, thence forward, con-
verging slightly to the frontal margin.

Glabella sub-quadrate, frontal lobe elongate, convex, elevated, extending
from the frontal margin to the occipital furrow; sides parallel. Lateral lobes
in two pairs, pyriform, the posterior pair the larger, and both separated from
the frontal lobe by elevated furrows. The lateral lobes are included by a
ridge which extends from the anterior limb of the frontal lobe to the
eye and thence to the axial furrows. Occipital furrow narrow, becoming
rapidly obsolete upon the cheeks. Occipital ring broad, arched and bearing
a short central spine. |

Cheeks broad, slightly concave and sloping abruptly from the elevated eye-
lobes. Border moderately thickened and produced at the genal angles into
long, slightly incurved, diverging spines; above this the margin is fringed

with short spines which are reduced to mere denticulations in front.
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Eyes small, remarkably elevated. Visual surface lunate, sub-semi-cylindrical,

homo-corneal.

THORAX convex, arched upon the axis, depressed and flattened upon the pleurze.

Composed of nine segments.

Azis having less than one-third the width of the body; margins sub-
parallel.

Upon the pleura the elevated limb of each segment is produced into a long
marginal spine, sometimes equaling the width of the thorax. In front of
this spine, upon each segment, is a short, bifurcate marginal spine, which 1s

visible only when the posterior spine is broken away.

Pygmnium short, lunate. Anterior margin straight.

Axzis abruptly terminating just within the posterior margin in two nodes
or tubercles. In addition to the strong articulating ring, it bears a single
annulation which extends across the pleurs and is produced at the margin
into long spines. Anterior to this pair of spines are three pairs, of which
the first is shortest, and belongs to the articulating ring. There is also a
single pair on the terminal border, making in all ten marginal spines upon
the pygidium.

Pleure flat.

Surface ornamented with tubercles, which are crowded upon the lobes of
the glabella, and irregularly disposed upon the cheeks. The segments of
the thorax each bear a single row of strong tubercles, there being from two
to four longitudinal rows upon the axis, and two longitudinal rows upon the
pleurze. Upon the pygidium there are tubercles on the annulation, at the
bases of the marginal spines, and at the termination of the axis.

Dimensions. The smallest individual observed has approximately a length

of 10 mm., a width of 6.5 mm., and the largest a length of 21 mm. and a
width of 14 mm.

Observations. There is a similarity in the more general features between

this species and Acidaspis tuberculatus, Conrad, from the Lower Helderberg.
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They may, however, be distinguished by the strong occipital spine, the stouter
marginal spines, and the more depressed and broader glabella in the latter
species.

Distribution. Upper Helderberg g¢roup. Schoharie grit: Near Clarksville,
Albany county; Corniferous limestone: Camillus, Onondaga county; in the
decomposed chert boulders, Canandaigua, Ontario county; Cayuga, Province
of Ontario.

Acipaspis, sp.

PLATE XVI B, FIG. 14.

A siNGLE large pyeipium from the decomposed chert at Port Colborne,
Ontario, is shorter than in the foregoing species, the axis more arched, with
a very strong articulating ring and a single annulation which becomes obsolete
on the flat pleurse, but the bases of two stout marginal spines represent its
termination on the postero-lateral border. The rest of the margin appears to
be fringed with small, irregularly disposed spines and spinose tubercles. The
termination of the axis is less abrupt than in 4. callicera and without the char-

acteristic tubercles of that species. The specimen has a length of 9 mm., and
a width of 21 mm.

Acipaspis ROMINGERI, n. sp.

PLATE XVI B, FIGS. 15-18.

PyeIpiom comparatively large; surface very convex; anterior margin transverse.
Axis conspicuous, short, unsegmented, bullate ; outline circular; articulat-

ing ring broken away, the transverse furrow behind this ring being shallow
and narrow. The posterior portion of the axis is sub-spherical, shightly
constricted about the base and flanked on the antero-lateral margins by two
elongate nodes. The longitudinal furrows are conspicuous, being abruptly
depressed near their anterior terminations. Border broad, depressed about
the axis, flattened toward the margin, bearing twelve long spines. Of these,
ten are marginal, the third spine on either side being very much longer than
the others-and attaining a length equal to more than five times the length of
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the axis. The three pairs of lateral spines are curved regularly backward,
while the four posterior spines appear to have been straight, and but slightly
divergent. Within the margin, and just above the bases of the long third
pair of spines, was another pair which, judging from the diameter of the
broken base, must have had fully the length of the third pair. These spines
were inclined at an angle of nearly forty-five degrees to the surface of the
border. The actual length attained by all these spines is notindicated except
for the third pair; judging, however, from their broken sections it is evident
that they were of very considerable length. Across the posterior border the
bases of the spines are continued as low ridges to the edge of the axis.

Surface Ornamentation. The bulbiform termination of the axis is covered
with closely set pustules of uniform size. The anterior furrow and the
border are minutely granulose, and the surface of the spines is marked by
elevated, frequently interrupted striee, which converge at an acute angle on
the upper surface of the spine; towards the extremity of the spines these
lines become stronger and much rounded, giving the surface a coarsely

ridged appearance.

Dimensions. The single specimen observed has a width across the anterior
margin of 9 mm., a length of 8.5 mm. to the posterior margin, and of 83 mm.
axially, as far as the apex of the third pair of spines.

Observations.  This extravagant form of Acidaspis is the only member of the
genus as yet known in America from rocks younger than the Upper Helder-
berg limestone. The great length of the caudal spines is equaled by no other
known species of the genus and is approximated only by Acidaspis Dufresnoyi,
Barrande.*

Distribution. Hamilton group. Little Traverse Bay, Michigan.

* We are indebted to Dr. C. Rominger, of Ann Arbor, Michigan, for the discovery of this species, and
through his favor the specimen has been made accessible for study and description.
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LICHADA&.

LICHAS, Dauvax. 1826
[s.-¢] TERATASPIS, Ha.. 1863.

Licuas (TERATASPIS) GRANDIS.
PLATE XVII, FIGS. 1-6 ; PLATE XVIII, FIGS. 1,2; PLATE XIX, FIGS. 1-7.

Lichas grandis, HaLL, Descriptions New Species of Fossils, ete., p. 82. 1861.
Lichas grandis, HarL. TFifteenth Rept. N. Y. State (*ab. Nat. Hist., p. 110. 1862.
Lichas grandis, sub-genus? Terataspis, HALL. Sixteenth Rept. N. Y. State Cab. Nat. Hist., p. 223. 1863.
Lichas superbus, BiLLings. Canadian Naturalist and Geologist, vol. vii, No. 4, p. 239. 1575.
Acidaspis (Terataspis) grandis, Harr. Illustrations of Devonian Fossils, pls. xvii, xviii. 1876.
CePHALON very prominent in front, abruptly depressed behind ; length to width

between the eyes as  to 4; to greatest width as 6 to 7. Frontal border

broad, flat and sloping outward ; margin not thickened.

The facial sutures begin on the posterior margin a short distance outside
the axial furrows, and slope obliquely forward, curving abruptly and passing
thence directly inward to the eye; thence directed outward in a broad curve
to the anterior margin. '

Glabella sub-quadrate in general outline; anterior lobe ovoid or ellipsoid,
extremely prominent, tumid, evenly convex and strongly constricted about
the base; length equal to five-eighths the length of the glabella; length to
width as 6 to 6. Longitudinal furrows very broad and deep, merging at the
posterior margin of the frontal lobe, and forming a broad, median depression,
which narrows for a short distance and widens thence to the occipital ring.
The two lateral lobes are broad, directed posteriorly, and at the summit each
one is produced into a conspicuous compound spine, the inner branch of which
is the longer, reaching heyond the height of the anterior lobe, and projecting
over the occipital ring. These lateral lobes may be regarded as the coalesced
first and second pairs, the third pair being obsolete or indicated only by a
faint elevation of the crust near the occipital ring, crowned by a few strong
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tubercles. There appears to have been also a strong spine near the ocular
node just outside the lateral lobes. The occipital furrow is broad and
shallow over the axis, deeper along the abruptly sloping sides of the cheeks;
the occipital ring is very broad, depressed-convex, with a gentle anterior and
an abrupt posterior slope, and narrows rapidly towards the axial furrows;
on its posterior edge it bears a row of from six to eight strong clavate
tubercles.

Cheeks separated from the lateral lobes by a faint furrow, which leaves the
position of the eyes elevated, and gives to the fixed portions of the cheeks
an abrupt anterior and posterior slope. The free portion, as far as can be
judged from two fragments, was somewhat constricted or narrowed beyond
the terminations of the facial sutures, and its posterior margin carried a
series of more or less irregular, tubercled spines. The genal extremities
were acute and attenuate, and the anterior margin regular.

The surface of the cephalon is covered with coarse tubercles which are
largest on the posterior extremity of the anterior lobe, but are almost all
absent on the median depression behind this lobe, and are obsolete on the

constricting furrow about its base.

Trorax. The character of this part of the animal is known only from two

impressions, one of a segment of a small individual, the other the axial arch
of the segment of a large example. The segment shows a relatively wide
and strongly arched axis and narrow pleurae deflected at about the middle of
their length. The axial arch bears two strong, straight, divergent spines,
reaching a height equal to the width of the axis, and apparently directed

posteriorly.

Pycroium semi-circular in general outline, wider than long; strongly spinose on

the lateral and posterior margins; anterior margin nearly transverse.

Azis relatively wide, being about one-third as wide as the shield on
the anterior margin, and tapering rapidly to an elevated termination at a
point about half way across the pygidium. It bears two annulations, behind
which are situated a pair of conspicuous tubercles, and between this point
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and the apex of the axis are three linear, transverse furrows. The apex
appears to have borne a stmng, probably spiniform, tubercle.

The pleure bear three broad, lobe-like annulations, which become obsolete
before reaching the margin, and probably each one bears a conspicuous
tubercle at its summit. They are strongly sulcate, the anterior limb being
very narrow, and the posterior limb broad and inflated toward the margin.
The post-axial area is elevated above the margin, though depressed below
the pleurse and axis. The border is broad and bears a row of eight marginal
spines, one at the termination of each of the three annulations, and two
on the posterior limb. These spines are very long, increasing in length
posteriorly, incurved towards the tips, and covered on the upper surface and
the margins with narrow, acute spinules. The entire surface of the pygidium
was covered with strong pustules, the larger of which appear to have been
acute at the apex. A very small pygidium, which i1s referred with some
doubt to this species, bears narrow annulations which extend to the margin,
rendering the border obscure or obsolete. This feature may eventually
prove to be of specific importance. The pygidium is known only from
imperfect specimens, the most complete example showing nearly the entire
under surface of the shield and portions of several of the spines.

The type specimen of Lichas superbus, Billings, retains a large portion of
the pygidium, and as this occurs in juxtaposition with a cephalon of Lichas
grandis, little doubt can remain that the pygidia and cephala there described
belonged to the same species.

Dimensions. A very large fragment of a cephalon has the following dimen-
sions: length, 110 mm.; width between the eyes, 82 mm ; width along the
occipital ring to the termination of the facial suture, 120 mm. Fragments
of smaller individuals have also been found. A single small thoracic seg-
ment measures 51 mm. transversely, and the spines on its axis are 10 mm.
in length. A large pygidium has a length of 119 mm. to the apex of the
posterior spines, and probably had a width of 135 mm., to the tips of the
first lateral spines. The smallest pygidium observed is 18 mm in length.

That the individuals of this species sometimes reached colossal dimensions
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is shown by the size of some of the fragments of the head, for in the genus
Lichas the cephalon is usually very short in comparison with the length of
the thorax and pygidium. An appearance of considerable length in this
part is sometimes produced by a very protuberant and elevated glabella as
in Lichas celorhin and others; but it is found on a careful comparison of the
dimensions of the head, thorax and pygidium, in the rare instances of species
in which the parts have been preserved in juxtaposition (Lichas Bolfoni, L.
palmata, L. scabra, L. gibbus), that their proportional length is as 1 to 1.6 to 1
(not inclusive of spines); and upon this basis a restoration of Lichas grandis
from the very large fragment of a cephalon figured on plate xviii, indicates
that the entire length of the animal to the extremity of the tail-spines would
have been about 480 mm., or upwards of 19 inches. This estimate is in
harmony with the relative proportions of the cephalon and pygidium fur-
nished by the type specimen of Lichas superbus, Billings. In the descrip-
tion of L. superbus (Billings, loc. cit.), mention i1s made of a fragment of the
cephalon in which the frontal lobe has a length of three inches. This
would be one-third larger than the frontal lobe in the individual here
restored, and if the increase in the size of this part was accompanied by the
same relative increase in the length of the animal, this fragment belonged
to an individual probably not less than two feet in length, a size unequaled

by that of any other known trilobite.

Observations. The marked prominence of the anterior lobe and the some-

what suppressed lateral lobes of this species suggest a similarity to forms

of

the genus Acidaspis, and this feature, together with the striking spinose

character of the pygidium, led to the temporary reference of the species to

th
of

at genus in the Illustrations of Devonian Fossils (loc. cit.). The character
the subdivisions of the glabella appears, however, to be more in harmony

with those of Lickas, and similar in general features to thoxe of L. Eriopis,

L.

hyleus, L. gryps and L. dracon. The pygidium of Lichas, though usually

with but three pairs of spines, occasionally has four (L. Eriopis, L. ptyonurus),

while in Acidaspis the pygidium is very short, with two long postero-lateral

spines and a fringe of shorter spines, and is not subject to much variation.
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The type of Lichas superbus, Billings, is o specimen of average dimensions,
preserving both cephalon and pygidium, and agrees in every essential feature

with the type of Lichas grandis.

Distribution. Upper Helderberg group. Schoharie grit: Schoharie, Scho-
harie county; Thompson’s Lake, Knox and near Clarksville, Albany county.
Upper Helderberg limestone : Cayuga, Province of Ontario.

[s-¢.] CONOLICHAS, Dames. 1877.

Licuas (CONOLICHAS) HISPIDUS, n. Sp.
PLATE XIX A, FIGS. 14,17, 18.

Acidaspis (Terataspis) Eriopis, HAarL. Illustrations of Devonian Fossils, pl. xix, figs. 8, 9. 1876.

TuE pyeipiuM, which is the only portion of the animal observed, presents in
general proportions, a close similarity to pygidia referred to the species
Lichas Eriopis. The marginal spines in L. Aispidus are shorter and stouter,
the terminal spine or lobe quite small but distinct, and the axial node ele-
vated, but without a spine; the pleurse are covered with rows of coarse and
fine tubercles, without spines. In a single specimen the axis bears as many
as four transverse rows of tubercles, representing annulations. The type
specimen of this species is from the Schoharie grit, and in the Illustrations
of Devonian Fossils (loc. cit.), was provisionally referred to L. Eriopis. The
finding of pygidia in the Upper Helderberg limestone, similar in all the
above particulars, seems to establish this form as a distinct variation, which

may be tentatively accorded a specific value.

Dimensions. In two specimens the length is to the width as 9 to 16 mm.
and as 18 to 30 mm.

Distribution. Upper Helderberg group. Schoharie grit: near Clarksville,
Albany county; Corniferous limestone: LeRoy, Genesee county.
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Licuas (Conovricuas) Erioris.
PLATE XIX A, FIGS. 2-13, 15, 16.

Lichas armatus, HarL. Descr. New Species of Fossils, ete., p. 81. 1861

Lichas armatus, HaLr, Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 109. 1862.

Lichas Eriopis, HaiL. Sixteenth Rept. N. Y. State ('ab. Nat. Hist., p. 226. 1863.

Acidaspis (Terataspis) Eriopis, Hatr. Illustrations of Devonian Fossils, pl. xix, figs. 4-7, 10, 11. 1876.
Acidaspis ? (Terataspis) sp. ?, Harr. Illustrations of Devonian Fossils, pl. xix, fig. 12. 1876.

CrpHaLON one-half as long as wide; intra-sutural portion sub-quadrate.

Glabella as broad as long; frontal lobe elongate-pyriform, anterior half
convex, tumid and sloping abruptly to the frontal margin, slightly constricted
at one-half its length and abruptly depressed upon the posterior half to the
occipital furrow. The first and second pairs of lateral lobes are coalesced by
the obsolescence of the second pair of lateral furrows, forming a single pair
of strong, elevated, elongate lobes, reaching from the margin to the occipital
furrow, and most convex posteriorly. Third glabellar lobes obsolete. The
longitudinal furrow formed by the union of the first and third pair of trans-
verse furrows is broad and deep, the marginal and palpebral furrows less
conspicuous. Occipital furrow relatively narrow ; occipital ring broad, and
showing evidence of having borne two strong central spines.

Facial sutures normal.

Cheeks abruptly deflected beneath the orbital lobe to the occipital ring ; the
free portions slender, narrowing rapidly to the genal angles and thence pro-
duced into long incurving spines.

Eyes prominent, crescentic; palpebrum relatively large; palpebral lobe
inconspicuous.

TrorAX not observed.

Pyemia found in association with the head above described, and bearing the
following characters, are referred to this species: Outline nearly semicircular.
Axis having a width, on the anterior margin, equal to one-third the width of

the shield; convex, short, becoming rapidly obsolete beyond its most elevated
point. It bears in addition to the well-marked articulating ring, one low
annulation and traces of a second. Behind this is a strong, erect spine,
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slightly curved backward toward the apex, and in a single specimen, having
a length cqual to one-half the greatest width of the pygidium. The pleurz
bear three double annulations, the anterior limb of each being small, the
posterior broader and bearing on its most elevated portion a spine, similar in
length and curvature to that upon the axis. The post-axial area is covered
with scattered tubercles. Upon the margin, at the termination of each
annulation, is a short, slender spine, making six on the sides, with two on
the posterior limbus, and a very short inconspicuous lobe or spine at the
termination of the axis. |

Surface Ornamentation. Upon the cephalon the surface of the glabella is
covered with tubercles, which are fine and thickly set on the anterior
portion of the frontal lobe, scattered and stronger on its more elevated
portion, and a single pair near the summit of the posterior slope may have
been spiniform ; toward the occipital furrow the tubercles become scattered
and obsolete. The lateral lobes each bear a strong spiniform (?) tubercle
near their most elevated point. Upon the cheeks the tubercles become acute
and are arranged in rows parallel to the margins and the orbital node. The
surface of these tubercles, of the genal spines, and of the cheek itself,
between the spine-bases, is finely granulose. Upon the pygidium, besides
the strong spines already described, are fine tubercles arranged regularly on
the annulations and scattered without order over the post-axial area.

Dimensions. An average specimen measures :

Cephalon. Pygidium.

Length _.__________.. 19 mm. 13 mm.
Width___.___________ 19 mm. (between the eyes.) 19 mm.

A pygidium measuring 13 mm. in width bears a central spine 6.5 mm. long.

Observations. The cephalon of this species, in the contour and elevation of
the frontal and lateral lobes of the glabella, presents an agreement with the
forms of Lichas referred by Dames (Zeitsch. d. deutsch. geol. Gesellsch, vol.
xxix, p. 806. 1877), and Schmidt (Mem. de 'Acad. imp. d. Sciences d. St.
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Petersh., Tth Ser., vol. xxxiii, No. 1, p. 42. 1885), to the sub-genus Cono-
lichas, Dames, of which L. triconica, Dames, and L. Schmidti, Dames, are the
types. In all the species enumerated by these authors, the third pair of lateral
lobes is present in varying degrees of development. In L. Eriopis, however,
it appears to be obsolete or represented only by a pair of tubercles; but as the
general form of the head is the feature upon which the sub-genus is based, the
obsolescence of these lobes will not vitiate the reference of the species to this
group.

Distribution. Upper Helderberg group. Corniferous limestone : Schoharie,
Schoharie county ; in the boulders of decomposed chert, Canandaigua, Ontario

county.

In order to correct, and to a certain degree, to complete the original determi-
nations of the species of Lichas occurring in the Lower Helderberg formations,
a few observations are here introduced.

Licaas (CoNOLICHAS) PUSTULOSUS.

PLATE XIX, FIGS. 8, 10, 11.

Lichas pustulosus, HarL. Pal. N. Y., vol. iii, p. 366, pl. Ixxvii, figs. 9, 10; pl. Ixxviii, figs. 1-3. 1859.

Licuas (Conoricuas) Biassyr.?
PLATE XIX A, FIG. 1.

Lichas Bigsbyi, HaLt. Pal. N. Y., vol. iii, p. 364, pl. lxxvii, figs. 1-7 (8%); pl. Ixxviii, figs. 5, 6(). 1859.

Licaas (Conoricuas?), sp.?
PLATE XIX, FIG. 9.

Lichas pustulosus, Hart. Pal. N. Y., vol. iii, pl. Ixxviii,'fig. 7. 1859.

Recent careful investigations of the trilobitic layers of the shaly limestone in
the vicinity of Clarksville, Albany county, have shown that the cephala of Lichas
pustulosus are found in close association with pygidia quite distinet from those
originally ascribed to that species. These bear broad, sub-lanceolate, recurved
spines on the lateral margins in two pairs only; the posterior extremity
terminating in a single broadly rounded lobe. This form of pygidium, and
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the cephala which agree in all respects with the originals of Lichas pustulosus,
are the only parts of Lichas yet found at this locality. The pygidium represented
on plate Ixxviii, fig. 7, of the Third Volume of the Paleontology of New York,
upon more careful scrutiny and removal of adhering rock, proves not to
have the bilobed caudal margin as there illustrated, and its proper character is
shown on plate xix, fig. 9; the margin bearing three pairs of lateral lobes,
much narrower than in L. pustulosus, and terminating in a single, moderately
broad posterior lobe. The single specimen showing this form of pygidium
is from Schoharie, from which locality are also the large pygidia originally
referred to Lichas pustulosus.

The cephalic portions of Lichas Bigsbyi are known only from the Lower
Pentamerus limestone at localities in Schoharie county. It is impossible, how-
ever, to say which of the three different forms of pygidia represented on plate
xix, fig. 9, plate Ixxvii, fig. 8 (op. cit.), plate 1xxviii, figs. 4, 5 (op. cit.), and plate
Xix A, fig. 1, 1s to be referred to this species. These cephala are not of uncom-
mon occurrence, and by far the most abundant of the pygidia are those figured
on the last two plates cited, the other two forms occurring, so far as known,
only in single examples. It is therefore probable that the large pygidia bear-
ing three pairs of lateral spines and a pair of posterior spines belong to the
species Lichas Bigsbyi.

[s-e] HOPLOLICHAS, Dames. 1877.

Licaas (HopLoLiCHAS) HYLZEUS, n. sp.

PLATE XIX B, FIGS. 1, 2.

THE intra-sutural portion only of the cEpHALON has been observed. Outline
semi-elliptical ; surface strongly convex, tumid along the axial line, abruptly
deflected to the margins.

Glabella large, sub-pentagonal. Frontal lobe elongate-pyriform or clavate,
widest and most convex anteriorly, narrowing and becoming depressed
medially, and abruptly widening again at the occipital furrow. The second
pair of transverse furrows is obsolete, the first and second pairs of glabellar
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lobes being coalesced, and the first and third pairs of furrows uniting to form
a single pair of longitudinal furrows which extend in a broad curve from the
anterior margin to the occipital furrow. Third glabellar lobes obsolete.
Lateral lobes elongate, bounded on the sides by sigmoid curves, and sepa-
rated from the frontal lobe, the eye-lobe and the margin by furrows of equal
strength.

Facial Sutures normal. Eye-lobe slightly depressed. Fixed portions of the
cheeks short, abruptly deflected to the occipital furrow. Free portions of
the cheeks and the occipital ring not observed. Border narrow, thickened ;
marginal sulcus strong.

Surface evenly covered by fine closely crowded tubercles, which are
strongest upon the posterior portion of the frontal lobe; not, however,
becoming spiniform.

An mypostromMa found in association with this head is sub-quadrate in outline,

convex on the anterior margin, broadly emarginate behind, the postero-lateral
areas being broad and rounded. The centrum is small, sub-hemispherical,
distinctly defined in front and at the sides, merging behind into the elevated
median area. The longitudinal furrows are broad and deep and from these
two pairs of obscure, oblique sulci pass inward over the median area, leaving
between them a pair of inconspicuous nodes just behind the centrum. The
margins near the antero-lateral angles are strongly elevated. The surface
of the centrum is covered with fine tubercles.

Dimensions. The single cephalon observed measures 16 mm. in length and

25 mm. in width at the occipital furrow. The length of the hypostoma is 9
mm.; 1ts width 16 mm.

Observations. 'The sub-genus Hoplolichas, Dames, includes a series of Silurian

species (Lichas tricuspidatus, Beyrich ; L. proboscideus, Dames: L. conico-tuber-

culatus, Nieszkowski ; L. Plautini, Schmidt; L. longispina, Schmidt; L. furcifer,
Schmidt), with which this fossil agrees in the form and contour of the head,

especially of the frontal lobe. This lobe is more clavate, never so elevated or
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constricted at its base as in Conolichas. The third pair of lateral lobes which
1s usually present in typical species of Hoplolichas, is almost if not quite obso-
lete in L. hyleus, and the species bears the same relation to the Silurian forms
of Hoplolichas as L. Eriopis does to the Silurian species of Conolichas. (See
observations under the descriptioh of L. Eriopis.) |
Distribution. Upper Helderberg group. In the limestone, Province of Ontario.

[s-¢.] ARGES, Goupruss. 1839.

Licras (ARGES) CONTUSUS, n. sp.

PLATE XIX B, FIGS. 3-6.

CeprarLoN broadly semi-oval in outline. Surface sub-equally trilobate, evenly
convex., |

Glabella with an elongate frontal lobe, having a width equal to that of each
of the lateral lobes, and bounded by furrows which are parallel for three-
fourths their length, diverging near the frontal margin, thus greatly increas-
ing the width of the lobe upon the anterior border. First and second pair of
lateral lobes coalesced into a single pair of relatively short, obliquely pyri-
form lobes, terminating posteriorly sooner than the frontal lobe. The third
pair of lateral lobes are obsolete or represented only by tubercles in the
occipital furrow.

The fixed portion of the cheeks is convex behind the eye-nodes, and abruptly
deflected to the occipital furrow. Occipital furrow broad and deep upon
the axial line at the posterior termination of the frontal lobe, narrowing
upon the cheeks-and bending forward to very near the ocular node; occipital
ring axially convex, relatively narrow, making a marked anterior curve upon
the sides as it turns toward the presumably very narrow and slender free
cheeks. Frontal border narrow and thickened, with a strong marginal
sulcus. Surface covered with closely set and evenly distributed tubercles.

The remaining parts of the animal are unknown.

Dimensions. 'Two specimens of the intra-sutural portions of the cephalon
have a length of 7 mm., and a width of 11 mm.
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Observations. Lichas (Arges) contusus, in all known features bears a close simi-
larity to L. granulosus, F. Roemer (Verstein d. Harzgebirges, Beitr. 1ii, pl. xx,
fig. 9), and L. Haueri, Barrande (Syst. Sil.,, pl. xxviii, figs. 38-44), the former
from the Stringocephalen Kalk (middle-lower Devonian) and the latter from
Etage F of the Bohemian basin. These species are all representatives of the
sub-genus Arges, Goldfuss, which is characterized by the elongate, sub-rectangu-
lar and evenly arched frontal or mesial lobe; relatively short, coalesced first
and second lateral lobes; obsolete third lobes and convex fixed cheeks. The
type of Arges (A. armatus, Goldfs.) bears a pair of strong spines upon the glabella,
hut this appears to be a variable feature in this group.

Distribution. Upper Helderberg group. Corniferous limestone: Near Clarks-
ville, Albany county; Cherry Valley, Otsego county. In the boulders of decom-
posed chert, Canandaigua, Ontario county.

CERATOLICHAS, n.s.-c.

Licuas (CERATOLICHAS) GRYPS, 1. SP.
PLATE XIX B, FIGS. 7-13.

Acidaspis, n. sp.? Hatn. Illustrations of Devonian Fossils, pl. xix, fig. 1 (not figs. 2 and 3). 1876.

INTRA-SUTURAL portion of the cepHALON only known. Outline sub-semicircular,
slightly trilobate on the anterior margin. Surface convex, elevated, trilo-
bate. Margin narrow, slightly thickened.

Glabella large, embracing nearly the entire cephalon. Frontal lobe ellip-
soidal, convex or tumid, elevated behind, sloping abruptly to the sides and
posterior margin, and becoming obsolete at or just behind the center of the
shield. It bears at its summit two strong, diverging, recurved spines which
nearly equal the glabella in length. Longitudinal furrows sub-parallel,
diverging near the frontal margin. Lateral lobes depressed, becoming obso-
lete; the members of the first and second pairs have coalesced, and the third
pair can be detected only «s low, obsolescent nodes bearing a faint tubercle.
Near the outer edge of the lateral lohes, and just within the eye-lobes, are

slender, erect spines, usually represented only by their hroken bases. The
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anterior slope of’ the glabella is broad and nearly vertical, the occipital fur-
row narrow, and the occipital ring broad upon the axis, arched, and bearing
at its center two long, divergent spines which are curved downward and
slightly inward toward their tips. In the single specimen observed which

retains one spine apparently entire, its length is nearly equal to the length
of the cephalon.

Kye-lobes small, inconspicuous.

Surface bearing tubercles which are closely disposed over the frontal lobe,
but are scattered or obsolescent on the lateral lobes. On the posterior slope
of the frontal lobe these tubercles appear to be arranged in two longitudinal
rows of three or four each. The spines of the head shield are covered with
acute pustules and granules.

Dimensions. 'Two individuals afford the following measurements:

(a) (b)

Length ___ ... 13 mm. 6 mm.
Width between the eyes________ . ____._.___. 14 mm. 8 mm.
Height ____ ____ . _. 10 mm. 6 mm.
Length of occipital spine_.._._______._._.___ 13 mm.  _____.

Distribution. Upper Helderberg group. Corniferous limestone, Schoharie,
Schoharie county; in the decomposed chert boulders, Canandaigua, Ontario
county.

Licias (CERATOLICHAS) DRACON, n. Sp.
PLATE XIX B, FIGS. 14-17.

Acidaspis, n. sp.? Harn. Illustrations of Devonian Fossils, pl. xix, figs. 2, 3 (not fig. 1). 1876.

Two fragmentary CepHaLA which agree in general features with the preceding
species show some important variations, as follows: the frontal margin is more
transverse, the marginal sulcus broader, the frontal lobe slightly more elevated
and apparently bearing two pairs of strong spines on the posterior edge. Of
these two pairs, the stronger have their bases wide apart near the margin of
the lobe, and the other shorter pair is situated behind and within the former.
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Above both these pairs of spines are the bases of two or three strong tubercles,
which were probably spiniform. The principal pair of spines was evidently
more divergent than the single pair in Lichas gryps. The lateral lobes are
almost obsolete, each bearing a spine just. within the orbital node. The pos-
terior portion of the head-shield has not been observed.

Distribution. Upper Helderberg group. Corniferous limestone : Schoharie,
Schoharie county ; LeRoy, Genesee county.

[s.6.] DICRANOGMUS, Corpa. 1847.

Licuas (DicRANOGMUS) PTYONURUS, N. Sp.

PLATE XIX B, FIGS. 19-21.

CEpHALON sub-semicircular in outline. Surface depressed-convex, flattened above
and sloping gently in all directions to the margin; indistinctly trilobate.
Border narrow, slightly thickened and produced into short spines at the
genal angles.

Glabella large, sub-quadrate. Frontal lobe depressed, narrow, sub-rectan-
gular; its width less than one-third that of the glabella; not differentiated
from the lateral lobes on the anterior third of the shield; extending to the
occipital furrow and constricted just behind the middle by a transverse
depression, which is continuous with the second pair of lateral furrows.
First lateral furrows longitudinal, parallel, shallow and becoming obsolete
on the anterior one-third of the shield; second lateral furrows strong,
transverse, at right angles with the first pair, and extending to the palpebral
furrow with a slight forward curve; third lateral furrows beginning at the

| termination of the second pair, thence backward, parallel for a short distance -
and merging into the occipital furrow. First lateral lobes large, indistinctly
defined on the antero-lateral margins, and coalesced with the frontal lobe
anteriorly, forming a single conspicuous, semicircular subdivision, extending
for more than one-half the length of the head; second lateral lobes smaller,
sub-quadrate, and distinctly separated from the palpebral lobes by a sulcus;
third lateral lobes obsolete. Occipital furrow narrow, deeply impressed
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behind the ocular node, and widening toward the genal angles. Occipital
ring strongly arched over the very narrow axis.

Cheeks, as far as known from a single fragment, relatively broad, evenly
rounded upon the margin, and produced at the angles beyond the posterior
margin of the shield.

Thorax. A single detached segment has been observed, which is strongly
arched upon the axis and slopes rapidly upon the pleurz to the lateral
margins. It is very narrow and shows no articulating planes toward the
extremities.

Pyeipivy relatively large, flabellate, depressed-convex.

Azis less than one-third as wide as the shield upon the anterior margin,
strongly arched upon the first two annulations, becoming depressed poste-
riorly, tapering to an obtuse termination just below the center of the
pygidium and connected with the posterior margin by an elevated ridge.
It bears three distinct annulations and seven transverse rows of pustules.

The pleure are broad, flattened above, and somewhat abruptly deflected
near the margins ; bearing two distant, elevated, narrow annulations, each of
which terminates on the margin in a short spine directed posteriorly. There
1s no evidence of other annulations upon the pleurse, but the postero-lateral
margin bears two other pairs of spines, making in all eight spines in the
marginal fimbria. Border thickened, narrow upon the sides, becoming wider
at the posterior extremity.

Surface ornamented with pustules which, on the cephalon, are fine and
crowded upon the frontal portions and coarser toward the occipital ring.
Upon the thorax these pustules appear to be arranged in a single row for
each segment. The annulations of the pygidium each bear a single row,
and the postero-lateral area is covered with scattered tubercles and granules.

Dimensions. Average specimens afford the following measurements:

Cephalon. Pygidium.’

Length .. ______..._ .. 6 mm. 9 mm.
Width___ . ___________ 6 mm. (between the eyes.) 11 mm.
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Observations. The genus Dicranogmus was established by Corda (loc. cit.) for
a form of Lichas, in which the longitudinal furrows of the glabella become
obsolete before reaching the anterior margin. It is stated by Barrande (Syst.
Sil. du centre de la Bohéme, vol. i, pp. 43, 609), that the group was founded
upon a single very fragmentary specimen, and it has not been accorded recog-
nition by him for the reason that “le prolongement plus ou moins grand des
sillons de la glabelle est un caractére tres-variable dans divers types” (p. 609).
It is nevertheless true that very few species of the genus Lichas bear longitu-
dinal furrows which become anteriorly obsolete at so great a distance from the
frontal margin as in the species L. pustulatus, Corda, which served as the type
of Dicranogmus ; and it may be questioned whether in any species of Lichas,
except those following the type of Dicranogmus, the anterior longitudinal
furrows become obsolete before reaching the margin. No evidence of this fact
is shown in the species described by Barrande, Angelin, Dames and Schmidt,
and none is found in any other American species of Lichas. The species Lichas
gibbus, Angelin, Lichas simplex, Barrande ( == Dicranogmus pustulatus, Corda); and
Lichas ptyonurus have in common the characteristic obsolescence of the anterior
longitudinal furrows and serve to form a distinct subdivision of the genus.

Distribution.  Niagara group. Coralline limestone: Schoharie, Schoharie

county.
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PROETIDAE.

PROETUS, SteiNninger. 1831.

Proirus CONRADI.
PLATE XX, FIG. 9. PLATE XXI, IFIGS. 27, 23; AND PLATE XXII, FIG. 4.

Proétus Conradi, Harn. Desecr. New Species of Fossils, etec., p. 69. 1861.
Proétus Conradi, Havrrn. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 97. 1862,
Proétus Conradi, Hatn. Illustrations of Devonian Fossils, pl. xx, fig. 6 (not figs. 5, 8, 9). 1876.
Proétus marginalis, Havv, Illustrations of Devonian Fossils, pl. xxi, figs. 27, 28. 1876.

GeNERAL ForM axp Proporrions. Outline elliptical or sub-ovate; length to
width as 3 to 2.

Surface convex; depressed or flattened near the longitudinal furrows.

CepHALON semi-elliptical; length to width as 1 to 2. Border very broad, gently
convex toward its inner edge, sloping evenly outward and at the outer edge
faintly reflexed; at the genal extremities produced into short, stout spines,
extending as far as the fourth thoracic segment.

Facial Sutures normal, crossing the anterior border more directly than in
Proétus angustifrons.

Glabella short, slightly longer than wide ; sub-ovoid; tangent at its anterior
extremity to the inner margin of the border. Surface depressed-convex,
slightly flattened above. Casts of the lower surface show well-defined
basal lobes, and under favorable preservation the other glabellar lobes would
probably be apparent. Occipital furrow deep; occipital ring moderately
broad and elevated ; occipital lobes inconspicuous on the dorsal surface, but
quite large in the internal cast.

Cheeks narrow, broadly flattened about the eyes, and abruptly deflected to
the marginal sulcus. The most elevated portion of the cheeks lies in the
angle made by the marginal sulcus and occipital furrow.
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Iyes proportionally large, reaching anteriorly almost to the marginal sul-
cux. Orbital ridge well developed, its base lying lower than the surface of

the cheek. Visual surface elongate-lunate.

THorAX sub-quadrate, slightly wider than long.
Axis broadly arched, having somewhat more than one-third the width of
the body. Segments transverse, narrow, with vertical sides.
Pleure flattened near the longitudinal furrows for more than one-third

their width, rounding thence to the margin; conspicuously sulcate.

Pyeiorum sub-elliptical in outline, surface evenly sloping posteriorly ; length
slightly less than twice the width. Border broad, limited within by a low,
faint sulcus; convex toward its inner edge, sloping regularly outward, some-
times slightly concave.

Azis depressed-convex, relatively narrow, having less than one-third the
width of the shield on the anterior margin; tapering rapidly to a broad,
scarcely elevated extremity just within the marginal sulcus, behind which, in
the axial line, lies an obscure node-like elevation; composed of eight or ten
broad and flat annulations, which are depressed just within the marginal
furrows, and are gently recurved over the axial line.

Pleure moderately broad and evenly convex. Annulations very indistinct,
three or four of which and in rare instances a fifth may be counted on each
side. These are all sulcate, the anterior and posterior limbs of the annula-
tions having equal size. All the annulations become extinct at the marginal

sulcus.

Hyrostroma sub-spatulate, very convex, abruptly depressed and broadly auri-
culate on the antero-lateral margins. Anterior margin slightly reflexed;
posterior and postero-lateral margins narrow and flattened. Posterior sulcus

conspicuous. The centrum also bears a low sulcus on its posterior portion.

Surface, on its more elevated portions, marked by scattered ¢ranules, which
are most conspicuous upon the cephalon and the thoracic scements, but are
faint or obsolete upon the pygidium.
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Dimensions. Of this species but two individuals retaining the parts in
juxtaposition have been observed, although detached portions of the body
are not of uncommon occurrence. Both of the entire examples are more or
less enrolled, the better preserved specimen having approximately the fol-
lowing dimensions:

Body. Cephalon. Thorax. Pygidium.
Length _____ ______. 36 mn. 10 mm. 18 mm. 8 mm.
Width ________.___. 20 mm. 20 mm. 16 mm. 12 mm.

Observations.  Proétus Conradi is a well-defined species, approximating how-
ever some of its associates, but readily diagnosed by its short, ovoid glabella
and sloping pygidium, characters which are persistent and which serve te
distinguish it from its nearest ally, Pr. angustifrons.

Distribution. Upper Helderberg group: In the Schoharie grit at Schoharie,
Schoharie county, and near Clarksville, Albany county.

PROETUS ANGUSTIFRONS.
PLATI:J XX, FIGS. 1-5; AND PLATE XXII, FIGS. 1-3.

Proétus angustifrons, HatL. Descr. New Species of Fossils, ete., p. 70.  1861.
Proétus angustifrons, Haruu. TFifteenth Rept. N. Y. State Cab. Nat. Hist., p. 98. 1862.
Proitus angustifrons, Harr. Illustrations of Devonian Fossils, pl. xx., figs. 1-4, 7. 1876.

Our knowledge of this species is limited to portions of the cephalon and the
pygidium.

Tue CepHALON appears to have been semicircular in outline, with a broad
border slightly thickened near the marginal sulcus, and produced into short
spines at the angles of the cheeks.

The facial sutures are normal in their direction, crossing the frontal border
very obliquely.

Glabella elongate-sub-conate, tapering rapidly to a rounded, narrow ante-
rior extremity, tangent to, but not encroaching upon the frontal margin.
Length one-half greater than width. Surface depressed-convex, flattened
above. Traces of three pairs of lateral furrows are faintly visible upon



92

PALAZONTOLOGY OF NEW YORK.

the test of favorably preserved specimens, and more clearly seen upon casts
of the lower surface. Occipital furrow shallow and narrow ; occipital lobes
transverse, inconspicuous ; occipital ring broad and flat, becoming narrower
upon the cheeks, and bearing a central tubercle.

Cheeks depressed or broadly flattened on the summit beneath the orbital
ridge, thence rounding in all directions to the broad border.

Eyes moderately large, orbital ridge distinct; visual surface sub-crescentic.

Pyaipium sub-semi-elliptical, slightly emarginate behind. Surface convex.

Azis elevated, arched, longitudinal furrows deep; width on the anterior
margin about one-third the width of the shield ; annulations seven or eight,
slightly flattened and with a gentle retral curve over the axial line.

Pleure sloping evenly to the margin, and bearing five or six sulcate annu-

lations, which are separated by broad, shallow furrows, the anterior and

posterior limb being of about equal size. The annulations become extinct

at the broad, smooth, sloping border.

Surface of the test smooth, or covered with fine granules or obsolescent
tubercles. Upon the glabella, cheeks and frontal border the ornamentation
is faint; upon the pygidium it is more conspicuous. each pleural annulation
bearing two rows of sharp granules, one on each limb. The axis is covered

with scattered granules.

Dimensions. A fragment of the cephalon, consisting of the intra-sutural
portion, has a length of 11 mm., a width between the eyes of 7.5 mm. An
average pygidium measures 11 mm. in length, and 18 mm. in width.

Observations.  This species was erected upon detached fragments of cephala

and separate pygidia occurring in comparative abundance associated in the

Schoharie grit. In many features these parts are closely allied to those of

Proétus Conradi, also an abundant species and intimately associated with this.

The differences in the two forms are as follows: In Proétus angustifrons (a) the

glabella is longer, more rapidly tapering and less distinctly lobed ; (b) the

su

mmit of the cheeks i1s rounded and the lateral slopes less abrupt; (c) the
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pygidium is shorter, the axis being broader and more abruptly elevated, the
lateral slopes less evenly convex, the pleural annulations more distinct and
numerous, the posterior border emarginate. In Proétus Hesione the pygidium is
much longer and bears more annulations. '
Distribution. Upper Helderberg group. Schoharie grit: Near Clarksville,

Knox and elsewhere, Albany county; Schoharie, Schoharie county.

ProTus Hesione.
PLATE XX, FIGS. 15, 16.

Proétus Hesione, Ha1iL. Descr. New Npecies of Fossils, ete., p. 70. 1861,
Proétus Hesione, HaLL. Fifteenth Rept. N. Y. State Cab. Nat. Hist, p. 98. 1862.
Proétus Hesione, HaLL. Illustrations of Devonian Fossils, pl. xx, figs. 15, 16. 1876.
Pyeipium semi-elliptical, length to width as 2 to 3. Surface axially elevated,
depressed-convex on the sides.
Azis relatively narrower than in the associated species of this genus, having
a width slightly less than one-third the width of the shield on the anterior
margin; longitudinally arched, margins tapering slowly to a rounded, scarcely
elevated apex just within the posterior border; composed of ten or eleven
annulations which have a retral curve over the axial line. |
Pleure depressed near the longitudinal furrows, and sloping evenly to the
border; composed of eight annulations, each of which is distinctly sulcate for
its entire length, and all terminate abruptly at the marginal sulcus. Border
broad, evenly sloping, thickened on its inner edge and gently concave.

Surface ‘faintly pustulose, the pustules being arranged in rows upon the
annulations and scattered irregularly over the border. Length 15 mm.,
width 21 mm.

The single pygidium which has served as the type of this species, presents
characters so unlike those of the associated species that it will be readily
recognized as distinct. From Proétus angustifrons and P. Conraedi it differs in its
longer pygidium and more numerous annulations, and is in some respects allied
to P. planimarginatus, Meek, of the Upper Helderberg limestone of Sylvania, Ohio.
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The latter species has the same number of annulations on both axis and pleurze,
and the same general outline; its axis however is more slender, the axial annu-
lations transverse, and the border less conspicuous and more flattened.

Distribution. Upper Helderberg group. In the Schoharie grit, at Schoharie,
Schoharie county. |

Proirus, sp.?
PLATE XXII, FIGS. 5, 6.

A sineLE imperfect cephalon, and two pygidia from the Schoharie grit, differ-
ing from those of any species previously described from this horizon, indicate
the existence of at least one additional species of Proétus.

The Cephalon is semi-elliptical in outline, the ¢labella ovoid and very convex,
its anterior extremity tangent upon the frontal border, and the surface without
apparent traces of transverse furrows. The frontal border is very broad and
“sloping ; eyes relatively small, orbital ridge unusually conspicuous, beneath
which the surface of the cheek is grooved, somewhat flattened and thence
abruptly deflected to the marginal sulcus; its extremities were evidently pro-
duced into short spines. The occipital furrow is narrow and sharp; the occipital
ring broadly rounded. The specimen measures 12 mm. in length and 28 mm.
in width.

The Pygidia exist in the form of casts, and there is no evidence that they
belong to the species represented by the cephalon. They are much shorter
than in P. angustifrons or P. Conradi, show but six annulations upon the axis
and three or four upon the pleurz.

Distribution. Upper Helderberg group. Schoharie grit: The cephalon is
from Schoharie, Schoharie county; the pygidia from the towns of Knox and
Clarksville, Albany county.

PRrOETUS CURVIMARGINATUS, n. Sp.

PLATE XXII, FIGS. 13-19.

GeneEraL Form anp Proportions. Body ovate or sub-elliptical.
Surface sub-equally trilobate, convex along the axial line, strongly deflected
at the margins. Length to width as 2 to 1.
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Cernavon semi-elliptical in outline, slightly produced anteriorly : horder broad,
depressed by the wide marginal sulcus and strongly reflexed ; produced at
the genal angles into stout spines which extend as far as the fourth thoracic
segment. Length to width as 1 to 2.

Facial Sutures normal; points of intersection with the frontal margin
relatively distant.

Glabella sub-triangular or conate; convex, tumid anteriorly and elevated
along the median line; abruptly depressed toward the frontal border. Length
equal to five-sixths the length of the cephalon; width at the base more than
one-third the width of the same. Lateral glabellar furrows in four pairs;
first pair short, transverse, situated at one-third the length of the glabella
from the anterior extremity; second pair longer, inclined slightly backward ;
third pair still longer and with a greater posterior inclination; fourth pair
longest and deepest, each furrow curving to meet the occipital furrow at
one-third the distance across the base of the glabella; accessory furrows
conspicuous, oblique. The lobes of the glabella increase in size backward,
the fourth pair being large and obliquely sub-triangular. They are followed
behind by large, transverse, occipital lobes, which are distinctly circumsecribed
by the bifurcated occipital furrow. Occipital furrow shallow on the axis,
increasing in width and depth upon the cheeks; occipital ring broad, flat,
depressed below the glabella, and narrowing on the cheeks.

Cheeks convex about the orbital node, slightly flattened above, abruptly
depressed to the broad marginal sulcus and recurved upon the margin. The
marginal sulcus extends into the cheek-spines making them concave,

Eyes lunate, relatively small and very closely appressed to the glabella.
Palpebral sulcus shallow and elevated.

THORAX sub-rectangular, lateral margins gently converging posteriorly: sub-
equally trilobate.

Azis convex, prominent, widest at about the fourth segment, with margins

slightly rounding thence to the pygidium. Segments transverse, flat and
thin.
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Pleure flat for one-half their width, thence abruptly deflected to the lateral
margins. Each segment is grooved by a sharply impressed furrow which

becomes obsolete at the articulating plane.

Pycroronm semi-elliptical, sometimes a little produced at the posterior extremity.
Length to width as 4 to 5. Surface elevated, flattened above, deflected at
the sides. Border broad, widening posteriorly and strongly curved upward.

Azis convex, tapering evenly to a blunt, somewhat elevated termination
just within the margin, and bearing thirteen or fourteen annulations, which
are marked by a faint, impressed longitudinal groove or line just above the
axial furrows. Fach annulation is obliquely flattened and makes a double
curve in crossing the axis, sloping forward for about one-fourth the distance;
being angulated at that point, just above the impressed line, and thence
bending backward in a broad curve to the axial line, along which is a series

of small nodes giving the axis the appearance of being medially angulated.

Pleure flattened or very gently convex for about one-third of their width,
thence rounding to an almost vertical slope upon the sides. Upon the poste-
rior area the slope is less abrupt. They bear twelve annulations, which are
separated by moderately broad furrows, and each is distinctly grooved for its
entire length by a fine impressed line, visible upon the cast as well as on
the dorsal surface. The anterior annulations encroach for a short distance
upon the border.

An nypostoMa found in association with abundant fragments of this species is
sub-triangular, centrum elongate, regularly convex, anterior margin narrow
and deflected ; anterior angles broadly sub-auriculate ; postero-lateral depres-

sions long but not continuous; posterior sulcus prominent and posterior
lingua short.

Surface Ornamentation. The cephalon is covered with fine tubercles and
granules, which are most abundant upon the glabella, and are also faintly
visible upon the segments of the thorax and the annulations of the pygi-

dium. The inter-annular grooves of the pygidium appear to be punctate.
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Dimensions. The only individuals observed in which the parts are not
detached, measure as follows:

a. Body. Cephalon. Thorax. Pygidium.

Lengtﬁ ____________ 52 mm. 20 mm. 15 mm. 17 mm.

Width ____________. 29 mm. 29 mm. 27 mm. 24 mm.
b.

Length ________.___ 38 mm. 14 mm. 12 mm. 12 mm.

Width __ . ____._____ 25 min. 25 mm. 21 mm. 18 mm.

Observations. In the form and furrows of its glabella, and in the contour of its
pygidium, this species presents some points of similarity to Proétus macrocepha-
lus, of the Hamilton group. The rapidly tapering and deeply furrowed glabella
makes its earliest appearance here and is not exemplified by any other species
as yet known in the Upper Helderberg formations. Proétus Haldemani is also a
close congener, but in these forms specific differences will be found in relative
proportions and the number and character of the pygidial annulations.

Distribution. In the sandstone at Pendleton, Indiana, associated with Proétus
latimarginatus and Conocardium cuneus, a horizon probably corresponding in age
with the Schoharie grit of New York.

PRO®TUS LATIMARGINATUS, n. SP.

PLATE XXII, FIGS, 7-12.

GenEraL Form ANDp ProporTiONs. Outline elliptical, length to width as 2 to 1.
Surface conspicuously trilobate, convex, deflected on the marginal area.

CepuaLoN semi-elliptical in outline; border broad, flat, thickened by doublure
and produced into stout spines at the angles of the cheeks. Length to
width as 5 to 7.

Facial Sutures taking their origin close within the genal angles, passing
forward very obliquely over the occipital ring to the eye-lobe, cutting the
anterior margin at points relatively distant, and approximating upon the
doublure.
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Glabella depressed-convex, slightly flattened above and posteriorly elevated
on the axial line; long, conate, extending to the frontal border. Width at
the base greater than one-third the width of the shield. Lateral furrows
obscure, but indications of three pairs may be observed. Occipital lobes
comparatively large ; occipital furrow narrow, bifurcating near the axial fur-
rows to include the occipital lobes, and becoming very deep upon the cheeks ;
occipital ring broad and flat.

Cheeks convex, depressed about the base of the eyes, thence somewhat
abruptly deflected to the marginal sulcus and occipital furrow.

Eyes comparatively small, approximate, attaining the elevation of the
glabella. Palpebrum small; palpebral lobes depressed, obscure; palpebral
sulcus shallow.

TrorAX sub-quadrate, length to width as 2 to 8; margins nearly parallel ; sur-

face equally trilobate.

Azis evenly arched, widest at the fourth segment and tapering thence
regularly backward. Segments flattened, transverse.

Pleure flat for one-half their width and thence deflected in a moderately

sharp curve to the margin. Each segment is grooved for two-thirds its length,
and beveled upon the outer third by the articulating plane.

Pyeiprum parabolic in outline, length to width as 3 to 5; evenly convex; bor-

der broad, flat or slightly sloping.

Azis prominent and evenly tapering to an abrupt and somewhat elevated
termination just within the posterior border, with which it is connected by a
low ridge. Indications of seven or eight transverse annulations appear on
the axis, exclusive of the articulating ring, which is more conspicuous than
any of the others.

Pleure evenly sloping to the lateral and posterior margins. Articulating
ring very conspicuous; annulations obscure, almost obsolete. Four are visible
in favorably preserved. specimens, and all are depressed above and faintly
grooved.
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Dimensions. An average individual affords the following measurements:

: Body. Cephalon. Thorax. Pygidium.
Length ____________ 43 mm. 16 mm. 14 mm. 13 mm.
Width ____ . _______ 23 mm. 23 mm. 23 mm. 21 mm.

The largest pygidium observed has a length of 22 mm. and a width of 35
mm., the smallest a length of 9 mm. and a width of 15 mm.

Distribution. Tn the sandstones at Pendleton, Indiana, associated with the
preceding species.

PRO#ETUS CRASSIMARGINATUS.
PLATE XX, FIGS. 6-8, 20-31 ; PLATE XXII, FIGS. 20-26 ; AND PLATE XXV, FIG; 8.

Calymene crassimarginatus, HarL. Geology of N. Y., Survey of Fourth Geol. Dist., p. 172, fig. 5. 1843.

Proétus crassimarginata, Hair. Twelfth Rept. N. Y. State Cab. Nat. Hist., p. 88. 1859.

Phillipsia crassimarginata, Birrinegs. Canadian Journal, p. 362. 1861.

Proétus crassimarginatus, HarL. Deser. New Species of Fossils, ete., p. 72. 1861.

Proétus crassimarginatus, Haru. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 100. 1862.

Proétus crassimarginatus, Harn. Illustrations of Devonian Fossils, pl. xx, figs. 20-31. 1876.

Proétus Conradi, Harr., Illustrations of Devonian Fossils, pl. xx, figs. 5, 8, 9. 1876.

GeNERAL Form anxD Proporrions.  Body regularly ovate, margins evenly
tapering from the base of the cephalon to the narrow posterior extremity.
Length to width at base of cephalon, as 2 to 1.

Surface convex and strongly trilobate.

CepHALON semicircular in outline, border broad, strongly recurved in front,
more depressed and flattened at the sides, and produced at the genal angles
into a broad, flat spine. Length to width as I to 2.

Facial Sutures normal. |

Glabella large, sub-quadrate, semi-ovoid, narrowing slightly toward the
anterior extremity ; length equal to five-sixths the length of the cephalon,
and width more than one-third that of the cephalon. Surface very convex,
slightly flattened above; sides rising abruptly from the shallow marginal
furrows. External evidence of the lateral furrows wanting. A single speci-
men from which the test has been so far weathered as to leave only a thin
film near the lower surface, shows four pairs and the accessory furrows, of the
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same character and relative position as in Proétus folliceps. These furrows
would undoubtedly appear in well preserved casts of the lower surface. Occi-
pital lobes well defined but relatively small, and somewhat concealed by the
prominent basal margin of the glabella; occipital furrow narrow upon the
axis and but slightly widening upon the cheeks; occipital ring broad upon
the axis and narrowing upon the cheeks.

Cheeks depressed at the summit about the base of the orbital ridge,
sloping for a short distance abruptly, and thence more gently to the broad
marginal sulcus.

Eyes elevated, not large, approximate, probably attaining the height of the
glabella.

TuorAX trapezoidal, lateral margins approximating; very strongly arched upon
the axis, flattened upon the pleurse for about one-half their width and
deflected toward the margins. Composed of ten segments which are trans-
verse, somewhat flattened and grooved upon the pleurse.

Prciptom semi-ovate to semi-elliptical, convex and sloping evenly to the lateral
and posterior margins; equally trilobate; border thickened, moderately wide,
its width slightly increasing posteriorly. In specimens from the Corniferous
limestone of Ohio the axis is strongly arched, both longitudinally and trans-
versely, and tapers to an obtuse and somewhat elevated termination. While
many of the New York specimens conform with this type, examples from
Williamsville have the axis broader, more depressed, the margins tapering in
a broad, outward curve to a low, blunt apex, in these respects affording a
close resemblance to the pygidium of Proétus Conradi of the Schoharie grit.
Under favorable preservation as many as fourteen annulations may be
counted upon the axis. These present the feature noticed in Proétus
Jfolliceps, being slightly angulated at a short distance within the margin and
bent backward over the median line. The pleurse are marked by seven
or eight annulations, the postero-lateral area being smooth. All the annu-
lations with the exception of the articulating ring, become obsolete upon
the border.
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Dimensions. The only entire individual observed is an enrolled specimen
from Sandusky, Ohio, having the following dimensions :

Body. Cephalon. Thorax. Pygidium.
Length _____._____. 78 mm, 21 mm. 34 mm. 23 mm.
Width .. ______. 38 mm. 38 mm. 34 mm. 28 mm.

Observations.  Proétus crassimarginatus is not of rare occurrence in detached
fragments, in the Upper Helderberg limestone in the States of New York
and Ohio, but these are usually pygidia, the other parts being seldom seen.
Pygidia which are manifestly identical with the limestone species are of common
occurrence in the Schoharie grit Figures of such pygidia were erroneously
referred to Proétus Conradi in the Illustrations of Devonian Fossils (loc. cit.).
A single glabella found in association with these caudal shields agrees with those
of the Corniferous limestone specimens.

Distribution. Upper Helderberg group. Schoharie grit: Schoharie, Scho-
harie county; Knox and near Clarksville, Albany county. Corniferous lime-
stone: Clarence and Williamsville, Erie county ; Lime Rock, near LeRoy, and
Stafford, Genesee county; Phelps and Canandaigua, Ontario county ; Port Col-
borne and Cayuga, Province of Ontario; Sandusky, Ohio.

ProfiTUs FOLLICEPS, n. Sp.

PLATE XXIII, FIGS. 3-8.

GENERAL ForMm aNp PrororTiONs. Body elongate, outline sub-elliptical, lateral
margins nearly parallel. Length to width as 8 to 5.
Surface convex, anteriorly gibbous, conspicuously and sub-equally trilobate.

CernaLoN short, semicircular, border flat, moderately broad, horizontal ante-
riorly, becoming deflected toward the genal extremities, which are broadly
rounded and not produced. Surface very convex, equally trilobate. Length
to width as 1 to 2.

The facial sutures take their origin just within the genal angles, run very
obliquely across the occipital ring to the outer angle of the occipital lobes,
thence rise abruptly to the eye-lobes and pass, with slight divergence, down
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the steep frontal slope, curving and approaching each other at the edge of
the frontal border and uniting upon the doublure.

Glabella sub-pyriform, very convex, longitudinally arched, rising abruptly
on all sides from the lateral furrows, which are not deeply impressed ; gibbous
on the anterior slope, slightly flattened at the summit. Length equal to
four-fifths the length of the cephalon; width at the base more than one-third
that of the cephalon. Four pairs of lateral furrows and one pair of acces-
sory furrows are discernible upon the cast of the lower surface, but upon
the crust only the stronger of them can be seen as faint lines interrupting
the ornamentation. The first pair is situated at about one-third the length
of the glabella from the anterior margin, and appear as faint elongate pits
not distant from the marginal furrow. The other three pairs are longer
and inclined backward, none except the fourth pair extending to the mar-
ginal furrow. The accessory furrows take their origin just in front of the
proximal ends of the fourth furrows, and are strongly inclined backward.
The occipital lobes are moderately strong in the cast but are inconspicuous
where the crust is retained. Occipital furrow narrow, the anterior side
nearly vertical and the posterior side almost horizontal, widening on the
cheeks and continuous with the marginal sulcus. Occipital ring broad, flat,
narrowing to the axial furrows and widening again to the genal angles, bear-
ing a small pointed tubercle upon the axial line.

Cheeks grooved and depressed about the orbital lobe, thence abruptly de-
flected to the broad margin.
Eyes approximate, prominent, elevated to almost the height of the glabella ;

orbital ridge conspicuous ; palpebral lobe small; palpebral furrow elevated
and moderately deep.

THorAX sub-rectangular, margins nearly parallel. Length to width as 1 to 1.3.
Azis arched.
Pleure flattened above for one-half their width, and thence somewhat
abruptly deflected. The segments are transverse, somewhat flattened,
grooved upon the pleurz and beveled for one-half their length.
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Pyaipiom sub-semicircular, border broad, thickened and rounded. Surface con-
vex, sloping more abruptly at the sides than posteriorly.

Arzis having less than one-third the width of the shield, tapering to a broad
and blunt termination considerably within the posterior margin. It bears
seven or eight annulations, which bend forward for a short distance within
the axial furrows, are there sharply angulated and cross the axial line in a
broad curve.

Pleure with seven or eight annulations, each of which is broad, low, often
indistinct, and very faintly grooved, all becoming obsolete upon the border.
Length to width as 1 to 1.8,

Dimensions.  An average adult affords the following measurements:

Body. Cephaloﬁ. Thorax. Pygidium.
Length ___________. 43 mm. 12 mm. 18 mm. 13 mm.
Width _.___ ____. __. 27 mm. 27 mm. 23 mm. 20 mm.

The smallest individual observed measures 24 mm. in length and 14 mm.
in width.

Observations. This very characteristic and well-defined species is not of com-
mon occurrence but is well represented by two entire individuals from the Cornif- .
erous limestone near LeRoy, Genesee county. One of these specimens, from
which the crust of the pygidium has been broken away, shows, upon the very fine-
grained, compact matrix beneath the axis, a series of paired impressions which,
as preserved 1n the cast, appear as elevations. Each transverse axial groove
near the axial margins, bears a pair of narrow elongate impressions, which
" take their origin upon the edge of the annulation and are directed backward
and inward into the axial groove. Within this pair and upon the upper sur-
face of the axial groove is a pair of obliquely transverse, lamellate impressions,
separated by a faint thickening of each annulation upon the axial line. Upon
the second, fourth and sixth axial groove, along the axial line, is a faint
tubercle, indicating a circular pit or depression in the under surface of the test.
The upper surface of the crust shows no indications of these characters. These

paired impressions seem to be areas of insertion for somitic muscles, the mar-
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ginal pair probably connected with the natatory appendages, the axial pair
possibly attached to the branchial apparatus, or to the viscera. The
function of the median pits upon alternate grooves is not understood. Similar
though not so distinctly preserved markings have been noticed upon pygidia of
Proétus crassimarginatus, and the paired marginal impressions are well exhibited
in a pygidium of Phacops cristata, var. pipa (see description of this variety, page
18). Since the existence of a ventral membrane in certain species of trilobites
has been demonstrated by Walcott, it may be assumed that the same structure
has existed in this species also, and that the muscles, which are represented by
these impressions, lay within this membrane. The specimens showing these
features give no evidence of similar impressions upon the axial grooves of the
thorax.

Distribution. Upper Helderberg group. Corniferous limestone: LeRoy,
Genesee county; Schoharie, Schoharie county;‘ Marbletown, Ulster county,
In boulders of decomposed chert: Canandaigua, Ontario county; Ann Arbor.
Michigan.

ProiTUS CLARUS.
PLATE XX, FIGS. 12-14; AND PLATE XXII, FIGS. 28-30.

Proétus clarus, Harn. Descr. New Species of Fossils, ete., p. 71. 1861.
Proétus clarus, Hart. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 99. 1862.
Proétus clarus, Harr. Illustrations of Devonian Fossils, pl. xx, figs. 12-14, 1876.
GENERAL ForM aAND ProporTIiONs. Outline elliptical or sub-ovate.
Surface convex, conspicuously and equally trilobate. Length to width as

7 to b.

CepaaroN.  Outline semi-elliptical, faintly produced on the frontal margin.
Surface, in normally preserved specimens, very convex, depressed about the
border, which is broad, rounded or sloping, thickened on the posterior por-
tion, and generally bearing a broad and shallow groove in front; produced
at the genal angles into short, acute spines, which reach to the fourth thoracic
segment. The marginal sulcus, within the border, is deep and conspicuous.
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Facial Sutures normal, rapidly approximating on the broad frontal border

Glabells broadly conate or sub-triangular, slightly constricted at the ante-
rior angles of the eyes and rounded to the frontal extremity, which is closely
appressed upon the marginal sulcus. Width at the base equal to one-third
that of the shield. Length greater than the width. Surface convex, de-
pressed above, and sloping in all directions to the cheeks. Lateral furrows
obscure, obsolete upon the test, but under favorable preservation sometimes
visible upon the cast of the lower surface. A single example shows three
pairs and the accessory furrows or pits, the anterior of these pairs being
numerically the second, the first pair being obsolete. They are all inclined
posteriorly, and the last or fourth pair reach almost to the occipital furrow.
Occipital lobes conspicuous ; occipital furrow narrow, scarcely widening on
the cheeks; occipital ring moderately broad and flat, narrowing slightly upon
the cheeks.

Cheeks depressed on the summit about the orbital lobe, and sloping with a
somewhat abrupt curve to the strong marginal sulcus.

Eyes relatively large, and closely appressed to the glabella. Palpebral
lobe very small; palpebral furrow shallow and elevated.

THORAX sub-rectangular, lateral margins slowly approximating posteriorly.

Length to width as 2 to 1. |

Azis broad and strongly arched, width upon the anterior margin more than
one-third the width of the thorax. Sides evenly approximating to the
pygidium. The segments are flattened, transverse, or with a slight forward
curve toward the axial line.

Pleure flattened near the axis, and at about one-third their width deflected
in a more or less abrupt curve to the margins. Pleural annulations grooved,
the anterior limb of each becoming rapidly obsolete beyond the fulcrum.

Pyeoion.  Posterior outline the arc of a circle whose center is the middle
point of the body; when slightly compressed it is distinctly emarginate at
the posterior extremity; border bro;Ld, moderately thickened. Length about
one-half the width.
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Azis convex and slightly arched longitudinally, tapering to a broad, blunt
termination just within the margin. Width equal to one-third the width of
the shield. The sides are appressed just above the axial furrows, by a series
of oblique impressions, one upon each annulation. From seven to eleven
annulations may be counted upon the axis, the first five having an anterior
inclination near the margins, and a posterior curve over the median region;
the posterior annulations are transverse.

The pleure are depressed and curve evenly in all directions to the margins.
They bear four annulations and traces of a fifth, and these are marked by
fine impressed lines. All the annulations become obsolete upon the border,

the articulating ring, however, encroaching upon it.

Surface smooth, sometimes granulose upon the glabella and segments.

Dimensions. An average individual affords the following measurements:

Body. Cephalon. Thorax. Pygidium.
Length____ . _________ 29 mm. 12 mm. 9 mm. 8 mm.
Width ____ __________ 20 mm. 20 mm. 18 mm. 15 mm.

Observations.  Proétus clarus appears to be the most abundant species of this
genus occurring in the Upper Helderberg limestone, although entire examples
are of extreme rarity. It shows many points of general and detailed similarity
with the species Proéius Rowi of the Hamilton group, and Proétus angustifrons of
the Schoharie grit. From the former it may be distinguished by its relatively
larger cephalon, a glabella very faintly encroaching upon the frontal border,
smaller eyes, and fewer annulations upon the pygidium. In Proétus angustifrons
the cephalon is shorter, the anterior extremity of the glabella tangential upon
the border, the pygidium more convex, its axis broader anteriorly, more de-
pressed and more rapidly tapering, and its ornamentation more conspicuous.

Distribution. * Upper Helderberg group. Corniferous limestone: Stafford and
Lime Rock Quarries, near LeRoy, Genesee county; Caledonia, Livingston
county ; Clarence, Erie county; Canandaigua, Ontario county ; Cherry Valley,
Otsego county ; Schoharie, Schoharie county ; Falls of the Ohio.
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PRrROETUS CANALICULATUS.
PLATE XX, FIGS. 10, 11; AND PLATE XXIII, FIGS 10, 11,

Proétus canaliculatus, Hatu., Deser. New Species of Fossils, ete., p. 73, 1861.
Proétus canaliculatus, HarL, Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 101.  1862.
Proétus canaliculatus, Hart. Tllustrations of Devonian Fossils, pl. xx, figs. 10, 11, 1876.

THE original of this species is a fragment showing the intra-sutural portion
of the cepHALON, and more complete material has not been observed, with the
exception of a few detached cheeks which may safely be regarded as belong-
ing to this form.

The species is characterized by its violin-shaped glabella (genus Zonie, Bur-
neister), constricted at the anterior angle of the eye, and broadly rounded on
the anterior extremity. Its length would be more than two-thirds the length
of the cephalon, and its width apparently somewhat less than one-third that
of the cephalon.

The transverse furrows are indistinct upon the crust, but appear to consist
of three pairs and the accessory pair. A cast of the lower surface would
probably show a small anterior pair. The first pair visible is transverse,
and the posterior pairs are inclined backward. All the glabellar lobes are
faint. The occipital lobes are conspicuous; the occipital furrow narrow and
deep; the occipital ring moderately broad and flattened. The border is very
broad and flat, and is grooved along the anterior limbus by two furrows, the
anterior of which is narrow and close upon the edge, the other is broad and is
separated from the frontal margin of the glabella by a rounded ridge Upon
the cheeks these grooves become shallower and reduced to two planes, the in-
terior and broader one horizontal, the anterior narrower and beveling. At the
genal angles the border is produced into moderately long and stout spines,
which are ridged upon the surface and minutely incurved at the tip.

The eyes and palpebral lobes are comparatively large, the orbital ridge ele-
vated, the cheeks flattened at their summit below this ridge, abruptly curving
to the marginal and occipital furrows.

The surface is smooth upon the border, finely granulose upon the glabella,
and pustulose upon the flattened summits of the cheeks.
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The doublure is strongly rounded and incurved, somewhat excavate at the
genal angles, sharply convex and ridged upon the genal spines. Its surface is
marked by longitudinally parallel, lamellose lines.

Distribution. Upper Helderberg group. Corniferous limestone: Columbus,
Ohio ; Falls of the Ohio, Ky.

Pro#1Tus VERNEUILIL
PLATE XX, FIGs. 13, 19.

Proétus Vernenili, Havu. Descr. New Species of Fossils, etc, p. 73. 1861.
Proétus Verueuili, HarL. TFifteenth Rept. N. Y. State Cab. Nat. Hist., p. 101. 1862.
Proétus Vernewili, Harr. Illustrations of Devonian Fossils, pl xx, figs. 18, 19. 1876.

Tue cepHaLoN and THORAX of this species have been observed only in a con-

dition too incomplete for description.

Pyacipium short, nearly twice as wide as long; outline sub-elliptical; surface
convex axially, laterally depressed.

Azxis having one-third the width of the shield on the anterior margin,
strongly convex, tapering rapidly to a blunt termination close upon the
posterior border; bearing nine to eleven annulations, which have a retral
bend over the axial line, where the first three or four are thickened and
nodose.

The pleure are tlat for a short distance, thence abruptly deflected and bear-
ing seven or eight annulations which are faintly grooved.

The border is broad, abruptly sloping for one-half its width, and near its
inner edge bears a row of conspicuous nodes, which correspond in number
and position to the annulations; outside of these the margin is smooth and
concave.

The best preserved specimen of the pygidium has a length of 4 mm., and
a width of 7.5 mm.

This species is well defined by the characteristic row of nodes upon the
border, a feature which has been observed in many specimens and is undoubt-

edly persistent.
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Distribution. Upper Helderberg group. Corniferous limestone: Williams-
ville, Erie county ; Phelps and Canandaigua, Ontario county; Schoharie county.

PRrOETUS MICROGEMMA, n. Sp.
PLATE XXII, FIGS. 33, 34.

SeveraL detached pvaipia afford certain characteristic features in which they
differ from described species.

The shield is small and transversely semi-elliptical in outline, convex,
longitudinally arched, distinctly and equally trilobate.

The azis 1s elevated, tapering with slightly rounded margins to a blunt and
somewhat elevated termination just within the border. Itis somewhat ap-
pressed at the sides just above the axial furrows, bears eleven annulations,
which are angulated at the sides and posteriorly recurved over the median
line. Upon the axial line each bears a strong tubercle.

The pleure are depressed below the axis, slightly flattened above and
equally deflected to the lateral and posterior margins. Kach bears seven or
eight annulations which are grooved by fine impressed lines.

The border is thickened, moderately and equally broad throughout its
extent ; it is encroached upon by the articulating ring, and slightly by the
first two or three annulations.

The surface is covered with minute and distinct tubercles, which are
irregularly disposed upon the annulations of the axis, but are arranged in
two or more rows on each annulation. A very young example, measuring 2
mm. in length and 3 mm. in width, shows nine annulations on the axis and
ten on the pleurse; the margin is less thickened than in the later stages of
growth, all the pleural annulations encroaching upon it. The ornamentation
is also more distinct than in larger specimens.

An average specimen measures 6 mm. in length and 9 mm. in width.

Distribution. ~ Upper Helderberg group.  Corniferous limestone: LeRoy,
Genesee county; Canandaigua, Ontario county; Williamsville, Erie county ;
Falls of the Ohio, Ky.



110 PALZONTOLOGY OF NEW YORK.

PRrOETUS STENOPYGE, n. Sp.

PLATE XXII, FIG. 27.

Pyoipium small, short, transverse ; anterior and posterior curves equal.

Azis wider than one-third the width of the shield, very convex and ele-
vated, sloping to a blunt termination upon the border; composed of seven
annulations, each of which, near the axial furrows, is broad, flat and impres-
sed with a faint oblique line, and near the median line is slightly angulated.

Pleure depressed, nearly flat; composed of four broad annulations, each of
which is grooved for its entire length, making the anterior and posterior
limbs of the same strength. The annulations become obsolete upon the
border, which 1s moderately broad, thick and rounded.

Surface smooth or minutely granulose. Length 3 mm., width § mm.

Specimens of this peculiar form of pygidium are not of common occurrence,
but are of interest as representing a type of pygidium abundantly developed
among the Proéli of Germany and Bohemia, as shown in such species as Proétus
levigatus, Goldfuss; P. complanatus, P. neglectus, P. Loveni, Barrande., etc.

Distribution. Upper Helderberg group. Corniferous limestone: Flint Creek,
township of Phelps, Ontario county ; North Cayuga, Province of Ontario.

Pro#iTus OvIFRONS, n. sp.

PLATE XXII, FIGS. 31, 32.

SevErAL fragments of head-shields showing certain features in common serve
to separate this form from any described species.

The glabella is broadly conate, convex, longitudinally arched and closely
appressed against the narrow anterior margin. The first three pairs of
lateral furrows are nearly obsolete, the second and third pairs being visible
only near the marginal sulcus; the fourth pair is very strong and deep, each
furrow beginning opposite the center of the palpebral lobe and extend-
ing obliquely backward to the occipital furrow, making the basal lobes very
large, with a length equal to one-third the length of the glabella. The occip-
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ital lobes are small and well defined; the occipital furrow sharp and narrow,
and the occipital annulation broad and flat. The anterior border is narrow,
thickened and curved upward.

Surface finely tubercled. Length of the cephalon 7 mm., width between
the eyes, 5.5 mm.

Observations. The fragments of this species in their general outline, reflexed
anterior border and strong basal glabellar lobes, are very similar to the same
parts in Proétus macrocephalus, of the Hamilton group, though in the latter the
glabella is less convex, more elongate and conate than in P. ovifrons. The simi-
larities which exist in the cephala of these two species, and which are also
observable in the pygidia of P. microgemma and P. macrocephalus, may, with a
more complete knowledge of these Upper Helderberg forms, ultimately render
1t necessary to unite these detached parts under one specific designation.

Distribution. Upper Helderberg group. Corniferous limestone: In the de-

composed chert, Canandaigua, Ontario county.

PRrOETUS DELPHINULUS, n. Sp.

PLATE XXIII, FIGS. 1,2; AND PLATE XXV, FIG. 6.

A sineLE small, somewhat imperfect cepHALON shows the following characters:
Outline semi-elliptical; border very broad, its width on the anterior limb,
where it is slightly produced, equaling one-third the length of the cephalon;
along the margin it is conspicuously thickened and gently reflexed ; the mar-
ginal sulcus is broad and deep on the cheeks, becoming much wider on the
frontal area, producing a general concavity in that part; this sulcus is
bounded on its inner margin by a narrow ridge skirting the base of the cheeks.
The genal angles are produced into slender, acute spines, longer than the
glabella, and distinctly grooved on their upper surface by the continuation of
the occipital furrow.

The facial sutures converge rapidly on the frontal area.
The glabella is sub-conate, and relatively small, tapering rapidly from the
base to the anterior extremity, which lies just within the broad frontal
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border. The specimen is somewhat crushed across the base of the glabella,
but sufficient is retained to show evidence of strong basal lobes similar to
those in P. ovifrons, and above these, indications of two pairs of lateral
furrows.

The eyes are elongate, relatively narrow, and are closely appressed to the
glabella.

The single example has an axial length of 5 mm., a length to the apex of
the cheek-spines of 9 mm., and a width of 7.5 mm.

Distribution. Upper Helderberg group. In the decomposed Corniferous chert,
at North Cayuga, Province of Ontario.

Proi#TUus [?] PLANIMARGINATUS.
PLATE XXIII, FIG. 12
Proctus planimarginatus, MEEg. Proc. Acad. Nat. Sci. Phila., p. 89. 1871.
Proctus planimarginatus, MEgx. Palzontology of Ohio, vol. i, p. 233 ; pl. xxiii, figs 3a, b. 1873.
Pycipium semi-elliptical in outline; length to width as 3 to 6. Surface de-
pressed-convex on the sides, elevated along the axis. Border moderately
broad, flat and sulcate near the edge.

The azis, on the anterior margin, has about one-fourth the width of the
shield, and tapers evenly to a blunt extremity considerably within the poste-
rior margin. It bears ten distinct, and traces of two or three indistinct
annulations; these are transverse over the median area, slightly angulated
and inclined posteriorly toward the margins.

The pleure each bear nine low, narrow annulations, separated by broad,
shallow sulci, and each annulation is sulcate upon its summit for its entire
length. The annulations become obsolete toward the posterior extremity,
leaving the post-axial area smooth.

The type specimen of the species is a smooth cast of the lower surface,
and from Mr. Meek’s observations upon other specimens, the dorsal surface
appears to have been devoid of ornamentation.

Dimensions of the original: length 15 mm., width 25 mm.
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Observations. 'The true generic position of this species must remain a mat-
ter of some doubt until more complete representatives have been obtained.
The pygidium lacks the expression of the caudal shield in Proétus, and is sug-
gestive of that part in some species of Dalmanifes, notably of D. Calypso with
which it is associated. It is however tentatively left with the former genus
awaiting more conclusive evidence of its character.

Dristribution.  Upper Helderberg group. Corniferous limestone: In the
upper part of the formation, Sylvania, Lucas county, Ohio.

Pro#iTus TUMIDUS, n. sp.

PLATE XXIII, FIG. 9.

A proBaBLY distinct species of Proétus is indicated by fragments of the
cephalon, which show a glabella having an outline somewhat as in P. folliceps,
but narrower and much more conspicuous anteriorly. The surface is convex,
slightly flattened above; the anterior and antero-lateral slopes abrupt, the
posterior slope much less so; the occipital lobes are almost obsolete, the
occipital furrows broad and elevated, the occipital ring narrow. The frontal
border is broad and flat or gently sloping.

Distribution. Upper Helderberg group. In the limestones at Port Colborne
and North Cayuga, Province of Ontario.

Proitrus HALDEMANI.
PLATE XXI, FIGS. 7-8; AND PLATE XXIII, FIGS. 13-15.

Proétus Haldemani, HarL. Descr. New Species of Fossils, ete., p. 74. 1861.

Proétus Haldemani, Harn. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 102. 1862.

Proétus Haldemani, Havt. Illustrations of Devonian Fossils, pl. xxi, fig. 7-9. 1876.

Dechenella Haldemani, KAYSER. Zeitschr. d. deutsch. geol. Gesellsch. Jahrg. 1880, p. 707, pl. xxvii, fig. 9.
Proétus Haldemani, WaLcorr. Monog. U. 8. Geol. Survey, vol. viii; Pal. Eureka Dist., p. 210. 1884.

# Dechenella Haldemani, TSOHERNYSCHEW. Mém. du Comité géol., vol. iii, No. 3, p. 14, pl. i, fig. 9. 1887.

GeNeErAL Form AND Proporrions. Outline sub-elliptical or elongate-ovate.
Surface convex, distinctly and equally trilobate. Length to width as 1.7
[ to 1.
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CEPHALON semicircular or semi-lunate in outline; border broad, flat and rounded
at the edge ; widest in front and narrowing toward the genal angles, where it
is very faintly produced. Surface evenly convex.

Facial Sutures normal, rapidly approximating on the frontal margin.

Glabella broadly conate, constricted opposite the anterior angles of the
eyes. Surface depressed-convex. Length and greatest width about equal;
the anterior extremity scarcely reaching the marginal sulcus, the posterior
margin ending abruptly at the occipital furrow. The anterior and lateral
margins are bounded by shallow and inconspicuous furrows. Lateral furrows,
as shown upon the cast of the lower surface, in four pairs, accompanied by
the posterior accessory depressions. Of these furrows the first pair is very
short and transverse, the other three pairs and the accessory pair inclined
obliquely backward. The fourth pair is strong and reaches to the posterior
margin, but does not open into the occipital furrow. Upon the surface of
the test these lateral furrows would undoubtedly be less conspicuous, but no
specimen has been observed in which the crust of the glabella is retained.
Occipital lobes moderately strong ; occipital furrow narrow, impressed and
scarcely widening upon the cheeks; occipital ring moderately broad, some-
what flattened and of about the same width along the posterior margin.

Elyes relatively large and somewhat elevated above the surface of the gla-
bella. Palpebral lobe prominent; palpebral furrow shallow and inconspicu-
ous ; orbital ridge well defined.

Cheeks slightly depressed on the summit about the base of the orbital ridge,
and rounding over the very narrow lateral area to the broad and shallow
marginal sulcus.

TrorAX sub-rectangular, lateral margins nearly parallel, slightly approximating

posteriorly ; length to width as 1 to 1.5. Surface convex, sub-equally tri-
lobate. Composed of ten segments.

Aris evenly arched and gently tapering to the pygidium. Segments
rounded and somewhat flattened, transverse or with a slight anterior curve
over the axial line.
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Pleure flattened near the axis for less than one-third their width, thence
deflected, in a rather abrupt curve, to the lateral margins. Segments strongly
sulcate over the fulerum, the anterior limb being sharply angulated and be-
coming rapidly obsolete upon the beveled articulating surfaces.

PyeipiuM rounded sub-triangular, slightly produced at the extremity ; length to
width as 1 to 1.5. Surface convex, sloping evenly to the lateral and poste-
rior margins.

Azis narrow, its width on the anterior margin being about one-fourth the
width of the shield; longitudinally arched and slightly angulated poste-
riorly along the median line; tapering evenly to an obsolete termination at
the border. Composed of eleven or twelve flattened, transverse annulations.

Pleure broad and evenly rounding to the margins; bearing from eight to
eleven annulations, each being grooved by a faint impressed line, which
1s most distinct near the axis and toward the margins. The border is
moderately broad and thickened, widening to the posterior extremity, the
annulations, with the exception of the first three or four, becoming extinct

upon reaching its inner margin.
Surface smooth or minutely granulose.

Dimensions. The only entire individual observed measures as follows:

Body. Cephalon. Thorax. Pygidium.
Length ____ ___.___. 20 mm. 7 mm. 7 mm. 6 mm.
Width - ____________ 11 mm. 11 mm. 10 mm. 9 mm.

Observations. The specimen upon which this species was founded is a beauti-
fully preserved example, which was obtained many years since from the late
Professor S. S. Haldeman, of Columbia, Pa. Its locality is not known further
than that it is from the south-western part of the State of Pennsylvania. It
1s preserved in a compact, fine-grained, chocolate-brown limestone, undoubtedly
of the age of the Hamilton group of the State of New York, since isolated
cephala and pygidia of the same species have been found in the Goniatite lime-
stone of the Marcellus epoch in this state. It is a very distinctly defined
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species and cannot be confounded with any of the allied species of Proéfus in
the adjoining formations. Pygidia considerably larger than those found in New
York, but agreeing in essential details with that of the type of P. Haldemani,
occur in the Hamilton limestone at Long River, Michigan.

The specimens of this species from the Eureka District of Nevada, described
by Mr. Walcott (op. cit.), consist of two fragmentary cephala and two pygidia,
which agree in every essential feature with the type, except in the character of
the frontal border of the head, which in the typical form is flat, while in these
specimens it is strongly reflexed. This feature may eventually prove of specific
importance. ‘

More recently certain pygidia from the west slope of the Ural Mountains
have been referred to this species by Tschernyschew (Die Fauna des mittl. und
ober. Devon am West-abhange des Urals, loc. cit.). So far as may be judged from
the figures alone, these appear to be considerably shorter and more elliptical,
with a relatively wider and stouter axis than in the type specimen.

Distribution. Hamilton group. In the Goniatite limestone of the Marcellus
epoch: Cherry Valley, Otsego county; Manlius, Onondaga county. In the
Hamilton limestones: Long River, Michigan. In the Devonian (Hamilton ?)
limestone in Pennsylvania, and in the Eureka District, Nevada.

PROETUS MACROCEPHALUS.

PLATE XXI, FIGS. 10-21; aND PLATE XXIII, FIGS. 30, 31.

Proétus macrocephalus, HALL. Descr. New Species of Fossils, ete., p. 77. 1861.

Proétus macrocephalus, HaLL. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 105. 1862.

Proétus macrocephalus, var. a., HaLL. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 107. 1862.
Proétus macrocephalus, HALL. Illustrations of Devonian Fossils, pl. xxi, tigs. 10-21.  1876.

GENERAL ForM Anp Proporrions. Outline elliptical.

Surface depressed-convex, distinctly and sub-equally trilobate. Length
to width as 1.6 to 1.

CepHALON sub-semicircular or lunate, margin slightly thickened and reflexed,
produced at the genal angles into thin acute spines. Surface very convex in

normally preserved specimens; depressed in the usual state of preservation.
Length to width as 1 to 2.
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Facial Sutures normal.

Glabella sub-conate, sides broadly tapering to the anterior extremity, where
it is closely appressed upon the narrow, reflexed margin. Width three-
fourths the length. Surface convex, anterior slope normally abrupt or
vertical, curving posteriorly and becoming horizontal at the occipital furrow.
Under normal preservation only a single pair of lateral furrows is visible.
These are the fourth or basal furrows and are very strong and deep, taking
their origin nearly opposite the anterior angle of the eye and extending to the
occipital furrow, thus forming two strong conspicuous lobes. Upon casts of
the lower surface, and in extremely rare instances upon the dorsal surface,
there is evidence of the first, second and third pairs of furrows, with
faint indications of the accessory furrows. Occipital lobes prominent;
occipital furrow narrow, broadly bifurcating about the occipital lobes, and
becoming deeply impressed and broadened upon the cheeks; occipital ring
broad and posteriorly convex, narrowing upon the cheeks.

FElyes not large, lunate; palpebral lobe inconspicuous; palpebral sulcus nar-
row and deep.

Cheeks deeply grooved about the orbit of the eye, and abruptly depressed
to the broad marginal sulcus.

THOrRAX sub-rectangular; surface convex and equally trilobate; length to
width as 1 to 1.8; composed of ten segments which are arched upon the
axis and considerably elevated above the pleurse, obliquely flattened and
transverse.

The pleure are flattened for less than one-half their width and abruptly
deflected to the margin; segments sulcate, anterior and posterior limbs nearly

equal, the former becoming abruptly obsolete at the fulcrum.

Pyempium large, semi-elliptical, convex ; length to width as 2 to 3.
Azis having less than one-third the width of the shield upon the anterior
margin, and tapering to a blunt termination within the border. Annulations
thirteen or fourteen, with an anterior bend near the margins, and a broad

curve over the median line; in most individuals, the annulations are slightly
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angulated along the axial line, each sometimes bearing a moderately strong
tubercle.

Pleure depressed in a more or less abrupt curve to the margin, bearing
eleven or twelve flattened annulations, which are separated by moderately
strong sulci. Each annulation is faintly grooved by a fine impressed line,
which is sometimes almost or quite obsolete. Border broad, becoming exca-
vate and slightly reflexed posteriorly; all the annulations except two becom-
ing obsolete upon reaching it.

Doublure broad, reaching to the termination of the axis.

Surface Ornamentation. The cephalon is covered with low tubercles which
become obsolete upon the anterior portion of the glabella and the depressed
areas of the cheeks. Upon the thorax and pygidium each segment and
annulation is ornamented with granules; these upon the latter sometimes
appear to be arranged in two rows, one upon each limb of the pleural annu-
lations. In rare examples a row of small tubercles is noticeable along the
axial line on both thorax and pygidium, beginning with a faint tubercle upon
the occipital ring, the next being at the third or fourth segment, thence
backward becoming stronger toward the apex of the axis.

Dimensions. An average individual measures :

Body. Cephalon. Thorax. Pygidium,
Length_ ___________. 37 mm. 13 mm. 11 mm. 13 mm.
Width - ___. . ____.__. 24 mm. 24 mm. 22 mm. 21 mm.

The largest entire individual observed has a length of 60 mm. and a width
of 40 mm.

Observations. Entire individuals of Proétus macrocephalus are of rare occur-
rence, and the crust is so delicate and tenuous that when the parts are in
Juxtaposition, it 1s usually broken away. The symphysis along the facial
sutures appears to have been very free, for the movable cheeks are usually de-
tached, and of several hundred specimens of the species which have passed
under observation but a single example retains all the parts.
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The species occurs without variation except in the occasional presence of the
axial row of tubercles, and this peculiarity was noticed in the original descrip-
tion of the species (Fifteenth Rept. N. Y. State Cab. Nat. Hist., loc. cit.), the
variation being designated as P. macrocephalus, var. a. It appears, however, on
closer examination, that this feature is not connected with variations in other
respects, and individuals are found showing all intermediate stages hetween
those with and those without tubercles. P. macrocephalus affords many points
of close similarity to P..curvimarginatus, the genéral proportions of the two
species and many of the details being quite identical. Differences, however,
exist in the following respects: In the former the border is not so broad, so
deeply excavate or so strongly reflected ; the glabella is more broadly conate,
and its lateral furrows much less conspicuous ; the genal spines are shorter and
stouter ; the pygidium more elongate and more distinctly flattened upon the
pleurse.

Distribution. Hamilton group. In the limestone layer of the Marcellus
shales: Orleans, Ontario county; in the Hamilton shalés of the central and
western counties; Canandaigua Lake, at Menteth’s, Tichenor’s and Foster’s
Points ; Canandaigua, Bristol and Hopewell, Ontario county; Bellona, Yates
county ; Jaycox’s Run, near Geneseo, and Moscow, Livingston county; Bethany,
Genesee county; Eighteen-mile Creek, Erie county; in the Tully limestone,
below Lodi Landing, Seneca Lake, and Borodino, Onondaga county.

Prox1rus Rowr
PLATE_XXI, FIGS. 2-6,21-26 ; AND PLATE XXIII, FIGS. 20-29.

Calymene Rowii, GREEN. Amer. Journ. Science and Arts, vol. xxxiii, p. 406. 1838.
FEroétus Rowii, Harr. Descr. New Species of Fossils, ete., p. 75. 1861.

Proétus Rowii, Hail. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 103. 1862.
Proétus Rowii, HarL., Illustrations of Devonian Fossils, pl. xxi, figs. 2-6. 1876.

-

GENERAL ForMm anD ProporTions. Body ovate or elongate-elliptical in outline.
Surface depressed-convex, sub-equally trilobate. Axial length one-half
greater than the width at the base of the cephalon.

CepHaLoN semi-elliptical to semicircular in outline, width about twice the
length. Border broad and flat; at the angles of the cheeks produced into
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spines which reach as far as the fourth segment of the thorax. Posterior
margin transverse. Surface moderately convex.

Facial Sutures normal, approximating on the frontal margin.

Glabella simple, elongate, sub-conate, sloping to a broadly rounded anterior
extremity, which encroaches upon the frontal border. Length one-third
greater than the width. Surface convex, longitudinally arched when nor-
mally preserved. There are usually no traces of lateral furrows, but a single
individual in which the crust is slightly separated from the rock and has
become translucent, shows evidence of three oblique lines, apparently the
second, third and fourth lateral furrows; the first pair being obsolete, and
the fourth extending only part way across the glabella. Occipital lobes con-
spicuous, transverse; occipital furrow narrow and sharply impressed, scarcely
widening upon the cheeks; occipital ring broad, arched and somewhat flat-

~ tened, narrowing slightly to the genal angles.

Eyes approximate, large, lunate, not elevated above the surface of the
glabella; extending from the occipital lobes two-thirds the length of the
glabella. Visual surface quite convex, particularly in young individuals.
Palpebral lobe moderately large, sloping inward to the palpebral sulcus,
which is sharply incised.

Cheeks relatively narrow on account of the size of the eyes. Conspicu-
ously grooved or depressed about the orbital ridge, and rounding more or less
abruptly to the margin. The border is unusually wide and carries two paral-
lel grooves, the outer of which is narrow and marginal, producing a beveled
edge; the inner broad and shallow, becoming flat in old individuals. On the

- posterior border the margin is also beveled, and the genal spines are strongly
ridged by the meeting of these beveled edges.

TrorAX transversely sub-rectangular, lateral margins slightly rounding and
approximating posteriorly. Length to width as 2 to 8. Surface convex and
strongly trilobate. Composed of ten segments.

Azxis arched, having more than one-third the width of the thorax; widest
at the third or fourth segment, and tapering with slightly rounding margins
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to the pygidium. Segments flat, transverse, or with a gentle forward curve
over the axial line.

Pleure flattened for one-half their width, and thence depressed in a more
or less abrupt curve to the margins. Each segment is sulcate, the anterior
limb being sharply angulated at the fulerum and becoming rapidly obsolete
upon the lateral slope.

Praiprum sub-semicircular or sub-semi-elliptical in outline, faintly and broadly

emarginate behind ; length to width as 1 to 2; surface depressed-convex.

Azis broad on the anterior margin; width equal to one-third the width of
the shield ; arched and sloping to a termination within the posterior border,
a low ridge connecting the apex of the axis with the margin; composed of
nine or ten low, flattened annulations, which have a forward inclination for
about one-fourth their width from the axial margins and pass over the median
area in a gentle posterior curve.

Pleure gently depressed, bearing six annulations with indications of a
seventh, which are low, flat and faintly sulcate, becoming obsolete at or near
the margin. The border is conspicuously thickened and moderately broad.

HyrosTomMa with a very convex centrum, sides abruptly depressed and margins
flattened. Widest on the anterior margin; lateral margins incurved ; poste-
rior area extended ; posterior sulcus deep; postero-lateral sulcus conspicuous,
elevated. Length equal to the width on the anterior margin.

Surface Ornamentation. Upon the cephalon the surface of the glabella is
covered with faint, obsolete pustules, and most individuals show indications
of a large but indistinct tubercle in the axial line at the base of the glabella.
The summit of the cheeks beneath the orbital ridges is covered with obscure,
elongate or radiating tubercles, interspersed with simple pustules. Upon the
thorax and pygidium the posterior edge of each segment and annulation bears
a single row of sharply defined granulations; sometimes accompanied by
finer and irregularly scattered granules. There are usually indications of a
row of faint axial tubercles beginning at the occipital ring, omitting the first

six thoracic segments, thence recurring and extending to the second or third
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annulation of the pygidium. The surface of the hypostoma is punctate and

covered with strong, concentric, lamellose markings.

Dimensions. An average individual affords the following measurement:

Body. Cephalon. Thorax. Pygidium.
Length ____________ 36 mm. 14 mm. 12 mm. 10 mm.
Width ________.____ 22 mm. 22 mm. 20 mm. 18 mm.

The smallest entire specimen observed has a length of 12 mm., and a
width of 9 mm., and the largest specimen, in which the parts are somewhat
detached, was an individual measuring 62 mm. in length.

Observations. Proétus Rowi is one of the rarer species of the Hamilton fauna.
The fossil was first brought to public notice by Mr. Le Row, in the Poughkeepsie
Telegraph of November 22, 1837, and was described by Green in the following
year, as cited. The original was from the sandy shales of the group in Otsego
county. In one locality only has it proven to be an abundant fossil in good
preservation, namely, on Seaver’s creek in the township of Canandaigua, Ontario
county, in the shales and limestone immediately overlying the Marcellus shales.

Careful comparison of this species with Proétus clarus, Hall, of the Upper
Helderberg limestone, shows a very close similarity in the broader features and
in the general expression of the animal. While the former may be regarded as
the Hamilton representative or descendant of the latter, there are certain asso-
ciated details which will serve to distinguish the species. Proétus Rowi has larger
eyes, flatter thoracic segments, a less abruptly tapering axis and a larger num-
ber of annulations upon the pygidium, and a peculiar ornamentation upon the
cheeks, thorax and pygidium, which has not been noticed in Proétus clarus.

Proétus marginalis.

Calymene marginalis, CoNRAD. Ann. Rept. Paleontology of N. Y., p. 66. 1839,
Proétus marginalis (1), HaLL. Descr. New Species of Fossils, etc., p. 76, 1861,
Proétus marginalis (1), HAaLL. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 104. 1862.
Proétus marginalis (), HaLL. Illustrations of Devonian Fossils, pl. xxi, figs. 24-28. 1876,

The original of Mr. Conrad’s Calymene marginalis was a cephalon described
by him in the following terms (loc. cit.):
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“ C. marginalis, Buckler, with a broad margin ; eyes large, semi-oval; middle
lobe entire, convex, smooth abdomen. . . . . .7”

“ Locality. Near Ithaca, in a boulder. This has a much less prominent
front than the Rowi, a deeper groove between the eye and middle lobe, and
the tubercle which nearly joins the lower angle of the eye is much smaller.”

It was subsequently ascertained that the boulder referred to by Mr. Conrad,
was a mass of the Tully limestone, which had been transported many miles south
of the outcrop of that formation. For this reason the species of Proéfus which
has been frequently found in the outcrops of this rock upon Seneca and Cayuga
Lakes, in Onondaga county, and elsewhere, was regarded in the published de-
scriptions of 1861 and 1862 (vid. loc.), as probably specifically identical with Mr.
Conrad’s original. This reference was without doubt correct, but the more com-
plete material illustrating. this fossil and its allies in adjoining formations, which
has accumulated since the publication of these descriptions, has afforded con-
clusive evidence that P. marginalis, Conrad, is identical in every specific detail
with P. Rowi, Green.

The points of difference in these forms, as stated in the description quoted
above, depend solely upon the condition of preservation of the specimens. As
the individuals of P. marginalis occurring in the State of New York are pre-
served in limestone, the surface has more nearly retained its normal rotundity,
and the glabella is less extended anteriorly than in the usually somewhat flat-
tened examples of P. Rowi from the Hamilton shales. The specimens from
the Tully limestone show that the glabella encroaches slightly upon the frontal
margin, as in normal examples of P. Rowi.

The depth of the groove between the eye and the glabella depends entirely
upon the degree of flattening of the specimen; and the size of the occipital
lobe varies with the absence or retention of the crust.

After a careful examination of all the representatives of P. marginalis at
hand, it seems impossible to associate any characteristics by which it can be
distinguished as even a variety of P. Rowi, and the foregoing description of the
latter species will apply in every respect to Mr. Conrad’s P. marginalis.

This fossil occurs in the Tully limestone, in intimate association with Pha-
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cops rana and Dalmanites Boothi, var. Calliteles, as does also P. Rowi, in the basal
layers of the Hamilton shales.

The name Proctus marginalis, Conrad, as far as it has included the forms
of Proétus occurring in the Tully limestone, may therefore be regarded as

synonymous with P. Rowi, Green.

Distribution. Hamilton group. In the Hamilton shales: On Seaver’s Creek,
Township of Canandaigua, Ontario county; York, Livingston county; Ham-
burgh and Eighteen-mile creek, Erie county; Vly creek and elsewhere, Otsego
county. In the sandy shales of Schoharie county. In the Tully limestone:
Below Lodi Landing, Seneca lake; at Weston’s quarry, near Spofford Corners,
Split Rock, near Borodino, and Tully, Onondaga county; Moravia, Cayuga
county, and Cuyler, Cortland county.

ProETUS JEJUNUS, n. sp.

PLATE XXV, FIG, 7.

Pyeipium moderately large, the posterior outline being the arc of a circle.

Azis elevated, relatively narrow, having one-fourth the width of the shield
on the anterior margin; tapering rapidly to an obtuse apex distant from the
posterior extremity. The apex is slightly elevated, a low, depressed ridge
connecting it with the posterior border. Ten annulations can be eounted,
all of which show a retral bend over the axial line, and each bears a con-
spicuous central node.

The pleure are relatively broad and slope with a gentle curve outward to
the narrow border. There are eight annulations, exclusive of the articulat-
ing ring, and on the cast of the lower surface they appear to have been
distinctly sulcate. Border smooth except near the antero-lateral angles,
where it is encroached upon by the annulations.

Dimensions. Length 13 mm., width 21 mm.

Observations. This species is represented by a single pygidium from which
the crust has been largely removed, but the specimen is sufficient to show that
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it represents a definite specific variation from other forms included under this
genus. Its distinctive characters are the broad, explanate pleurse and the axial
row of nodes.

The general proportions of the pygidium are similar to those of Proétus Rowi,
P. clarus and P. Prouti, but from all these it differs in its axial row of nodes
and more conspicuously sulcate annulations. From P. macrocephalus, which
often bears nodes upon the axis of the pygidium, it varies in the more numerous
annulations and greater proportional length of the former.

Distribution. Hamilton group. In the sandy shales, Albany county.

Prox1rus PHOCION.
PLATE XXV, FIGS. 9, 10.

Proétus Phocion, BiLuings. Pal@ozoic Fossils of Canada. vol. ii,"pl. 1, p. 63, fig. 31. 1874.

GENERAL ForM AND Prororrions. One of the type specimens, which is a cast
of the lower surface of an entire extended individual, indicates a body rela-

tively broad and short, and more depressed upon the axis and pleurse than
P. Rowi or P. Conradi.

CepaaLoN  This part of the body is closely similar to that of P. Row: and
P. angustifrons. The border is moderately broad, slightly convex on its
proximal edge, becoming gently concave outwardly as in P. Row, but pro-
duced into shorter cheek-spines. The cheek is elevated and distinctly
ridged at about half the distance from the border to the base of the eye, and
is broadly flattened on the upper surface.

The glabelle has much the same proportions as in P. angustifrons, and
shows indications of three pairs of lateral glabellar furrows. The occipital
ring bears a central tubercle, which is situated on the upper surface as in
P. angustifrons, and not on the posterior margin as in P. Rowi. The basal
lobes in the occipital furrow are larger, but not so distinctly defined, and
the eye is smaller than in P. Rowi.

The THoraX bears no feature of distinctive value except the general smooth-
ness of the test, and the rounded posterior margins of the axial segments.
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The Pyciorom is like that of P. Rowi, the azis bearing the same number of annu-
lations, nine or ten, but scarcely so wide or so strongly arched as in that
species ; the pleure are more flattened, the ribs, of which four or five may
be counted, being very faint, becoming obsolescent. The border is distinctly
thickened.

Dimensions. The cast of the lower surface of the entire individual meas-

ures as follows:

Body. Cephalon. Thorax. Pygidium.
Length ___________. 35 mm. 12.5mm. 13.5 mm. 9 mm.
Width ___ . _______. 24 mm. 24 mm. 21 mm. 19 mm.

Observations. Of all the American Proéti which follow the type of structure
exemplified in P. Rowi, Green, this species is much the broadest and stoutest,
although it is closely allied in many details to several members of the group.
It may be important to note that this broad form has been found only in
the easternmost outcrops of the Devonian formations; while the narrowest
and most slender member of the group is from the far west (Eureka District,
Nevada).

Distribution. 1In the upper limestones and sandstones of Indian Cove, Gaspé,
Province of Quebec.:

Proirus Prourr.
PLATE XXIII, FIGS. 16-18.

Proétus Prouti, SHUMARD. Trans. St. Louis Acad. of Seci., vol. ii, No. 1, p. 110. 1863.
Proétus Davenportensis, BARRIS. Proc. Davenport Acad. Nat. Sei., vol. ii, p. 287; pl. xi, fig. 8, and pl. xi
revised, fig. 8. 1878.

GeNErAL Form AND Proporrions. Body elliptical or sub-ovate in outline;
length to width as 3 to 2.
Surface convex, scarcely elevated, and conspicuously trilobate.

CeprALON sub-semicircular, faintly produced at the anterior extremity. Bor-
der broad and prominent, deeply grooved in front and recurved at the edge,
becoming flatter at the sides, the sulcus more shallow and narrower and
accompanied by a less conspicuous sulcus nearer the cheek. At the genal
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angles the margin is produced into long, rounded spines which reach to the
seventh segment of the thorax. Posterior margin nearly straight.

Facial Sutures normal, curving sharply forward on the anterior margin.

Glabella elongate-sub-conate, surface depressed-convex; length about one-
fourth greater than the width. The narrow anterior extremity encroaches
slightly upon the frontal border. Lateral furrows in four pairs, accom-
panied by the posterior accessory furrows. These furrows are all linear
and in the specimens at hand are quite faint upon the surface, being made
more conspicuous by the somewhat translucent test. Occipital lobes promi-
nent, transversely sub-pyriform ; occipital furrow narrow and sharply impressed;
occipital ring broad, somewhat flattened above, and strongly arched.

Eyes moderately large, lunate; orbital ridge depressed and strongly sul-
cate at its base. Palpebral lobe large and closely appressed agamst the
glabella; palpebral sulcus narrow and elevated. ,

Cheeks depressed at the summit and rounding more or less abruptly to the

posterior and lateral margins.

THORAX sub-quadrate, about one-third longer than wide; lateral margins round-
ing to the pygidium. Surface sub-equally trilobate.

Axis convex and arched, having about one-third the width of the thorax,
attaining its greatest width at the fourth segment, whence it tapers regularly
to the pygidium. Segments narrow and somewhat flattened.

Pleure laterally depressed at about one-third their width from the axis,
The segments are conspicuously sulcate, the anterior ridge becoming rapidly
obsolete beyond the fulcrum.

Pyaipium sub-semicircular in outline, faintly emarginate at the posterior ex-
tremity ; anterior margin with a slight forward curve ; width equal to twice
the length. The border is broad and conspicuous, flattened anteriorly,
thickened and slightly sulcate behind.

Axis rather narrow, having less than one-third the width of the shield on
the anterior margin, tapering rapidly to a blunt and elevated apex within
the posterior border. It is composed of from eight to ten annulations which
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have a forward bend near the axial furrows and a slightly retral curve over
the median line.

Pleure evenly convex and bearing from six to eight annulations, each of
which is grooved by a finely impressed line. All the annulations become

extinct upon reaching the border.

Surface Ornamentation. Upon the cephalon and thorax the test is covered
with faint, nearly obsolete pustules or granulations, which seem to be want-
ing upon the pygidium, except at the posterior edges of the axial annula-
tions. The last four or five segments of the thorax each bear a strong
tubercle in the axial line, as in Proétus Rowi. A faint axial tubercle is also
visible upon the occipital ring.

Dimensions. An entire individual of normal proportions measures :

Body. Cephalon. Thorax. Pygidium.
Length ____________ 37 mm. 14 mm. 13 mm. 10 mm.
Width - ... _______. 26 mm. 26 mm. 20 mm. 19 mm.

Observations. 'The Proétus Davenportensis of Barris, appears to be identical
with Shumard’s type, and the description here given is from Mr. Barris’ original
specimens, which he has kindly loaned for the purpose.

Proétus Prouti may be regarded as a western representative of the type of
Proétus, exemplified by the New York species, P. angustifrons, P. clarus and P.
Rowi. With the last named species it has many points of close similarity, both
in general contour and in details. It will be found, however, to differ in the
following particulars, which, taken together, prove of specific value: the cephalic
border is broader and more conspicuously grooved; the genal spines very much
longer ; the axis, both upon the thorax and pygidium, narrower; the pygidium
more evenly convex, and with a more conspicuous border.

Distribution. Hamilton group. In the fawn-colored limestone, near Daven-

port, Iowa.
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Proiirus NEVADE, n. sp.

PLATE XXIII, FIG. 19.

Proétus marginalis, WarLcorr. Monogr. U. S. Geol. Surv., vol. viii: Pal. Eureka Dist., p. 210. 1884.

THE specimen identified by Mr. Walcott as Proétus marginalis, Conrad, in the
work above cited, is a well-preserved and nearly entire individual, which ex-
hibits points both of relationship and difference with the various representatives
of the group of Proétus typified by P. Rowi, viz.: P. angustifrons, clarus, mar-
ginalis (= Rowi) and Prouti. All these species are established upon differences
which are of themselves slight but which nevertheless appear persistent. To
any of these species, as here described, it becomes impossible to admit the
Nevada form, as it differs from each member of this group in as many
respects as those species differ from one another. It therefore seems neces-
sary to regard it as having a distinct specific value founded upon characters
which may be best expressed by a comparison with each of the species above
mentioned.

With P. angustifrons it agrees (a) in the character of the frontal border, which
is convex near the marginal sulcus and slopes evenly to the edge, becoming
faintly concave on the anterior limb; (b) in the relatively narrow glabella, tan-
gential upon the frontal border (in the type specimen the glabella has been
slightly compressed laterally and thus appears somewhat narrower and more
convex than is normal); (¢) in the number of annulations upon the pygidium.
It differs from this species in (a) the narrower and more elongate body; (b) the
much smaller eyes; (c) the broader, more elevated and convex cheeks; (d) the
longer and more slender genal spines; (e) the narrower and more elevated
pygidial axis. -

With P. clarus it agrees in (a) the character of the frontal margin; (b) the
length of the genal spines; (c) the form, contour and annulations of the pygi-
dium. It differs from this species in (a) the much narrower and more regularly
elliptical body ; (b) the much narrower glabella; (c) the smaller eyes; (d) the
narrower, more arched and more slowly tapering thoracic axis; (e) the narrower
pygidial axis.
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With P. Rowi (including P. marginalis, Conrad), it agrees in (a) the more
elongate and slender form; (b) the character of the ornamentation of the
the cheeks; (c) the relatively narrow axis of the thorax; (d) the convex pygi-
dial border. Tt differs from this species in (a) the narrow glabella not encroach-
ing upon the frontal border; (b) the much smaller eyes; (c) the broader, more
elevated cheeks; (d) the larger cheek-spines; (e) the convex frontal border ;
(f) the narrower pygidial axis; (g) the absence of the low elevation connecting
the apex of the axis with the posterior border.

With P. Prouti it agrees in the general features common to all these species,
but differs in (a) the character of the frontal border; (b) the shorter cheek-
spines; (c) the tangential glabella; (d) the smaller eyes; (e) the narrower
pygidium, with fewer annulations.

The ornamentation in P. Nevade consists of fine almost obsolete granula-
tions. The crust of the thorax is broken in such a manner as not to show
whether there existed an axial row of strong tubercles as in P. Rowi and
P. Prouti.

These details of difference in all these species cannot be satisfactorily repre-
sented in life-size drawings. Dependence must therefore be placed upon the
descriptions in establishing the limitations accurately.

Distribution. “Lower horizon of the Devonian limestone; Comb’s Peak,
Eureka District, Nevada.” (Walcott, op. cit.)

PROZETUS OCCIDENS.

PLATE XXI, FIGS. 22, 23.

Proétus occidens, HarL. Deseriptions New Species of Fossils, ete., p. 80. 1861.
Proétus occidens, Harr. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 108. 1862.
Proétus occidens, HALL. Illustrations of Devonian Fossils, pl. xxi, figs. 22, 23, 1876.

TH1s species, so far as known, is represented by only two somewhat imper-
fectly preserved Pyaipia. Their outline is semi-elliptical ; length to width as
3 to 4; surface depressed-convex. The axis has a little less than one-third
the width of the shield on the anterior margin, is moderately convex and tapers

evenly to an obtuse apex which lies just within the conspicuous marginal
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border. It bears about twelve transverse annulations. The lateral slopes are
gentle and bear nine or ten flattened annulations, each of which appears to
be faintly sulcate. Surface minutely granulose. The larger of the two speci-
mens measures 18 mm. in length and 23 mm. in width; the smaller 14 mm. in
length and 18 mm. in width. This species has proportions similar to those of
Proitus macrocephalus, but has fewer annulations and lacks the conspicuous
ornamentation of that species. It is not closely comparable with any of the
species here described.

Distribution. Hamilton group. New Buffalo, Iowa.

Proii1us (?) LONGICAUDUS.
PLATE XX, FIGS. 32-34.

Proétus longicoudus, HaLL. Fifteenth Rept N. Y. State Cab. Nat. Hist., p. 108, pl. x, figs. 7-9. 1862.
Proétus longicaudus, HaLL. Illustrations of Devonian Fossils, pl. xx, figs. 32-34. 1876.
Proétus longicaudus, H. S. WiLLiams. Amer. Journ. Science, vol. xxi, 3d Ser., p. 156. 1881.

GeNERAL Form aND ProporTIONS. Body elongate-ovate, tapering, with margins
rounding to the posterior extremity.

CeprALON broadly semi-elliptical, transversely very convex. Border wide and
thick, produced into short spines at the genal angles.

GQlabella sub-ovoid, slightly constricted opposite the anterior angles of the
eyes, and somewhat abruptly rounded in front. First lateral furrows faint
and very short ; second and third pairs gently curving backward, extending
nearly two-thirds the distance across the glabella; fourth pair of furrows
conspicuous, passing from near the middle of the palpebral lobe to the
occipital furrow, and forming two large sub-pyriform basal lobes, each of
which reaches about one-third the distance across the base of the glabella.
Occipital lobes wanting; occipital ring broad and flattened above, becoming
narrower on the cheeks.

Cheeks broadly marginate.

Elyes sub-reniform, moderately large and closely appressed upon the glabella.

TrorAX composed of nine segments.
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Azis very prominent, semi-cylindrical.
Pleure flat for about one-half their width, thence sloping gently to the

margins.

Pyeipium very elongate-triangular, the length being equal to the width.

The azis tapers to an obtuse termination considerably within the scarcely
thickened border; composed of twenty-two annulations, which are vertical
on the sides, but have a gentle anterior curve toward their summit.

Pleure flat near the axis, thence curving somewhat abruptly outward and
downward ; bearing twelve annulations, which terminate in a broad, sloping
border abruptly recurved at the edge.

Surface finely granulose.

Observations. There exists a great deal of doubt both as to the generic status
and the geological age of this species. The original and type specimen was
presented many years ago by the Rev. Mr. Nash, of Des Moines, Iowa, together
with specimens of Phacops rana, and was said to have been found in association
with the latter at some point to the north-east of that place. This was the
only specimen of the species known until certain others were described by
Mr. H. S. Williams (loc. cit.) from a blue limestone near Madison, Greenwood
county, Kansas, and he has suggested that these may have been derived from
rocks not older than the Carboniferous. Mr. Williams’ specimens were obtained
from Mr. Edwin Walters, of Hickman, formerly of Madison, Kansas, who, in
response to inquiries, writes that he has found this species in association with
Phacops bufo (rane). Admitting its association with this well-known and
characteristic fossil, its geological age would appear to be that of the Hamilton
group.

On the other hand the species, in many important structural features, is
more closely related to the Carboniferous Phillipsie than to typical forms of
Proctus.  The possession of but nine thoracic segments, which appears to be a
normal feature of the species at maturity, is known in but one other species of
Proétus, viz., P. sculptus, Barrande, from the ¢tage G. For the genus Phillipsia
this is the normal number. Moreover, the oval, slightly constricted glabella,
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the reniform eyes, the absence of occipital lobes, the great length of the pygi-
dium and the number of its annulations are all Phillipsioid characters.
The species may ultimately prove to be a Carboniferous fossil, but any satis-

factory determination of its age must await the acquisition of more complete
material.

Proistus MISSOURIENSIS.
PLATE XXIII, FIG. 32.

Proitus Missouriensis, Suumarn. Geol. Rept, Missouri, p. 196, pl. B, fig. 13. 1855,
Proctus auriculatus, Harn. Descr. New Species of Fossils, ete., p. 79. 1861,
Proétus auwriculatus, HALn. Fifteenth Rept. N. Y. State Cab. Nat. Hist., p. 107. 1862.
Phillipsia. Shumardi, Herrick. Bull. Sci. Lab. Denison Univ., vol. ii, pt. 1, pp. 58, 69, pl. vii, fig. 14. 1887.

THis species is noticed here in order to call attention to its correct determina-
tion and its proper synonymy. The original of Mr. Shumard’s Proétus Missouri-
ensis, described from the Lithographic limestone of Missouri, formerly regarded
as of Upper Devonian age, is apparently identical with the detached cephala
and pygidia from the Waverly sandstones of Licking county, Ohio, which were
described in 1861 under the name Proétus auriculatus, Hall. Recently an en-
tire individual of the species from Licking county, Ohio, has been described
by Herrick (loc. cit.), under the term Phillipsia Shumardi. The change of name
proposed by this author arises from the consideration that if the fossil belongs
to the genus Phillipsia, the designation Phillipsia Missouriensis would be inad-
missible as this name had been used by Shumard for a species from the coal
measures at Lexington, Missouri, described in 1858, (Transactions St. Louis
Academy of Science). Without entering into a discussion upon the right of
priority under these circumstances to the specific term Missouriensis, the
evidence, afforded by the entire specimen of the species, points distinctly to the
fact that the genus to which it belongs is Proétus and not Phillipsia. 'The form
of the glabella is in some respects similar to that of certain species of Phillipsia,
being somewhat expanded anteriorly, the fourth lateral furrows strong and
reaching to the occipital furrow, the third and second short and the first
obsolete. Such variations frequently occur within the limits of the genus
Proétus (P. canaliculatus, P. granulatus, P. crassimarginatus). The occipital lobes,
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which are well developed in this species, are either obsolete or obsolescent in
Phillipsia. The ten thoracic segments, however, determine its generic relations
and exclude it from the genus Phillipsia, while the relatively short pygidium is
more strongly Proétoid than Phillipsioid.

PHAETHONIDES, Anceun. 1878.

'PHARTHONIDES ARENICOLUS, n. Sp.

PLATE XXV, FIGS. 12, 13.

Pyaiotum relatively short, broadly sub-elliptical in outline ; length equal to one-
half the width.

Auzis elevated, comparatively narrow, having less than one-third the width
of the shield on the anterior margin; tapering to a blunt extremity consid-
erably within the margin. Characterized by transverse annulations, the
number of which cannot be distinctly made out, apparently from five to seven.

Pleure broad, curving rapidly to the margins; bearing five annulations,
with traces of a sixth, all of which are strongly sulcate, the posterior limb
being much the wider, and the anterior ridge becoming extinct upon the
lateral slope. Each annulation terminates upon the margin in a short, stout
spinule, projecting horizontally, and the post-axial margin also bears two of
these processes, making in all fourteen in the marginal fimbria. Close upon
the margins of the lateral slopes are also bases of spinules equally stout, and
there appears to have been a row of small tubercles further inward on the
posterior limb of each annulation.

This pygidium appears to be constructed on the same plan as that of
Phacthonides gemmeus, of the Hamilton group, but the number of annulations
1s somewhat less, and the surface not so strongly tubercled.

The single specimen from the Schoharie grit has a length of 3 mm., and a
width of 6 mm.

Distribution. Upper Helderberg group. Schoharie grit: Schoharie county.
A specimen bearing similar characters has also been found in the decomposed
Corniferous chert at North Cayuga, Province of Ontario.



CRUSTACEA. 186

PHATHONIDES VARICELLA, . sp.

PLATE XXIV, FIGS. 29-31.

CepnaLon. Intra-sutural portion only observed. Outline sub-circular. Frontal
area broad, concave, strongly recurved at the margin. Margin slightly
thickened by doublure, elevated, reaching or exceeding the height of the
glabella. Palpebral lobes conspicuous.

Facial Sutures normal,

Glabella elongate-ovate or pyriform, bounded by a low sulcus; convex,
slightly flattened above. Basal lobes strong; baso-lateral furrows broad and
deep; antero-lateral impressions duplicate, very faint upon the crust but
apparent upon the lower surface.

THORAX not observed.

Pyacipium broad, the outline being the arc of a circle whose center is the middle
of the first annulation.

Azis elevated, relatively narrow and longitudinally arched, abruptly ter-
minating before reaching the posterior border; composed of eleven or twelve
transverse annulations.

Pleure broad, depressed-convex, flattened at the margin, which is strongly
thickened by doublure. Pleural annulations eight, six of which are sulcate
and double. The cast of the lower surface, which serves the purposes of
description, shows the last two annulations more distinctly than they would
probably appear upon the upper surface of the test.

Surface of the cephalon ornamented by tubercles, which are scattered over
the glabella, and are stronger upon the adjoining frontal and lateral areas.
Upon the recurved marginal area the ornamentation changes to strong, abun-
dant punctee, which become finer toward the margin itself. On casts of the
lower surface this punctate structure is to a large degree lost. The pygidium
bears an axial row of bead-like tubercles with two less conspicuous rows on
each side. The pleurse show traces of three or four rows of tubercles, which
become obsolete toward the posterior extremity.
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Dimensions. An average cephalon measures 6 mm. in length and 6 mm.
in width; the pygidium 8 mm. in length and 10 mm. in width.

Observations. In the outline and contour of the cephalon, Phaéthonides vari-
cella Aapproaches Cyphaspis ornata, of the Hamilton group. Its more elevated
and sharply recurved frontal margin, and the absence of the peculiar marginal
ornamentation of that species, will serve as distinguishing characters of the
head. The species is thus far represented by three specimens, two imperfect
cephala and a single pygidium. Of these, one head and the pygidium occur in
Juxtaposition, so that little doubt remains of their specific identity.

Distribution. Upper Helderberg group. Corniferous limestone: In the
boulders of decomposed chert, Canandaigua, Ontario county.

PHAETHONIDES GEMMZUS, n. sp.

PLATE XXIV, FIGS. 32-36,

CepHALON unknown. Two detached thoraces have been found, one in close
association with a pygidium, and each of them shows seven segments. It is,
however, probable that some of the segments have been lost.

TrorAX sub-quadrate, margins nearly parallel.

Axzis strongly arched and very broad, being nearly one-half the width of
the body on the anterior margin; width increasing backward for a short
distance and thence tapering rapidly toward the pygidium. KEach segment
is very narrow, elevated upon the anterior margin, grooved and depressed
behind.

Pleure convex for about one-third their width, thence abruptly depressed
to the margins; sulcate and strongly beveled for two-thirds their length.

The axis bears from three to five longitudinal rows of small pustules, one
of which is in the axial line, and the pleursa bear each three or four similar
rows. The articulating grooves of the axis are punctate.

Pyeiprom. Outline sub-semicircular, anterior margin curved backward at the
antero-lateral angles. Surface sharply elevated along the median line, de-
pressed-convex on the lateral portions.
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Azis convex, elevated, evenly tapering to an abrupt termination distant
from the posterior margin; width on the anterior margin about one-third
the width of the shield; bearing from eight to twelve narrow annulations,
which have a slight retral bend along the axial line and appear to be angu-
lated by the five longitudinal rows of strong tubercles. Of these rows the
middle one is much the strongest. Upon the elevated termination of the
axis are a number of small, irregularly scattered pustules.

Pleure gently convex for about one-half their width, and depressed upon
the broad, flattened border; bea,ring eight annulations, which are grooved
for their entire length, making the anterior limb of each strong and the
posterior limb inconspicuous. Each annulation bears upon the anterior
limb four, five or six strong sub-spiniform tubercles, of which those upon
the margin are much the strongest and are usually produced into short
spines. Some specimens bear a terminal spiniform tubercle upon the
margin between the last two annulations. The pleurse and articulating

grooves are punctate.
Doublure broad and flat.

* Dimensions. A thorax from the Hamilton shales measures 6 mm. in length
and 10 mm. in width; a pygidium from the same formation 6.5 mm. in length
and 9 mm. in width; a small pygidium from the Upper Helderberg limestone
3 mm. in length and & mm. in width.

Distribution. Upper Helderberg group. Corniferous limestone: In the de-
composed chert boulders, Canandaigua. Ontario county. Hamilton group: In
the lower shales at Canandaigua and Fall Brook, Hopewell, Ontario county ;
Eighteen-Mile creek, Erie county.

PHAETHONIDES CYCLURUS, n. Sp.

PLATE XXIV, FIG. 26-23; AND PLATE XXV, FIG. 11.

CepuaLoN. The intra-sutural portion, which is the only part known, indicates
a semicircular outline for the head ; frontal and lateral areas depressed and
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concave ; frontal margin elevated, rising to the height of the glabella, broad,

thickened and rounded. Palpebral lobes conspicuous.

Glabella sub-pyriform, convex, slightly flattened above, bounded by a sul-
cus which is strong at the sides and obsolete in front. Baso-lateral lobes

strong; antero-lateral impressions well marked.

Cheeks appressed and elevated along the lateral margins of the glabella.

THORAX not observed.

Pycipium semicircular ; length to width as 1 to 2.

Axis prominent, elevated and longitudinally arched; width less than one-
third that of the shield, rapidly tapering to an apex just within the posterior
border ; composed of nine annulations which are transverse, rounded and
separated by moderately broad sulei.

Pleure evenly rounding to the flattened border, and bearing seven annula-
tions, which are strongly sulcate. Border broad, depressed or flat. All the
pleural annulations pass over the border to its edge, where the anterior and

posterior limbs are of equal strength. Doublure broad.

Surface Ornamentation. The cephalon shows traces of low pustules over
the glabella, and upon the depressed frontal area, where they become elongate
or lachrymate, sometimes anastomosing, leaving elongate depressions between
them; the frontal border also bears an irregular row of conspicuous tubercles.
The pygidium is marked by regularly arranged pustules; a median row upon
the axis, bifurcating at the fifth or sixth annulation, thence backward con-
tinuing double until it becomes obsolete. Four rows of finer pustules are
also visible on the axis, two on either side of the median row. The pleurae
bear three or four rows of small pustules, and the interspaces of the crust
are minutely granulose, and punctate. The lower surface of the doublure is

marked by faint radiating or venate striations.

Dimensions. The single fragment of the cephalon has a length of 7 mm.;
the pygidium measures 6 mm. in length and 9 mm. in width.
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Observations. 'This species does not widely differ from the Proétus Macrobius,
of Billings, from the Lower Helderberg of Square Lake, Maine. The latter
species, however, is of considerably larger size, and also differs in the following
particulars, viz.: the frontal area is not concave; the glabella is longer; the
axis of the pygidium bears fewer annulations, and the surface of both cephalon
and pygidium is smooth or minutely punctate.

This rare species is known in only a few specimens of the cephalon and
pygidium. One example shows the two parts in juxtaposition, and from this
fact, and from the analogy of other species of this genus, it is more than
probable that they belong to the same species and the same individual.

Distribution. Lower Helderberg group. In the shaly limestone: Near Clarks-
ville, Albany county.

PuaftaONIDES (?) DENTICULATUS.
PLATE XXV, FIGS. 14, 15.
Proétus (Phaston) denticulatus, Mesx. U. S. Geol. Expl. Fortieth Parallel, part 1, Paleontology p. 49 pl
i, figs. 10, 10 a, 10 b.  1877.

Cerraixy fragments, consisting of the pygidium, the glabella and detached
thoracic segments, were described by Mr. Meek under the above name, and
though the different parts may not have all belonged to the same species, the
pygidium, which the author accepted as the type of his description, appears to
represent a member of the genus Phacthonides. The original specimens have
not been accessible for examination and comparison, and we therefore repro-
duce the original description of the pygidium, accompanying it with figures
copied from the work cited :

“ Pyaioiom transversely sub-elliptic, and nearly twice as wide as long, with a
moderate convexity. Its mesial lobe is about as wide anteriorly as each lateral
lobe (exclusive of their lateral spine-like projections), and more prominent than
the latter, with three or four segments. The lateral lobes are rather depressed
and show about four segments each ; these segments are not well defined, but
have each a distinct mesial furrow, extending out to the margin, where each
segment terminates in a short spine directed backward; while there are two
other smaller spine-like projections just behind the posterior end of the mesial
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lobe; thus making ten of these projecting points to the whole of the free
posterior and lateral margins. The surface shows a finely granular appear-
ance under a magnifier.”

This pygidium is different in many respects from the others here referred to
the genus Phaéthonides, and is more nearly similar to the forms which it was
the evident intention of M. Barrande to include under the term Phaéfon. The
glabella found in association with the pygidium, if correctly referred to the
same species, is also different from those of the other American members of
the genus, being distinctly proétoid and conforming with that of Phaéfon plani-
cauda and Ph. siriatus, Barrande. This species, when better known, may serve
to establish the group designated by M. Barrande with the preoccupied term
Phaéton, as generically distinct from Phaéthonides.

Distribution. From the west side of Steptoe Valley, Nevada: “Although not
found associated with other fossils, they are believed to belong to the Devo-
nian epoch.” (Meek, loc. cit.)

CYPHASPIS, Burmeister, 1843.

CYPHASPIS MINUSCULA.
PLATE XX, FIG. 17; AND PLATE XXIV, FIGS. 7-12.

Prillipsia minuscula, HALL. Illustrations of Devonian Fossils, pl. xx, figs. 17. 1876.

GeENErAL Form anD Proporrions. Outline ovate, posteriorly sub-attenuate.
Surface depressed-convex, sub-equally trilobate. Axis evenly tapering.
Length to width as 3 to 2; axial length of cephalon, thorax and pygidium
as 3 to 6 to 1.

CrpraLoN semi-elliptical in outline, curvature slightly changing at the genal
angles, which are produced into spines having an outward curve and reaching
almost to the pygidium.

The facial sutures take their origin on the posterior margin near the genal
angles, pass obliquely forward over the palpebral lobe, thence outward and
forward, approximating toward the margin and terminating on the frontal
doublure.
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Glabella sub-pyriform, evenly convex, sometimes slightly elevated along
the axial line; bounded by a strong sulcus, which is shallowest near the
palpebral lobe. Basal lobes pyriform, conspicuous; baso-lateral furrows
strong ; antero-lateral impressions faint. Frontal area scarcely appressed
against the glabella, evenly convex and depressed near the margin which
1s thickened and slightly reflexed.

FElyes elevated, conspicuous. Palpebral lobes relatively small.

Cheeks sloping more or less abruptly from the orbital area to the thickened
margin.

THorAX elongate; axis and pleurse evenly tapering, the latter at about one-
third their width from the axis abruptly deflected to the lateral margins.
Segments fifteen, each one of which is sulcate upon the pleurs, the anterior
limb being inconspicuous and becoming obsolete by the development of the
beveled planes of articulation.

Pyampium small; width greater than twice the length. |
Auzis strongly arched and bearing three annulations with traces of a fourth,
beyond this point becoming obsolete just within the posterior margin.
Pleure with abrupt lateral slopes and showing two faint duplicate annula-
tions. Doublure narrow.

Surface smooth, sometimes finely granulose or minutely papillose, and
rarely tuberculate. The occipital ring of the cephalon occasionally bears a
single short spine at its center.

Hyrostoma. A single imperfect example shows the hypostoma slightly dis-
placed from its normal position. This organ is sub-quadrate, with the -
centrum evenly convex, and separated by a furrow from the flat marginal
area. Anterior margin straight (?); lateral margins slightly incurved, wid-
ening posteriorly, posterior margin emarginate.

Dimensions. A representative individual affords the following measurement:

Body. Cephalon. Thorax. Pygidium.
Length____________ 13 mm. 4.5 mm. 7 mm. 1.5 mm.

Width ____ . ____._.__ 8 mm. 8 mm. 7 mm. 3.5 mm.
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Observations.  Cyphaspis minuscula has usually been observed as casts of the
lower surface. Fragments of the cephalon in this condition of preservation
are far from uncommon in the decomposed chert of the Corniferous limestone.
From Cyphaspis craspedota, of the Hamilton group, the species is distinguished
by the more abrupt curvature of the frontal area of the cephalon, the longer
genal spines, and the greater number of thoracic segments, none of which
appear to bear any spines. It may be compared with Cyphaspis Halli, Barrande,
from the Bohemian ¢tage E, which it closely approximates in the characters of
the cephalon. In that species, however, the glabella is more elongate, the basal
lobes less conspicuous, the pygidium relatively larger and with more annula-
tions than in Cyphaspis minuscula.

Distribution. Upper Helderberg group. Schoharie grit: Clarksville, Albany
county. Corniferous limestone: Schoharie, Schoharie county ; Phelps, Ontario
county ; LeRoy, Genesee county; Clarence, Erie county. In the decomposed
chert boulders, Canandaigua and Kast Bloomfield, Ontario county; North
Cayuga, Province of Ontario.

CYPHASPIS STEPHANOPHORA, 1. SP.

PLATE XXIV, FIGS. 2-6.

CepraroN. Outline transversely semi-elliptical; length to width as 1 to 1.7.
Genal angles produced into recurved spines which are longer than the
axial length of the cephalon. Border spinose and thickened by doublure
Frontal area narrow, convex and appressed about the glabella, anteriorly
depressed by abrupt curvature to the thickened, slightly reflexed anterior
margin.

Facial Sutures, normal for the genus, originating on the occipital annula-
tion just within the genal angles, passing obliquely forward and inward to
the eye-lobe, thence forward and outward to the anterior margin.

Glabella extending three-fourths the length of the cephalon, sub-pyriform,
convex, bounded by a strong sulcus which becomes shallow over the ocular
lobes. Basal lobes pyriform; baso-lateral furrows deep; antero-lateral im-
pressions faintly discernible.
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Cheeks elevated about the orbital node and sloping abruptly to the
thickened margin. Palpebral lobes elevated; visual surface not observed.

The Surface of the cephalon i1s ornamented by strong, scattered pustules
which become obsolete upon the border and the genal spines. Upon the
occipital ring isx a single, strong, spiniform tubercle, generally accompanied
by a smaller one on either side. The anterior and lateral margins of the
cephalon bear two rows of strong spines, one above the other; those of the
upper row being the longer and having their bases upon the proximal surface
of the marginal rim. The proximal surface of this rim lies vertically upon
the margins of the cheeks, and hence the spines which stand perpendicular to
its surface, lie in the horizontal plane; as it approaches the frontal margin
this rim becomes turned upward and slightly reflexed, so that towards the
anterior extremity the spines of the upper row stand at an angle of nearly
forty-five degrees to the horizontal. The spines of the lower row are shorter,
lying in the horizontal plane on the frontal margin, and deflected below the
horizontal plane on the genal margins. Of these spines there are about
eighteen in the upper and sixteen in the lower row.

A single fragment of a THORAX associated with a cephalon of this species,
shows a very wide and gently arched axis, six narrow and flattened segments
each bearing a number of strong pustules, of which there are two longitudinal
rows upon the pleurse, and for each segment of the axis five or six pustules
which do not appear to be arranged in longitudinal rows. This appearance
may, however, be due to the imperfection of the specimen.

Dimensions. Length of cephalon 4 mm.; width at the posterior margin
7 mm.; length to the extremity of the genal spines 8 mm.

Observations. The striking ornamentation of the cephalon of this species
finds its analogue in Cyphaspis Cerberus, and C. Davidsoni, Barrande, from the
ttage F, and in C. coronatae, Barrande, from the étage G. In these species there
is but a single row of spines, which in C. Cerberus are short and numerous, in
C. Davidsoni broad and stout, and in C. coronate more like the upper row of C.
stephanophora, but fewer in number.
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Distribution. Upper Helderberg group. From the decomposed chert boulders
of the Corniferous limestone: Canandaigua and East Bloomfield, Ontario
county. ) |

CYPHASPIS DIADEMA, n. SP.

PLATE XXIV, FIG. 13.

A siveLE example of this species showing only the intra-sutural portion of the

cephalon has been observed.

CePHALON minute; length and width equal; curve of the anterior margin an
arc with its center at the middle of the occipital annulation; frontal area
broad, gently convex and slightly appressed about the glabellar margins,
depressed medially and reflexed upward to the marginal rim.

Facial Sutures normal.

Glabelle one-half the length of the cephalon, elongate, sub-elliptica,l; basal
lobes obscure ; antero-lateral impressions discernible. Palpebral lobes prom-
inent. |

Surface minutely pustulose upon the glabella, the palpebral lobes and on
the frontal area close to the glabella. About half way from the anterior
extremity of the glabella to the frontal margin is a single row of minute but
isolated and distinct tubercles, parallel to the frontal margin. This feature
is characteristic and will serve to distinguish the species.

Dimensions. The single specimen has the following size: length 1.7 mm.,
width 2 mm.

Distribution. Upper Helderberg group. Corniferous limestone: From the
boulders of decomposed chert, Canandaigua, Ontario county.

CYPHASPIS HYBRIDA, 1. Sp.

PLATE XXIV, FIG. 14.

INTRA-SUTURAL portion of the cepmaLoN only observed. Outline regularly
arcuate; length and width equal; frontal area concave, elevated at the
margin to nearly the height of the glabella. Border broad, thickened.

Facial Sutures normal.
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Glabella pyriform, convex ; basal lobes conspicuous, sub-triangular ; baso-
lateral sutures strong; antero-lateral impressions inconspicuous.

Surface ornamented by punctee, which are strongest on the frontal area
near the margin. They are also noticeable over the entire surface of the
glabella, basal nodes, occipital ring and frontal margin; moderately strong,
scattered tubercles are visible on the glabella and over the fixed cheeks.
The frontal border also shows faint indications of a single row of low
tubercles.

The differences in this species and Cyphaspis ornata and Phaéthonides varicella
are enumerated under the description of C. ornafa.

Distribution. Upper Helderberg group. Corniferous limestone: In boulders
of decomposed chert, Canandaigua, Ontario county.

CYPHASPIS ORNATA.
PLATE XXI, FIG. 1; AxD PLATE XX1IV, FIG. 21.

Phillipsia ? (Brachymetopus 8) ornata, Hart. Illustrations of Devonian Fossils, pl. xxi, fig. 1. 1876.
Phillipsia coronata, Harn. Miller’s Cat. Am. Palzoz. Fossils, p. 221. 1877.
(2] Phillipsia coronata 2, WaLcort. Mon. U. 8. Geol. Surv., vol. viii; Pal. Eureka Dist., p. 211. 1884.

THE original of this species consists of a fragment of the intra-sutural portion
of the cEpHALON, and though additional specimens have come under observa-
tion the other parts of the animal are still unkown. This portion of the
head-shield is small, greatest length and width equal. Anterior outline the
arc of "a circle, whose center is at the middle of the occipital ring. Frontal
area broad, explanate, closely appressed and slightly elevated about the
niargins of the glabella, thence depressed for about one-half its width and
reflexed at the frontal margin.

The facial sutures take their origin on the posterior margin near the genal
angles, pass obliquely forward and inward over the ocular lobe, thence
forward and outward to the anterior margin in the manner normal to the
genus.

Glabella about one-half the length of the cephalon, sub-ovoid, a little ele-
vated along the axial line, separated from the frontal area and the ocular
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lohex by a low, narrow furrow. The baso-lateral furrows cut off two pyriform
lobes, isolated by deep sulei on all sides. Tn front of these lobes the margin
of the glabella shows two faint lateral indentations which are more con-
spicuous on the casts of the internal surface.

The surface of the cephalon is ornamented by a few faint, sometimes fine
and crowded pustules upon the glabella, a single strong tubercle on each of
the basal lobes, numerous sharp tubercles on the frontal area, and close upon
the frontal edge sixteen to eighteen bead-like tubercles arranged in a single
row about the border. A single example has the frontal area strongly pit-
ted, a feature which gives it a similarity to Phaéthonides varicella, of the Upper
Helderberg group.

Dimensions. Length 4 mm., width 4 mm.

Observations. The specimen figured in the Illustrations of Devonian Fossils
(loc. cit) is a fragment from the crystalline layers of the Hamilton group, at
Eighteen-mile Creek, Erie county. As the species was described in the ex-
planatory text accompanying the plate upon which the figure is given, under
the name Phillipsia? ornate, and it being subsequently ascertained that this
specific term was preoccupied by Portlock for a species of Phillipsia, Mr. S. A.
Miller changed the specific name to coronate (Catalogue of American Palaozoic
Fossils, p. 221). Since, however, the fossil proves to be a Cyphaspis, its
original specific designation may be restored, especially as Cyphaspis coronata is
a name already used by M. Barrande.

Examples of this species are not uncommon in the limestones at the base of
the Hamilton shales, in Ontario county, and in association with them is a
varietal form which may be designated :

CYPHASPIS ORNATA, var. BACCATA, n. var.

PLATE XXIV, FIGS. 22, 23.

This form differs from the type of the species in the following particulars,
viz.: greater size (average dimensions, length 6 mm., width 5 mm.); frontal
area bearing a few pustules near the glabella, but thence forward smooth and
sometimes minutely pitted; tubercles on the margin fewer and larger; the
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right free cheek shows the genal angle produced into a broad sub-acute spiie;
the lateral margin carries a row of tubercles which continue with diminishing
size to the angle of the cheek; the lateral sub-orbital area bears a few strong
tubercles, the interspaces of the surface being faintly pitted.

The Phillipsia coronate of Walcott (loc. cit.) is a somewhat distorted fragment
of a cephalon from Newark Mountain, Eureka District, Nevada. The original
specimen differs from the type of Cyphaspis ornate in its convex frontal area,
and in this feature resembles C. craspedofa, of the Hamilton group, but the
ornamentation of the frontal and lateral areas and of the border is similar to
that of the former species, and the specimen thus appears to represent a form
intermediate between the two.

Distribution. Hamilton group. Clyphaspis ornate, and var. baccata occur asso-
ciated with Cyphaspis craspedota, Proétus Rowi, Proétus macrocephalus, Phacops
rana, and Dalmanites Boothi, var. Callileles, in the limestones at the base of the
Hamilton shales, near Centerfield, Ontario county. C. ornale is also known
from the upper shales at Fall Brook, Hopewell, and Canandaigua Lake, Ontario
county, and Eighteen-mile Creek, Erie county.

Our knowledge of the species Cyphaspis ornata, Cyphaspis hybrida, and Phaé-
thonides varicella, is yet so imperfect that the details of structure here given
may eventually prove only of varietal value. The points of difference upon
which the species are now separated are as follows: C. ornafa is usually very
sharply pustulose and minutely punctate on the frontal area, a single example
which retains the characteristic beaded border, being strongly pitted and
affording a transitional form to the species C. Aybrida, which is strongly
punctate upon its entire surface bearing an elevated border upon which the
tubercles are obsolescent. In Ph. waricella the surface is both tubercled and
punctate, but not so strongly tubercled as in C. ornate, nor so strongly punctate
as in C. hybride, while the margin is thin and without tuberculations.

As it has been necessary to refer one of these species to the genus Phaéthon-
ides, on account of its characteristic pygidium, it may be probable that the other
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two species, of which only the cephala are known, may belong to the same
genus, but in the absence of conclusive evidence they are allowed to remain
under the genus Cyphaspis, with which they agree in the characters of the
head-shield.

CYPHASPIS CRASPEDOTA, n. Sp.
PLATIL XXIV, FIGS. 15-20.

Compare Phillipsin coronata? WarLcorr. Monogr. U. 8. Geol. Surv., vol. viii ; Pal. Eureka Dist., p. 211.
1884.

GeNERAL Form anp Proportions. Outline regularly oval, interrupted only by
the projection of the genal spines. .
Surface convex, conspicuously and sub-equally trilobate. Axis prominent,
elevated; pleurae abruptly deflected on the lateral slopes. Length to width
as 3 to 2.

CepraLoN. Outline nearly semicircular; length to width as 1 to 1.6. Border
thickened, slightly reflexed, produced at the genal angles into spines which
reach to the sixth thoracic segment. Doublure narrow, epistoma indistin-
guishable. Marginal sulcus broad; frontal area convex near the glabella,
lateral areas depressed-convex, and abruptly sloping. Occipital furrow and
ring distinct, the latter thickened at the center.

Facial Sutures normal.

Glabella ovate or sub-pyriform, evenly convex, slightly flattened above;
bounded on all sides by a strong sulcus, which is shallowest near the palpe-
bral lobes. Basal nodes conspicuous, pyriform or sub-triangular. Baso-
lateral furrows strong; antero-lateral impressions faint, and discernible only
in casts of the lower surface.

Cheeks depressed and sloping abruptly from the eye-lobe to the thickened
border.

Eyes conspicuously elevated, attaining the height of the glabella; base
sub-pedicellate, slightly constricted. Visual surface sub-lunate, smooth, when
strongly magnified, showing numerous homo-corneal lenses. Palpebral lobe
strong, not projecting, sloping abruptly to the palpebral sulcus.
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Tuorax elongate, length to width as 1.3 to 1. Margins tapering with a regular
curvature. Composed of twelve segments of which the first, fourth and
sixth are the stronger, the last two being spiniferous.

Azxis broad and arched; width equal to one-third that .of the thorax;
widest at the third or fourth segment and tapering rapidly to the pygidium.

Pleure flattened near the axis for about one-third their width, and sharply
deflected at the fulcra. Pleural sulei strong; anterior pleural limbs angu-
lated by the articulating planes, not becoming obsolete on the lateral slopes
as in most species of this genus. Posterior limbs of the pleural segments
very strong.

Pyciprum minute ; length to width as 1 to 2.
Azis broad, tapering rapidly to an obtuse termination within the posterior
margin ; bearing two strong annulations, with indications of a third.
Pleure deflected, each bearing three double annulations, which become
obsolete within the slightly thickened margin.

Surface Ornamentation. Cephalon usually pustulose, the pustules being
strongest upon the glabella and frontal area. The ornamentation upon these
parts is often nearly obsolete, and the frontal margin generally quite smooth,
sometimes with scattered obsolete pustules. The occipital ring, and the
fourth and sixth segments of the thorax each bear a single slightly recurved
spine, that upon the sixth segment being much the strongest On the axis
are four rows of minute granules, two on each side of the median line. The
fulcra of the pleursee each bear a single row of small bead-like pustules.
These rows of pustules, upon the axis and pleurse of the pygidium, approx-
imate, and the posterior area is covered with scattered granulations.

Dimensions. An average entire individual measures:

_ Body. Cephalon. Thorax. Pygidium.
Length -_______.__. 12 mm. 3.5 mm. 7Tmm. 1.5 mm.
Width _ .___ ____ ____ 6.5 mm. 6.5 mm. 5.5 mm. 3 mm.

Fragments occasionally indicate slightly larger dimensions than the above.
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Observations. Cyphaspis craspedota is not an uncommon species in the basal
limestones of the Hamilton group in the township of Canandaigua, where a
few entire individuals and parts of several hundred others have been found.
Its occurrence in other localities of this formation has not been noticed. The
species is closely allied to Cyphaspis Burmeisteri, Barrande (Sys. Sil., vol. 1,
p. 484, pl. xviii, figs. 61-71), from the (tages D and E. This similarity is
apparent in the general form and proportions, the position of the eyes, length
of the genal spines and character of the surface ornamentation. Moreover the
sixth thoracic segment in C. Burmeisteri bears a strong . spine, as in our species,
but the occipital ring and fourth segment in the former species, are without
spines. Barrande has also shown that the number of thoracic segments for
mature individuals of his species is fourteen; in immature examples varying
from seven to thirteen. All the entire individuals of C. craspedofa show but
twelve segments. The pygidium of the Bohemian species is also larger and
more strongly segmented. C. craspedota probably finds a congener in the
C. hydrocephala, Maurer, of the German middle Devonian (Fauna der Kalke
von Waldgirmes bei Giessen, pl. xi, figs. 2022, not C. hydrocephala, A. Roemer,
1845 ; Barrande, 1852; Kayser, 1878).

Distribution. Hamilton group. In the shales and limestones directly over-
lying the Marcellus shales: Near Centerfield, township of Canandaigua, Ontario
county.

CYPHASPIS LAVIS.

PLATE XXI, FIG. 29.

Phillipsia levis, HaLL., Illustrations of Devonian Fossils, pl. xxi, fig. 29. 1876.

CePHALON minute, outline semi-elliptical ; surface convex; border conspicuous,
elevated and rounded, produced at the genal angles into moderately long,
slightly incurving spines; marginal sulcus deep ; frontal area evenly convex.

Facial sutures normal, crossing the frontal area somewhat abruptly.

Glabella sub-ovoid, convex ; basal lobes sub-pyriform, conspicuous; antero-
lateral depression faint. Occipital ring not retained.



CRUSTACEA. 151

Cheeks broad, depressed about the base of the eyes and sloping with slight
concavity to the margins. Occipital furrow narrow and deep; occipital ring
rounded.

Eyes small, and elevated above any other portion of the head.

Surface smooth or minutely punctate.

The other parts of the animal have not been discovered.

Dimensions of the cephalon. The single specimen which has been observed
measures 2 mm. in length and 3.8 mm. in width.

Observations. This species, in its general features, in the convexity of the fron-
tal area and the smoothness of the test, appears to be closely similar to Cyphaspis
minuscula. 1t differs from the latter in its more elevated and wider border and
shorter cheek-spines, as well as in its smaller size, it being one of the most minute
species of Cyphaspis yet observed in the Devonian rocks. Its occurrence in the
beds of the Chemung group makes it the latest known representative of the
genus, and with the exception of the somewhat doubtful species, Phacops nupera,
is the only trilobite known from this formation.

Distribution. Chemung group. Chemung county.

CYPHASPIS C®LEBS, n. Sp.

PLATE XXIV, FIG. 1.

GexeraL ForM axp ProportioNs. Outline elliptical, lateral margins rapidly
curving to the pygidium.
Surface depressed, distinctly trilobate. Axis broad, rapidly tapering
posteriorly.

Cepuaron semi-elliptical in outline ; marginal rim flattened, slightly reflexed ;
produced at the genal angles into spines, which extend to the pygidium.
Frontal area convex, abruptly deflected from the glabella; lateral area
depressed-convex.

Glabella ovoid ; basal lobes distinct. Palpebral lobes high, distant; palpe-
bral sulcus broad and deep.
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THorAX elongate, rapidly narrowing. Composed of twelve segments.
Azis broader than either lateral lobe, broadest at the fourth or fifth
segment and tapering rapidly to the pygidium.
Pleure gently deflected at the fulcra, the segments being conspicuously
sulcate.

Pyeipiom imperfectly known, probably very small.

Surface smooth or minutely granulose.

Dimensions :

Body. Cephalon. Thorax. Pygidium.
Length ___________. 11 mm. 3.5 mm. 6.5 mm. 1 mm. ?
Width_ . ________ . 7 mm. 7 mm. 6 mm. 2 mm. ?

Observations. This species approaches Cyphaspis minuscula in the contour
and outline of the cephalon, but the much greater width of the axis, more
rapidly tapering margins and longer cheek-spines, will serve as distinguishing
characters.

A single imperfect individual retaining the parts in juxtaposition, and show-
ing the lower surface of the test, and a fragment of the cephalon of another,
are all the specimens known of this rare species, and constitute the only repre-
sentative of the genus in this horizon.

Distribution. Lower Helderberg group. Near Clarksville, Albany county ;
Schoharie, Schoharie county.



XIPHOSURA.
LIMULIDAZ.

PROTOLIMULUS, Pacrarp. 1886.

Pro1ormMmurus ERIENSIS.
PLATE XXVI, FIGS. 1, 2.

Prestwichia, Eriensis, H. S. WiLLiAMS. Amer, Jour. Science, vol. xxx, Third Series, p. 46, figs. 1-3. 1885.
Protolimulus Eriensis, PAckarp. Mem. Nat. Acad. Sciences, p. 150, figs. 11-13. 1886.

THE type specimen of this interesting species i1s an impression of the lower
surface of the body, in very high relief, upon a block of fine-grained, compact,
olive-gray sandstone. Its condition of preservation is such that the removal
of the substance of the tenuous test, during the process of fossilization, and
the infiltration of the sediments into the internal cavaties of the telson, genal
and abdominal spines, has left these parts standing out conspicuously, while
over the central portion of the fossil there are various impressions which appear
to be those of the appendages, and indicate something of the structure of the
ventral surface of the animal. In the original description of the species, these
characters have been carefully studied, and have undoubtedly been given their
full importance, for the medium in which the fossil is preserved is not of
such a character as to retain, with perfection, such delicate impressions as the
appendages of this animal would have made, and it is possible that the appear-
ances described may to a certain degree be fortuitous or mechanical, and with-
out structural relation to the fossil itself; there is however a distinct symmetry
in their arrangement, and it is important that the view of their mechanical

origin be subordinated to that of their organic character.
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The description of the fossil is as follows:

Outline of the BopY (cephalothorax and abdomen) sub-circular or slightly ovate,
the genal spines scarcely protruding to interrupt the regularity of the
outline.

CEPHALOTHORAX sub-semicircular in outline, genal spines produced as far as the
tip of the first abdominal spines. The infolded frontal border is broad and
convex anteriorly, narrowing to the base of the genal spines. In the axial
line its edge, or a ridge upon its surface, appears to be connected with a bi-
symmetrical, trifoliate plate, which lies in front of the probable position of
the mouth and extends backward, its largest lobe lying in the axis. This
has been regarded by Mr. Williams as possibly an hypostomal plate. It may
be suggested, that if this body were continuous with the frontal border the
apparent posterior margin of the doublure might be regarded as a sharp
ridge upon the lower side, curved backward in the axial line, similar to that
in Limulus and Prestwichia. Such an interpretation of this character is not
unsupported by the appearance of the fossil and obviates the necessity of
supposing the animal to have differed from the Limulide in the possession of
an hypostomal plate, while agreeing in other respects. Behind the margin
of the infolded test, lies a series of indistinct impressions of narrow append-
ages, of which three and possibly four pairs are discernible. They appear to
be centered about a cavity close behind the apex of the doublure and to bend
outward and upward in a broad curve. Near the genal spines on either side
is a conspicuous, irregularly striated area, which Mr. Williams has suggested
may be the impressions made by the foliaceous terminations of the last pair
of limbs; they are certainly very suggestive of such an origin.

Behind these appendages and situated at about the center of the surface
of the fossil is a transversely-elongate, triangular impression having the
position of the fhoracic or opercular plate in Limulus and the Eurypterida. The
apex of this impression lies in the axial line, its lateral slopes are long and
its length is less than one-half its width along the posterior margin. Two
parallel longitudinal furrows divide it into median and lateral areas, and these



CRUSTACEA. 156

furrows appear to be carried for a considerable distance posteriorly over an
area that may have been the continuation of this plate. Admitting that it
was thus produced, there is evidence that it was divided by a transverse
furrow or suture, making the analogy of its structure with that of the
thoracic plate in Limulus very striking.

ABpoMEN. The posterior surface of the body bears a transverse row of eight,
possibly ten longitudinal ridges, which may be the impressions of elevations
on the surface of the abdominal area. These correspond in number with,
and lie immediately in front of the stout spines fringing the postero-lateral
margins, although the inner pair of spines lies so close against the base of
the telson as to have left only very faint impressions.

TrLSON very stout at its base, tapering to a blunt extremity, and having a length
equal to nearly two-thirds that of the cephalothorax.

Dimensions. Axial length 100 mm.; width 58 mm. Length of telson
32 mm.

Observations. 'The affinities of this fossil, as far as it is possible to judge, are
distinctly limuloid, as pointed out by Professor Packard (loc. cif.), who has
proposed the generic term Profolimulus to include this form. Both Williams and
Packard ascribe to the fossil seven abdominal segments, including the telson;
we have, however, been able to find evidence of but siz, though it may be
reasonable to assume that the first or first two of these segments were
concealed by the appendages of the animal. The character of the dorsal
surface is a matter of conjecture, but as far as the specimen enables us to form
a conception of it, it seems to be closely similar to that in the genus Neolimulus,
of Woodward (V. falcatus, from the Lesmahagow deposits of Laharkshire), in
which the abdomen is composed of nine segments besides the telson, which are
regarded by Woodward as unanchylosed; it is probable that this is likewise
their condition in Profolimulus.

Distribution. Chemung group, LeBoeuf, Erie county, Pennsylvania.



FURYPTERIDA.
EURYPTERID.E.

EURYPTERUS, Dekav. 1825.

EurypPTERUS BEECHERI.
PLATE XXVII, FIG. 5.

Eurypterus Beeche}'i, Hair. Second Geol. Surv. Pennsylvania, PPP, p. 30, pl. iii, fig. 1. 1884.
CepraLON unknown.

Bopy elongate, broadly convex along the dorsum, becoming more elevated pos-
teriorly ; composed of twelve somites, which gradually increase in breadth
from the first to the fifth; thence backward rapidly decreasing in width
and increasing in length, the eleventh having a length equal to one-half its
width, while the fifth is nearly five times its length. The surface of the
somites toward the lateral margins is depressed, the margins themselves
being slightly produced at the postero-lateral angles into mucronate exten-
sions. The posterior dorsal margin of each somite bears a single row of
triangular scales or tubercles. The number of these scales varies with the
width of the somite, there being six on the narrower and eight or more
on the broader somites.

At the anterior portion of the specimen are preserved two joints of one of
the great swimming feet, which are remarkable for their length and the three
or more strong longitudinal ridges upon their surface. The distal joint has
a length of more than three times its width, and the proximal joint a length
of nearly five times its width. These joints are probably the fourth and
fifth, the smaller joints near the base of attachment having disappeared.
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TELson and appendages unknown.

Dimensions. The single specimen from which this description is drawn
1s somewhat curved to the left toward the posterior extremity, and has a
length along the axis of 97 mm. The body measures 39 mm. in width at
the first somite, 41 mm. at the fifth, and 20 mm. at the eleventh. The
fragment of the natatory appendage measures 50 mm. in length, of which
the proximal joint measures 30 mm.

Observations. This specimen, although in an imperfect condition, is suffi-
ciently well-preserved to allow of description and identification, and is of
especial interest as the only representative of the genus known to occur in
this geological formation.

Distribution. Chemung group. In the sandstones at Warren, Warren county,
Pennsylvania.

EURYPTERUS PROMINENS.
PLATE XXVII, FIGS. 3, 4.

Eurypterus prominens, HaLL., Proe. Amer. Assoc. Adv. Secience, vol. xxxiii, p. 420. 1884.

CepHALON sub-quadrate in general outline; anterior margin broadly circular,
curving regularly to the lateral margins, which are parallel; posterior mar-
gin transverse, bending slightly forward. Surface convex, sloping more
abruptly in front than laterally; flattened above over a triangular area,
bounded by a faint transverse ridge joining the centers of the eyes and two
oblique ridges passing from the posterior angles of the eyes to near the
posterior margin, meeting in the axial line.

The eyes are large, lunate or obliquely ficulate, distant, situated near the
antero-lateral margins. The surface of the cephalon beneath their outer
edges is depressed. The ocelli are represented by two minute pits lying
near the axial line and in a transverse line joining the posterior extremities
of the eyes. These are separated from each other by a distance of 2 mm.
On the postero-lateral slopes are two oblique linear depressions having the
lower extremities directed inward. These are each situated about half way
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from the axial line to the margin, and may represent processes on the lower
surface of the test designed for the attachment of the basal joints of the
swimming feet or of the muscles moving those joints.

Dimensions. The specimen here described has a length of 28 mm., a width
of 80 mm., and a height of 5 mm. The distance between the posterior

extremities of the eyes is 16 mm.

Observations. This species is described from a specimen of the cephalon
preserved in a block of sandstone and retaining the normal convexity of this
part. Although only this fragment of the animal is known, it appears to be
distinctly different from any species of Eurypferus heretofore described, and its
specific validity rests upon the following features: (a) the convexity of the
head-shield; (b) the anterior position of the eyes; (c) the ocelli, situated
further back than is usual; (d) the flattened summit of the cephalon; (e) the
oblique linear depressions on the postero-lateral area.

Distribution. Clinton group. In the greenish sandstones from the northern
part of Cayuga county.

STYLONURUS, Pace. 1856.

STYLONURUS EXCELSIOR.
PLATE XXYVI.

Stylonurus excelsior (Stylomurus in error), HALL (MARTIN). Trans. N. Y. Acad. Sciences, vol. ii, p. 8, 1882,
Stylonurus excelsior, HaLL. Thirty-sixth Ann. Rept. N. Y. State Mus. Nat. Hist., p. 77, pl. v, fig. 1. 1883.
Stylonurus excelsior, HaLL. Proc. Amer. Assoc. Adv. Sciences, vol. xxxiii, p. 421. 1884.
Compare Dolichocephala Lacoana, CLAYPoLL. Proc. Amer. Phil. Soc., vol. xxi, p. 236, plate. 1883.
CepHALON elongate, semi-ovate; length to greatest width as 6 to 5. Basal

margin transverse; baso-lateral angles truncate; lateral margins curving

gently outward from the base, thence sloping more rapidly forward to the

narrow anterior extremity. Surface depressed-convex.

Eyes large, circular, closely appressed, situated just in front of the greatest
transverse diameter of the plate and separated by a prominent median ridge.

Each eye is encircled on its outer edge by a conspicuous, sub-semicircular
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orbital ridge. These ridges slope gradually outward, but more abruptly on
their inner faces, their anterior extremities approximating the median ridge
at its widest and most elevated portion. This median ridge is rounded and
comparatively smooth as far backward as the posterior margin of the eyes,
at which point it is interrupfed, thence widening posteriorly into a broad,
blunt, coarsely tubercled termination; toward the anterior extremity it
becomes merged in the general convexity of the shield.

The Surface of the cephalon over the anterior region has a general and
regular convexity toward the frontal margin, becoming a little more convex
about the anterior extension of the orbital ridges. From near the posterior
extremities of these orbital ridges runs an irregularly sigmoid depression,
which widens and becomes obsolete just within the baso-lateral margins.
The median area behind the eyes is depressed-convex or flattened, and is
divided into three parts, a narrow central area, apparently a continuation of
the longitudinal ridge passing between the eyes, and a broad, sub-semicir-
cular area on either side. Behind this gently elevated region lies a broad,
rearly smooth depression, followed by the elevated posterior border.

The ornamentation of the surface consists of conspicuous, squamiform
tubercles, which are elongate and most elevated over the anterior portion of
the shield, but become broader and more triangular posteriorly. They are
arranged in lines concentric with the margin of the shield or with the most
prominent features of its contour. Within the orbital ridges these scaly
markings are comparatively fine, and over the depressed posterior area are
quite obsolete.

Other parts of the animal are unknown.

Observations. 'The specimen from which the above description is drawn, con-
sists of the intaglio and relievo impressions of a single cephalon. These were
found in a loose block of fine-grained, olive-gray sandstone, in the town of
Andes, Delaware county, and are now in the possession of Rutgers College,

New Brunswick, N. J. The mould of the dorsal surface retains all the details

of structure and ornamentation in great distinctness and perfection, and the
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drawing which accompanies this description has been made from a plaster im-
pression of this natural mould.

The cephalon in S. excelsior is more elongate, the anterior extremity narrower
and the orbital ridges very much more prominent than in any other known
species. It has an axial length of 252 mm., and a width of 223 mm., or a
length of about ten and a width of about nine inches. It undoubtedly repre-
sents one of the largest of palaozoic crustacea, probably the largest known with
the exception of Plerygotus anglicus. By comparison with the other species of
Stylonurus, S. Logani, and S. Powriei, Woodward, of which the length is known
either from entire specimens or approximate restoration, it appears that S. ez-
celsior would have measured, when entire, upward of fifty inches in length.

Distribution. Catskill group. Andes, Delaware county.

StyLoNurUS (?) (EcHiNoCARIS? ) WRIGHTIANUS.
PLATE XXVII, FIGS. 7-9.

Equisetides Wrightiona, DAwson. Quart. Jour. Geol. Soc., vol. xxxvii, p. 301, pl. xii, fig. 10; and pl. xiij,
fig. 20. 1881. '
Equisctides Wrightiana (DAwsoN), HarLr. Thirty-fifth Rept. N. Y. State Mus. Nat. Hist.: Expl. pl. xv.
Note, and figs. 1 and 2, (Transmitted, 1882). 1884,
Echinocaris Wrightiona, JoNEs and WoopwArD. Geological Magazine, Dec. iii, vol. i, No. 9, p. 3, pl. xiii,
figs. 1, a and b. 1884.
Echinocaris Wrightiuna, ETHERIDGE, WooDWARD and Jongs. Third Rept. Committee on Fossil Phyllopoda
of the Pal®ozoic Rocks, p. 35, 1885.

CePHALOTHORAX unknown.

ABpoMEN. The original specimen consists of two somites, each being sub-cylin-
drical and flattened on the dorsal and ventral surfaces; the anterior somite
somewhat the shorter and broader. The anterior margin of each somite is
elevated into an articulating ridge, which is shown to the best advantage
upon the posterior segment, as the overlapping edge of the preceding joint
has been broken away in such a manner as to expose it. The dorsal and
lateral surfaces of each segment bear a series of sharp longitudinal ridges
which extend for nearly one-half the length of the segments. These ridges
themselves do not appear to have extended far beyond the posterior margins
of the segments, but they may have served as the bases of attachment of
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spines of considerable strength. Impressions, which have apparently been
left by the projecting =pines of the anterior somite, are visible upon the
anterior portion of the next one, caused by compression during the pro-
cess of fossilization. There are eight spine bases upon the posterior somite,
one of these being situated on the lateral margin, six upon the dorsal mar-
gin, and one on the ventro-lateral margin, the ventral margins bearing
none. |

The surface is covered with low, distant, scale-like pustules, undouhtedly
less conspicuous and apparently more distant upon this internal cast than

they were upon the external surface.

Dimensions. The length of the entire fragment is 90 mm. The anterior
somite measures 43 mm. in length and 60 mm. in width; the posterior
44 mm. in length and 55 mm. in width.

Observations. 'This remarkable fragment, which was regarded by the author
of the species as of vegetable nature and referred to the genus [Kquisetides
(Dawson, loc. cit.), exhibits undoubted crustacean characters. Attention was
called to this fact in the following note appended to the explanatory text
of plate 15 of the Thirty-fifth Report on the New York State Museum of
Natural History; this plate being made up of several of Dr. Dawson’s figures
of Devonian plants, and introduced in the report to illustrate an accompanying

paper by Mr. Berlin H. Wright, on the geology of Yates county, N. Y.

“Nore (Fig. 1).—The peculiar aspect and markings of this figure, as originally published in the Quarterly
Journal of the London Geological Society, led the writer to suspect its relations to the ¢rustacea. Through
the kindness of Mr. Wright, who procured the loan of the specimen, I have had an opportunity of seeing
the original, which is very correctly represented in the figure. The body is not cylindrical, but broadly
elliptical or sub-ovate, enlarging above. The ridges occur only upon one side, having a symmetrical relation
with the form of the body, while the other parts are free from them, and the joints are overlapping. The
form of this body, together with the character of the ridges and the finer snrface markings, suggest its
crustacean origin.  The lateral scars have probably been points of attachment for spiniform processes as in
Stylonurus. The fragment represents two of the abdominal segments of a form not unlike Stylonurus, though
comparatively longer than in the ordinary forms of that genus, and in this respect resembling Slimonia.”

After the recognition of its crustacean character, as expressed above, casts
of the specimen and drawings of its finer markings were, at his request, sent
to Dr. Henry Woodward, by whom, in association with Professor Jones (loc. cit.),
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the fossil was referred to the genus Echinocaris. This reference was evidently
based on the spinose character of the somites, but it is important to notice that no
species of this genus, of which the abdominal parts are known, possess spines of
similar character to those in this specimen. In Echinocaris punctata, E. socialis,
etc, these spines project over the posterior margins, their bases not being
conspicuouxly elongated. In this species, however, the longitudinal ridges, as
noticed in the description, do not extend beyond the posterior margins, the
spines being either produced by an internal thickening and a prolongation of
the portions of the test between the ridges, or were movable, detachable bodies,
having their bases articulated to the sides of the ridges, and directly compar-
able to the “epimeral ” processes in the abdomen of species of Stylonurus (e. g.
S. Scoticus, Woodward, Palseeontographical Society, 1872, pl. xxiii), and the
marginal abdominal spines in Limulus. In Stylonurus the dorsal surface of the
abdominal segments is often strongly ridged at their posterior margins as in
this species, but it does not appear to bear spines or the epimeral appendages.
It may be added that while this fragment would indicate a size for the entire
animal not great for a species of Stylonurus, it would be gigantic for Echinocaris,
upward of twenty-five inches in length if restored according to the proportions
of E. punctata.

The true generic position of this species must remain a matter of uncer-
tainty until more light is thrown upon the question by the addition of new
material.

Distribution. In the lower beds of the Portage sandstones, Italy, Yates
county.
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CERATIOCARIS, McCov. 1849.

CERATIOCARIS LONGICAUDA.
PLATE XXXI, FIG. 1.

Ceratiocaris longicaudus, HaLL., Sixteenth Rept. N. Y. State Cab. Nat. Hist., p. 73, pl. i, fig. 7 (not figs. 4,
5 and 6). 1863.
Ceratiocaris longicaudus, PAckArD. Twelfth Ann. Rept. U. 8. Geol. Surv., Monog. N. Amer. Phyllopod
Crust., p. 450. 1883,
Ceratiocaris (?) longicaudus, JoNEs and Woopwarp. Notes on Phyllopod. Crust., referable to the genus Echi-
nocaris, ete., Geol. Mag., Dec. iii, vol. i, No. 9, p. 1. 1884.
Ceratiocaris longicaudus, ETHERIDGE, WoopwARD and JoNEs. Third Rept. Com. on Fossil Phyllopoda
of the Palzozoic Rocks, p. 35. 1885.
Not Ceratiocaris longicoudus, CLARKE. Bull. U. 8. Geol. Surv., No. 16, Higher Devonian Faunas of Ontario
county, N. Y., p. 20. 1885.

THE original of “this species is a very tenuous impression of the last two
abdominal somites and two caudal spines, one of which may be the telson. Of
the somites the penultimate is broad and sub-quadrate, slightly longer than wide;
the ultimate much narrower and more elongate, being twice as long as wide.
" The caudal plate is not distinguishable; of the two spines, one, which is un-
broken, is as long as the two somites. The entire length of the fragment is
26 mm. ; the first of the somites measures 5 mm. in length and 4.5 mm. in
width ; the second 7.5 mm. in length and 8.7 mm. in width, and the longer of
the caudal spines has a length of 12.5 mm. The specimen has been so flat-
tened in the shale that superficial markings are not discernible. But a single
example of this species has been observed, and this is from the black slaty shale
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of the Genesee epoch. The fossils originally illustrated in association with this
species (Sixteenth Rept. N. Y. State Cab. Nat. Hist., figs. 4, 5 and 6, loc. cit.), and
at the time of the publication of the description, regarded as detached caudal
spines of larger individuals of the same species, prove to be specimens of the
pteropod Coleolus aciculum, Hall. An undescribed species bearing very long and
slender caudal spines is, however, known to occur in this formation, and it is
probably distinct from Ceratiocaris longicauda. This undetermined species is
the one referred by Clarke (loc. cit.) to Ceratiocaris longicaudus.
Distribution. Hamilton group. Genesee shales: Bristol, Ontario county.

CERATIOCARIS BEECHERI.

PLATE XXXI, FIG. 3.

Ceratiocaris Beecheri, CLarke.  Bull. U. S. Geol. Surv., No. 16, Higher Devonian Faunas of Ontario county,
N. Y., p. 44, pl. ii, fig. 1. 1885.

THE original of this species consists of the two posterior abdominal somites
and the post-abdomen, no additional examples having been observed. The
specimen has been flattened in a soft shale, and its surface ornamentation not
distinctly preserved. There appear to be no lateral or marginal spines upon
the somites and the species is therefore referred to the genus Ceratiocaris.

Of the two abdominal somites the anterior is relatively short, with anterior
and posterior margins slightly incurved. Its length is 3 mm., and its width
6.9 mm. The posterior somite is longer, measuring 8 mm. in length and
5 mm. in width. The caudal plate is sub-triangular on the dorsal surface;
the telson rather stout, 10 mm. in length; the cercopods, of which a portion
of one is wanting, a little longer. All these spines are carinate, the telson
along the middle and the cercopods on their lateral margins.

Distribution. In the Cashaqua shales of the Portage group as originally
limited (“ Naples beds,” of Clarke). Son Yea, Livingston county.
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CERATIOCARIS (?) SIMPLEX.
PLATE XXXI, FIG. 2.
Ceratiocaris simplex, CLARKE. Bull. U. 8. Geol. Surv., No. 16, Higher Devonian Faunas of Ontario county,
N. Y., p. 43, pl. ii, fig. 2. 1885.

THE characters of this species are quite obscure, the type specimen being a
cast of the internal surface of the cephalothoraz. This appears to be bivalvular,
oval in outline, the hinge-line gently curved. The anterior extremity is some-
what broken, but appears to have been obliquely truncate or slightly notched ;
the ventral margin has about the same degree of curvature as the dorsal line,
and .the posterior extremity is sub-acute. Surface convex, sloping gently to
the ventral margin, but much more abruptly to the dorsal line. The margin
is distinctly thickened on all sides and was probably somewhat elevated. No
evidence of ornamentation is visible. The single valve measures 29 mm. in
length by 12 mm. in width.

Distribution. 1In the lower shales of the Portage group as originally defined
(“ Naples beds,” of Clarke). Parrish gully, Naples, Ontario county.
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ECHINOCARIS, WuirrieLp. 1880.

ECHINOCARIS PUNCTATA.
PLATE XXVII, FIG. 10 ; PLATE XXVIII, FIGS. 1-7; AND PLATE XXIX, FIGS. 1-8,

Ceratiocaris? punctatus, HarL. Sixteenth Rept. N. Y. State Cab. Nat. Hist., p. 74, pl. i, fig. 8. 1863
Ceratiocaris armatus, Harr. Sixteenth Rept. N. Y. State Cab. Nat. Hist., p. 72, pl. i, figs. 1-3. 1863.
Ceratiocaris armatus, Harn. Illustrations of Devonian Fossils, pl. xxiii, figs. 4, 5. 1876.
Ceratiocaris (Aristozoe) punctatus, HauL. Illustrations of Devonian Fossils, pl. xxiii, fig. 7. 1876.
Echinocaris punctatus, WHITFIELD. American Journal of Science, Third Series, vol. xix, p. 837. 1880.
Echinocaris punctatus, PACKARD. Palexozoic Allies of Nebalia. Amer. Naturalist, p. 952, fig. 12. 1882.
Echinocaris punctatus, PAckARD. Monog. North Amer. Phyllopod Crust. Twelfth Ann. Rept. U. 8. Geol.
Survey, p. 450, fig. 70. 1883.
Echinocaris armatus, PACKARD. Monog. North Amer. Phyllopod Crust. Twelfth Ann. Rept. U. 8. Geol.
Survey, p. 451. 1883.
Echinocaris punctata, BEECHER. Ceratiocaride from the Chemung and Waverly groups. Second Geol.
Surv. Penna., vol. PPP, p. 6, pl i, figs. 13-16. 1884.
Eechinocaris armata, Jones and Woopwarp. Notes on Phyllopodiform Crustacea, referable to the genus
Echinocaris. Geol. Magazine, Dec. iii, vol. i, No. 9, p. 2, pl. xiii, fig. 2. 1884.
Echinocaris armata, ETHERIDGE, WooDWARD and JoNxEs. Third Rept. Committee on Fossil Phyllopoda of
the Palzozoic Rocks, p. 35. 1885.

CepHALOTHORAX. Kach valve obliquely sub-ovate, widest posteriorly. Surface
gently and irregularly convex, most elevated in the postero-lateral region.
Length to greatest width as 1.5 to 1. Hinge-line short, somewhat longer
than one-half the length of the carapace, slightly thickened and elevated,
and upon the posterior half bearing three or four low tubercles. The
anterior margins of each valve are slightly reéntrant at the dorsal line,
curving thence abruptly and rounding to the ventral edge in a constantly
widening arc to the postero-lateral extremity; thence forward the margin is
sharply curved for a short distance and slopes to the hinge in a nearly
straight line. The posterior reintrant angle thus formed between the valves
is broad and deep. The entire margin is normally somewhat thickened
and elevated into a sharp ridge; in specimens from the shales it is
usually flattened. In well preserved examples, the posterior margin bears

a few low tubercles, which in old individuals are elongated into stout
spinules.
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The nuchal furrow takes its origin upon the dorsal line just in front of the
centre and passes obliquely forward to the antero-lateral margin, cutting off
a sub-triangular area on each valve. This double area constitutes the

Cephalic region, which, upon the anterior portion of each valve, bears a
broad, low node, a small elevated tubercle near the hinge, and a small node
near the nuchal furrow, distant from the hinge. The last mentioned node
upon each valve is usually slightly depressed at the summit, and occupies
the position of the optic spot or eye.

Thoracic region large, anteriorly nodose, smooth and evenly convex behind.
Just behind the nuchal furrow and close upon the hinge-line, there is a
transversely elongate node, with its summit directed dorsally; below it an
obliquely elongate node without apex. These two nodes are separated from
the broad and evenly rounded postero-dorsal area by a conspicuous furrow.
On the ventral area is a sharply elevated and conspicuous carina, beginning
near the antero-lateral margin, and rounding in a broadly sigmoid curve to
the posterior extremity of the carapace. The anterior curve of this ridge is
dorsal, the posterior ventral, and the ridge itself is more strongly excavate
upon its upper or dorsal slope. Under favorable preservation the area
between the carina and the ventral margin shows a series of fine, undu-
lating, elevated lines, radiating from the ventral edge of the carina.

Surface of the carapace over the cephalic region covered with low, faint
pustules, which become more conspicuous upon the thoracic region. Upon
the ventral face of the carina, and at the ventral margin, these pustules
become elongated and much stronger. In specimens from the sandy shales
of the central counties these markings appear as puncte.

ManpiBLes. Two examples have been observed which retain these organs in
thelr approximately normal position beneath the carapace. Of these one
1» a small individual measuring about 60 mm. in entire length, which has
been described and figured by Mr. Beecher (loc. cit. fig. 16); the other a very
large individual, measuring 185 mm. in entire length, in which the mandibles

have been somewhat flattened but not much dislocated. These bodies are
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sub-triangular in outline, with their apices posterior, very convex on their
anterior surface and elevated along their longest axis. The masticating
surfaces are parallel, approximate, moderately broad and bear four or five
denticles of which the posterior is apical. Their substance is tenuous as in
the carapace, except upon the crown, where it is sufficiently thick to retain
the form without distortion. A very large carapace, 90 mm. in length,
which belonged to the largest individual yet observed, shows a single
mandible somewhat out of place, and compressed in such a manner as to
conceal the masticating edge. It shows, however, a long process at the
anterior extremity (“ manubrium,” Beecher), which has been broken off at
the tip. Such a process is often noticed in detached mandibles, to which
reference will presently be made, but of the two specimens referred to in
which these organs are undisturbed in the rock, the mandibles of the
smaller evidently lacked any such processes, and those of the latter are
so preserved as not to show them had they existed. These mandibles are
situated within the posterior half of the carapace, and are at least one-third
as long as the carapace itself.

ABpOMEN long, slowly tapering to the caudal plate, and composed of six somites,
which increase in length posteriorly, the ultimate joint being as long as the
first two, and one-half longer than the penultimate. The anterior and pos-
terior margins of each somite are slightly elevated and incurved on hoth
dorsal and ventral sides; the dorsal surface is rounded and gently concave
above, except upon the last somite. The posterior margin of each somite
bears six short incurved spines, in three pairs. The strongest pair of these
is upon the dorsal surface, a second and somewhat shorter pair upon the
dorso-lateral surface, and a third pair (in young individuals often very
faint) upon the lateral margins. Upon the anterior somites these spines are
usually quite small or visible only as nodes. The ventral surface bears
no spines. The articulating surfaces of the somites are broad, and when
the abdomen is normally extended they come into actual contact only at
the sides, leaving both the dorsal and ventral margins distant, a fact which
indicates (as noted by Beecher) great freedom of motion in these parts.
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Post-aBpoMEN.  Caudal plate short, sub-quadrangular upon the ventral side, and
sharply elevated on the anterior edge; sub-pentagonal on the dorsal side,
elevated in the middle on the posterior half, and produced into a telson
which is usually about twice as long as the last somite. Articulated to
the caudal plate are two lateral spines or cercopods, each longer than the
telson. Each of the three spines is elevated or carinated upon the dorsal
surface, the telson grooved along the sides, and the cercopods grooved upon
the ventral surface.

Surface of the abdomen and caudal spines smooth or finely granulose.

Dimensions. Although specimens of Echinocaris punctate are not uncommon
at certain localities, the parts are usually disjointed and entire individuals are
extremely rare. The most complete specimen observed (pl. xxviii, fig. 3),
1s of average dimensions and measures as follows :

Body. Cephalothorax. Abdomen. Post-abdomen.
Length ____._____.. 77 mm. 28 mm. 35 mm. 23 mm.
Width .- . _______ 40 mm. 20 mm. 6 mm.

The somites of the abdomen in this specimen have the following lengths:
First, 4 mm.; second, 4.5 mm.; third, $ mm.; fourth, 6 mm.; fifth, 6.5 mm.;
sixth, 9 mm. The largest individual observed in which the parts are in
conjunction affords the following measurement :

Body. Cephalothorax. Abdomen. Post-abdomen.
Length ___.________ 195 mm. 68 mm. 96 mm. 39 mm.,
Width _ . ___ . _______ 88 mm. 44 mm,

A single very large carapace has a length of 90 mm., and the individual to
which it belonged must have been about 244 mm. or nearly 10 inches in
length when entire.

Observations.  Specific Diagnosis.  The specimen from which the original
description of Ceratiocaris? punctatus, Hall (loc. cit.), was drawn, is a large
carapace, represented both in the figure given in the Sixteenth Report of
the State Museum, and also in the Illustrations of the Devonian Fossils, with
a strong node at the posterior extremity of the dorsal line. This node proves
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to be a portion of the matrix of the specimen, but otherwise it is a well
characterized representative of the species. At the time of the preparation
of this description the parts of the animal had not been found together, and
a large abdomen and post-abdomen of another individual were taken as the
type of the species Ceratiocaris armatus. Material which has come into the
possession of the State Museum since that date, establishes beyond a doubt the
identity of the two species. Both descriptions were published at the same
time, and although that of the latter species precedes that of the former by
two pages in the letterpress of the report referred to, it appears wiser to
accord recognition to the specific name punclatus, as C. punctotus was founded
upon the portion of the animal most characteristic and important for specific
discrimination. Echinocaris punctate shows some points of general similarity
with the species FE. sublevis, E. multinodosa, Whitfield, and K. socialis, Beecher,
but is readily distinguished from them by the size and disposition of the nodex,
the curve of the lateral carinse on the carapace, the length of the abdominal
somites and the character of their splnous processes.

Distribution. Hamilton group. In the black shales at Pratt’s Falls, near
Pompey Center and at Delphi, and in the sandy shales, near Fabius, Onondaga
county; in the higher shales at Menteth’s Point and Tichenor’s Glen, Canan-
daigua Lake, and near Norton’s Landing, Cayuga Lake.

ManpiBLES OF PHyLLocarIDA.  Associated with FEchinocaris punctata, in the
locality which has produced the greatest number of specimens, viz., Pratt’s
Falls, and near Pompey Center, Onondaga county, large masticatory organs
have been found quite abundantly, which, judging from a general similarity
to the mandibles found in sifu in this species, may be regarded as undoubtedly
belonging to some species of the Phyllocarida. Beecher has described and
illustrated these bodies (loc. cit.), and has indicated the fact that if bearing
the same proportion to the carapace as do the mandibles in E. punctata, they
must have belonged either to large individuals of this species or to some
gigantic species yet unknown to us.
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Barrande had earlier described and figured similar bodies (Syst. Silur.
Bohcme, vol. i, Suppl. p. 443, pl. xxi, figs. 41-44. 1872), from the éfage E.,
associated with Ceratiocaris, and regarded them as the masticatory organs of
individuals of that genus. These mandibles are generally somewhat trian-
gular in outline, with soinetimes a straight but usually curved or lunate
crown. This crown or masticating surface is broad, and Dhears five, six or
seven cuspid denticles, of which those at the extremities.are more pointed,
simple and canine-like ; those between having a surface strikingly similar to
that of the human molar. The lower or basal portion of the mandible is
broad and in many instances the surface of attachment is somewhat pro-
duced behind into the manubrium. The substance of this portion of the
mandible is much thinner than that of the grinding surface, and on account
of its being often crushed, the manubrium is frequently not apparent, and
in young individuals it seems not to be developed. Judging from the
relative proportions exhibited in the length of the mandibles, and of the
entire animal in . punctata, the largest of these bodies observed, which has
a length of 38 mm., may have belonged to an animal 390 mm., or upwards
of fifteen inches in length.

An individual of Ceratiocaris papilio, Salter, has been figured by Woodward
(Geol. Mag., vol. ii, p. 501, pl xi, figs. 1, 2), in which the mandibles are visible
through the substance of the carapace. They appear to be of the same general
character as those here described, but much smaller in proportion to the size
of the carapace, and if represented in their normal position, sitnated much
more anteriorly. Woodward’s figure indicates that these bodies have under-
gone a vertical displacement, as both mandibles are equally distinet in a
profile view of the specimen, and it is possible that a horizontal displacement
has pushed them forward beyond their normal position. The figures of the
mandibles of Dithyrocaris, upon the same plate, taken from a specimen de-
scribed by Portlock (Geol. Rept. Londonderry, p. 319, pl. xi1, fig. 6. 1843),
show some minor differences in form and outline but apparently insufficient
to be of value as generic features.
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EcniNocaris WHITFIELDI.
PLATE XXIX, FIGS. 20, 21.
Echinocaris Whitfieldi, Carks. Bull. U. 8. Geol. Surv., No. 16, Higher Devonian Faunas of Ontario
County, N. Y., p. 45, pl. i, figs. 3, 4. 1885,

CeprALOTHORAX elongate, irregularly hemicordate ; length of each valve some-
what less than twice the width, greatest width through the center ; margin
distinctly elevated. Hinge-line long, straight, scarcely equal to the greatest
length of the carapace; curving gently outward toward the anterior extrem-
ity, whence the margin is abruptly deflected in a straight line for a short dis-
tance, and then sharply curved to the antero-lateral edge, which is also nearly
straight, rounding to the ventral margin which is sub-parallel with the hinge,
the posterior margin being truncate and slightly incurved.

Nuchal furrow indistinct on account of the flattening of the specimen.

Cephalic region relatively small, having less than one-third the width of the
carapace ; its surface is almost wholly occupied by a low node, well defined
on its posterior margin, but becoming obsolete toward the hinge. The surface
of this node bears a number of elongate pustules. Close upon the hinge are
two small tubercles, the posterior of which probably represents the eye-
node.

The Thoracic region, near the hinge-line and just behind the nuchal furrow,
bears three parallel, elongate tubercles, one above the other; and behind them,
situated more ventrally, an indistinct transversely elongate node. A short
ridge or carina takes its origin at the base of the cephalic node, near the
antero-lateral margin, and passes obliquely backward nearly parallel to this
margin, becoming rapidly obsolete.

The Surface is marked by numerous low, scattered tubercles on the ventral
and postero-dorsal areas. On the cephalic region the finer sculpture is
minutely squamose, a feature not exhibited in other species of this genus.

ABDPOMEN unknown.

Post-aBpoMEN. The same fragment of shale which contains the carapace also
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bears a caudal plate, telson and one of the cercopods. The plate is sub-
triangular, the telson moderately long but shorter than the cercopod; all
are strongly carinate, and the surface covered with indications of strong
tubercles.

Dimensions. The carapace of this species measures 28 mm. in length and
16 mm. in width across one valve. The telson is 28 mm. in length to the
extremity of the spine, and the cercopod has about the same length.

Distribution. But a single individual of this species has been observed, and
this has been so flattened that some of its surface-features may be obscured.
The original is from the lower beds of the Portage group as originally defined
(the “ Naples beds” of Clarke). Hatch Hill, Naples, Ontario county.

ECHINOCARIS CONDYLEPIS, n. Sp.

PLATE XXIX, FIGS. 14-17.

CepHALOTHORAX small, sub-ovate in outline; length to width upon each valve
as 3 to 2; greatest width centrally. Surface depressed. Hinge-line straight,
two-thirds as long as the carapace. Anterior margin gaping for a short dis-
tance on the dorsal line, abruptly angled at the anterior 'extremity and
rounding in a regular curve to the ventral margin and posterior extremity ;
at the latter point the margin is broadly angulated and passes thence ob-
liquely forward in a nearly straight line to the hinge. The entire margin is
moderately broad and thick and strongly elevated, especially upon the
postero-dorsal edge.

Nuchal furrow obscure.

Cephalic region sub-triangular on each valve; occupied by an irregular
node, which 1s distinctly limited on its anterior margin by a sulcus strongly
impressed near the hinge-line. This node bears four tubercles, which are
placed at the angles of a square, two close upon the hinge-line and two
situated ventrally. Of these the posterior ventral tubercle holds the posi-
tion of the optic node in Echinocaris punctata.



174 PALZONTOLOGY OF NEW YORK.

Thoracic region characterized by a strong transverse node just behind the
nuchal furrow, acutely tubercled near the hinge-line, and beneath this an
obscure node extending from this furrow obliquely backward. A lateral
ridge or carina takes its origin near the anterior portion of the carapace and
extends backward in a broad sigmoid curve, becoming obsolete near the
posterior region. Above this carina the postero-dorsal area is gently rounded
and smooth.

Surface smooth or minutely punctate.
ABpoMEN and TELSON unknown.

Dimensions. Three specimens of this species have been observed, and all
are approximately of the same size, viz.: length 9 mm., width & mm.

Observations.  Echinocaris condylepis appears in many respects almost a minia-
ture of Echinocaris punctata of the Hamilton shales. The nodes are essentially
the same in number and disposition, though less conspicuous; the lateral carina
is much shorter, but has the same sigmoid curve; the ridge upon the postero-
dorsal margin is, however, much more strongly elevated than in the latter
species and is not tubercled or spinose. The general abbreviation of all the
features in which it resembles E. puncfafa 1s a persistent character, and it will
serve to distinguish the two species, while it may indicate their common
genetic origin.

Distribution. Chemung group. In the soft greenish shales at Philipsburgh
(now Belmont), Alleghany county.

ECHINOCARIS SOCIALIS.
PLATE XXX, FIGS. 1-12.

Echinocaris socialis, BEECHER. Ceratiocaride from the Chemung and Waverly groups. Second Geol. Surv.
Penna., vol. PPP, p. 10, pl. i, figs. 1-12. 1884.
Echinocaris socialis, ETHERIDGE, WooDWARD and JoNEs. Third Rept. Committee on Fossil Phyllopoda of
the Pal@ozoic Rocks, p. 35 1885.

CepHALOTHORAX obliquely sub-ovate in outline, widest posteriorly. Length along
the hinge-line to greatest width as 1 to 1.5; to greatest length as 1 to 1.8.
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Hinge-line short, straight; anterior margin curving somewhat abruptly for
a short distance, thence broadly rounding to the postero-ventral edge, there
curving abruptly forward and passing in a nearly straight line to the poste-
rior extremity of the hinge. Margins distinctly and sharply elevated on all
except the dorsal side.

Nuchal furrow scarcely distinct, cutting off a sub-triangular area on each
valve, similar in relative proportions to that in E. punciata.

The Cephalic region occupies about one-fourth the area of each valve, and
its surface 1s mostly covered by a single large, elevated node, irregular in
outline and when uncompressed, merging into one inconspicuous node lying
near the dorso-lateral angle, another on the hinge-line at the nuchal furrow,
and a third just opposite the nodiform termination of the lower thoracic carina.

The Thoracic region bears two conspicuous nodes, one near the hinge-line,
apparently continuous with the sharply elevated dorso-lateral margin, the
other situated medially, abutting closely upon and often apparently con-
tinuous with the lower carina. This carina lies at a little more than one-
third the width of the valve from the ventral margin, takes its origin at or
upon the median thoracic node and passes backward in a broad curve, be-
coming cxtinct considerably within the postero-lateral margin. At a little
more than one-half the distance between this carina and the hinge-line,
there is a short, straight, or dorsally curved carinate row of sharp pustules.

The postero-dorsal margin is also sharply elevated and sub-carinate near
the hinge.

T'he Surface of the carapace is covered with sharp, sub-spiniform pustules on

its elevated portions, the depressed areas being smooth or minutely punctate.

ABpoMEN composed of six somites, which become more elongate in outline
toward the caudal-plate. Somites sub-cylindrical, bearing three transverse
rows of posteriorly directed spinules. The first row of these lies just within
the anterior margin; the second about midway across the segment, and the
third at the posterior margin. The spinules of the first row are often

inconspicuous,
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Post-ABDOMEN consisting of a short, triangular caudal plate, which is produced
into a slender, carinate telson, having a length somewhat greater than that
of the abdomen. The cercopods have about the same length.

Dimensions. A single specimen of average size retaining the parts in con-

junction affords the following measurements:

Body. Cephalothorax. Abdomen.  Post-abdomen.
Length_ _________.___ 29 mm. 9 mm. 9 mm. 11 mm.
Width . ___ .. ______. _..._. 6 mm. 2mm.  _____.

This very distinctly defined Echinocarid finds no close ally among the known
species. Some points of similarity in general form and outline are suggested
by the species E. pustulosa and E. sublevis, Whitfield, but specific differences
in the number and disposition of the carinee and the shape of the nodes are
readily apparent. Its comparative abundance, at the single locality where it is
known to occur, is interesting and in consonance with the known gregarious
habits of both fossil and recent forms of such crustaceans.

Distribution. Chemung group. ¢ In the shales at the base of this group as
exposed at Warren, Pa.; belonging to the upper strata of the series when
considered in relation to the entire thickness of the group in New York and

Pennsylvania.”  (Beecher, loc. cit.)

KECHINOCARIS SUBLAEVIS.
PLATE XXIX, FIGS. 11-13.

Echinocaris sublevis, WaiTFIELD. New Forms of Fossil Crustacea, etc. Am. Jour. Science, 3d ser., vol. xix,
No. 109, p. 36, pl. (unpublished), figs. 4, 5 and 6. 1880.

Echinocaris sublevis, PACKARD. Palzozoic Allies of Nebalia. Am. Naturalist, p. 952, fig. 11. Dec. 1882.
Echinocaris sublevis, PACkARD. Monog. N. Amer. Phyllopod Crustacea. Twelfth Rept. U. S. Geol. Sury.,
pp- 450, 451, fig. 71b. 1883.

Echinocaris sublevis, BEECHER. Ceratiocaride from the Chemung and Waverly groups, etc. Second Geol.
Surv. Penna., vol. PPP, p. 5. 1884.

Echinocaris subl@vis, JoNEs and WoopwARrD. Notes on Phyllopodiform ('rustaceans referable to the genus
Echinocaris, ete. Geol. Mag. Deec. iii, vol. i, No. 9, p. 2. pl. xiii, figs. 3, 4 and 5. 1884.
Echinocaris sublevis, ETHERIDGE, WooDWARD and Jonus. Third Rept. Com. on Fossil Phyllopoda of the
Palzozoic Rocks, p. 35. 1885.

CepHaLOTHORAX. Outline obliquely sub-ovate, length to width as 3 to 2.
Surface irregularly convex in front, evenly convex behind. Hinge-line
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short, straight, extending from the anterior margin two-thirds the length
of the carapace. Anterior extremities very slightly gaping, the margin
sharply rounding in front, passing in a broad curve obliquely to the postero-
lateral region, whence it passes in a gentle curve or a direct line to the
hinge. The type specimen is so incomplete that the posterior outline can
not be accurately determined. The entire margin is elevate and carinate.

Nuchal furrow distinct, taking its origin on the hinge at about one-third
its length from the anterior extremity and passing obliquely forward.

Cephalic region small, sub-triangular on each valve and entirely occupied
by a strong elevated node, the surface of which is covered with scattered
tubercles, but it is impossible to determine which of them has served as
the optic node. |

Thoracic region just behind the nuchal furrow marked by a single, strong,
obliquely elongate dorsal node, bearing a tubercle near the hinge-line. This
no.de, at its inferior extremity, comes almost into contact with a nodiform
ridge, directed obliquely backward and produced into a lateral carina, which
1s parallel to the ventral margin of the carapace. Postero-dorsal area smooth,
broadly and evenly convex.

Surface obscurely punctate.

ABpoMEN. Portions of the last three somites are to be seen in one of the type
specimens. Each of these is short, sub-cylindrical, the posterior segment
being a little the longest. The anierior margin of each is elevated into an
articulating ridge, and the posterior margin into a spiniferous ridge. Upon
the dorsal surface the spines on each somite appear to have been very short
and scarcely more than elevated tubercles, but on the lateral surface were
quite strong. There appears also to have been a spine on the lateral surface

of each somite between the anterior and posterior margins.

Post-aBpoMEN. The caudal plate on the dorsal side ix sub-pentagonal, depressed
on the postero-lateral areas. The telson begins as an elevated ridge near
the anterior portion of the plate and is produced to a length probably equal-
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ing the length of the last three somites of the abdomen. The cercopods are
somewhat curved near the base of attachment, and have a slightly greater
length than the telson.

Dimensions. The carapace of this species measures 17 mm. in length and
12 mm. in greatest width. The three somites of the abdomen and the telson
have a length of 13 mm.; of this the first somite measures 1.5 mm. in
length ; the second 1.8 mm.; the third 2 mm.; the telson to the apex of the
spine 7 mm.

Distribution. In the calcareous concretions of the Erie shales, a formation
approximately equivalent to the lower Portage shales of New York. LeRoy,
Lake county, Ohio.

ECHINOCARIS PUSTULOSA.
PLATE XXIX, FIGS. 9, 10.

Echinocaris pustulosa, WHITFIELD. Amer. Jour. Science, Third Series, vol. xix, No. 109, p. 38, pl. (unpub-
lished), fig. 7. 1880.

Echinocaris pustulosa, PAcKARD. Monog. N. Amer. Phyllopod Crustacea. Twelfth Ann. Rept. U. 8. Geol.
Surv., p. 451. 1883.

Echinocaris pustulosa, BEecHER. Ceratiocaride from the Chemung and Waverly groups, etc. Second Geol.

Surv. Penna.. vol. PPP, p. 5. 1884.
Echinocaris pustulosa, Jongs and Woopwarp. Notes on Phyllopodiform Crustaceans referable to the genus
Echinocaris, cte.  Geol. Mag. Dee. iii, vol. i, No. 9, p. 2, pl. xiii, fig. 6. 1884.
Eclinocaris pustulosa, ETHERIDGE, WooDwARD and JoNgs. Third Rept. Committee on Fossil Phyllopoda of
the Paleozoic Rocks, p. 35. 1885.

CepHaLoTHORAX small, longitudinally sub-ovate; length to width as 3 to 2.
Surface irregularly convex. Hinge-line short, straight, length less than
two-thirds the length of the carapace. The anterior extremity is broken
off in the original specimen, hut judging from the position of the nodes
upon the thoracic portion of the carapace and the indications afforded by
the broken edge, the anterior margin had probably about the same curvature
as in the species Echinocaris sublevis, although in the original figure it is
represented as strongly incurving near the hinge. The ventral margin is

broadly curved at the posterior extremity, bending somewhat abruptly to
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the postero-dorsal margin, which is nearly straight. The entire margin is
elevated and 1s especially strong upon the posterior portion.

Nuchal furrow quite conspicuous, directed obliquely forward from the
hinge-line.

Cephalic region apparently sub-triangular upon each valve and elevated
into a conspicuous node, the surface of which is covered with sharp, scat-
tered tubercles.

Thoracic region characterized by an arrangement of nodes similar to that
observed in Echinocaris sublevis: a transverse dorsal node, just behind the
nuchal furrow, directed slightly forward, followed below by a second trans-
verse, elongated node, produced backward into a faintly curving ridge or
carina, which becomes obsolete on the posterior area of the carapace. The
postero-dorsal area is convex and relatively small. The surface of the thoracic
nodes and of the postero-dorsal area is covered with conspicuous tubercles,
while the remainder of the test appears to be minutely punctate or granulose.
Length of the carapace 13 mm., width 9 mm.

ABpoMEN and PosT-ABDOMEN not observed.

Observations. A single valve of the carapace of this species has been observed,
and, in the disposition of the nodes and ridges upon the surface, it shows a
close resemblance to its associate in the same formation, Echinocaris sublevis.
E. pustulosa, however, differs from that species in the less oblique outline of the
carapace, and the more centrally situated lateral carina. It resembles E. socialis
in its strongly tubercled surface, but the differences in these two species are
readily apparent.

Distribution. In the calcareous concretions of the Erie shales; LeRoy, Lake
county, Ohio.
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KECHINOCARIS MULTINODOSA.

PLATE XXIX, FIGS. 18, 19.

Echinocaris multinodosa, Writrieip. New Forms of Fossil Crustacea, ete.  Amer. Jour. Science, Third
Series, vol. xix, No. 109, p. 38, pl. (unpublished), fig. 8. 1880.
Echinocaris multinodosus, PackArp. The Palzozoic Allies of Nebalia. Amer. Naturalist, p. 952, fig.
10, Deec. 1852,

Eckinocaris multinodosus, PACkArRD. Monog. N. Amer. Phyllopod Crust. Twelfth Ann. Rep. U. 8. Geol.
Surv., p. 451, fig. Tla. 1883.

Ischinocaris multinodosa, BEECHER, Ceratiocarida from the Chemung and Waverly groups, ete. Second

Geol. Surv. Penna., vol. PPP, p. 5. 1884.

Echinocaris multinodosa, ETHERIDGE, WooDWARD and JoNes. Third Rept. Com. on Fossil Phyllopoda of the
Pal®ozoic Rocks, p. 35. 1885.

CepnaroTHORAX. In the two specimens of this species which have Dbeen
observed the carapace has been somewhat compressed vertically, so that the
outline of the valves can not be accurately determined. It was probably
much like that in Echinocaris pustulosa, transversely sub-ovate, widest an
teriorly. The margins are thick and strongly elevated. Hinge-line short,
being one-half the length of the carapace. On the anterior extremity the
margin bends strongly forward from the hinge, rounding to a broad curve
upon the ventral border; from the posterior extremity to the hinge the mar-
gin 1s straight.

Nuchal furrow distinct, taking its origin just behind the second of the four
nodes upon the hinge-line and passing obliquely forward, becoming obsolete

at or near the anterior margin.

Cephalic region obliquely elliptical on each valve, the anterior portion occu-
pied by a large, irregularly quadrate node, whose highest point is near the
hinge. This is separated, by a deep furrow on its posterior margin, from a
small but conspicuous node lying close upon the hinge. The optic spot can
not be satisfactorily located.

Thoracic region characterized by a strong, obliquely elongate node
situated upon the hinge-line and most elevated at its proximal extremity;
terminating in a conspicuous depression which merges into the nuchal
furrow. The node is sub-triangular in outline and has its apex directed
ventrally, Below the apex of this node arises another, broad at its upper
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extremity, transverse and produced backward into a lateral carina which
1s indistinctly preserved upon both the specimens in hand, but has evidently
been similar in curvature to that in the species K. sublevis and E. pustulosa.
At the posterior extremity of the dorsal margin and slightly distant from
the hinge is a longitudinally elongate node curving gently inward and
backward, and continued into a low ridge parallel with, and, toward its
extremity, merging into the postero-dorsal margin. The dorso-lateral area
of the carapace is broad and evenly convex, and is separated from the

margins by a wide sulcus.

Surface of the carapace ornamented upon the nodes, ridges and dorso-late-
ral area with pustules, which appear as strong punctae upon the cast of the
ventral surface, as shown in one of the specimens.

The carapace, when in an uncompressed condition, has a length of 33
mm., and a width of about 20 mm. for each valve.

Distribution. In the calcareous concretions of the Erie shales on Paine’s
Creek. LeRoy, Lake county, Ohio.

ELYMOCARIS, Beecuer. 1884,

ELYMOCARIS CAPSELLA, n. Sp.

PLATE XXXI, FIG, 4.

CepHaLOTHORAX small, siliquoid, each valve longitudinally semi-elliptical in
outline, with a length equal to two and one-half times the width. Hinge-
line straight, extending almost the entire length of the valves, and curving
slightly downward or outward near the extremities. Anterior extremity
rectangular, rounding rapidly to the broad curve of the ventral margin. Pos-
terior extremity truncate and slightly incurved. Margin slightly thickened.
Surface convex, elevated toward the dorsum, ventrally depressed. A faint
node, which may indicate the position of the optic spot, is visible at about
one-third the length of the carapace from the anterior extremity; its posi-
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tion, however, is more posterior and ventral than the optic'node in Elymo-
caris siliqua.

The ornamentation consists of minute, elevated, anastomosing lines, most
distinctly seen near the ventral margins.

The type specimen of this species has been folded and the valves slightly
separated along the hinge, the right valve protruding somewhat beneath the
ventral margin of the left. The left valve measures 13.5 mm. in length,
and 5 mm. in width.

Abdominal and caudal parts unknown.

Distribution. Hamilton group. But a single specimen of this species has
been noticed, and this is from the shales above the Encrinal limestone, at the
second falls of Tichenor’s Glen, Canandaigua Lake, associated with FKchino-
caris punctata, Rhinocaris columbina, R. scaphoplera, Phacops rana, Proétus macro-
cephalus, Proétus Rowi, Dalmanites Boothi and Homalonotus Dekayi.

ELYMOCARIS SILIQUA.
PLATE XXXI, FIGS. 5, 6.

Elymocaris siliqua, BEEcHER. Ceratiocaride from the Chemung and Waverly groups, ete. Second Geol.
Surv. Peana., vol. PPP, p. 13, pl. ii, figs. 1 and 2. 1884,
Elymocaris siliqua, ETHERIDGE, WooDWARD and JonNes. Third Rept. Committee on Fossil Phyllopoda of the
Palwzozoic Rocks, p. 35. 1885.

CePHALOTHORAX elongate-sub-rhomboidal or siliquiform in outline; hinge-line
straight, somewhat shorter than the greatest length of the valves; length
equal to twice the width. Anterior extremity acutely angled, rounding
rapidly to the ventral margin, which for a short distance is nearly parallel
to the dorsal line. The postero-ventral extremity is broadly rounded, the
margin curving thence forward, and at the hinge slightly backward again,
making a sharp angle at that point. The margin is slightly thickened and
elevated into a low, sharp carina on the anterior and ventral edges, becom-
ing obsolete posteriorly. Surface evenly convex, sloping a little more
abruptly toward the hinge than toward the ventral margin.

-
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Nuchal furrow scarcely distinct, its position probably represented by the
posterior margin of the cephalic nodes.

Cephalic region broadly sub-triangular on each valve, its length about one-
third the greatest length of the valve. Near the hinge-line is a conspicuous
optic node, just behind which lies a low, faintly defined sub-circular eleva-
tion, and below this a similar elevation, which is larger, more distinctly
defined, oval or more transversely elongate.

Thoracic region without nodes. Surface ornamented with low tubercles
over the cephalic nodes, and with irregularly scattered pustules or granules
upon the thoracic area. Fine and elevated, obscurely anastomosing lines
are visible near the ventral margin and upon the dorsum, and the postero-
ventral margin is distinctly crenulate.

Abdomen short, composed, as far as known, of two somites, the anterior
of which, in the only specimen observed, is partially concealed beneath the
posterior area of the carapace. Each one is sub-cylindrical, slightly tapering
and gently constricted at the margin, the latter being twice as long as wide.

Posr-aspoMEN. Caudal plate strongly elevated and wholly occupied by the base
of the telson, which is short and stout and bears a conspicuous median ridge.
The cercopods are flat, comparatively narrow and longer than the telson,
and are minutely crenulated along their inner edges for the attachment of
setee.

The surface of the abdominal somites and post-abdomen is ornamented
with granules and elevated lines.

Dimensions. The left valve measures 22 mm. in length and 10 mm. in
width. The posterior somite of the abdomen measures 7 mm. in length, the
telson 9 mm., and each lateral spine 10 mm. in length.

Distribution. Chemung group. Warren, Warren county, Pennsylvania.
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TROPIDOCARIS, BeecHEr. 1884.

TROPIDOCARIS BICARINATA.
PLATE XXXI, FIGS. 7-12.

Tropidocaris bicarinata, BercHER. Ceratiocaride from the Chemung and Waverly groups, ete. Second Geol.
Surv. Penna., vol. PPP, p. 16, pl. ii, figs. 3-5. 1884.
Tropidocaris bicarinata, ETHERIDGE, WooDWARD and Jones. Third Rept. Committee on Fossil Phyllopoda
of the Palzozoic Rocks, p. 35. 1885.

CEPHALOTHORAX elongate spatulate or semi-elliptical, truncate behind ; length
one and one-half times the width. Hinge-line straight, nearly as long as
the greatest length of the shield. Toward the anterior extremity, just in
front of the eye, it slopes gently outward to form the rostral cleft, which is
quite narrow.

The Rostrum is a narrow, free strip or plate, tapering to an acute apex;
longitudinally arched, bearing a strong axial ridge and two lateral ridges.
This body has been observed in two instances in such a position and of
such form as to leave little doubt of its function.

The anterior extremity of each valve is produced into a minute spine at
the dorsal line; at its base the margin is transverse for a short distance,
rounding in a broad curve to the ventral and posterior edges. The poste-
rior extremity is broadly truncate, the margin rounding over the postero-
ventral angles, curving inward toward the hinge-line, and outward at the
hinge, making a minute posterior spine at that point. The margin on all
sides 1s broadly thickened, and the marginal sulcus is conspicuous.

The Cephalic region, just within the principal lateral carina, bears a strong
optic node, which usually shows a minute depression or pit at its summit.
Two strong carinse extend almost the entire length of each valve, the outer
one the longer and more conspicuous, the inner usually terminating ante-
riorly near the dorsal line just opposite the eye, but sometimes produced to
the anterior angle. A low ridge extends from the eye to the anterior
extremity and a similar ridge is also visible in some specimens between the
eye and the inner carina, extending for a short distance upon the thoracic
portion of the carapace. On the exterior slope of the outer carina and



CRUSTACEA. 185

near the base of the cephalic region, a moderately large, semi-circular
node is sometimes seen, which is more distinct in specimens where the

carapace has been somewhat compressed.

The Surface is ornamented by elevated anastomosing lines, which are
absent on the thoracic region within the outer carina. The hinge-line and

the posterior margin are distinctly crenulated.

ABpoMEN. This part has not been found in conjunction with the carapace. A
small abdomen, composed of two somites and bearing a portion of a cylin-
drical telson, which was found in the shales with these carapaces, was refer-
red, in the original description, to this species, and it either belongs to this
form or to some species as yet undescribed. These somites are sub-cylin-
drical, the first short, wider than long, and the second twice as long as wide,
depressed at the anterior margins, slightly elevated and overlapping at the
posterior margins, and ornamented with elevated lines similar to those upon
the carapace. This specimen of the abdomen is small, and must have be-

longed to an individual smaller than indicated by any carapace yet observed.

Dimensions. The best preserved of the type specimens measures 39 mm.
in length and 27 mm in width. The two somites of the abdomen have a
length of 11 mm. of which the first measures 4 mm. and the second 7 mm.

Distribution. Chemung group. In the shales associated with KEchinocaris

socialis and Elymocaris siligua. Warren, Warren county, Pennsylvania.

TROPIDOCARIS INTERRUPTA.
PLATE XXXI, FIG. 13.

Tropidocaris interrupta, BEECHER. Ceratiocaride fromthe Chemung and Waverly groups, etc. Second Geol.
Surv. Penna., vol. PPP, p. 18, pl. ii, fig. 6. 1884,
Tropidocaris interrupla, ETHERIDGE, WooDWARD and Jowes. Third Rept. Committee on Fossil Phyllopoda
of the Pal®ozoic Rocks, p. 35. 1885.

CEPHALOTHORAX sub-oval in outline, reéntrantly truncate behind. The right
valve is the only part yet observed, and this shows the hinge-line to be
straight, shorter than the greatest length of the carapace; the anterior
extremity acute, the margin rapidly rounding thence to the centre of the
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ventral edge and passing posteriorly with the same curvature. The postero-
ventral angle is broadly obtuse, the posterior margin slightly incurved to the
hinge-line. The surface is evenly convex and is ornamented by a series of
longitudinal caring, of which five, including the marginal ridge, extend the
entire length of the valve, four of them being prominently exsert at their
terminations upon the posterior margin. Intercalated between these carinze
1s a series of shorter and less conspicuous ridges, beginning near the anterior
extremity and mostly confined to the cephalic region; one or two extend
for some distance upon the thorax. The number of ridges crossing the
cephalic region is eleven, one of the shorter of these crossing the eye-node.
The single valve has a length of 23 mm., and a width of 10 mm.

Distribution. Chemung group. In the shales near the summit of the forma-

tion, Warren, Warren county, Pennsylvania.

TROPIDOCARIS ALTERNATA.
PLATE XXXI, FIGS. 14, 15.
Tropidocaris alternata, BEECHER. Ceratiocaride from the Chemung and Waverly groups, ete. Second Geol.
Surv. Penna., vol. PPP, p. 19, pl. ii, figs. 7 and 8. 1884.
Tropidocaris alternota, ETHERIDGE, WooDWARD and JoNes. Third Rept. Committee on Fossil Phyllopoda
the of Palzozoic Rocks, p. 35. 1885.

Tuis species is represented only by impressions of two somewhat fragmentary
portions of left valves of the cepHaLoTHORAX. Their outline cannot be satis-
factorily determined, but indications show that is does not widely differ from
that of Tropidocaris bicarinata. These fragments are characterized by the
numerous longitudinal ridges extending apparently the entire length of the
valve, or somewhat interrupted and irregular in the cephalic region. These
ridges or caring alternate in size, the best preserved specimen showing seven
in all, of which the larger are finely crenulate, but no other ornamentation is
apparent on the valve. The eye-node is distinct and is crossed by the fourth
or middle carina.

Distribution. Waverly group. In the sandstones at Warren, Warren county,

Pennsylvania.
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MESOTHYRA* N. a.

MEesotHYRA OCEANI, n. sp.
PLATE XXXII, FIGS. 1-6; PLATE XXXIII, FIGS. 4-7; AND PLATE XXXIV, FIGS. 1-5.

Dithyrocaris Neptuni, Hart. Illustrations of Devonian Fossils, pl. xxii, figs. 1-5; pl. xxiii, figs. 1-3. 1876.
Dithyrocaris Neptuni, ETHERIDGE, WooDWARD and Jones. Fifth Rept. Committee on Fossil Phyllopoda of
the Pal@ozoic Rocks. 1887.

CepHALOTHORAX sub-quadrate or broadly spatulate; length to width as 2.5 to 1.
Surface flattened along the axial region, slightly convex and normally some-
what deflected on the sides.

The dorsal line is nearly straight for three-fourths its length from the poste-
rior extremity; thence bending inward and again curving outward it makes
a broad, conspicuous angle opposite the eye-node; passing thence forward to
the anterior extremity, forming the margin of the rostral cleft, and intersect-
ing the anterior margin of the valve at an acute and slightly incurved angle.
The angular extension upon the dorsal line is of the same length on both
anterior and posterior slopes. On the anterior extremity of the carapace the
margin is transverse for a short distance, rounding in a constantly widening
curve along the ventral edge to very near the posterior extremity; thence
backward it is slightly incurved, and at the postero-ventral angle is con-
tinued as the margin of a strong, sharp spine, which is directed inward.
The posterior margin is transverse and nearly straight, terminating at the
dorsal line in a short, sharp, posteriorly directed angle. On the anterior and

* The distinctive features upon which the type species of this genus (D. Oceani) is separated from the genus
Dithyrocaris have not been noticed in any of the descriptions or illustrations of species of that genus given
by English or American authors. The interpretation of the characters of the carapace, as here given,
requires the removal of these forms from the family CgrariocArmnz, and if the described species of
Dithyrocaris shall, upon reéxamination, prove to possess similar features, they may all be united under the
family name proposed above.
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antero-lateral edges the margin is strongly thickened, on the postero-lateral
edge being broadly infolded, and its thickened edge continuous with the
posterior spine. This ridge on the doublure is distinctly marked upon the
upper surface of the carapace when compressed.

The Cephalic region is gently convex and bears a strong, somewhat elongate
eye-node, situated just in front of the extremity of the lateral carina, and
toward the dorsal line. The summit of this optic node bears a deep pit or
inVagination, which may have held a lense or series of lenses, or it may be
evidence of a more émbryonic character in the visual organs. Upon the
thoracic region is a strong, straight carina, extending its entire length. Its
sides are broadly sloping, and well-preserved individuals show a finely incised
longitudinal line about half way up each slope. On the inner slope, be-
tween this line and the summit of the ridge, there is a series of oblique
crenulations.

The Surface is ornamented by a number of low tubercles in the inter-ocu-
lar region, and elsewhere over the cephalic area by fine, elevated, frequently
anastomosing lines; upon the extra-carinal area these lines become longer
and more continuous. Otherwise the surface is minutely punctate or
granulose.

ABpOMEN composed of two somites of which the anterior was probably almost
concealed beneath the carapace. This somite is short, one-half as long as
wide, and slightly elevated at the margins into articulating ridges; the
posterior somite is quadrate and somewhat longer than wide. The sur-
face of both somites is ornamented by strong, elevated, venate lines, which,
upon the anterior joint, radiate from the crenulated margins and are directed
forward, and upon the posterior they also radiate from the margins but are
directed inward and backward. In one specimen these lines are crossed by
a series of fine, parallel wrinkles, which appear to be due to compression.
The posterior somite bears a few low, broad tubercles.

Post-aBpOMEN. Caudal plate sub-triangular on the ventral surface, distinetly

ridged on the anterior extremity for articulation with the last somite; sub-
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pentagonal on the dorsal surface and produced into a relatively narrow
telson, shorter than the lateral spines and strongly carinate along the axial
line. The lateral spines are flat and long, with a low carina near the inner
edge and a series of obscure, parallel ridges near the outer margin.

The surface is marked by elevated lines, parallel to the margins, and simi-
lar to those observed upon the abdomen, but more continuous. Strong
tubercles are scattered irregularly over the surface of all the spines. A broad
fimbria of setee is visible upon the inner edges of the lateral spines, and the
margin is distinctly crenulate for their insertion.

Dimensions. The largest carapace observed is represented by a right valve, -
which measures 140 mm. in length, inclusive of the posterior spine, and 60
mm. in greatest width. The smallest right valve has a length of 68 mm.
and a width of 40 mm. The abdomen and post-abdomen of a large individual
measure 105 mm. in length to the apex of the telson: the first somite, 16
mm.; the second, 22 mm.; the caudal plate and telson, 67 mm. The cerco-
pods of the same specimen are 70 mm. in length.

Observations. 'The character of the articulation of the valves of the carapace
in this species is widely different from that in typical species of the genus
Dithyrocaris. If the valves came into contact only at the apices of the con-
spicuous angles upon the dorsal line a long posterior median cleft would be lett
between the valves with a width equal to that of the anterior or rostral cleft.
Three right valves have been preserved showing this angle upon the hinge, but
the only left valve observed has been broken at that point. If the process
existed on both valves, as we must assume to be true in the bilaterally
symmetrical carapaces, it is difficult to conceive low the articulation could
have been effected by the mere apical contact of the valves at this point.
Upon the right valve the angular extension is smooth near its apex, and the
outer edge folded upward into a low ridge, so that it may have been slightly
overlapped by and articulated to the valve at this point, but such articulation
must have been quite insufficient to hold the two valves in place. With
the exception of the surface about the apex, these extensions are quite
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strongly tubercled and thus could not have been adapted to the purpose of
articulation. It has been noticed in the description of the species Mesothyra
Veneris that a short distance within the dorsal margin of the type specimen, and
parallel to it, is an impressed line which merges into the hinge at a point
corresponding in position to the angular process in this species. If this groove
represents a suture or a line of symphysis, and the narrow strip of carapace
between it and the dorsal line be removed, the outline of the dorsal margin of
this species would be similar to that in M. Oceani. In two of the specimens at =
hand there is evidence, though not conclusive, of such a median strip in this
species, detached from, and lying alongside the dorsal margin. It seems
necessary to accept the presumptive evidence of the existence of this plate in
order to explain'the mode of articulation of the valves in this species. Such
a plate may have been simple, articulated on each edge with the valves, or
compound, with a suture or hinge in the axial line, as indicated in M. Veneris.

Although the existence of this plate has not yet been positively demonstrated,
nor the necessity of its existence recognized in species heretofore referred to
the genus Dithyrocaris, 1t must be born in mind that the rostral plate, which
presumably filled the anterior cleft between the valves, so far as known, has
not been seen in any species of the genus.

It will be readily conceived that a very slight degree of maceration would
be sufficient to destroy the membrane holding these parts in place along the
line of symphysis, and bodies so light as the rostrum and such a median plate,
would be readily transported, even in quiet water, away from the heavier por-
tions of the carapace, while members of the abdomen and post-abdomen, being
held in place by stronger ligaments and by the overlapping slotted edges of the
articulating surfaces, would naturally withstand a force sufficient to separate
the parts of the carapace.

In the preliminary Illustrations of Devonian Fossils (loc. cit.) the specimens
upon which this species is founded were referred to Dithyrocaris Neptuni, on
account of the similarity apparent in many features of the post-abdominal
parts, but a more careful comparison of these parts, in the Hamilton and
Portage specimens leaves no doubt of their specific difference. This difference
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consists of the following points: in M. Oceani, (a) the caudal plate is smaller,
less robust, and is covered with low tubercles; (b) the telson is relatively much
longer, though not as long as the cercopods (this feature is incorrectly repre-
sented on plate xxxiii, fig 7, where the telson is given about the same relative
length as in M. Neptuni; at least a half-inch should be added to the length of
the figure of this spine); (c) the carina on the telson is much narrower and
more sharply angled; (d) both telson and cercopods are conspicuously tubercled,
and (e) the linear ornamentation is less marked.

Distribution. 'This elegant species is represented by portions of four cara-
paces, four abdomens and post-abdomens and two post-abdomens without
somites attached. All are from a single locality in the Portage group. In
the sandy shales bearing Plumalina Vanuzemi, Dawson: Ithaca, Tompkins
county.

MEesoTnyrRa NEPTUNI
PLATE XXXII, FIG. 7; AND PLATE XXXIII, FIG. 1.

Dithyrocaris Neptuni, HALL. Sixteenth Rept. N. Y. State Cab. Nat. Hist., p. 75, pl. i, fig. 9. 1863.
Dithyrocaris Neptuni, HALL. Tllustrations of Devonian Fossils, pl. xxiii, fig. 6. 1876 ; not pl. xxii, figs. 1-5;
pl. xxiii, figs. 1-3.

Dithyrocaris Neptuni, PackArp. Monog. N. Amer. Phyllopod Crustacea. Twelfth Ann. Rept. U. 8. Geol.
Surv., p. 452, fig. 73. 1883.

Dithyrocaris Neptuni, ETHERIDGE, WooDWARD and JoNEs. Fifth Rept. Committee on Fossil Phyllopoda of
the Palzozoic Rocks. 1887.

CEPHALOTHORAX and ABDOMEN unknown.

Post-aBpoMEN. Caudal plate sub-quadrangular in outline on the dorsal side,
strongly convex, and flattened above; produced into a broad, stout, relatively
short telson. Along the axial line of this spine is a broad, low ridge,
which runs to its apex and is most strongly elevated just behind the insertion
of the spine upon the caudal plate. The cercopods are long, nearly one-half
longer than the telson, flat and with a low ridge on their inner edges. To
these ridges were attached the setaceous fimbrise which are faintly visible
on one of the lateral spines of the type specimen. The articulating edge of
each cercopod is curved upward and forward into a smooth marginal ridge,
which is overlapped by the adjacent edge of the caudal plate.

The surface 1s marked by strongly elevated, concentric, sometimes anas-
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tomosing strise, which are conspicuously angled over the median ridge of the
caudal plate and pass thence backward over the lateral spines. They are
absent upon the telson except near its base, and upon the cercopods are more
abundant toward the outer edge, becoming obsolescent as they approach the

extremities.

Dimensions. The caudal plate has a width of 27 mm. ; the entire length of
the caudal plate and telson is 81 mm. Each cercopod measures 110 mm. in
length.

The individual represented by the post-abdomens must have been of great
size when entire, making Mesothyra Neptuni probably the largest known

species of the genus.

Observations. The specimen upon which the original description of this
species was based is a very large caudal plate with the spines attached. It
lies upon the surface of a slab of arenaceous shale, obtained in Otsego county,
and is accompanied by more or less fragmentary impressions of four similar
caudal parts and a fragment of the marginal portion of one valve of the cara-
pace. Of the five impressions two are of the ventral and three of the dorsal
surface, one of the latter being the type specimen and one a fragment of a con-
siderably larger individual. The slab also bears a cephalon of a young Homalo-
notus Dekayi and is thus beyond doubt from the Hamilton beds.

In the preliminary illustration of the New York Devonian Crustacea (Ilus-
trations of Devonian Fossils, loc. cit.), a series of large carapaces and post-ab-
domens from the lower beds of the Portage group at Ithaca, Tompkins county,
were provisionally referred to the same species; in the final revision of this
material a careful comparison of the specimens from the two localities has
shown that those from the Portage group present many well-marked and
constant specific features distinguishing them from the type of Dithyrocaris
Neptuni. This latter species must therefore be considered as limited to the
Hamilton fauna, and our knowledge of it is thus far confined to the specimens
from which the original description was drawn.

Distribution. Hamilton group. From a loose block in the town of Plain-

field, Otsego county.
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MESOTHYRA SPUMZAEA, n. SP.

PLATE XXXII, FIGS. 8, 9; AND PLATE XXXIV, FIG. 2.

Two specimens, one displaying the ventral aspect of the caudal plate and
the lateral spines, the other, a single long caudal spine, show the following
points of difference from either of the species Mesothyra Neptuni or M. Oceani :
the caudal plate is broader and its postero-lateral margins straight; the cer-
copods are broad and flat and taper very slowly, their outer margin being
thickened or carinate, and the inner bearing an inconspicuous ridge; the sur-
face of the test is smooth or very finely granulose, with a few pustules and
elevated strize on the spines near the lines of articulation. The cercopods are
broader and stouter than in M. Oceani and very much smaller than in M. Neptuni.
In surface ornament it differs from either.

Distribution. Hamilton group. From the dark shales at Pratt’s Falls and
Delphi, Onondaga county.

MesotHyra (DiTHYROCARIS?) VENERIS, n. sp.

PLATE XXXIII, FIG. 3.

CepuaLoTHORAX. Right valve only known; this is longitudinally semi-ovate,
widest anteriorly, and more than twice as long as wide.

Dorsal line straight along the median portion of the valve, bending gently
outward toward the anterior extremity for the formation of the rostral cleft.
Just within, and parallel to the dorsal line, is a finely impressed line, which
runs from the posterior extremity of the carapace about two-thirds the
length of the shield, to a point analogous In position to the strong angle
observable on the hinge in the species Mesothyra Oceani (q. v.), where it
merges into the dorsal line. Were this narrow strip along the dorsum, which
is included between the hinge-line and this linear furrow, removed, the out-
line of the dorsal margin would be the same as in that species. This feature
has an important bearing upon the interpretation of the character of the
dorsal articulation in M. Oceani.

The anterior extremity appears to be produced at the dorsal line into a
short spine continuous with the carapace. The specimen is slightly fractured
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at this point so that only the outline of the spine can be detected. As 1t
occupies the position of the rostral plate, there may be room for question
whether this is not such a body, but with the present evidence, all indica-
tions are that it is a prorate spine coalesced with the carapace and thus
necessarily existing on each valve. Below this spine the margin slopes
rapidly backward to the ventral edge, along which, for a short distance, it is
nearly parallel to the dorsal line. The valve narrows backward, and at the
posterior extremity the margin is produced into an acute and slightly in-
curved spine, between which and the dorsal line the outline is strongly
incurved. The margin is very slightly elevated and appears to be broadly
infolded in the postero-ventral region, as in M. Oceeni, the posterior spine
being a prolongation of this infolded margin or doublure.

The Surface is smooth, slightly and evenly convex. The cephalic region
bears an optic node distant from the dorsal line, and in its vicinity the cara-
pace has apparently been somewhat compressed over some irregularity in the
matrix. On the thoracic region is a faint longitudinal ridge, nearly parallel

to the dorsal line, which becomes obsolete toward the posterior extremity.

Dimensions. 'The single valve measures 38 mm. in length, inclusive of the
anterior and posterior spines, and 16 mm. in its greatest width.

Distribution. Hamilton group. In the Marcellus shales, on Mud Creek, East
Bloomfield, Ontario county.

DirayrocAris BeLLI.

Dithyrocaris Belli, WoopwARrD. Geol. Magazine, p. 106, pl. iii, fig. 5. 1871.
Dithyrocaris Belli, ETHERIDGE, WooDWARD and JoNEs. ‘Fifth Rept. Committee on Fossil Phyllopoda of the
Paleozoic Rocks, p. 6. 1887. :

THis species was described from an extremely imperfect specimen In which
the valves of the carapace apparently overlap along their inner margins, only
their anterior portion being retained. The drawing shows two strong carinse,
but gives no indication of the hinge-line. The anterior extremity bears a short
spinule similar to that in the species Mesothyra (thhyrocarzs ?) Veneris, and the
surface is ornamented by abundant strise.

Distribution. Middle Devonian. Gaspé, Province of Quebec.
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RHINOCARIS, v~ (J.MC).

RHINOCARIS COLUMBINA, n. Sp.

PLATE XXXI, FIGS. 16-21.

CepHALOTHORAX elongate-siliquiform. Surface normally arched or sub-cylin-
drical, and probably somewhat flattened toward the ventral margin. The
anterior extremity is slightly depressed on the dorsum and produced into a
prora or rostrum, which is vertically flattened and gently deflected toward the
tip. On each side toward its base this prore bears a low ridge which is con-
tinued on the body of the carapace, accompanied by a faint ridge, which
lies in the axial line. These ridges appear to extend the entire length of the
carapace, though indistinctly seen on most examples on account of the lateral
commpression which has usually fractured the carapace irregularly along the
dorsum. Below the prora the margin curves rapidly downward to the ventral
edge, where it is nearly straight for a short distance, thence curving upward
to the posterior margin, which is transverse and incurved over the axial
line, the posterior extremity being thus truncate. The optic spot appears to
be indicated by a faint tubercle in the cephalic region, close to the axial
line. There is no evidence of a nuchal furrow, and the limits of the cephalic
and thoracic areas are thus indistinguishable.

Surface free of nodes or tubercles, but ornamented with faint pits on the
dorsal region and on the lateral areas with fine, raised, anastomosing lines,
which are sub-parallel to the margin, and converge toward the anterior and

posterior extremities. In all the specimens thus far obtained the carapace
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has been somewhat distorted, and the test, which is extremely tenuous,
broken by compression in the shales. A single individual shows the im-
pression of the crown of a small mandible in the substance of the carapace.
This organ, in every visible feature, is comparable to those already described
under the species Echinocaris punctata (page 167). The crown is curved or
lunate, and bears five denticles, of which the anterior is sharp and canine-
like, the posterior broader and more closely resembling the grinding surface
of a molar tooth. Itslength is 5 mm.

ABpoMEN. In a single example the carapace is in close association with scat-
tered somites of the abdomen, of which three are detached and the fourth
is in articulation with the telson. One is quite broad, being twice as wide as
long and somewhat elevated in the middle, the margins very slightly ele-
vated and faintly produced in the axial line; another is relatively longer but
quite imperfect ; a third about one-half longer than wide, and the posterior
somite twice as long as wide, and nearly cylindrical.

Post-aBpoMEN composed of a small caudal plate, whose entire dorsal surface is
occupied by the base of the telson, and is strongly elevated, the spine itself
being stout and sub-conical. The cercopods, in their normal condition, are
laterally flattened and slightly longer than the telson.

The Surface of both abdomen and post-abdomen bears an ornamentation
of elevated, anastomosing and slightly undulating lines, similar to those upon
the carapace, but more conspicuous. These lines appear to be sharply angu-
lated along the axis of each somite, and directed thence posteriorly over the
lateral portions.

Dimensions.  All the carapaces observed are of about the same size. A
well-preserved individual measures 48 mm. in length including the prora,
which is 6 mm. long. The greatest width of one-half the carapace, as com-
pressed, is 16 mm. Of the abdomen one somite measures 5 mm. in length
and 10 mm. in width ; another, 7 mm. in length and 5 mm. in width, and
the posterior somite'10 mm. in length and 5 mm. in width. The telson is
15 mm., and the cercopods each 17 mm. in length. .
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Distribution. This species is represented in the collection of the State
Museum by fifteen specimens, most of which are in a very fragmentary condi-
tion, on account of the fragility of the test. In one locality, at the lower falls
of Vinegar Brook Glen, near Norton’s Landing, on Cayuga Lake, individuals
have proven to be quite abundant in the shales, but are so massed together and
macerated as to be unsatisfactory for purposes of description. Hamilton group.
In the shales at Tichenor’s Glen, Canandaigua Lake; near Norton’s Landing,
Cayuga Lake, and upon the shores of Owasco Lake.

RHINOCARIS SCAPHOPTERA, n. SP.

PLATE XXXI, FIGS, 22, 23.

CePHALOTHORAX elongate, outline as in Tropidocaris. The prora at the anterior
extremity is shorter than in the foregoing species, is vertically flattened and
narrowly lanceolate, slightly broadened on its upper edge toward the base.
The margin curves rapidly backward from the base of the prora to the ven-
tral edge, thence slightly upward to the posterior margin, which is transverse
and somewhat incurved over the dorsum. The single specimen of this species
which has been observed, is folded unsymetrically along the dorsum, and 1s
laterally compressed. There are indications of a faint ridge in the axial
line of the carapace, hut this part has been broken along one side of that line.
A strong lateral carina beginning near the anterior extremity is nearly paral-
lel to the ventral margin, and becomes obsolete in the posterior region. Just
above its anterior extremity on each side is a low elevation, which is prob-

ably an optic node.

The Surface is ornamented, on the lateral regions below the carina, with
elevated lines parallel to the ventral margin, which are stronger and more
frequently interrupted than in Rhinocaris columbina. The surface of the
median area within the carinee, bears elongate linear nodes parallel to the
axis, and several of these are visible over the surface of the optic spot. The
intermediate space between the lines and nodes is minutely punctate. The



198 PALZONTOLOGY OF NEW YORK.

carapace measures 36 mm. in length, inclusive of the prore, and 25 mm.
over the valve from one lateral margin to the other.

Observations. Were the slender prore of this specimen broken away, Rhinocaris
scaphoptera might readily be taken for a species of Dithyrocaris or Tropidocaris,
for, although there is no hinge in the carapace, the normal curvature of the
shield would cause it to yield along the axial line whenever subjected to lateral
compression.

Distribution. Hamilton group. In the upper shales of the group, associated
with Rhinocaris columbina, Echinocaris punctata and Elymocaris capsella: Tiche-
nor’s Glen, Canandaigua Lake.
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SPATHIOCARIS, Crarge. 1882.

SPATHTOCARIS FIMERSONI.
PLATE XXXV, FIGS. 12-18.

Spathiocaris Emersonii, CLARKE. Amer. Jour. Science, Third Series, vol. xxiii, p..477, pl. O, figs. 1-3. 1882.
Spathiocaris Emersonii, PACKARD. Monog. N. Amer. Phyllopod Crustacea. Twelfth Ann. Rept. U. S. Geol.
" Surv., p. 451. 1883.

Spathiocaris Emersoni, CLARKE. Neues Jahrb. fiir Min., ete., p. 180. 1884.

Spathiocaris Emersonii, ETHERIDGE, WooDWARD and JoNEs. Second Rept. Committee on Fossil Phyllopoda
of the Palzozoic Rocks, p. 7. 1884.

Spathiocaris Emersonii, Jongs and Woopwarp. Geol. Mag., Dec. iii, vol. i, p. 348. 1884.

Spathiocaris Emersoni, CLARKE. Bull. U. 8. Geol. Surv., No. 16. Higher Devonian Faunas, Ontario county,

N. Y., p. 46. 1885. |

Spathiocaris Emersonii, ETHERIDGE, WooDWARD and JoNES. Third Rept. Committee on Fossil Phyllopoda
of the Pal®ozoic Rocks, p. 3. 1885.

CaraPACE ovate or elliptical in outline ; surface elevated and sub-conical, some-
what flattened on the posterior slope, more abruptly depressed at the sides.
The apex is situated somewhat anteriorly and connected by a low ridge with
the inner angle of the cephalic cleft. This cephalic or rostral cleft takes its
origin just in front of the apex of the shield and in uncompressed specimens
widens slowly outward. In flattened individuals the inner angle and the
width of this cleft are exaggerated. The surface of the shield is marked
by regular, continuous, closely appressed concentric ridges, following the
outline of the margin, becoming somewhat broader on the extremities and
crowded on the lateral portions. At the posterior extremity the surface
is cancellated by abundant radii, and similar radiating lines are visible in
the anterior region along the margins of the cephalic notch. The outline of
the carapace appears to vary with advancing growth, in mature individuals

being nearly elliptical, but in younger specimens appearing broader at the
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anterior extremity, so that in extremely small individuals the carapace 1s
very short and cordate in outline. These variations in outline have been
regarded by the Committee of the British Association on the Fossil Phyllo-
poda (Second and Third Repts., loc. cit.) as of specific value, but abundant
material ledaves no doubt that the difference is developmental and not
specific. Specimens are not infrequently found folded symmetrically along
the dorsum, although there is no evidence of any dorsal suture or anchylosis
along that line. The substance of the test is chitinous and very thin.

Dimensions. The variation in size exhibited by specimens of this species
1s considerable. The average normal adult represented by the type specimen
having a length of 28 mm., and a width of 16 mm.; the smallest individual
observed is 2 mm. long and 3 mm. wide. A very large fragment indicates a
shield upwards of 80 mm. in length.

Distribution. Widely distributed throughout the lower horizons of the Portage
group as originally defined (“ Naples beds,” Clarke), in the towns of Bristol,
Richmond and Naples, Ontario county; Sparta and Son Yea, Livingston
county; and in the upper sandstones of the group at Naples and Canadice,
Ontario county; Portageville, Wyoming county.

DIPTEROCARIS, Crarge. 1882,

DiPTEROCARIS PENNAE-DZEDALL
PLATE XXXV, FIG, 24.

Dipterocaris penne-Dedali, CLARKE. Amer. Jour. Science, Third Series, vol. xxv, p. 122, fig. 1. 1883.

Dipterocaris penne-Dedali, JoxEs and WoobwARD. Geol. Mag., Dec. iii, vol. i, No. 8, p. 349. 1884.

Dipterocaris penne-Daedali, ETHERIDGE, WooDWARD and Jonrs. Second Rept. Committee on Fossil Phyl-
lopoda of the Palmzozoic Rocks, p. 11. 1884.

Dipterocaris penne-Dedali, ETHERIDGE, W0ooDWARD and Jones. Third Rept. Committee on Fossil Phyl-
lopoda of the Pal@ozoic Rocks, p. 3. 1885.

THE original of this species consists of but one-half or one ala of the
CARAPACE, which 1s very elongate, with the lateral margin straight, the anterior

angle nearly ninety degrees and the posterior angle acute. The area of union
(“isthmus,” Jones) is anterior, the cephalic cleft narrow, and the margin of the
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abdominal cleft rapidly divergent. The surface is ornamented with concentric
lines or ridges as in the associated species.

This species differs from Dipterocaris Procne in its more abrupt anterior mar-
ginal curvature, more anterior isthmus and the greater relative length of the
abdominal cleft. The dimensions of the specimen are 50 mm. in length and
18 mm. in width to the axial line,.

Distribution. Portage group. In the upper sandstones at Canadice, Ontario
county.

DipTEROCARIS PROCNE.
PLATKE XXXV, FIGS. 25-27.

Dipterocaris Procne, CLARKE. Amer. Jour. Science, Third Series, vol. xxv, p. 122, figs. 2 and 3. 1883.

Dipterocaris Procne, Joxrs and Woopwarp.  Geol. Mag., Dee. iii, vol. i, No. 8, p. 349. 1884,

Dipterocaris Procie, ETHERIDGE, WooDWARD and Joxes. Second Rept. Committee on Fossil Phyllopoda of

the Paleozoic Rocks, p. 11. 1884,
Dipterocaris Procne, ETHERIDGE, WooDWARD and Jongs. ‘Third Rept. Committee on Fossil Phyllopoda of
the Paleozoic Rocks, p. 3. 1885.

CARAPACE ovate or sub-quadrate in general outline. Surface normally elevated
along the dorsum and broadly rounding to the sides. Cephalic cleft very
broad and short, extending one-fourth the length of the shield; abdominal
cleft narrower and longer. The isthmus or the area of the union of the ale is
situated somewhat anteriorly and has a length less than one-third the length
of the carapace. The angles made by the margins of the anterior cleft and

the periphery are large and obtuse, the posterior angles sharper.

Surface ornamented by regularly concentric lines or ridges which make a
slight retral bend at the margins of the cleft. An uncompressed individual
has a length of 25 mm., and a width of 19 mm.

Distribution. Portage group. In the upper portion of the formation in the
township of Canadice, Ontario county, and in the sandstones of the Chemung
group 1,000 feet higher at Haskinsville, Steuben county.
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DIPTEROCARIS PES-CERVZE.

PLATE XXXV, FIGS. 20, 21.

Dipterocaris pes-cervee, CLARKE. Amer. Jour. Science, Third Series, vol. xxv, p. 123, figs. 4 and 5. 1883.

Dipterocaris pes-cerve, JoxEs and Woopwarp. Geol. Mag., Dec. iii, vol i, No. 8, p. 349. 1884.

Dipterocaris pes-cerve, ETHERIDGE, Woopwarp and Jones. Second Rept. Committee on Fossil Phyllopoda
: of the Palzozoic Rocks, p. 11. 1884. '

Dipterocaris pes-cerve, ETHERIDGE, WooDWARD and JonEes. Third Rept. Committee on Fossil Phyllopoda

of the Palxozoic Rocks, p. 3. 1885. :

Carapace small, elongate-lanceolate in outline ; isthmus slightly anterior and
one-fourth as long as the shield. Cephalic cleft short, margins rapidly
diverging, and making obtuse and rounded angles on the periphery.
Abdominal cleft long and narrow, its margins making sharp angles at the

posterior extremity.
The surface is ornamented as in the preceding species.
Dimensions of the type specimen, length 11 mm., width 6 mm.

Distribution. Chemung group. In the lower shales of the group at Dansville,
Livingston county.



DECAPODA.

CARIDIDA&.

PALAOPALAMON, Wurrrierp, 1880.

PaLzEoPALZEMON NEWBERRYI.
" PLATE XXX, FIGS. 20-23.

Pal®opalemon Newbérryi, Wurtrierp. Amer. Jour. Science, Third Series, vol. xix, No. 109, p. 41. 1880.
Unpublished plate, figs. 1-3; also Palwontology of Ohio, pl. viii, figs. 19-21 (unpublished).
OrprALOTHORAX elongate and slender, tapering toward the anterior extremity ;
dorsum narrow ; latera narrow in front, rapidly widening behind and sloping
from the edges of the dorsum in nea,rly a vertical plane. Margin inflected
on the ventral side, slightly thickened and finely sulcate just within the edge,
on the postero-lateral area rounding in a broad forward curve to the poste-
rior edge, which is conspicuously reéntrant. A sharp carina extends along
the axis of the cephalothorax and, bifurcating near the anterior extremity,
leaves a gently concave triangular area between its branches, which does not
show satisfactory evidence of having been produced into a rostrum. Each
branch of the axial carina connects with the anterior extremity of a dorso-
lateral carina, and between this and the axial carina the surface is gently
concave. The entire surface is ornamented by fine, elevated, venate, fre-
quently anastomosing lines, which are more conspicuous on the latera than
on the dorsum, and have a general direction upward and backward from the
ventral margins. From the anterior extremity on each of the latera a fine,
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elevated grooved line runs backward, bifurcating once and becoming extinct
before reaching the middle of the shield.

The eyes are wanting, but the sockets of the ocular peduncles are plainly
discerned. The antennules are absent, the antennz being represented by
two very long and large joints, which are flat on their lower surface, convex
above and somewhat inflated in the middle; their inner extremities are
concealed beneath the cephalothorax, but they are undoubtedly the distal
peduncular joints of these appendages similar to those in some species of
Crangon (C. boreas). A single joint of a mazillary palpus (?) is visible on the
right side of the specimen, followed by portions of all the five pairs of
ambulatory appendages. Of the first leg two joints are visible, the proximal
being very broad where it disappears beneath the carapace, tapering to a
narrow anterior extremity ; the distal joint is also broad, but narrower than
the former; the second leg is indistinctly represented by fragments of two
joints, both of which appear to have been slender; the third leg shows two
joints, the proximal broad and the distal more slender; the fourth is repre-
sented by a single slender inner joint, while the fifth shows three joints, all of
which are very slender.

The ABpoMEN tapers rapidly toward the telson, the somites increasing in length
as they grow narrower. The somites are strongly arched, the ventro-lateral
portions being somewhat incurved and posteriorly inclined. The basal joint
of the first two abdominal appendages on the right side, and of the second
and third pair on the left side are visible. The surface of the somite,
though indistinctly preserved, was evidently ornamented as in the
cephalothorax.

The TELSON consists of a broad, rapidly tapering, convex spine, bearing a low
axial ridge ; articulated to its antero-lateral margins and to the posterior mar-
gin of the ultimate somite are the compound lateral spines, which are con-
nected by a membranous expansion. The lateral caudal spines are com-
posed of a short basal joint, sub-pentagonal in outline, the anterior margin of
which is articulated to the ultimate somite, the outer posterior margin being
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jointed to the spine itself, and the inner posterior margin articulating with a
flat thin lamellar spine, which lies in the middle of the membranous
expansion.

Dimensions. The single specimen of this species which has been observed
has the following dimensions: Entire length of carapace (the caudal ex-
pansion being slightly infolded), 36 mm.; length of cephalothorax, 21 mm.;
length of basal joints of antenne, as far as visible, 9 mm.; width of caudal
expansion 17 mm.

Distribution. In the Erie shales, at LeRoy, Lake county, Ohio.



PHYILTOPODA.
LIMNADIADAZ.

ESTHERTA, RueperL. 1857,

ESTHERIA PULEX.

PLATE XXXV, FIGS. 10, 11.

Estheria pulex, CLARKE. Amer. Jour. Science, Third Series, vol. xxiii, p. 476, plate 0, fig. 4. 1882.
Estheria pulex, PAckArp. Monogr. North Amer. Phyllopod Crust., p. 355; Twelfth Ann. Rept. U. 8. Geol.
Surv. 1883.

Estherio, pulex, ETHERIDGE, WoopwARD and Jones. Fifth Rept. Committee on Fossil Phyllopoda of the

Paleozoic Rocks, p. 10. 1887.

CARAPACE minute ; outline sub-circular; beaks slightly anterior, prominent and
somewhat incurved. Surface evenly and strongly convex, the most elevated
point being the center of the valve.

Hinge-line short and somewhat obscured by the anterior and posterior
slope from the beak. The surface bears six or eight concentric ridges,
which are broad and flattened above and separated by narrow furrows.
The test is tenuous, and the very narrow, impressed interstitial furrows do
not show any trace of the fine sculpturing often observed in other species
of this genus.

Of this species six individuals have been observed, the average dimensions
of which are } mm. in length and 2 mm. in width. Five of these occur
together upon a small fragment of shale about 15 mm. square, upon which
twenty individuals of Enfomis, Beyrichia and Leperditia are crowded. The

specimens are from a thin layer in the Hamilton shales, which is extremely
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prolific in the remains of these gregarious creatures. Although examples of
the Estheria have not proven abundant, its crustacean nature is sustained by
1ts associations.

Observations.  Estheria pulex is noteworthy as being the oldest described
representative of the genus and the first found in America below the Trias.
In outline and surface markings it bears a striking resemblance to FE. mem-
branacea, Pacht, from the Old Red of Caithness, while most of the species
occurring in younger rocks have the beak more anterior and the outline more
nearly sub-trigonal. It is known that none of the living species of Estheria
are properly marine animals, and it has been suggested in the original descrip-
tion of this species that its presence in the shales of the Hamilton group may
indicate the existence of pools of fresh or brackish water a,long' the sea-shore
of that period. The unusual abundance of ostracodous species in association
with this Estheria furthers the probability of this supposition.

Distribution. Hamilton group. In the soft shales, Miles’ gully, Hopewell,
Ontario county. |

SCHIZODISCUS, ~ a (J. M. C).

SCHIZODISCUS CAPSA, n. SP.

PLATE XXXV, FIGS. 1-9.

CarapACE sub-circular or broadly ovate in outline ; greatest length along the
hinge-line ; greatest width just behind the beaks and slightly anterior to the
center of the shield. When the valves are fully expanded the width nearly
equals the length ; normally, however, the valves appear to have been more
or less folded along the hinge, and when closed were probably in actual
contact with each other along the ventral margins. The majority of the
specimens found have the valves in contact along the hinge-line, but
expanded ; a few show the valves to be laterally compressed.

Surface gently and regularly convex and elevated at the beaks, which arc
anterior, but distant from the extremity of the carapace by one-third its
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length. Their apices scarcely reach the hinge-line and are gently incurved.
Toward the hinge their slope is abrupt, leaving the hinge-line slightly
depressed. The posterior slope sometimes shows a low sinus as in many
species of lamellibranchiata.

Hinge-line long and straight, extending the entire length of the carapace
and showing no articulating teeth or ridges.

The ventral margin is gently recurved and scarcely thickened.

Surface ornamented by continuous, concentric, sharp ridges, which are
closely crowded near the apices and more distant on the posterior portions of
the valves. Of these ridges, twenty-five may be counted in a full-grown

individual.

Dimensions. Considerable variation in size is noticeable in the specimens
at hand. A mature individual has a length of 15 mm., and a width of 13
mm.; the youngest example a length of 4.5 mm., and a width of 4 mm.

Observations. This unique species in outline and sculpture presents a striking
similarity to species of the genus Apfychopsis. It lacks, however, any evidence
of a rostral plate and of any anterior cleft for the reception of such a plate.
Its affinities are evidently with the genus Estheric and Leaia, as is shown by
its umbonate valves, but it differs from the former in its remarkably elongate
hinge-line, absence of the characteristic surface ornamentation, and from the
latter in outline, and in the absence of the posterior ridge. It may, therefore,
be regarded as constituting a new generic type of Phyllopod crustacea.

Distribution. Hamilton group. A number of specimens of the species have
been obtained, all from a single locality, in the limestone at the base of the
Hamilton shales near Centerfield, Ontario couhty.



CIRRIPEDTIA.
BALANID.L.

PROTOBALANUS, ~ 6 (R. P. WHITFIELD).

ProroBaLANUS HAMILTONENSIS, n. sp. (R. P. W.)

PLATE XXXVI, FIG. 23.

SHELL small, ovate in general outline, narrowing toward the carinal extremity ;
surface depressed-convex, most elevated at the apex of the carina; composed
of twelve peripheral plates. '

Caring sub-semicircular in peripheral outline, conspicuously elevated to
an obtuse apex, which lies just within the proximal margin of the plate;
regularly sloping on the anterior surface, but slightly incurving or concave
upon the sides.

Rostrum short, posterior margin broadly curving, apex scarcely elevated.

The lateralia, which are regularly disposed in five pairs, are symmetrical,
and of the same general elongate, triangular form and of nearly the same
size, the anterior members being somewhat the larger. The apices of these
plates, as far as preserved, are slightly elevated and elongated in a short
ridge toward the axis of the shell. All these plates are marked by low,
radiating ridges, which become obsolete before reaching the apex. Of these,
twelve may be counted upon the carine and six or eight upon the rostrum ;
on the lateralia they vary in number from four to seven. The radial areas

are conspicuous and, as far as can be discerned, smooth. A portion of the
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type specimen has been broken away, removing the summits of the posterior
plates and covering the spot where the scutum and lergum would normally lie.

The specimen, which retains the replaced substance of the original shell,
shows an expanded margin about a portion of the periphery, and this prob-
ably represents a portion of the edge of the valves which has been flattened
and creased by compression.

Dimensions. Length 4.5 mm., greatest width 3.5 mm.

Observations. This minute species is the only known representative of the
Balanoid cirripeds in the Palseozoic rocks, with the exception of Balanus carbo-
narius, Petzhold, from the Carbhoniferous rocks near Dresden, Saxony (Neues
Jahrb. fiur Min., etc., 1842). Profobalanus, however, differs essentially from
other forms which are included in the order Balonide in its great number
(twelve) of plates, the usual number being six, four or one. This fact is not
without significance, as it may indicate a greater specialization and a higher
degree of structural development than in the other fossil and recent species of
this order.

Distribution. Hamilton group. In the Marcellus shales: Avon, Genesee
county.

PALEOCREUSIA, vo. (J. M. C.).

Pavzmocreusia DEevonica, n. sp.

PLATE XXXVI, FIGS. 24-26.

CaprruLuM ovate in outline, patelliform ; length to greatest width as 5 to 4.
Surface gently conical, slightly depressed on the posterior slope. The apex
is truncated by a horizontal plane, forming a relatively large central aperturc
having approximately the outline of the shell itself, and a length equal to
one-third that of the shell.

The substance of the shell is apparently thin; its surface marked by
faint radiating striee or elevated lines. There is no apparent evidence of
the separate original plates, all having been coalesced into a single external
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plate as 1s characteristic of the genus Creusia. A single conspicuous furrow,
slightly within and concentric with the margin, may indicate the line of
contact of the capitulum with the walls of the basis.

Basis tubuliform, sub-cylindrical or cup-shaped.

The specimen is attached to a colony of Favosites hemisphericus and has at
some time been overgrown as far as the aperture by the multiplication of
the cell tubes. A portion of the coral was subsequently removed by natural
causes, exposing the capitulum, but leaving the tubular basis completely
enveloped. The surface of the former still bears traces of the cell walls
of the coral. By removal of a portion of the coral near the side of the
specimen it is found that the internal cavity is partially filled with soft
decomposed chert, the remainder of the cavity filling, the capitulum and the
entire coral being silicified. The internal plates, scutum and tergum, are not

preserved.

Dimensions. The capitulum has a length of 10 mm., and a width of
8.5 mm. The depth of the tubular basis can be measured through the
aperture for 8 mm., but is probably somewhat greater.

Observations. 'This interesting species brings to our knowledge a representa-
tive, from Devonian rocks, of forms included under the recent genera Pyrgoma
and Creusia, neither of them previously recognized in palaozoic formations, and
the latter not heretofore known among fossils. Features of distinctively generic
value in which this species differs from recent members of the genus Creusia
are not readily apparent, and, therefore, the term Paleocreusia is used tenta-
tively to express the probability that such differences will eventually be

found.

Distribution. Corniferous limestone. LeRoy, Genesee county.



LEPADID.E.

STROBILEPIS, x.a (J. M. C.).

STROBILEPIS SPINIGERA, 1. SP.

PLATE XXXVI, FIGS. 20-22,

A spECIMEN from the soft shales of the Hamilton group, in a fair state of
preservation, presents features whose homologies are not at present well
understood and do not permit a satisfactory interpretation of their taxonomic
relations. The specimen itself is here described as it appears, and this descrip-

tion must serve temporarily as the diagnosis of the species:

The capiTuLuM consists of a conical terminal plate § mm. in height, having a
nearly circular base, 10 mm. in diameter, against which lie the final plates of
three vertical ranges, one at either side and one in the middle of the speci-
men. Of these three ranges, the plates composing those at the sides are of
about the same size, while those on the central range are much smaller.
All these plates have, however, about the same general trihedral form, but
differ somewhat in details. ‘

The first plate in the left vertical range is abruptly truncated on its anterior
margin, from apex to base; from the apex backward sharply angulated and
sub-carinate near the apex, becoming broader as it approaches the margin.
This plate 1s quite unsymmetrical, its outer lateral slope being broad, equi-
lateral, or gently concave; the inner slope convex, very narrow, angulated
by three radiating ridges, the middie one of which is the strongest.

The second plate of this range is narrow and sellate, the antero-lateral
slopes being concave. and the apex overarching. The poxterior portion is
angulated, without carina, and is broadly curved, making a moderately sharp
angle with the antero-lateral faces.  This plate is nearly bi-laterally symmet-
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rical, the outer portion of the posterior slope being a little more convex than
the inner.

In the third plate the form is much as in the preceding, but is broader,
the apex more central and not so strongly incurved, the antero-lateral slopes
more conspicuous and the posterior slope narrow and unsymmetrical.

The fourth plate is almost the reverse of the first in form; the posterior
area is abbreviated, very narrow and slightly concave just beneath the
elevated apex; the outer lateral slope is broad and flat. Whether the
plate bears a median carina and differs as widely in the size of its lateral
faces as in the first plate, cannot be determined, as it is largely covered by
the preceding plate of the range.

The fifth plate is broken and its form cannot be satisfactorily determined.

In the right vertical range the plates were evidently symmetrical with those
of the left, but have been somewhat displaced from their normal position.
The first is in place; the second has been pushed out of its place and is not
apparent, unless it is represented by the upturned lower surface of a plate
visible near the lower portion of the specimen lying beneath the other plates;
the third plate is pushed backward so as to show the strongly carinate anterior
surface of the fourth plate projecting beyond its anterior edge; beneath this
lies also the anterior edge of the fifth plate, showing that it also is carinate ;
and back of them all lies the sixth plate with a posterior apex, truncate
behind, lateral slopes broad, the outer being the broader, and separated from
the inner by a carina. Although this plate does not appear in the left range
1t may be represented by a fragment lying beneath the inner edge of the
fourth plate of that range.

The azial range 1s composed of small plates having about one-third the
diameter of those of the lateral ranges. These differ considerably in form,
but appear to be bi-symmetrical. Three are to he seen in juxtaposition on
the anterior portion of the specimen, and a fourth is displaced and lies be-
hind the inner posterior edge of the fourth plate of left range.

In addition to these three ranges of plates is a wertical row of spines,
which, whatever their normal position, lie in a more or less detached condi-
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tion about the right and lower edges of the specimen. Sixteen of these
spines may be counted, the first eleven lying regularly one below another
along the edge of the terminal and first right lateral plates, and increasing
in size downward. The remaining five are larger and detached, but still
showing a degree of order in their arrangement, their bases all directed inward
about the lower margins of the specimen. These spines are about four times
. as long as wide, the first ten deeply grooved on their exposed surface, the last
six apparently turned over, showing a surface sharply carinate on the axial
line and grooved within the margins. The position of this range of spines
was in all probability opposite to the axial range of small plates, and the
pressure, to which the specimen has been subjected in the shale, has displaced
it by pushing it around to the right without scattering the spines to any
" great degree.

The plates and spines are calcareous, with a strongly punctate surface, and
more or less distinct concentric growth-lines, which in the broader plates are
crossed by low, radiating ridges and furrows. The basal edges of the plates
are thick and crenulated on the under side.

The species thus appears to have been composed of four vertical ranges,
three of plates and one of spines; of these the two larger rows of plates
were in themselves asymmetrical, but were symmetrical in position, number
and form; the third row was made up of bilaterally symmetrical plates,
themselves symmetrical in position with the row of spines. All these
ranges overlapped or were terminated by a conical plate.

Dimensions. The terminal plate has a diameter of 10 mm., and a height
of 5 mm.; the elevation of the apex is slightly more than this in some of
the other plates, and the width of the plates in the lateral ranges varies as
pointed out in the description. The smaller plates have a diameter of 4 or

5 mm. ; the spines a length of from 6 to 8 inm. The entire animal must
have been between 25 and 30 mm. in length.

Observations. In the species of Turrilepas (T. Wrightianus), figured by H. Wood-
ward (Quarterly Journal Geol. Soc., vol. xxi, 1865), and of Plumulites given by
Barrande (Syst. Sil. de la Bohiéme, vol. 1, suppl., 1872), the number of vertical
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ranges of plates appears to be a matter of uncertainty and probably also of
variation. Turrilepas 1Wrightianus, De Koninck, has four ranges and Barrande
has expressed the impossibility of ascertaining from his specimens of Plumulites
the exact number of these rows, regarding it as not less than four and rarely
so few. In Lepidocoleus, Faber, there appear to be but two ranges of plates.
In none of these genera has the character of the upper extremity of the animal
been ascertained. Strobilepis spinigera may present a similarity to Turrilepas
(Plumulites) in the numerical arrangement of its parts, but it presents an
assoclation of characters which separate it from either of those genera. In
recognizing the cirriped character of this fossil, it is difficult to conceive how
such a body, capped at the anterior extremity by a circular conical plate over
which the adjacent plates are lapped, could have served as anything but the
capitulum of the animal. There is no such difference in the character of the
plates as would allow some of them to be regarded as peduncular and some as
capitular, and no evidence that any scaly peduncle was attached beneath the
plates. On the contrary the whole association of plates appears to represent a
simple and uncomplicated primary type of lepadiform capitulum, less condensed
and modified than in recent representatives, Scalpellum, Lepas, Ibla, etc.

Distribution. Hamilton group. In the upper shales near Menteth’s Point,
Canandaigua lake.

TURRILEPAS, Woobpwarp. 1865.

TURRILEPAS FLEXUOSUS, n. Sp.

PLATE XXXVI, FIG. 1.

A sINGLE minute plate is characterized by the following features: Outline
obliquely lanceolate ; nucleus apical ; a longitudinal furrow, lying just behind
the middle line of the valve, begins at one-third the distance from the apex
to the basal margin, becoming broader and deeper as it proceeds, its slope
on the anterior side being much stronger and more abrupt than on the

posterior.
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Surface ornamented by elevated lines, which are transverse and closely
crowded near the apex, becoming strongly lamelliform and bent downwards
over the longitudinal furrow, those toward the base not crossing this depres-
sion. Where thus interrupted the lines have multiplied more rapidly than
on the anterior portion of the valve.

Length of the single plate 2.6 mm., width 1.5 mm.

Distribution. Upper Helderberg group. Corniferous limestone: In the
boulders of decomposed chert, Canandaigua, Ontario county.

TURRILEPAS CANCELLATUS, n. 8D.

PLATE XXXYVI, FIG. 2.

A siNgLE plate is characterized by a few distant elevated concentric lines,
crossed by fine, closely crowded, interrupted, radiating lines, which are more
elevated and more conspicuous toward the posterior margin. The valve
appears to be sinuous medially and is abruptly deflected to the left antero-
lateral margin.

The specimen is small, measuring 2.5 mm. in height and 2 mm. in length.

Distribution. Upper Helderberg group. Corniferous limestone: In the
decomposed chert, Canandaigua, Ontario county.

TurriLEPAS DEvVoONICUS.
PLATE XXXVI, FIG. 3.

Plumulites Devonicus, CLARKE. Amer. Jour. Science, Third Series, vol. xxiv, p. 55, figs. 1 and 2. 1882.

THe plates of this species appear to be of two forms; one elongate-sub-
triangular and feather-like, the lateral margins curving to the nucleus, which is
apical, basal margin terminal, surface flat except for a rounded median ridge
extending from the apex to the base, which becomes wider and stronger with
each increment of growth along the margins; concentric growth lines elevated,
moderately distant, curving upward and closely appressed. The other form is
broader and oblique, with sub-equal, convex margins, and sub-apical nucleus,
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and without the median ridge. These different forms of plates have been
found in close proximity leaving little doubt of their coherence in the same
individual, probably being from separate vertical ranges in the composition of
the capitulum. The elongate form finds a close parallel in some of the Bohe-
mian species, as Plumulites Bohemicus, PI. fraternus, Pl. compar, Barrande, although
the latter attained a considerably greater size, and it appears probable that the
broader plate here described is homologous with the plates termed by M. Bar-
rande the valve fénesirée, found in association with the plumate plates in well-
preserved specimens from the ¢tage D.  This plate was however regarded by
Barrande not as a member of a range of similar plates but as isolated among
the other plates composing the capitulum.

The scales of Turrilepas Devonicus are small, the elongate form measuring 3.5
mm. in length and 2.5 mm. across the base, the broader form 2.5 mm. in length
and 2 mm. in width.

Distribution. Hamilton group. In the shales and limestones near the base of
the Hamilton shales: Canandaigua and Centerfield, Ontario county.

TURRILEPAS SQUAMA, n. sp.

PLATE XXXVI, FIGS. 5-8,

A rEW scattered plates exceeding in size any belonging to the associated
species appear to represent a distinct form. These are broadly sub-triangular,
having a width nearly equal to the length. The best preserved examples are
valves fénesirées, having the nucleus sub-apical. The earliest of the concen-
tric striee are nearly circular, becoming sinuous, more transverse and more
closely crowded near the basal margin. Along the posterior margin the strise
present the appearance of being ¢ gathered,” but they become obsolete before
reaching the anterior margin.

The surface is nearly flat, with indications of a low sinus near the middle of
the valve and toward the posterior edge. The other plates referred to this
species have the same general form, and the nucleus apical, one of them being
abruptly deflected toward the anterior margin. They all agree in the character



218 PALZONTOLOGY OF NEW YORK.

of their sculpture, which consists of fine incised lines separated by broad, re-
trally sloping annulations. This ornamentation is noticeably coarser than in
any of the associated species.

Their size varies from a length and width of 4 mm. to a length of 6 mm.
and a width of 5 mm.

Distribution. Hamilton group Centerfield and Canandaigua, Ontario county.

TURRILEPAS NITIDULUS, 1. SP.

PLATE XXXVI, FIG. 4.

A siNGLE plate wanting the nuclear portion is distinguished from the asso-
ciated forms by its very fine and closely set concentric strice, and its broad
posterior area, which is covered with conspicuous pits or punctee, apparently
arranged also in concentric lines. The basal margin is gently sinuous, corres-
ponding with the sinuous concentric lines, and a broad low sinus is apparent
over the median portion of the valve.

The length of the specimen 1s 2.5 mm., and the height about 2 mm.

Distribution. Hamilton group. In the lower shales at Fall Brook, Hopewell,
Ontario county.

TURRILEPAS FOLIATUS, n. Sp.

PLATE XXXVI, FIG. 15.

A siNGLE plate has an elongate semi-lanceolate or semi-saggitate outline, and
a length equal to three times the height. The nucleus is not distinctly seen in
the specimen, and the concentric lines in its vicinity appear to be obsolete, but
further downward are closely crowded and clearly defined. The posterior
margin 1s long and straight, appears to have been slightly elevated or thickened
and possibly folded. The anterior margin seems to have been abrupty curved
across the plate, rounding backward to the straight basal margin.

The height of the plate ix 2.5 mm., its length 7 mm., and the distance along
the posterior margin 9 mm.

Distribution. Hamilton group. In the limestone layers at the base of the
Hamilton shales: Canandaigua, Ontario county.
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TURRILEPAS TENER, n. sp.

PLATE XXXVI, FIGS. 9-14.

To this species are referred certain plates which have the same general out-
line and surface features as in all the other specimens observed. One fragment
of shale retains ten of these plates over the surface of a square inch. The out-
line is equilaterally triangular and the surface nearly flat; the nucleus apical;
the anterior and posterior margins straight, diverging at an angle of seventy-five
degrees ; the basal margin is gently sinuous, curving upward toward the poste-
rior, and downward toward the anterior margin. Along the posterior margin,
the plate is abruptly deflected toward the opposite side, but this is only for a
very short distance. When the plates are not flattened there appears to be an
elevated fold or broad ridge, situated in front of the axial line of the plate,
running from the apex to the basal margin. The concentric strise are fine, ele-
vated and crowded closely together, becoming obsolete just before reaching the
anterior margin. As in other forms of this genus, these lines curve upward at
or near the anterior and posterior margins.

All the specimens observed have about the same length and height, which
is 3.5 mm. |

Distribution. Hamilton group. In the lower shales at Centerfield, Ontario
county.

TurRRILEPAS (?) NEWBERRYL.
PLATE XXXVI, FIGS. 16-19.

Plumulites Newberryi, WHITFIELD. Annals New York Acad. Sciences, vol. ii, No. 8, p. 217. 1882.

Plumulites Newberryi, WHITFIELD. Pal. Ohio, vol. iii, pl. viii, figs. 6-11 (unpublished).

THE specimens referred to this species consist of detached plates, of large
size, and generally obliquely sub-triangular outline. They are usually flattened
in the shales and somewhat indistinctly preserved, but were evidently of sub-
conical form. With a single exception, the nucleus is apical and inclined
slightly to one side, the anterior margin gently incurved, the posterior convex,
and the basal margin sinuous, a feature caused by a broad depression running

from the apex obliquely backward. A single specimen preserved in a rolled con-
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cretion retains two plates in juxtaposition, one of which indicates that the true
form was sub-conical, appressed at the sides, with a broadly rounded, somewhat
flattened dorsum. The anterior margins, from the apex to the base, appear to
have been distant, leaving a broad cleft between them. Some of these charac-
ters are also shown upon the flattened specimens. There is but one exception
exhibited to the general sub-triangular form of these plates, and that is afforded
by a small example in which the apex is central and both anterior and poste-
rior margins convex. The substance of the valves is chitinous, tenuous and
reduced to a carbonaceous film ; the surface is ornamented by concentric undu-
lating ridges, which are closely crowded near the apex, and also near the basal
margin in old specimens. The dorsum shows traces also of fine elevated
radiating lines.

These plates vary in size from a length of 6 mm. and a height of & mm. to
a length of 27 mm. and a height of 20 mm. Fragments also indicate a very
much greater size.

Observations. 'The fossils which constitute this species vary widely in some
features from those referred to Plumulites by M. Barrande, as well as from other
species of this genus occurring in the rocks of New York State. All these
are of very much smaller size, and are simple plates, never folded or rounded
over the back or conical, and are usually characterized by a conspicuous ridge
passing from the apex to near the basal margin. It is difficult to see how the
combination of these sub-conical bodies in vertical ranges could produce such a
scaly peduncle or capitulum as existed in Turrilepas. Should the anterior mar-
gins of these valves prove to be cleft from apex to base, they will resemble
much more closely in form, contour and surface sculpture, the fossils which
have been described under the genus Spathiocaris (page 199).

Distribution. In the black shales at Sheffield and Birmingham, Erie county,
Ohio. In Mr. Whitfield’s description the fossils were referred to the “ Huron
shale,” equivalent to the Genesee shales and the lower portion of the Portage
shales of New York; Dr. J. S. Newberry has however, in corrected labels upon
the specimens, referred them to the ¢« Cleveland shale,” the uppermost Devon-
ian strata of Ohio.



SUPPLEMENTARY.

STYLONURUS EXCELSIOR.
(See page 158 )

PLATE XXVI, AND PLATE XXVI A,

TuroveH the kindness of Mr. R. D. Lacoe, of Pittston, Pennsylvania, the
type specimen of Dolichocephala Lacoana, Claypole (Proceedings Amer. Phil. Soc.,
vol. 21, p. 236), has been communicated for comparison with S. excelsior. This
specimen is from the Catskill group, of Meshoppen, Wyoming county, Pennsyl-
vania, and consists of the greater portion of a cephalon of slightly larger
dimensions than the original of S. excelsior, and shows so close a similarity to
the latter in outline and surface features that there can be no doubt of their
specific identity.

The surface of Mr. Lacoe’s specimen has been somewhat distorted by the
compression of the carapace upon the underlying parts, and although this
portion is not as well preserved as in the type specimen, it shows a single
feature of great importance, not seen in the latter. The conspicuous and
comparatively smooth ridge passing between the eyes,is divided at its rounded
posterior extremity by a sharply incised longitudinal line, on each side of which
lies a distinct ocellus. This feature has not before been noticed in specimens of
Stylonurus, and it affords an additional point of alliance between this genus and
the genera Eurypterus and Pterygotus.

The lower surface of the specimen as 1t came into our hands showed a few
indications of the cephalic appendages; these traces have been followed up
and the organs carefully worked out. These, as far as they remain, are
quite perfectly preserved, and appear to lie in their normal position beneath
the carapace.

The first or anterior pair of gnathopods is represented by the impression
upon the upper left edge of the specimen, of two short joints, followed by a
longer joint, which may have been chelate. This part is represented in the
figure having been drawn from a cast in gutta-percha. Unless this appendage
has been detached from its proper position it must have been somewhat longer
than the members of the second pair. The right leg of the second pair is
preserved nearly entire, a portion of its basal joint being deeply buried in the
matrix beneath the next succeeding appendage. The portlon exposed measures
40 mm. in 1ength to the distal articular surface, and about 20 mm. in greatest
width. The inner margin bears a broad mandibular flange, which is serrate
upon the edge, and there is evidence of another such process partially concealed
in the matrix. The remaining portion of this appendage is 90 mm. in length,
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tapering rapidly, and was undoubtedly divided into several joints although the
articulating surfaces cannot be detected. Along the lower margin of the
appendage is a double series of strong spinous processes, each having a length
of about 25 mm. Four of these and the bases of two others constitute the
outer row, and portions of two members of the lower row are partially ex-
posed. The terminal spine is incurved toward the tip, and all are characterized
by the longitudinal elevated lines upon their surface. A fragment of the basal
joint of the left leg of the same pair lies in its normal position, and a small
portion of its mandibular process is exposed.

The carapace has been so forcibly compressed upon the basal joints of both
these appendages as to produce conspicuous ridges upon the surface equidistant
from the anterior prolongation of the median ridge of the cephalon.

Directly behind the base of the right member of this pair lies a single joint
terminating in a chela, the whole measuring 60 mm. in length. The other
joints of this appendage do not appear on the specimen, and it is impossible to
determine positively whether this is, as it seems, the terminal portion of a third
gnathopod, or is analogous to the chelate antennules of Limulus.

A portion of a very strong basal joint, belonging to the left member of the
third pair of appendages, has a diameter of 30 mm., a length of 35 mm., and
bears a double lamellate mandibular extension, which is sharply serrate along
its oral edge. This joint is followed by a small portion of a fourth gnathopod,
which has a diameter of 40 mm., and though quite imperfect represents a very
large appendage. Behind this, and lying in its normal position is the basal joint
of the last or fifth pair of appendages. This is very broad and flat, as in other
members of the Eurypteride, has a length of 90 mm., a width of 60 mm., and
a thickness of 20 mm. at its distal extremity. The oral margin of the joint
bears a row of conspicuous denticulations.

According to the restoration of Stylonurus Logani given by Woodward (Mon.
Brit. Foss. Merostomata, pt. iv, p. 131), the last two pairs of gnathopods were
produced to a length nearly equaling that of the entire body. This may be
true also of Stylonurus excelsior, and as the specimen under consideration bears
the largest carapace of Stylonurus at present known to us, these appendages
may have reached a length of upward of four feet.

The evidence from this specimen confirms in most particulars Woodward’s
restoration of the oral surface of Stylonurus, though there is reason to believe
that the peculiar antennz there ascribed to the animal represent the first pair
of gnathopods, and that there were five instead of four pairs of these append-
ages as given by the author.
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SUMMARY
OF THE NORTH AMERICAN DEVONIAN CRUSTACEA (EXCLUDING OSTRACODA).
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126 Total, . . . . 4 | 20 | h2 7 | 40 5 1 (12 (12 1
- hj
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PREFATORY NOTHE.

DugriNG the progress of Vol. V, part ii, some new material came into the hands
of the author, as well as better specimens of some forms already described and
illustrated. In order to render available the knowledge thus acquired, a few
supplementary plates were lithographed, with the expectation of being permitted
to publish them, with the necessary text, within a short time after the appear-
ance of the volume at the end of 1879. Unforeseen obstacles in the way of
any publication prevented these being made available, and this interruption
finally prevented the completion of the Supplement upon the plan originally
intended. The material thus prepared was laid aside, and the manuscript notes
and observations, made at that time, preparatory for the printing, were mislaid
or lost.

In 1883, after the passage of the law to limit and complete the PaLzonTOLOGY
oF NEw YoRrg, provision was made for incorporating these plates, with the
necessary descriptive matter, into the work, as a supplementary part of Volume
VI1I, where they now appear. The plates are numbered in consecutive order
from cxiv to cxxix inclusive, the last plate of Vol. V, part ii, being cxiii. A
single plate is devoted to the more complete representation of the PreroruDa,
embracing figures in farther illustration of some species already described,
together with others of new forms.

During the progress of Vol. V, part 11, the study of the PrEroPoDA, especially
of the genera TExtacuLiTEs and StyLiora, had suggested the importance of a
review of these genera and an inquiry into their relations with CornuriTEs.
It was not until the discussion of the genus TExtacuLiTES had been nearly
completed, and the tabular arrangement of species in type, that the author
became fully aware of the necessity of this revision and of a farther inquiry
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into the nature of the species described as TenTAcuLiTES. On pages 162-169,
vol. v, pt. ii, some discussion of this subject has been introduced; and for the
purpose of farther elucidation material from various sources was procured for
the illustration of the Lower Silurian forms heretofore referred to the genus
TeNTACULITES, and to the more recent genera ConcricoLiTEs and ORTONIA, pro-
posed by Prof. Nicholson; there being already in hand, from the Waldron col-
lections, sufficient material for illustration of the principal phases presented in
the development of the Niagara species.

The acquisition of new material among the PTEROPODA, made it desirable to
give some farther illustration of this class, and especially of the TENTACULITES,
for a better means of comparison with described forms, and also to show their
distinction from the elongate annulated forms of CornuLiTEs usually referred
to the former genus.

I have, therefore, introduced in this connection, and following the illustra-
tion of TENTACULITES and other PTEROPODA, Plates cxv, c¢xvi, and cxvi a, for the
purpose of showing the varying phases of development among certain forms
belonging to the genus CornuLiTEs. These plates were introduced primarily,
for the purpose of affording means of comparison with authentic forms of
TENTACULITES since some of the species of the former genus, in their free con-
dition, so closely resemble the latter that they have been mistaken for the same
and described as TENTACULITES.

The plates cxvil to cxxix inclusive are given to the CepmaLoPODA, of which
twenty species here described are not illustrated in Vol. V, part ii; together

with a number of others already there described and figured, but which are
important as presenting additional features to those already illustrated. All

these plates have appeared as photo-lithographs, accompanied by explanations,
in the Fifth Report of the State Geologist (1886).

THE AUTHOR.
March, 1888.



PTEROPODA

OF THE

NIAGARA, LOWER AND UPPER HELDERBERG, HAMILTON AND WAVERLY GROUPS.

TENTACULITES, ScuroraEim. 1826.

(See Vol. v, part ii, pp. 155-165.)

THe following species of this genus are illustrated upon the supplementary

plate cxiv:
TENTACULITES MINUTUS.

PLATE CXIV, FIGS. 1, 2.

Tentaculites minutus, HaLL. Pal. N. Y., vol. 2, p. 183, plate a 41, fig. 8a-e. 1852.

Clinton group. Rochester, Monroe county.

TeNTACULITES Niacarensis (Hall), var. CUMBERLANDIE, n. var.

PLATE CXIV, FIGS. 3-6.

Tris variety differs from T. Niagarensis, Hall (Pal. N. Y., vol. ii, p. 352, pl.
Ixxxv, figs. 11, 12), in its more conspicuous interstitial annulations and more
attenuate form.

- Niagara group. Cumberland, Maryland.,

TENTACULITES GYRACANTHUS.
PLATE CXIV, FIGS. 7-13.

Echinus gyracanthus, EAToN. Geological Text-book. 1832.
Tentaculites irregularis, HarL. Pal. N. Y., vol. 3, p. 137, pl. vi, figs. 22, 23. 1859.
Tentaculites gyracanthus, EAroNn (HarLr). Pal. N. Y., vol. 3. Expl. pl. vi.

Tue Tentaculites regularis and T. irregularis of Castelnau (Hssai sur le Syst.
Sil. de 1’ Amer. Septentrionale, 1843), described as from the Trenton limestone,
are probably from the Lower Helderberg group, and identical with this species.
(See Pal. N. Y., vol. v, pt. ii, p. 156, foot-note.)
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Lower Helderberg group (Tentaculite limestone). Clarksville, Albany county;
Schoharie, Schoharie county, and Jerusalem Hill, Herkimer county.

TENTACULITES ELONGATUS.
PLATE CX1V, FIG. 1.

Tentaculites elongatus, HatL, Pal N. Y., vol. 8, p. 136, pl. vi, figs. 16-21. 1859.

Lower Helderberg group. Schoharie, Schoharie county.

TENTACULITES ACULA, 1. Sp.
PLATE CXIV, FIGS. 15-17,
Tris species is distinguished by the regular, equidistant annuli and the few

annulations on the intervals.
Lower Helderberg group. Port Jervis, Orange county.

TENTACULITES DEXITHEA, n. sp.
PLATE CX1V, FIGS. 15, 19.

Tentaculites scalariformis (partim). Hain, Pal. N. Y., vol. v, pt. ii, p. 167. 1879.

Twis species 1s distinguished from the T. scalariformis occurring in the Upper
Helderberg limestone by its more elongate and slender form, and more sloping
annuli.

Schoharie grit. Pendleton, Indiana.

TENTACULITES SCALARIFORMIS.
PLATE CXIV, FIG. 20.

Tentaculites scalariformis, HavL. Pal. N. Y., vol. v, pt. ii, p. 167, pl. xxxi, figs. 3-11. 1879.

Corniferous limestone. Delaware, Ohio.

HYOLITHES, EicawaLp, 1840.

(See Vol. v, part ii, pp. 191-202.)

HYOLITHES CENTENNIALIS.
PLATE CXI1V, FIGS, 21-23.

Hyolithes centennialis, BARRETT. Ann. Lyceum Nat. Hist., vol. xi, p. 299, 1877.

Lower Helderberg group. Port Jervis, Orange county.
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HyoLITHES HEROS, n. sp.
PLATE CXIV, FIGS. 24-27.
Tuis species is characterized by its large size, broadly crenulated lateral mar-+

gins, and its finely and closely striated dorsal or convex surface.
Lower Helderberg group. Near Clarksville, Albany county.

STYLIOLA, Lesvevr. 1826.
(See Vol. v, part ii, pp. 175-182.)
STYLIOLA SPICA, n. Sp.
PLATE CXIV, FIG. 28.
Tuis species differs from 8. fissurelle, Hall, of the Hamilton and Portage
groups, in its much greater size, more robust form, and in the absence of any

indications of annulations or apical node.
Hamilton group. Hamburgh, Erie county.

COLEOLUS, HaL.. 1879.

(See Vol, v, part ii, pp. 184-190.)
CoLeorus HErzEeri, n. sp.
PLATE CXIV, FIG. 29.

THE shell of this species is of unusually large size, slightly incurved toward
the apex, and the surface is marked by low, faint, obsolescent and somewhat
irregular striations. |

Waverly group. Medina county, Ohio.

PHARETRELLA, ~ov. GEN.

SHELL large, elongate, Hyolithes-like in outline; apex acute, transverse section
probably triangular; substance tenuous; ornamentation consisting of trans-
verse, imbricating undulating strie.

PHARETRELLA TENEBROSA, n. SD.

PLATE CXIV,.FIGS.530,'31.

Genesee slate. Genesee county.



TUBICOLAR ANNELIDA.

CORNULITES, Scuroraemm. 1820.

For the discussion of the nature and biological relations of forms referred to

this genus, see the following authors:

1820.

1834.
1839.
1845.
1847.
1848.
1891.

1852.
1853.
1856.
1859.

1864.
1865.
1867.

ScuvoraeiM, Cornulites serpularius. Petrefactenkunde, p. 378, pl. xxix,
fig. 7.

KLoEDEN, Axis of Trilobites. Verstein. der Mark Brandenb.

J. Sowersy, Cornulites (incert@ sedis). Murchison’s Silurian System.

De Vernevi and Kevseruing, Columns of Cystideans. Russie et Oural.

Havn, Tentaculites? Pal. N. Y., vol. 1.

Conrap, Cornulites (incerte sedis). Jour. Acad. Nat. Sci.

McCoy, Cornulifes (incerte sedis). (“ Probably Echinodermata or Annu-
lota.”) British Pal. Fossils, p. 63.

Havr, Cornulites (incerte sedis). Pal. N. Y., vol. ii.

KEeyvserLing, Corals. Bull. de la Soc. Géol.

SHUMARD, Tentaculites. Geol. Report of Missouri.

SALTER, refers Tentaculites and Cornulites to the Annelida. Siluria, 3d
Edition, pp. 221 and 229.%*

Lupwia, Pteropods. Palseontographica.

Meek and WortHEN, Tentaculifes. Proc. Acad. Nat. Seci. Phil.

Barranog, Cornulites (Annelida). Syst. Sil. de la Bohéme.

* Under the head of Annelides of the Older Silurian Strata, Mr. Salter uses the following language in

the text of Siluria, page 221, Third Edition. 1859:

“The Tentaculites and Cornulites of the early primeval strata must also be mentioned as remains of
animals of this order. They were worms with shelly tubes like those of Serpula, but distinguished easily
by their annulated form and cellular structure.t”

¢t These fossils, Tentaculites and Cornulites, have been assigned to various groups of animals, the notion
that they were parts of crinoidal creatures being the most generally accepted. They were, however, shelly
tubes, of a highly complex cellular structure, not jointed tentacles or stems; and could, by no means, be
parts of such animals.—J. w. &.”
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1868. Mzeek and WortHEN, Tenfaculites. Geol. Survey of Illinois. Geol.
and Pal., vol. 11, ~

1872. NicHOLSON, On the genera Cornulites and Tentaculites, and on a new genus
Conchicolites. Am. Jour. Sci., Third Series, vol. 1ii, p. 202.

1872. NicuoLsoxN, On Ortonia, a new genus of Tubicolar Annelides, with Noles on
the genus Tentaculites. Geol. Mag., vol. ix, p. 446.

1873. Nicuouson, Description of two new species of Annelides, Conchicolites and
Ortonia. Geol. Mag., vol. x, p. 54, pl. iv.

1874. NicuoLsoNn, Ortonia intermedia. (Geol. Mag., New Series, vol. 1.

1874. S. A. MitLer, Tentaculites. Cin. Quart Jour. Sci.

1878. S. A. Mmier and C. B. Dyer, Spirorbis. Jour. Cin. Soc. Nat.
Hist.

1879. Hawiw, Spirorbis[?]. Twenty-eighth Rept. N. Y. State Mus. Nat. Hist.

1879. Haww, Cornulites (Annelides). Twenty-eighth Rept. N. Y. State Mus.
Nat. Hist.

1884. RincueBERG, Cornulifes. Proc. Acad. Nat. Sci. Phila.

IN the study and description of the species illustrated in the ParaonroLogy
oF NEw Yorg, Vol. V, pt. ii, under the generic names of TENTACULITES, STYLIOLA,
Corrorrion, CoLeEoLus, HYOLITHES, etc., there appeared little difficulty in recog-
nizing their relations to each other and their nearest affinities as with the
Preroropa. The only question arose in considering certain species, which had
originally been referred to the genus TENTACULITES, and of which, in the begin-
ning, I had no knowledge from the actual examination of specimens.

In the tabular arrangement of the American species of this genus (p. 162, loc.
cit.) I admitted into the list five forms which had been described as TENTACULITES,
from the Hudson River horizon (Cincinnati group). KEven before the pages had
gone to press I began to doubt the generic identity of these forms with true Ten-
TACULITES, and an examination of the species from the neighborhood of Cincinnati,
brought confirmatory evidence of my suspicion as to their true affinities. At a
later date, through the kindness of Mr. S. A. Miller and the late Mr. C. B. Dyer,
I was enabled to study a collection of specimens which seemed to present a pretty
complete life-history of those forms described as TentacuLiTES from the Cincin-
nati region.



10 PALZAZONTOLOGY OF NEW YORK.

The forms described as T. tenuistriatus, T. Oswegoensis, T. Sterlingensis,* and T.
Richmondensis,t are rarely if ever quite straight, and are usually considerably
curved, a feature unknown among the most characteristic forms of the genus
Textacurites. The T sncurvus of Shumard, now recognized as from the same
horizon, is a curved form, as the name implies. We have at the outset, there-
fore, in all these species, to recognize a deviation from the acknowledged char-
acteristics of TENTACULITES as described by the best anthors and as known to us
in American and European rocks. These forms in their intermediate stages
are sharply annulated, and, in their advanced stage of growth, always longitu-
dinally striated in a manner not observed among true TENTAcULITES. Farther
observation shows that in their young state they are parasitic, often occurring
in groups, with their bases in contact and attached to some foreign body, as a
shell or a fragment of a crinoid column ; and that the extreme basal portion or
initial point, in the young state, is always curved, often to a full volution; but
this portion becomes absorbed, dissolved or worn off as the animal increases in
size and the tube assumes a more or less direct manner of growth, continuing in
a straight or slightly flexuous line and gradually enlarging toward the aperture.
These tubes which in their beginning are apparently smooth, gradually become
annulated and finally striated longitudinally. It usually and perhaps always
happens, however, that during some stage of their growth, not always depend-
ing on the age, the walls become thickened and the annulations obsolescent.
Occurring either singly or in groups, wherever the surface of attachment is broad
enough to admit of it, they continue adherent until they have attained a con-
siderable size—that 1s, a length of 20 to 35 mm., or even more. The apertures
in nearly all examples are apparently incomplete, or with the margins broken.

The phases here described are illustrated in figures 1-11 of plate cxv.

Under other circumstances, where apparently the conditions have been un-
usually favorable, these colonies, adherent to some other body at their bases
only, continue to increase in length and diameter; the lateral walls from being
s1mply in contact become coalescent, and they continue this growth till the form

* See Pr oceedmgs of the Academy of Seiences, Phlladelphla, .md Repoxt Geologlcal Su1 vey of Illinois,
vol. iil.

t+ 8. A, Miller, Cin. Quart. Jour. Sei. 1874,
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of the tubes and of the apertures become angular, and they present the aspect
of a colony of Favosites. In other well-preserved groups, the cells, in a greater
or less degree, retain their individuality, presenting a tubular appearance and
circular or sub-circular apertures. These conditions are illustrated in figures
18-23.

As a general feature these tubes (in the Lower Silurian forms), whether singly
or in larger or smaller groups, usually become more distinctly and extremely
annulated as they recede from the initial point, while the longitudinal strice
become more distinct. It sometimes happens, however, that at an earlier stage
of growth (figs. 12-14 of plate cxv), but often at a later period, the walls
become thickened and the annulations are not developed, or they become obso-
lescent or even quite obsolete from this thickening of the tissue. In this con-
dition they present an undulating surface with obscure or indistinct annulations,
as in figure 27; plate cxv, which may be partially due to erosion. The condi-
tion of surface shown in figures 12-14 is seen in its more extreme degree in
figure 15; a longitudinal section of which is shown in figure 16, plate cxv.
We observe in this example the unequal development of the intermural
cellular tissue which begins at a much earlier stage in some individuals than
in others.

When these tubular bodies, in their advanced growth, are cut transversely or
longitudinally the wall is usually found to consist not of a single lamina, or of
cohering parallel laminge, but being more or less of a vesicular tissue, which in
some examples is scarcely, or even not at all developed, while in the majority
of individuals this texture is a conspicuous feature. This tissue is rarely, if
ever, observed in the extremely young state. It usually, but not always, in-
creases with age, and upon its development depends the thickening of the walls.
In some specimens, of apparently adult growth, the vesicular structure is not
developed, and the inner and outer walls are in contact or separated from each
other by simple uninterrupted space. The varying degrees of development in
this intermural tissue are shown in the longitudinal sections, figures 32-39 of
plate cxv; some of which are from single and separate individuals, and others
from groups, like those represented in figures 7-13. Figures 15 and 16 illustrate
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a specimen with abnormally thickened walls and great development of vesicu-
lar tissue.

With all the material here illustrated on plate cxv, and much more before
me, I am unable to find any characters by which generic or specific distinction
can be drawn between the forms represented in figures 1 and 2 and all those
which follow up to figure 89. The names under which these and similar forms,
as before mentioned, have been described are: Spirorbis Cincinnatensis, Tenlacu-
lites incurvus, T. tenuistriatus, T. Oswegoensis, T. Sterlingensis and T. Richmondensts.

Besides the species above enumerated, these organisms, in their different
phases of development, have furnished the basis for the establishment of the
genus Orronia (0. minor and O. conica), and a species described under CoNcHICO-
LITES (C. corrugatus). The latter genus was founded upon a similar organism,
occurring in the Caradoc shales of Westmoreland, England, the equivalent, in
age, of the Hudson River group of America (American Journal of Science,
Third Series, vol. 111, p. 202. 1872).

The manner of growth and development; the external form and internal
structure of these bodies, seem to demonstrate very clearly that they should be all

referred to the genus CornuLITES, as described and illustrated by the author of
the genus and by subsequent authors whose opinions are entitled to respect.
The description and illustrations of Cornulites serpularius, Murchison (Silurian
System, p. 627, and plate xxvi, figures 5-9), present a most important study in
this connection, and leave no doubt as to the nature of the organism under
consideration.

In regard to the forms illustrated on plate cxv, figures 1-39, I do not propose
to recognize any distinction of species, and I leave them without prejudice to be
referred to such specific names as their authors may claim for the various phases
here represented. Though referring certain of the illustrations to the names
by which they are usually recognized, I have purposely confined myself to the
discussion of the various phases of what appears to me a single form of this re-
markable organism, all the specimens being from the same geological horizon.

Figure 40 represents the earlier stages of an irregular group growing upon .
the shell of an OrTHOCERAS, from the Utica slate of New York, and which pre-
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sents all the phases of development from the convolute, spirorbiform condition
to the nearly straight forms, and all have a very similar aspect to the speci-
men represented in figures 1 and 2 of the same plate. We know it only in its
immature condition, in the single specimen illustrated.

In figure 41 the tubes are somewhat more slender and more flexuous than in
specimens of the same degree of development from the region around Cincin-
nati, and this form will probably prove a distinct species. The figure is from
the original specimen, described as Tentaculites ? flezuosus, from the Trenton lime-
stone (Pal. N. Y., vol 1, p. 92, pl. xxix, figs. 6a—d). Want of material will
prevent a complete comparison and final discussion of the relations of this
species with any other, at the present time.

The forms illustrated on plate lxxii, figs. 2a and b, Pal. N. Y., vol. 1, p. 284,
were referred to the species Tenfaculites |?| flexuosa, the ? after the generic
name being accidentally omitted. A comparison was also suggested with Cor-
nulites serpularius, Schlotheim (Murchison’s Sil. Syst., p. 627, pl. xxvi, figs. 5-8).

The specimens from the Hudson River group of New York are, however,
more slender and are frequently regularly curved, not flexuous as in the typical
form of T.? flexuosus, from the Trenton limestone. They are very similar to,
and perhaps identical with those from the same horizon in the west, and their
probable identity with the western forms was at that time récognized in citing
the localities.

We come now to consider some forms of this genus known to us in the
higher rocks, and more especially the single species occurring in the Niagara
group at Waldron, Indiana. The material at hand is not so complete in some
respects as that from the Hudson River group of the Cincinnati region, repre-
sented on plate cxv. In its entire aspect, however, it presents the same phases
of development, and we have more complete material to illustrate the advanced
stages of growth in this species. The earliest condition in which their specific
relations usually are observed, is that of groups of slender, flexuous, or rarely
almost straight tubes, attached on one side for nearly or quite their entire length
to some other organisms, as the shell of a Brachiopod, a Gastropod, or the calyx
of a Crinoid. In this condition the apertures are frequently turned outward.
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Their bases are almost always more or less curved, sometimes making nearly
an entire volution before diverging to the tlexuous or straight line.

On carefully examining the surfaces of shells where these parasitic tubes oc-
cur, there are often found numerous circular specs attached to the shell-surface.
Many of these, under the naked eye, or an ordinary magnifier, appear as simple
circular discs of calcareous matter, while under a higher power a minute con-
volute tube is distinetly visible. These in their larger growth become spiror-
biform, and are apparently identical with those described as Spirorbis inornatus,
Hall (Twenty-eighth Annual Report of the State Museum of Natural History,
page 181, pl. xxxi, figs. 14, 15).

The material in our possession is not sufficient to demonstrate a gradual and
absolute transition from these minute convolute discs, through all the phases of
development, to the recognized CorNuLiTES; but 1 believe they are identical,
and that by careful examination of larger collections all intermediate stages of
growth and development may be found.

The ordinary condition of the young of this species is that represented in
figures 1-4, plate cxvi, where the tubes grow singly or in groups, with one side
attached and the free portion sharply annulated. In this condition the aper-
tures present an irregular margin, as if the continuation of the tube had been
broken away, and much the greater proportion of the specimens are found in
similar condition. In specimens represented in figures 5 and 6, the acute apex
is preserved in its incurved condition. In figure 5 the annulations are less
distinct than usual on the earlier portions of the tube, while in figure 6 this
feature 1is strongly marked in the lower part of the specimen, becoming obxo-
lete above, or merged into the thickening tissue as growth progresses. In
figure 7 the apex is slightly incurved, the annulations distinct below, but
becoming obsolcte above. In figure 8 we have two individuals attached by
their bases to the surface of Plafyostoma Niagarense. The apical portion is less
distinctly annulated than in some other specimens, and the original initial point
has probably been dissolved or eroded. In the progress of growth the regular
annulations soon become obsolete in the thickened tissue above, which is finely

striated longitudinally, and presents an irregular lamellose surface. In figure 9
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the apex is much thickened, the initial point having been removed or absorbed;
the annulations are obsolete and the surface lamellose.. The specimen is
attached for the greater part of its length to the calyx of an Fucalyplocrinus
crassus. Figure 10 represents the largest specimen observed. The apex and
the surface of adherence have been broken off, and only the free portion re-
mains. This preserves the concentric lamellose-annulate character, and finely
striated surface.

Figures 11 and 12 are interesting as showing an irregular lamellose growth, and
the fracturing of the test, which has been subsequently healed duringthelife of the
animal. In many instances, where the test has been broken and again restored,
the continuity of the strise is interrupted, as illustrated in the specimen, fig. 13.

As the individuals advance in growth, the inner and outer walls of the
tube become separated, and the intermural space filled with vesicular tissue.

This separation of the walls and the development of the tissue is not always
in proportion to the size of the individual, nor is it uniform on all parts of the
circumference of the tube in the same specimen. Itisrare thatindividual tubes,
cut longitud.i‘néily through the center, show an equal development of this tissue
on the two sides. In figure 14, a section of a small individual, the tissue on one
side encroaches largely upon the visceral cavity, while on the other it is only
incipiently developed. Figure 15 shows an unequal development of the tissue
on the two sides; and figure 16, a section of one of the largest individuals
known, shows but an incipient development of this tissue.

In figure 17 this vesicular structure is subequal on the two sides, while fig-
ure 18, a farther enlargement, shows the vesicles developed within the inner
walls and encroaching upon the visceral cavity. This irregularity is especially
shown in the transverse section, figure 19, where upon two sides there is no
development of tissue, the walls being apparently quite solid as represented. In
figure 20, however, we have a more distinct manifestation of this unequal de-
velopment, where the upper or barren side, as shown in the figure, has probably
been the attached surface. While there is a general similarity in this vesicular
texture, there is no uniformity in size or form of the vesicles, as may be seen in
any one of the sections, and especially in figures 18 and 21 of plate cxvi.
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To SuMMARIZE THE CHARACTERS :

THESE organisms, in their earliest recognizable conditions of existence, appear
as a simple point or spec upon the surface of some other organism, becoming a
slender enrolled tube where the volutions (so far as can be determined) may be
in the same plane and having the form of Spirorsis, under which designation
they have sometimes been described. In its farther development the body
becomes an elongate, straight or sinuous tube. In the earlier stages these
orgaisms, either singly or in groups, remain attached to the surface of some or-
ganic or inorganic body, and the continuation of this parasitic condition depends
upon the size of the body or extent of surface upon which they may continue to
grow. Beyond the limits or extent of the surface affording means of attachment,
they become free and continue their growth in a constantly expanding tubular form.

In their earlier stages the substance of the fossil consists of an inner and an
outer wall, which are in contact; the exterior becoming annulated at an early
period, and the inter-annular spaces, or the upper inner margin of these annular
growths, produce sharp interior annulations, which often extend considerably
within the visceral cavity, so that when the exterior becomes worn away, or
the fossil is cut through on one side of the center, they often give the aspect of
a septate tube.

In the first recognized stages of this organism, the tube isx apparently smooth,
but in the later conditions the annulations are conspicuous and again become
gradually obsolete with the growth of the animal. The longitudinal strie,
which are at first obscure, become developed with the growth of the tube, and
continue a conspicuous feature after the obsolescence of the annulations. The
intermural vesicular tissue becomes developed only with the expansion of the
tubular growth, and especially after the organism has assumed a free condition
of growth.

In their earliest known condition these bodies are always parasitic, and they
are not known to begin their existence as a free organism. Whenever, in their
advanced state of growth, they occur in a free condition, it will be found that
the initial point is wanting, having been broken off and the marks of the frac-
ture still remaining, or the surface has become cicatrised.
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The following forms are here regarded as representing various stages of
development of what appears to be a single species of the genus CoRNULITES.
The figures to which names are here applied are those most nearly resembling
the illustrations of the several species as given by the authors, and not as
determined by the writer.

SPIRORBIS, Lamarck. 1S01.
Spirorbis Cincinnatensis.
PLATE CXV, FIGS. 1, 2.

3 Spirorbis Cincinnatensis, MiLLER and DyeEr. Jour. Cin. Soc. Nat. Hist., vol. i, p. 38, pl. i, tig. 13. 1878.

Hudson River group. Cincinnati, Ohio.

ORTONIA, NicHoLson. 1872,

Ortonia minor.
PLATE CXV, FIG. 3; AND PLATE CXVIA, FIGS. 19, 20.

Ortonia ininor, NicHoLsoN. Geological Magazine, vol. x, p. b6, pl. iv, fig. 2a. 1873.

Hudson River group. Cincinnati, Ohig.

Ortonia conica.
PLATE CXV, FIG. 27; AND PLATE CXVI A, FIGS, 15, I6.

Ortonia conica, NicHOLSON. Geological Magazine, vol. ix, p. 447, fig. 1. 1872,

Hudson River group. Cincinnati, Ohio.

CONCHICOLITES, NicsoLsoN. 1872,

Conchicolites corrugatus.

PLATE CXV, FIG. 27; AND PLATE CXVI s, FIGS. 17, 18.

-

Conchicolites corrugatus, NicHoLsoN. Geological Magazine, vol. x, p. 55, pl. iv, fig. 3. 1878.

Hudson River group. Cincinnati, Ohio.

TENTACULITES, Scutorusn. 1820,
Tentaculites Sterlingensis.
PLATE CXV, FIGS. 5-7, 32.

Tentaculites Sterlingensis, MExk and WoRTHEN. Proc. Acad. Nat. Sei., p. 255, 1863,

Hudson River group. Cincinnati, Ohio.
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Tentaculites Richmondensis.
PLATE CXV, FIGS. 28-30, 33-39.
Tentaculites Richmondensis, MiLLEr. Cin. Quart. Jour. Sci. 1874.
Compare T. tenuistriatus, Mexk and WorTHEN. Proc. Acad. Nat. Sci., p. 254. 1865.

Hudson River group. Richmond, Indiana.

CORNULITES, ScHLoTHEIM. 1820,

CORNULITES FLEXUOSUS.
PLATE CXV, FIGS. 41, 42.
Tentacnlites ? flexuosa, Hart. Pal. N.Y., vol. i, p. 92, pl. xxix, figs. 6a~d ; p. 284, pl. Ixxviii, figs. 2a, b. 1847.

Not Cornulites flexuosus, HarL. Pal. N. Y., vol. ii, p. 98, pl. xxviii, fig. 12.
Cornulites flexwosus, HatL. Twenty-eighth Rept. N. Y. State Mus. Nat. Hist., p. 184. 1879.

Trenton limestone. Lowville, Lewis county.

CORNULITES IMMATURUS.
PLATE CXYV, FIG. 40.

THis species is known only in an early serpuloid stage of growth, and may
eventually prove identical with the forms occurring in the Cincinnati group.
Utica slate. Holland Patent, Oneida county.

CORNULITES INCURVUS. -
PLATE CXV, FIG. 31; AND PLATE CXVI, FIG. 31
Tentaculites incurvus, SHUMARD. Geol. Rept. Missouri, part ii, p. 195, pl. B, flgs. 6a, 6b. 1856.
In the ultimate revision of these forms, the specific name “incurvus” will
take precedence over all others in point of time.

Hudson River group. Cape Girardeau, Missouri.

CORNULITES DISTANS.
PLATE CXVI, FIG 23.
Tentaculites distans, Hart. Pal. N. Y., vol. ii, p. 184, pl. a xli, fig. 9. 1852.

Clinton group. Rochester, Monroe county.

CorNULITES CLINTONI.
PLATE CXV], FIG, 22.
Cornulites flevuosus, HalL. (Name preoccupied.) Pal. N. Y., vol. ii, p. 98, pl. xxviii, figs. 12a-e.
Cornulites Clintoni, HaLL. Twenty-eighth Rept. N. Y. State Mus. Nat. Hist., p. 184. 1879,
Compare (vinulites (rcuatus, CoNrap. Jour. Acad. Nat. Sci., vol. viii, p- 276, pl. xvii, fig. 8. 1848.

Tuis species was originally described under the name Cornulites flexuosus (loc.
cit.), but as the Tentaculites ? flexuosus of Hall, which had been previously de-
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scribed, was subsequently proved to be a Cornulites, the name of the former species
was changed by its author to Clinfoni. The Cornulites arcuatus of Conrad, from
the Niagara limestone, in Orleans county, bears a close resemblance to speci-
mens of C. Clinfoni, and the type may represent a small individual which re-
tains the substance of the tube. Mr. Conrad’s specimen is not accessible, but
in the event of the identity-of the species being proved, the specific term arcuatus

will take precedence.
CorNuLITES, sp.?
PLATE CXVI, FIGS. 24, 25.

Tris specimen has the distant, regular annuli of C. distans, but the evidence
of vertical striation is very obscure and unsatisfactory. The specimen is in a
crystalline condition, and on this account the small portion of the test remain-
ing preserves only obscure indications of its original condition. When examined
by transmitted light, there is evidence of a distinct transverse line upon the
annulations, above which the ring is darker, and below more translucent, appar-
ently indicating the line of articulation of the joints of the tube. The apparent
transverse strize on the figure are due to the texture of the surface, and are not
organic markings.

Clinton group. Near Lockport, Niagara county.

CORNULITES ARCUATUS.
PLATE CXVI4, FIG. 9.

Cornulites arcuatus, CoNrAD. Jour. Acad. Nat. Sci., vol, viii, p. 276, pl. xvii, fig. 8. 1842,

Niagara group. Albion, Orleans county.

CORNULITES PROPRIUS.
PLATE CXVI, FIGS. 1-21

Cornulites proprius, HaL. Twenty-eighth Rept. N. Y. State Mus. Nat. Hist., p. 182, pl. xxxi, figs. 1-13. 1879.

(= C. bellastriata) (Pal. N. Y., vol. ii,
loc. cil.), s allied to C. proprius in its surface characters, although manifesting a

THE species referred to Cornulites

tendency to greater regularity in the annuli, and having finer and less prominent
longitudinal striations. It may, however, properly be regarded as the New York
representative of the Waldron species. The species C. contractus, Ringueberg
(Proc. Acad. Nat. Sci., p. 148, pl. iii, figs. 6, 6a, 6b, 1884), from the Niagara group
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at Lockport, is suggestive of the same stage of development as that represented
by figures 1-4 of C. proprius, and it may prove to have a similar relation to
the larger individuals from this horizon in the State of New York. C. nodosus,
Ringueberg (loc. cit.), p. 149, plate iii, fig. 7, is a very small form from the same
formation, the surface of which is without annuli, but is covered with faint
tubercles.

Niagara group. Waldron, Indiana.

CORNULITES BELLASTRIATUS.
PLATE CXVI A, FIGS. 12 and 13.

Cornulites , Havt. Pal. N. Y., vol. ii, p. 353, pl. Ixxxv, figs. 12-17. 1852,

THE earliest conditions of this species have not been observed. In the most
nearly entire individual known, the base is slender and somewhat rapidly
attenuate. The annulations become subdued or obsolescent at a comparatively
early period of growth, and in old specimens are often entirely obsolete. Fine
longitudinal striee are early developed and continue.

CORNULITES CHRYSALIS, n. sp.
PLATE CXVI, FIGS. 2628
THis species 1s characterized by its regular and closely set annulations, which
present the appearance of inverted, ensheathed, truncated cones.
Lower Helderberg group. Near Clarksville, Albany county.

CORNULITES CINGULATUS, n. Sp.
PLATE CXVI, FIG. 29.
Tuse very flexuous, with regularly transverse but unequally distant, sharply
angled or evenly rounded annulations.
Lower Helderberg group. Locality doubtful.

CORNULITES TRIBULIS, 1. Sp.
PLATE CXVI, FIG. 30.
TuBk characterized by its gently sinuous outline, low, irregular annulations,
and fine but conspicuous longitudinal strige.

Hamilton group. Hopewell, Ontario county.
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(See Plate CXVIA.)

Tue following description and illustrations of CornuriTes are from Murchi-
son’s ¢ Silurian System,” published in 1839.

Under the head of “Fossil Shells of the Wenlock Limestone,” J. De C.
Sowerby describes Cornulites serpularius, as follows :

“ Cornulites serpularius, Schlot., pl. xxvi, f. 5 (Schloth. Petr., t. xxix, f. 7).
We can scarcely attempt a description of this anomalous fossil, of which at
present but one species is known. So unlike is it to anything we have seen,
that we are unable to assign it a place in the system of animals, or draw a
comparison between it and any other creature. Its general form is a much
elongated, hollow, more or less crooked cone, open at the base; in its early
state it is parasitical, being attached by its side and often in pairs. The exter-
nal crust is longitudinally striated, and marked with slightly raised rings, which
indicate its passage over the margins of the series of truncated cones of which
the fabric is constructed. These short cones are placed within each other, their
widest edges being directed toward the apex of the general envelope, the small-
est or most internal cone occupying the apex itself. Thus they form a pyramid
of cups, or if viewed in a reverse position, a series of broad rings gradually
Increasing in size, and capping but not covering each other. Each cup or ring
is thinnest at that part which is inclosed by the succeeding ring, where also its
diameter is least; both surfaces are of a foliated structure, and the outer blends
with and is lost in the external coat. Internally, each ring was apparently of
a cellular structure, for it is composed of depressed, imbricating, and regularly
arranged grains of calcareous spar. Some of the grains leave an impression
upon the surface of each of the steps, which is formed upon the cast of the
cavity of the cone by the thick edges of the rings.

“If the cells were the habitations of minute PoLypgs, they must have opened
upon the edge of the cup, and each succeeding generation must have been
located around the parent stock, and not upon or within the Polyparium, as in
corals; but there is no appearance of stelle or radiating laminz. Upon the
cast of the inner cavity may often be observed two, three, or more longitudinal
impressions, each composed of two nearly approximating, fine, sunken lincs,
produced by elevations where probably there were joinings in the cups. The
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cone of the larger specimens is generally rather straight, with the rings regular,
and no appearance of having been attached to any other body; but the young
specimens are irregularly curved, have more or less distorted rings, and are
fixed upon corals or shells. With such only dees Schlotheim appear to have
been acquainted, and had not we been supplied with a complete series by Mr.
B. Bright, we should have been induced to consider the full-grown specimen as
another species of the same curious genus.”*
“ Locality. Western slopes of the Malvern Hills; Dudley.”

In 1872 Prof. Nicholson (Am. Jour. Sci., loc. cit.) proposed the name ConcHI-
COLITES, in the following terms:

“ ConcHICOLITES, Nich.—Animal social, inhabiting a calcareous (?) tube,
attached in clustered masses to some solid body. The tube conical, slightly
curved, attached by its smaller extremity. The wall of the tube thin, its ex-
ternal surface devoid of longitudinal striee. The tube thin, composed of short
imbricated rings, but apparently destitute of any cellular structure. Cast of
the tube composed of short conical rings, its surface completely smooth, and
destitute of strise or furrows.

“ Conchicolites gregarius, Nich.—Tubes closely in contact, attached by their
smaller ends to dead shells. Tubes varying in length from a quarter to half an
inch, and having a diameter at its mouth of about half a line.”

“ The preceding species is found growing upon the shells of Orthocerata in
the Lower Silurian of the North of England.

“ The following described species are from the Lower Silurian in the neighbor-
hood of Cincinnati.”

In the Geological Magazine, vol. ix, 1872, Prof. Nicholson published a paper
on “ OrroniA, a New Genus of Fossil Tubicolar Annelides.”

“The following diagnosis gives the characters of the genus Orfonia, and of
the single known species:

“Orronia, Nich.—Animal solitary inhabiting a calcareous tube, which is
attached along the whole of one side to some foreign body. Tube slightly

* In the discussion of these forms in the Third Edition of Niluria, under the Wenlock series, page 259,
Mr. Salter gives the following interesting facts:
*¢Cornulites serpularius (see pl. xvi, f. 3-10) is still, ax in the Llandovery rocks, the principal annelide ;

and, though more frequent in the Wenlock limestone, ix not rare in the Ludlow rocks. The finest .\'pecimens’
are from the Wenlock limestone of Ledbury; but at Dudley Cornulites are found attached to shells, in
groups of three or four together, like Serpule, and they occeurin profusion on the hard and seaworn surfaces

of Ludlow rock at Marloes Bay, in Pembrokeshire, in masses a foot in diameter.”
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flexuous, conical, in section cylindrical, or somewhat flattened laterally, and sub-
triangular. Walls of the tube thick, cellular along the surface opposite to the
attached portion, markedly annulated along the sides.

“ Ortonia conica, Nich.—Tubes growing attached to the shell of some Mollusc;
varying in length from a quarter to half an inch, with a diameter of about 6ne-
tenth of an inch at the mouth. Lateral annulations of the tube varying in
number from thirty to thirty-five in the space of an inch. Surface smooth and
completely destitute, so far as observed, of longitudinal strise.

“ The fossil from which the above description has been taken is an example
of Strophomena alternata, to the dorsal valve of which are attached the remains
of more than twenty individuals of Orfonia conica. In one case the tube of one
crosses that of another individual ; but it is quite clear that this is an accidental
circumstance, so to speak, and that the tubes are truly solitary. The specimen
is from the ¢ Cincinnati group’ of South-western Ohio, a formation which be-
longs to the ¢ Hudson River series,” and which corresponds with the Caradoc or
Bala division of the Lower Silurian.

“In conclusion, I may add that Mr. Orton has submitted to me a beautiful
specimen, apparently of the Tentaculites tenuisiriata of Messrs. Meek and Wor-
then, and also from the Cincinnati group of South-western Ohio. If this
specimen be rightly determined, I cannot avoid the conclusion that it is truly
referable to the genus Cornulites of Schlotheim, differing from the familiar Cor-
nulites serpularius in its small size, and in some other minor characters. This
conclusion, however, does not admit of complete verification except by the dis-
covery of specimens absolutely attached to some foreign body.”

In the Geological Magazine, vol. x, 1873, the same author publishes “DEescrip-

>

TioNS OF Two NEw Species or Fossir. TusicorarR ANNELIDES.” He redescribes

the genus ConcricoLiTEs and the species C. gregarius, and describes the follow-
ing new species—Conchicolites corrugatus, Nich., and Orfonia minor—in the
following terms:

“ Conchicolites corrugatus, Nich.—Tubes growing socially in clustered masses
upon the shells of molluscs; calcareous; destitute of vesicular structure ; coni-
cal, and gently curved. Attached by their smaller extremities, sometimes for
the space of a line or more; and either partiallv free, or contiguous to one
another throughout the remainder of their course. Length of the fully-grown
tube one-half inch or a little more ; diameter of tube at mouth one-tenth of
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an inch. Tube composed of conical imbricating rings, about forty in the space
of one inch (about four in the space of one-tenth of an inch), giving the tube a
strongly annulated appearance.

“ The specimen figured exhibits the tubes of more than thirty individuals of
Conchicolites corrugatus, attached to the spire of Cyclonema biliz, Conrad.

« From Conchicolites gregarius, the present species is distinguished by its
greater average length and much greater diameter, by its much less closely
crowded habit, and by its much more strongly marked annulations.

« Locality and formation. Attached to the shell of Cyclonema (Pleurotomaria)
biliz, Conrad, from the Hudson River group (Lower Silurian), of Cincinnati,
Ohio.

“ Ortonia minor, Nich.—Spec. Char. Tube calcareous, solitary attached by the
whole of one side to some foreign object. Length of tube from one-tenth to
three-twentieths of an inch; diameter at mouth from one-twentieth to one-
twenty-fifth of an inch. Tube marked with transverse ridges or annulations,
which are sometimes faintly marked on the side opposite to the attached sur-
face, and the number of which is fifteen in one-tenth of an inch. Tube in
general strongly curved toward its smaller extremity (pl. iv, fig. 3), (2).

“Though often occurring in great numbers together, the tubes of Orfonia
minor, like those of Orfonia conica, are strictly speaking solitary ; that is to say,
they do not, like the tubes of Serpula or Conchicolifes, interfere with one another
or come into contact except accidentally. The tube is generally pretty nearly
circular in section, though sometimes slightly trigonal, conical, and always
more or less curved. Sometimes it is simply curved like a horn; sometimes it
is curved like the letter S, and sometimes the smaller extremity is twisted into
a flat spiral. I can detect no longitudinal striation, but the tube is covered
with very numerous transverse ridges (at least 150 in the space of an inch),
which are generally better marked on the sides than on the back of the tube.
In very small, presumably voung, specimens, I have been unable to deter-
mine the existence of these ridges, and even in fully-grown examples they are
more strongly marked in some than in others. The tube is always attached
along its whole length, and in no case i1s any portion free, as is the case in
Conchicolites.

“ Locality and formation. Common in the Hudson River group (Lower Silu-
rian) of Cincinnati, Ohio, attached to the exterior of Brachiopods and Corals.”
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DESCRIPTIONS OF SPECIES.

Norte.—The following descriptions and accompanying plates are supplementary to the fossil cephalopoda
presented in Volume V, part I, of the Paleontology of New York. After the completion of that volume,
there still remained in the possession of the author, some new or undescribed material, and a number of
specimens which were important as illustrating additional features of some of the previously established
forms. The descriptions of a number of the species presented on the supplementary plates, were prepared
in time to be included in their proper place in the volume. Such species are here merely cited, and referred
to volume v, part 2. It has been necessary to restrict the length of the descriptions here given, on account
of the contract limitations for the present volume.

At the close of Volume V, part ii, in 1879, the CepHALOPODA Were com-
mitted to the charge of Mr. C. E. BeecHER, who has furnished the following

descriptions:
ORTHOCERAS, Brevnwvs. 1732

ORTHOCERAS DURAMEN.
PLATE CXVII, FIG. 1.

Orthoceras duramen, Harr. TFifth Ann. Rept. State Geologist. Expl. pl. (117) 1, fig. 1. 1886.

SHELL straight, robust, rapidly enlarging to the chamber of habitation. Apical
angle ten degrees. The specimen described is a compressed septate frag-
ment, and the true form of the transverse section cannot be ascertained.
Initial extremity unknown.

Air-chambers 15 to 20 mm. in depth.

Septa thin, deeply concave. Sutures straight, marked on the internal
mould by narrow depressed zones, as in O. cingulum (Pal. N. Y., vol. v, pt. 2,
p. 240).

Siphuncle and test not observed.
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The fragment illustrated has portions of eight air-chambers and the base
of the chamber of habitation, and measures nearly 160 mm. in length and
67 mm. in diameter at the last air-chamber.

This species somewhat resembles O. Pelops (Pal. N. Y., vol. v, pt. 2, p. 233),
but may be distinguished by the comparatively deeper air-chambers and more
rapidly enlarging tube.

Distribution. Tn the Schoharie grit, Clarksville, Albany county.

ORTHOCERAS SCEPTRUM.
PLATE CXVI], FIG, 2.

Orthoceras sceptrum, Hair. Fifth Ann. Rept. State Geologist. Expl. pl. (117) 1, fig. 2. 1886.

SHELL large, straight along the outer chamber and slightly curved in the septate
portion, regularly and gradually expanding to the base of the chamber of
habitation. Transverse section sub-circular. Apical angle nine degrees.
Initial extremity unknown.

Chamber of habitation large, cylindrical, slightly contracting near the
aperture; length about twice the diameter of the last septum. Air-chambers
varying from 5 to 9 mm. in depth in the length of 140 mm., where the
diameter of the tube is 40 and 55 mm. respectively.

Septa thin. = Sutures straight or somewhat curved, the degree of curva-
ture being dependent on the amount of the weathering of the fillings of the
air-chambers. The appearance of the septa and air-chambers indicates that
there was an organic deposit in the apical portion of the specimen, but no
distinctive characters can be discerned.

Siphuncle sub-central.

Test unknown.

The individual described consists of the chamber of habitation and about
thirty air-chambers, measuring 450 mm. in the entire length, of which 145
mm. pertain to the chamber of habitation. The diameter of the tube near
the aperture is 90 mm. and about 30 mm. at the distal extremity of the
specimen.



CEPHALOPODA. 27

The only related species from the Upper Helderberg group, which also ap-
parantly has a slight normal curvature in the tube, is O. Ohioense (Pal. N. Y.,
vol v, pt. 2, p. 236), from which the present form may be distinguished by its
larger size and deeper air-chambers,

The specimen 1s a weathered and macerated internal mould, and many of
the important specific features of test, ornaments and septa have not been
preserved.

Distribution. 1In the Upper Helderberg limestone, at Cherry Valley, Otsego
county.

ORTHOCERAS DIRECTUM.
PLATE CXVII, FIGS. 6,7.

Orthoceras directum, HaLL. TFifth Aun. Rept. State Geologist. Expl. pl. (117) 1, figs. 6, 7. 1886.

SHELL large, straight, gradually increasing in diameter to near the aperture.
Apical angle seven degrees. Initial extremity unknown.

Chamber of habitation large ; length one and a half times the diameter of
the tube at the last septumn. Air-chambers varying from 8 to 12 mm. in
depth in the distance of 100 mm. near the outer chamber.

Septa thin, moderately concave. Sutures direct.

Siphuncle and test not preserved in the speciinen described.

Internal mould smooth.

The specimen consists of the chamber of habitation and twelve attached
air-chambers, and has a length of about 250 mm., of which 115 mm. pertain
to the chamber of habitation.

Figures 6 and 7 of plate cxvii, show in a very marked degree a condition
frequently present in fossils of this class. Figure 6 shows the internal mould
with the air-chambers well defined and the sutures depressed from the weather-
ing of the septa, presenting every evidence of the preservation of the septa
and siphuncle. A section of the specimen, represented in figure 7, shows that
nearly the entire interior of the shell has been broken away, and that TENTA-
cuLiTES and other shells were drifted in with the sediments filling the tube.

Distribution. In the Corniferous limestone, Delaware, Delaware county, Ohio.
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ORTHOCERAS DAGON.
PLATE CXXIX, FIG. 1.

Orthoceras Dagon, Hatr. Fifth Ann. Rept. State Geologist. Expl. pl. (129) 14, fig. 1. 1886.

Tuis species is represented by a large septate fragment, preserving the
base of the chamber of habitation with about two-thirds of the air-chambers
attached. The entire length of the fragment is 228 mm. Although based on
imperfect material, the distinguishing characters are so pronounced as to readily
distinguish the species from any other form previously indicated from the same
horizon.

The principal features are: The rapid enlargement of the tube, with the con-
sequent large apical angle; and the broad retral curvature of the septal sutures
on what is probably the ventral side.

Distribution. In the Upper Helderberg limestone, Columbus, Ohio.

ORTHOCERAS RUDENS.
PLATE CXVIII, FIG. 1.

Orthoceras rudens, HaLL. Fifth Ann. Rept. State Geologist. Expl. pl. (118) 2, fig. 1. 1886.

THE species 1s represented in the collections by a compressed fragment of the
chamber of habitation, having a length of a little more than 100 mm. The’
tube is marked by longitudinal strize and ornamented by numerous regular
annulations, of which there are three in the space of 10 mm., showing a well-
defined retral curve on the ventral side.

This form differs conspicuously from O. crofalum (Pal. N. Y., vol. v, pt. 2, p.
296), and O. celamen (id., p. 298), in its larger size and comparatively more
frequent and depressed annulations. The surface characters more nearly
approach those of O. nuntium (id., p. 299), but the annulations are broader, less
abrupt, and the strong retral curve in the ornamentation on the ventral side
are not present in that species.

Distribution. The type specimen is from an argillaceous limestone, and is
recorded as from the Hamilton group, in Livingston county.
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ORTHOCERAS EXPOSITUM.
PLATE CXVIII, FIG. 2.

Orthoceras expositum, Harn. Fifth Ann. Rept. State Geologist. Expl. pl. (118) 2, fig. 2. 1886.

SHELL large, straight, gradually enlarging to the aperture; transverse section
sub-circular. Apical angle five degrees. Initial extremity unknown.

Chamber of habitation long, regularly expanding to the aperture, length
more than twice the diameter of the tube at the last septum. Air-chambers
7 mm. in depth where the tube has a diameter of 37 mm., becoming regu-
larly shallower toward the apex of the tube.

Septa thin, concavity deeper than the depth of the air-chambers. The
apical portion of the shell is partially filled with an irregularly vesiculose
organic deposit.

Siphuncle moniliform, excentric.

Test not preserved. The impression of the shell in the rock shows that
the surface was marked by lamellose concentric lines of growth.

The specimen illustrated has a length of about 300 mm., of which 125
mm. belong to the chamber of habitation.

Numerous fragments of this species are preserved in an iron-ore bed, from
Bradford county, Pa. The specimens consist of internal moulds in a ferruginous
sandstone, or of calcareous shells imbedded in the sandstone. |

Distribution. In an iron-ore bed of the Chemung group. Canton, Bradford
county, Pa.

ORTHOCERAS CONSORTALE.
PLATE CXVIII, FIGS. 3-5.

Orthoceras consortale, Harr. TFifth Ann. Rept. State Geologist. Expl. pl. (118) 2, figs. 3-5. 1886.

SHELL straight, rapidly expanding from the apex to near the aperture; trans-
verse section broadly oval. Apical angle ten degrees. Initial extremity
unknown.

Chamber of habitation not fully shown in the specimens observed, appar-
ently short and constricted near the aperture. Air-chambers 5 mm. in
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depth, where the tube measures 28 mm. in greatest diameter. But little
variation in the depth of the air-chambers can be noticed in the tube for a
length of 125 mm.

Septa thin, deeply concave. Sutures somewhat curved, not deeply im-
‘pressed on the internal mould.

Siphuncle moniliform, excentric, distant more than one-third the diameter
of the tube from the ventral side.

Test marked by irregular lamellose lines of growth, which make a distinct
retral curve on the ventral side of the tube. |

Internal mould smooth. The apical portions of the shell show an organic
deposit partially filling the air-chambers; but on account of the preservation
of the specimens in a sandstone, its minute characters cannot be described.

The specimen illustrated, has a length of 185 mm., with a diameter of 33
mm. near the aperture and 9 mm. at the distal extremity.

Individuals of this species are of frequent occurrence in a sandstone at
Panama, N. Y., and are better preserved than is usual with other forms of this
class from similar deposits in the Chemung group. The species may be dis-
tinguished by the rapid enlargement of the tube, the oval transverse section and
the position and form of the siphuncle. '

Distribution. In a sandstone of the Chemung group, at Panama, Chautauqua

county. .
ORTHOCERAS INDIANENSE.

PLATE CXVIII, FIGS. 6-10.

Orthoceras Indianensis, HALL. Thirteenth Ann. Rept. N. Y. State Cab. Nat. Hist., p. 107. 186€0.
Orthoceras Dedalus, HAaLL. Fifth Ann. Rept. State Geologist. Expl. pl. (118) 2, figs. 6-11. 1886.
SHELL small, straight, slender; transverse section circular. Apical angle six

degrees. Initial extremity unknown.

Chamber of habitation long, gradually enlarging from the last septum for
two-thirds its length, and then contracted by a broad constriction, from which
the tube enlarges to the aperture. Air-chambers regular, very gradually
increasing in depth to the last septum, six in the length of 22 mm. where
the tube measures respectively 9 and 12 mm. in diameter.
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Septa thin, moderately concave. Sutures straight, not deeply impressed.

Siphuncle sub-central. The elements of the siphuncle have not been
observed, except at its passage through the septa, where it is very small,
having a diameter of not more than 1 mm. where the tube measures 15 mm.
in diameter.

Test not preserved.

Internal mould smooth. Septa marked with an areola around the
siphuncle and a concentrically marked, ovate, organic deposit extending from
the siphuncle to the ventral walls of the air-chambers.

The chamber of habitation of a specimen has a length of 54 mm., and a
diameter of 14.5 mm. at the last septum. A fragment containing nine air-
chambers and the base of the outer chamber measures 29 mm. in the length
of the septate portion, and is 9 mm. in diameter at the smaller extremity.

This species may be distinguished from O. Icarus, by its sub-central siphuncle,
the comparatively deeper air-chambers, and the more marked constriction of
the tube near the aperture.

Distribution. In the Goniatite lirﬁestone, at Rockford, Indiana.

ORTHOCERAS ICARUS.

PLATE CXVIII, FIGS. 11-15,

Orthoceras Icarus, HaLu, Fifth Ann. Rept. State Geologist. Expl. pl. (118) 2, figs. 11-15. 1886.

TuE specimens of this species bear so close a resemblance to those of O.
Indianensis, that a statement of differences’ will be more satisfactory than a
detailed description.

In this species the air-chambers are comparatively much shallower than in
O. Indianensis, the siphuncle is excentric, and in the specimens observed there
is a greater amount of organic deposit surrounding it. The internal mould of
a small fragment shows a line of strong nodes along the ventral side of the tube.

A chamber of habitation has a length of 53 mm. with a diameter at the
aperture of 23 mm., and of 18 mm. at the last septum.

Distribution. In the Goniatite limestone, Rockford, Indiana.
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GOMPHOCERAS, Sowersr. 1839.

(GOMPHOCERAS FAX.
PLATE CXXII, FIG. 5.

Gomphoceras fax, HarL. Pal. N. Y., vol. v, pt. 2, p. 321. 1879.

(GOMPHOCERAS ILLAENUS.

PLATE CXXII, FIG. 6.

Gomphoceras Illenus, HarL. Pal. N. Y., vol. v, pt. 2, p. 322. 1879.

(GOMPHOCERAS ABSENS.
PILLATE CXXII, FIGS. 1-3.

Gomphoceras absens, Haut. Pal. N. Y., vol. v, pt. 2, p. 324. 1879.

(GOMPHOCERAS EXIMIUM.
PLATE CXX, FIGS. 1-3; AND PLATE CXXI, FIGS 1, 2.

Gomphoceras eximium, Harr, Pal. N. Y., vol. v, pt. 2, p. 329. 1879.

(GOMPHOCERAS MITRA.

PLATE CXIX, FIG. 1; AND PLATE CXXI, FIG. 3.

Gomphoceras mitra, HaLL. Pal. N. Y., vol. v, pt. 2, p. 330. 1879.

(GOMPHOCERAS IMPAR.

PLATE CXX, FIG. 4; AND PLATE CXXI A, FIG. 1.

Gomphoceras impar, HarL. Pal. N. Y., vol. v, pt. 2, p. 332. 1879.

(GOMPHOCERAS CAMMARUS.
PLATE CXXII, IFIG. 7.

Gomphoceras cammarus, HavL. Pal. N. Y., vol. v, pt, 2, p. 333. 1879.

G OMPHOCERAS GOMPHUS.
PLATE CXXI1I1I, FIG. 1.

Gomphoceras gomphus, HaLL. Pal. N. Y., vol. v, pt. 2, p. 334. 1879.
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(OMPHOCERAS CRENATUM.
PLATE CXXI 4, FIG. 2.

Gomphoceras crenatwm, HALL.  Fitth Ann. Rept. State Geologist. Expl. pl. (121 a) 6, fig. 2.  1886.

THIS species is based upon a specimen consisting of the chamber of habita-
tion and a portion of ten attached air-chambers. The point of greatest trans-
verse section is at about the second septum from the outer chamber.

Chamber of habitation a little longer than the transverse diameter, gradually
contracting to the aperture. The base of this chamber is marked by a zone of
strong elevated lines, distant from each other about 4 mm. and extending over
the walls of the air-chambers. Air-chambers about 7 mm. in depth in the
main body of the tube.

The specimen described has a length of 121 mm., of which 50 mm. pertain
to the chamber of habitation. The greatest transverse diameter of the tube
measures 56 mm.

Distribution. In the limestone of the Upper Helderberg group, Columbus,
Ohio.

GOMPHOCERAS PLENUM.
PLATE CXXI 4, FIGS. 3, 4.

Gomphoceras plenumn, HaLL, Fifth Ann. Rept. State Geologist. Expl. pl. (121 a) 6, figs. 3, 4. 1886.

SHELL large, stout, sub-fusiform. Transverse section circular; point of greatest
gibbosity at about the tenth septum from the chamber of habitation. Axis
nearly straight. Tube rapidly enlarging to the point of greatest transverse
section, more gradually contracting to the outer third of the grand chamber,
and abruptly constricted at the aperture.

Chamber of habitation as long as the diameter of the tube at the last
septum. Aperture obscurely trilobate. Air-chambers from 6 to 7 mm. in
depth over the larger portion of the shell; the last three being shallower.
Sutures slightly curved.

Siphuncle situated near the ventral side of the tube; its elements in the
interseptal spaces have not been observed.
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Test not preserved Internal mould smooth.
The specimen described consists of the chamber of habitation and fifteen
air-chambers, and measures 145 mm. in length and 64 mm. in greatest trans-

verse diameter.

Distribution. In the Upper Helderberg limestone, near Columbus, Ohio.

(GOMPHOCERAS MINUM.

PLATE CXXII, FIG. 4.

Gomphoceras minum, HaLL. Fifth Ann. Rept. State Geologist. Expl. pl. (122) 7, fig. 4. 1885.

SHELL small, oviform; point of greatest transverse section on the anterior third

of the tube.

Chamber of habitation comparatively large and gibbous. Aperture small,
trilobate. Air-chambers 2 mm. in depth.

Test marked by lines of growth.

Length of specimen 30 mm., greatest diameter 22 mm.

The shell of the individual described is silicified and many of the features
are obscure.

The species is distinguished by the small and ovoid shell.
Distribution. In the limestone of the Hamilton group, from the Falls of the
Ohio River, near Louisville, Ky.

(GOMPHOCERAS MANES.
PLATE CXXIII, FIG. 2.

Gomphoceras manes, Harr. Pal. N. Y., vol. v, pt. 2, p. 339. 1879,

(GOMPHOCERAS NASUTUM.
PLATE CXX, FIGS. 5-7.

Gomphoceras nasutwm, HarL. Fifth Ann. Rept. State Geologist. Expl. pl. (120) 4, figs. 5-7. 1886.

SHELL small, robust, nearly straight. Tube rapidly expanding to the middle of
the chamber of habitation thence gradually contracting to the aperture.
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Chamber of habitation shorter than the transverse diameter. Grand aper-
ture large, oval, with a marked sinus on the ventral side, forming a small
aperture. Crenulated zone narrow, marked by fine elevated transverse lines
or nodes.

Air-chambers shallow, having a depth of 2.5 mm. near the outer chamber.
Sutures straight, with the exception of a slight retral bend on the ventral
side adjacent to the siphuncle. ‘

Siphuncle small, ventral, situated close to the walls of the air-chambers.

Surface marked by irregular lamellose lines of growth which become aggre-
gated into fascicles near the aperture.

Internal mould smooth.

A fragment preserving the chamber of habitation and four attached air-
chambers has a length of 30 mm.; and a greatest diameter of 28 mm.

Distribution. In the arenaceous shales of the Chemung group, at Belmont
and Belvidere, Alleghany county.

(GOMPHOCERAS POTENS.
PLATE CXXII, FIG. 8.

Gomphoceras potens, HatL. Pal. N. Y., vol. v, pt. 2, p. 351. 1879,

CYRTOCERAS, Goupruss. 1832.

CRYTOCERAS SUBCOMPRESSUM.
PLATE CXXIX, FIGS. 2, 3.

Cyrtoceras subcompresswn, HaLn. TFifth Ann. Rept. State Geologist. Expl. pl. (129) 14, figs. 2, 3. 1886.

SHELL large, robust, exogastric, curved, a mature individual making a quadrant
of a circle. Transverse section broadly oval. Tube regularly enlarging from
the apex to the aperture.

Chamber of habitation large. Air-chambers regular, about 7 mm. in depth.
Siphuncle nearly one-fourth the diameter of the tube, excentric, nummu-
loid, abruptly contracted at its passage through the septa.
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Test and surface ornaments unknown.

A large specimen, preserving nearly the entire length of the tube, meas-
ures 245 mm. on the periphery, and 80 mm. in diameter at the last septum.

The specimens described are internal moulds preserved in a coarse lime-

stone, and the external characters are not shown.

Distribution. In a limestone of the Clinton group, Piqua, Ohio.

CYRTOCERAS JASON.
PLATE CXX1YV, FIG. 7.

Cyrtoceras Jason, Harr. Pal. N. Y., vol. v, pt. 2, p. 381. 1879.

CYRTOCERAS CITUM.
PLATE CXXIV, FIGS. 1-3.

Cyrtoceras citum, Harr. Pal. N. Y., vol. v, pt. 2, p. 372. 1879,

GYROCERAS, De Koninck. 1841.

GYROCERAS NEREUS.
PLATE CXXI1V, FIG. 4.

Gyroceras Nereus, HarL. Pal. N. Y., vol. v, pt. 2, p. 373. 1879.

GYROCERAS LACINIOSUM.
PLATE CXXIV, FIGS. 5, 6.

Gyroceras laciniosum, Havt. Pal. N. Y., vol. v, pt. 2, p. 376. 1879,

GYROCERAS ! STEBOS.
PLATE CXXV], FIG. 7.

Gyroceras Stebos, HaLL. Fifth Ann. Rept. State Geologist. Expl. pl. (126) 11, fig. 7. 1886.

SEVERAL specimens of this species have been obtained from the Waverly sand-
stones in Pennsylvania. The general form and appearance is that of a shell
belonging to the genus GyRrocERras, although no traces of septa are preserved.
The ventral or peripheral side shows a longitudinal groove, which may be of
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siphuncular significance. In other characters it resembles some described
species of gastropoda belonging to the genus PorceLLia; but with the present
material it is difficult to make a satisfactory determination.

The specimen illustrated shows three volutions and measures 100 mm. in
greatest diameter.

Distribution. In the sandstones of the Waverly group, Warren county, Pa.

TrocHOCERAS ? (GONTOCERAS ?) PANDUM.
PLATE CXVII, FIGS. 3-5.

Trochoceras ® (Gonioceras?) pandum, Haru. Pal. N. Y., vol. v, pt. 2, p. 403, pl. iii, fig. 4. 1879.

No additional specimens of this species have been obtained since the original
publication in 1879, and its generic relations are still uncertain. In addition
to its comparison with some associated forms of TrocHOCERAS from the Schoharie
grit, as noticed in Pal. N. Y., vol. v, pt. 2, p. 403, it may also be compared
with Gomphoceras faz, illustrated on plate cxxii.

NAUTILUS, Brevnws. 1732.

NAUTILUS ORIENS.
PLATE CXXVI, FIG. 2.

Nautilus oriens, Harn. Pal. N. Y., vol. v, pt. 2, p. 420. 1879.

NavriLus HyaTTI.
PLATE CXXYVI, FIG. 1.

Nautilus Hyatti, HarL. Fifth Ann. Rept. State Geologist. Expl. pl. (126) 11, fig. 1. 1886.

In its general characters, this species is closely related to N. bucinum (Pal. N.
Y., vol. v, pt. 2, p. 412). The shell is more rapidly expanded than in that
species, especially toward the apex. The volutions are free. The transverse
section is sub-circular in the apical portion of the shell, broadly oval through the
chamber of habitation, and with no dorsal sinus produced by the contiguity of
the volutions as in N. bucinum.

The specimen is an external mould preserved in an argillaceous concretion,

and the form and surface characters of the shell are well preserved. The sur-
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face ornaments do not differ materially from those in some varleties of N. buci-
num and N. liratus (Pal. N. Y., vol. v, pt. 2, pp. 407, 412).
Distribution. In the shales of the Hamilton group, near Cumberland, Md.

NAUTILUS PARALLELUS.
PLATE CXXVI, FIGS. 3-5.

Nauntilus parallelus, HarrL. Fifth Ann. Rept. State GGeologist.  Expl. pl. (126) 11, figs, 3-5. 1886,

SHELL small, gradually enlarging to the aperture; volutions not embracing,.
Transverse section lenticular, with acute lateral angles.

Chamber of habitation nearly twice as long as the transverse diameter,
very gradually expanding to near the aperture, which is constricted.

Siphuncle sub-central.

Surface marked by fine lines of growth and by elevated longitudinal lines
or slender ridges, which are distant from 2 to 3 mm.

The chamber of habitation has a length of 60 mm. on the ventral side
and a transverse diameter of 29 mm. at the last septum. The ventro-dorsal
diameter at the same point is 16 mm.

The single imperfect specimen representing this species in the collection,
was recorded as doubtfully from the Chemung group, at Salamanca, N. Y.
The character of the rock and general appearance of the specimen do not
agree with other fossils obtained from that locality, but closely resemble
specimens from the coal measures of Ohio. It is probable that the specimen
was misplaced in the collections and erroneously referred to the Chemung
group of New York.

The species also represents a Carboniferous type of NauriLus, and is related
to the genus TeMNocHEILUS, Meek, and to species classed as Gyroceras by De
Koninck, obtained from the Carboniferous rocks of Belgium.

Distribution. Probably from the coal measures of Ohio.

NauvriLus (Discites) Ammonis.
PLATE CXXV, FIG. 1.

Nautilus (Discites) ammonis, HaLr. Pal. N. Y., vol. v, pt. 2, p. 425. 1879,
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NavriLus (Discires) MARCELLENSIS.
PLATE CXXVI, FIG. 6.

Nautilus (Discites) Marcellensis (VaNuxgM), Hatn, Pal. N. Y., vol. v, pt. 2, p. 428. 1879,

GONIATITES, De Haan. 1825.

GONIATITES VANUXEMI.

PLATE CXXVII, FIGS. 3-6.
Goniatites Vanuxemi, HarL. Pal. N. Y., vol. v, pt. 2, p. 434. 1879.

GONIATITES VANUXEMI, var. NODIFERUS.
PLATE XXVII, FIG. 7.
Goniatites Vanuxemi, var. nodiferus, HaLL. Fifth Ann. Rept. State Geologist. - Expl. pl. (127) 12, fig. 7. 1886.

SEVERAL specimens of GONIATITES have been obtained from the shales of the
Hamilton group which agree in all essential features with the characteristic
species of the Marcellus shales, G. Vanuzemi (Pal. N. Y., vol. v, pt. 2, p. 434).
They are indicated as a variety on account of a row of distinet rounded nodes
around the dorsal or inner third of the periphery of the volutions.

Distribution. In the shales of the Hamilton group, at Cherry Valley, Otsego

county. :

(GONIATITES DISCOIDEUS.
PLATE CXXVII, FIGS. 11, 12,
Goniatites discoideus, Harn. Pal. N. Y., vol. v, pt. 2, p. 441. 1879.

(GONIATITES UNIANGULARIS.

PLATE CXXVII, FIG. 10.

Goniatites uniahgularis (Conrap), Harn. Pal. N. Y., vol. v, pt. 2, p. 144. 1879.

GONIATITES AMPLEXUS.
PLATE CXXVII, FIG. 1.
Goniatites amplexus, HauL. Fifth Ann. Rept. State Geologist. Expl. pl. (127) 12, fig. 1. 1886.

SueLL small, discoid. Volutions slender, rounded, embracing to the depth of
nearly one-half of their dorso-ventral diameter. Umbilicus large, open.
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Chamber of habitation large, constituting nearly the whole of the outer
volution. Sutures with two deep lobes and one saddle on each side of a
volution, and a small acute saddle adjacent to the siphonal line.

Surface marked by regular lamellose concentric lines, curving forward from
the umbilicus to the ventral side.

The specimen described has a greatest diameter across the disc of 18 mm.
The lateral diameter of the tube at the last septum is 6.5 mm.

Distribution. In the Tully limestone, at Lodi Landing, Seneca Lake.

(GONIATITES COMPLANATUS.

PLATE CXXVII, FIG. 2.

Goniatites complanatus, Harn. Pal, N. Y., vol. v, pt. 2, p. 455. 1879.

(GONIATITES SINUOSUS.
PLATE CXXVIII, FIGS. 1, 2.

Goniatites sinuosus, HaLL. Pal, N, Y., vol. v, pt. 2, p. 460. 1879.

GONIATITES PATERSONI.

PLATE CXXVII, FIGS. 8, 9.

T Goniatites Patersoni, HAaLL. Pal. N. Y., vol. v, pt. 2, p. 464. 1879.

GoniaTiTEs OWENI.
PLATE CXXVIII, FIGS. 4-7.

Goniatites Oweni, HaLL. Pal. N. Y., vol. v, pt. 2, p. 470. 1879,

GoONIATITES IXION.
PLATE CXXVIII, FIG. 3.

Goniatites Ixion, HauL. Pal. N. Y., vol. v, pt. 2, . 474, 1879.
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