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ADVERTISEMENT.

The scientific publications of the National Museum consist of two series—-the
Bulletin and the Procecdings.

The Brllctin, publication of which was begun in 1875, is a series of more or less
extensive works intended to illustrate the collections of the United States National
Museum and, with the exception noted below, is issued separately.  These bulleting
are monographic in’ scope and are devoted principally to the discussion of large
zoological and botanical groups. faunas and floras, contributions to anthropology,
reports of expeditions, ete.  They are usually of octavo size, although a quarto form,
known as the Special Bulletin, has been adopted in a few instances in which a larger
page was deemed indispensable,

This work forms No. 59 of the Bulletin series.

Since 1902 the volumes of the series known as ** Cutributions from the National
Hoerbariunm,” and containing papers rvelating to the hotanical collections of the
Museum, have been published as bulletins.

The Droceedings, the fivst volume of which was issued in 1878, are intended as a
medium of publication of brief original papers based on the collections of the National
Museum, and setting forth newly acquired facts in biology, anthropology, and
geology derived therefrom, or containing descriptions of new forms and revisions of
limited groups. A volume is issued annually, or oftener, for distribution to libraries
and scientitie establishments; and in view of the importance of the more prompt
dissemination of new facts a limited edition of each paper is printed in pamphlet
form in advance.

CnarLes D. Warcorr,
Sceretary of the Smithsonian Institution.
WasniNeron, UL S, AL June 15, 1907.
1



Digitized by GOOS[Q



TABLE OF CONTENTS,

Fage.

Introduction . e etieeceeacaacecaaaan 1

Classification of the Madreporaria. ... i it iieaieeeeacaeeeaaaananan 2

The gpecies problem in corals. . i iiiiiiiiiiaaaa. 4

Need of experimental investigation and more elaborate studies of variation in corals. .. ... ... 6

History of svstematic work on Hawaiian Madreporaria. ... . o oo ool oo aiiaan 7

Systematic list of the fauna, with the station numbers, ete. ... .o o o il 9

Lists showing the geographic distribution of the Madreporaria around the Hawaiian Islands. .. 22

Bathymetric distribution .. i ceeeeeieeiieeaaaaaaaan 32
Distribution according to temperature. . ... it iiia e iaaaaan 41

Influence of the character of the bottom on distribution ... .o .o ..o oo, 46 -

Additional factors governing the distribution of Madreporaria.... . .. . ... ... ... .. . ... 46

Faunal aflinities of the Hawaiian Madreporaria ..o oo oo il i 47

Systematic discussion of the fauna. ... .o Ll 48

Madreporaria Imperforata. ... i o i iiaaiaaas 48

Family Flabellidee « oo it eaaaann 48

Genus Flabellum .o i 44

Gardineria . oo i iiiieiiiiaiiaaas €5

Placotrochus . ... .. oLl e e e ateeeeceeaeaeana 66

Family Caryophylliidee. oo e iii e acaaaan ee 67

Genus Desmophyllum. . ... . .. e e et 67

Paracyathus C oo e Leienes 68

Deltocyathus. . oo i iiiiiii cieeiiacans 71

Trochocyathus . . it ieaia e 2

Caryophyllia.. .. ... .. ettt e e eeaiaieeaa 73

CyathoCeras. . i ittt eiitaaa tiieaeaaans 7

Ceratotrochus ... ..o i iiiiiiiiiiiiaia.. 78

Family Anthemiphyliidee .. o _. e e e oo e e et e e aaeaaaaaaaeaa- 7

Genus Anthemiphyllia ..o i 79

Family Oculinidiv. ... ceee 80

Genus MadrePora. .o o it e eteeaaaeaaaaanaan 80

Family Stylophoridie i 83

Genus Madracis .« .o e e 83

Family Pocilloporidie .. o i i et 84

Genus Pocillopora . e 84

Family Orbicellidee ..o o o i, R 101

Genus Leptastrea ..o i eiiiiiiieii e 101

Cyphastrea ... it 103

Family Faviidee oo e e 104

Genus Ceelastrea .. ..o oo . 104

S Rt 105

Family Mussidee oo e ettt 106

L 1 106



VI TABLE OF CONTENTS.

Systematic discussion of the fauna—Continued. Page.
Madreporaria Fungida - . e eeaaaaeaaaan 107
Family Fungiidee oo e ieieieieeaaaaaaaan 108

Genus Fungin. oo ettt aaaaaa 110

Family Agariciidie oo it 135

Genus Pavona .. e eieeeeaeaaaan 135

e ptoBeTiS © et 137

Stephanaria . ... it ieeaaeaeaanas 142

PeaniImocora « oo e e 144

Bath v actis e eeeeieeeiaeiaaan 145

Madreporaria Perforata. oo it eaeaaaaan 146
Family Eupsammidie. oo oo i iieiiaaaeeiaaaa 146

Genus Stephanophy i, i 146
Endopachys. Lo et 147

Balanophyllia .o 148

Dendrophyllia ... .0 e e e e e e iaaaaaan 154

ANISOPERIMMITI © i i ittt ot iiiiaiaaaaaan 156

Family Acroporidiv .o i 157

(R DT E I Wl ) 1Y) P 157

MOntiPOTR o e . 158

Family Poritidie oo e 169

Genus Porites. oo i 169

Family Favositidae oo et iaaaaan 217

Genus AIVeOPOTa . .t e ieaeeaaaaaa 217
Biblograp iy et eieeiaeeiaeaaaas 214
S P o iieeeaaeaan 224
TGS 415



LIST OF PLATES.

Page

Prate L. Flabellum pavoninum var. lamellulosum Alcock; Flabellum pavoninum Lesson,
typical i ¢ et iiiiiiiiicicaacana 224

1I. Flabellum pavoninum Lesson; Flabellum pavoninum var. latum Studer; Flabellum

pavoninum, transition form to var. distinetum Milne Edwards and Haime; Flabel-
lum pavonnum var. distinctum Milne Edwards and Haime. ... ... ..., 226

II1. Flabellum pavoninum var. paripavoninum Alcock; Flabellum deludens v. Maren-
zeller | it iieeeeiieiieeeaeiiiaeeaeean 228

IV. Gardineria hawuaiiensis Vaughan; Placotrochus fuscus Vaughan; Paracyathus
gardineri Vaughan ... Lo il 230

V. Caryvophyllia alcocki Vaughan; Caryophyllia octopali Vaughan; Caryophyllia
octopali var. incerta Vaughan; Carvophyllia hawaiiensis Vaughan. ... ... . ... 232

VI. Paracyvathus tenuicalyx Vaughan; Paracyathus mauiensis Vaughan; Paracyathus
molokensis Vaughan; Deltocyathus andamanicus Alcock; Trochoceyathus oahensis

1L o 1 234

VIIL. Cyathoceras diomedewe Vaughan; Desmophyllum  eristagalli Milne Edwards and
Haime; Ceratotrochus laxus Vaughan; Anthemiphyllia pacifica Vaughan..._.... 236
VIII. Madrepora kauaiensis Vaughan; Mussa? sp. young? ... o i iiiinaaaann 233
IX. Madracis kauaiensis Vaughan; Madracis kauaiensis var. macrocalyx Vaughan ...... 240
X. Pocillopora cespitosa Dana, typical oo oo i iiiiiiiiiiaaas 242
XI. Pocillopora cespitosa Dana, typical oo oo iei i it iiiiiiaaaicaanaas 244
XII. Pocillopora cespitosa, varieties tumida Vaughan and styvlophoroides Vaughan ...... 246

XIII. Pocill ypora cespitosa, varicties laysanensis Vaughan and stylophoroides Vaughan.... 248
XIV. Pocillopora cespitosa var. stylophoroides Vaughan; Pocillopora meandrina var. nobilis

L3S 0 0 Y 250

X VY. Pocillopora molokensis Vaughan. .o oo oo iiiiaaaan e 252

X VI. Pocillopora lizulata Dana; Pocillopora molokensis Vaughan o ... . .. ... .. ... 254

XVTII. Pocillopora modumanensis Vaughan; Pocillopora ligulata Dana.._........o .. .. 256

X VIIL Pocillopora ligulata Dana . oo it c i e aaaaann 258

XIX. Pocillopora ligulata Dana ... it 260

XX. Pocillopora lignlata Dana ..o oo i 262

XNXI. Pocillopora ligulata Dana ... o ..o o oL ettt 264

XXII. Pocillopora meandrina var. nobilis Verrill. ..o . Lo ... 266

XXIII. Pocillopora meandrina var. nobilis Verrill. oo oo o oo oo L 268

XXIV. Pocillopora informis Dana. . ... oo o ittt 270
XXV. Leptastrea hawaiiensis Vaughan; Leptastrea agassizi Vaughan; Cyphastrea ocellina

8 0.V RN 272

XXVI. Cyphastrea ocellina (Dana); Cwlastrea tenuiz Verrill; Favia hawaiiensis Vaughan.. 274

XXVII. Bathyactis hawaiiensis Vaughan; Fungia patella ( Ellisand Solander) .. ... ... ... 276
XXVI{I. Fungia fragilis (Alcock); Fungia patella (Ellis and Solander); Fungia scutaria

Lamarck ..o i i iimeiectaieieciaaecenaaaaa 278

XXIX. Fungia seutaria Lamarck ... i aiaaaaan 280

XXX. Fungia scutaria Lamarck . ... i it eeeeeeeececaaaaaaaaaan 282

XXX Fungia scutaria Lamarck ..o . et e e aaaeaaaaaa 284

XXXIIL Fungia scutaria Lamarck .. .o i iiii i 286



VIll

PraTe

XLIV.

XLYV.

XLVL
XLVIL

XLVIIIL
XLIX.
L.

LL

LIIL
LIIIL
LIV.
LV.
LVIL
LVIL
LVIIIL
LIX.
LX.

LXI.
LXH.
LXIIL
LXIV.
LXV.
LXVL
LXVIL
LXVIIL

LXIX.

LXX.
LXXL

LXXIL

LXXIIIL.

X XXIIL
XXXIV.
XXXV,
XXXVL
XXXVIL
XXXVIIL
XXXIX.
XL.
XLI.
XLIL
XLIIL

LIST OF PLATES.

Fungia oahensis Daderlein. ... o ... .. .o....... s
Fungia oahensis Daderlein .o o o e
Fungia paumotensis Stutehbury oo oo oo i
Fungia echinata (Pallas)
Fungia echinata (Pallas) .o i
Pavona varians Verrill; Pavona duerdeni Vaughan' .. ... ... ... . ... ...
Leptoseris hawaiiensis Vaughan oo oo oo oo oo i .
Leptoseris hawaiiensis Vauzhan. oo o oo i i
Leptoseris scabra Vaughan .. o.o oo o0 Ll i il
Leptoseris digitata Vaughan; Leptoseris tubulifera Vaughan (..o . .. ...
Leptoseris tubulifera Vaughan; Stephanaria stellata Verrill; Stephanaria brig-

hami Vaughan. .o
Psammocora verrilli Vanghan; Stephanophyllia formosissima Moseley; Endo-

pachys oahense Vaughan; Balanophyllia hawaiiensis Vaughan. .. ... ...
Balanophyilia desmophyllioides Vaughan; Balanophyllialaysanensis Vaughan;

Balanophyllia diomedewe Vaughan; Balunophyllia diomedew var, maniensis

N g AN et eieaeeeaaa R
Dendrophyllia oahensis Vaughan; Dendrophyllia serpentina Vaughan; Den-

drophyllia manni Verrill oo o .
Anizopsammia amphelioides (Alcock); Anisopsammia amphelioides var. cucul-

lata Vaughan . iiiieeeeicececaaaaa.
Anisopsammia amphelioides var. cucullata Vaughan ... ..o ... ...
Acropora echinata (Dana), type. ..ol
Acropora cchinata (Dana), type. oo o i i
Acropora echinata (Dana), fide Studer, from the Hawaiian Islunds; specimen

identified by Studer as “ Montipora patula Verrill?”” ... ... ... ...
Montipora dilatata Studer; Montipora flabellata Stader. ..o oo oo oL
Montipora verrucosa (Lamarck)
Montipora verrucosa (Lamarck)
Montipora verrucosa ( Lamarck)
Montipora verrncosa (Lamarck)
Montipora verrucosa (Lamarck)
Montipora verrucosa (Lamarck)
Montipora verrucosa (Lamarck) oo o i i
Montipora tenuicaulis Vaughan; Montipora bernardi Vanghan: Montipora

bernardi var. subglabra Vaughan (.o o o o i i L.,
Montipora flabellata Studer. .. ..o o oo il
Montipora studeri Vaughan ... L o el
Montipora studeri Vaughan; Montipora verrilli Vaughan. ... oo oo o,
Montipora verrilli Vaughan. ... oo i
Montipora patula Verrill ... oo L L
Porites mordax Dana. ..o i
Porites compressa Dana. .. ... ...
Porites compressa forma angustisepta Vaughan; Porites compressa forma

angustisepta subforma delicatula Vaughan; Porites compres=a Dana _......
Porites compressa forma angustisepta subforma delicatula Vaughan; Porites

compressa {orma angustisepta subforma paucispina Vaughano ... ...
Porites compressa forma fragilis Vaughan. ... eeeeeeeaan
Porites compressa forma fragilis Vaughan; Porites compressa forma conjun-

gens Vaughan . oo i e
Porites compressa forma profundicalvx Vaughan; Porites compressa forma

pilosa Vaughan ..o il
Poritex compressa forma densimurata Vaughan; Porites compressa torma

granimurata Vaughan; Poritesmordax Dana. ... il

Page.
258
290
202
204
2496
298
300
302
304
306

308

310

312

314

316
318
320
322

324
326
328
330
332
334
336
338
340

342
344
346
348
350
352
354
356

358



Prate LXXIV.
LXXYV.
LXXVI.

LXXVIIL
LXXVIIL

LXXIX.
LXXX.
LXXXIL
LXXXII

LXXXIII.
LXXXIV.
LXXXV.

LXXXVIL
LXXXVIL

LXXXVIIIL
LXXXIX.
XC.

XCL

XCII.
XOCIIl.
XCIV.
XCV.
XCVI

LIST OF PLATES.

Porites compressa forma clavus Vaughan; Porites compressa forma compacta
3T P N
Porites compressa forma divaricans Vaughan; Porites compr forma brevi-
ramos=a Vaughan ... ..ol
Porites compressa forma elongata Dana; Porites compressa forma profundorum
N g ian L iiiiieiceceaicccccecccacacaaaaas
Porites compressa forma abacus Vaughan. .o .o . oo i i,
Porites compressa forma tumida Vaughan; Porites compressa forma abacus
Vaughan; Porites duerdeni Vaughan ... . .o oo iiiiiiiiiiiiiiiiies

Porites duerdeni Vaughan ..o o iiiiiiiiiiiiiiiiiccaeiiaecaan
Porites evermanni Vaughan. ... i iiiiicicieccccaaaciacacan
Porites lobata Dana; Porites evermanni Vaughan. ... ... o . .. .. ... ...
Porites lobata forma lacera Vaughan; Porites lobata forma infundibulum

Vaughan; Porites lobata forma centralis subforma delta Vaughan ... .. ...
Porites lobata forma’ infundibulum Vaughan; Porites lobata forma lacera

Vaughan; Porites lobata forma ceuntralis subforma alpha Vaughan. . ... ...
Porites lobata forma centralis subforma alpha Vaughan; Porites lobata forma

centralis subforma gamma Vaughan; Porites brighami Vaughan. ... ...
Porites lobata forma centralis subforma delta Vaughan; Porites bernardi

N aughan . i e iieiieccccccecccceccccacanaa
Porites quelehi Studer oo i
Porites lanuginosa Studer; Favia rudis Verrill and Leptastrea stellulata Verrill

(de Studer) oo i it e icieecccecaaacacaaaaaaan
Porites lanuginosa Studer; Porites studeri Vaughan ... ... .. ... ......
Porites schaninslandi Studer; Porites discoidea Studer. ... ... . ... ... ...
Porites tenuis Verrill; Porites lichen Dana; Porites reticulosa Dana ..........

Porites reticulosa Dana; Porites (Synarwa) hawaiiensis Vaughan; Alveopora

verrilliana Dana ... oo ittt iieeaaaaaan
Montipora dilatata Studer ... i i iiiiiiiiiiiciaitaeeeanan
Porites compressa forma angustisepta Vaughan. ... .o..ooooiiiiiiiiiiiii,
Porites pukoensis Vaughan ... ool feeeeeesecesccsccecacseneeas
Porites pukoensis Vanghan ... o i .--
Porites lobata forma centralis subforma epsilon Vaughan .......oooooooooaao.

X

Page.
370
372

374
376

378
380
382

386
388
390

392
394

396
398
400
402

404
406
408
410
412
414



Digitized by GOOS[Q



RECENT MADREPORARIA OF THE HAWAIIAN ISLANDS
AND LAYSAN.

By T. WayLann VAUGHAN,
Custodian of Madreporarian Corals, U. S. National Musewm, and Geologist, U. S. Geological Survey.

INTRODUCTION.

After the return of the U. S. Bureau of Fisheries steamer A/batross expedition
of 1902 from the Hawaiian Islands, Prof. C. H. Gilbert requested me to prepare a
report on the Madreporaria that had been collected. The muaterial proved more
interesting than was at first anticipated, and as a considerable number of the original
specimens of the United States Exploring Expedition under Captain Wilkes were
preserved in the United States National Museum, it was decided to attempt as full an
account of the Madreporarian fauna of the islands as is at present possible. In the
execution of this purpose assistance has been received from a number of persons, and
to these I desire to express my heartiest thanks.

Prof. A. E. Verrill, of Yale University, allowed the study of his own types
and those of Dana preserved in Yale University Museum. He loaned specimens for
the purpose of having them photographed, and donated fragments of types not in the
United States National Museum.

Dr. W. T. Brigham, Director of the Bernice Pauahi Bishop Museum, of Hon-
olulu, had collectlons made on the reefs of Molokai and Oahu.

Prof. Theodore Studer, of Berne, sent photographs of the corals from the
Hawaiian lslands and Laysan, figured in his Madreporarier von Samoa, den
Sandwich-Inseln und Laysan.

Prof. Ludwig Doderlein, of the University of Strassburg, sent photographs of
his Fungia erosa and F. oahensis, and identified for me the specimens of F. patilia
from the Hawaiian Islands.

Mr. Henry M. Bernard, of the British Museum (Natural History), furnished
advance proofs of the plates of the Hawaiinn /%rites from his volume on the Porites
of the Indo-Pacific Region, and gave his opinion, from photographs sent him. of
Porites evermanni.

Dr. Richard Rathbun, Assistant Secretary of the Smithsonian Institution, in
charge of the United States National Museum, has allowed unrestricted use of ull
the material in the rauseum under his charge. As has already been stated, this
material comprises a number of Dana’s types.

32301—07—1



2 RECENT MADREPORARIA OF THE HAWAIIAN ISLANDS AND LAYSAN.

For purposes of comparison, access was given to the collections of the Yale
University Museum and of the United States National Museum. The collection made
by the A/batross under Dr. Alexander Agassiz in the South Pacific in 1900, and a
collection sent by Dr. Charles Giravier, of the Muséum d’Histoire Naturelle, Paris,
made by himself on the coast of French Somaliland, East Africa, were studied.

Mr. J. F. G. Stokes and Dr. C. Montague Cooke, of the Bernice Pauahi Bishop
Museum, of Honolulu, have furnished valuable data on the physical surroundings of
the corals which they collected on the Hawaiian reefs, a portion of which were later
sent to the United States National Muscum by Dr. W. T. Brigham.

Prof. J. E. Duerden, during the summer of 1904, made an extensive collection
of Hawaiian shallow-water corals under the auspices of the Carnegie Institution and
the American Museum of Natural History (New York). An opportunity to study
this material was granted by the two organizations concerned, and a set of duplicates
was presented to the United States National Museum by the trustees of the Carnegie
Institution.

In the preparation of this work several tasks have been set. They are as follows:

1. To describe and figure all forms known from the Hawaiian waters or supposed
to occur in them, in s¢ thorough a manner that reference to previous publications on
the Madreporaria of the islands will not be necessary. It has not, however, been
possible to figure the Lurites contained in Bernard’s recent volume on the Porites of
the Indo-Pacific region.

2. To throw as much light as possible on the morphology of the hard parts, and
on problems of classification dealt with from that standpoint.

3. To describe the variations of the different forms represented as thoroughly
as the material and the conditions under which the work was done would permit.

4. To record the physical conditions under which the different forms live in as
much detail as possible, and to determine the influences of depth and temperature on
distribution. In this connection the great need of experimental physiological work
on members of the group is repeatedly pointed out.

5. The aftinities of the Hawaiian Madreporaria tc the Madreporaria of other
areas in the Indo-Pacific region are considered, and an hypothesis as to the origin of
the fauna is suggested.

No other person can be so conscious of the shortcomings and imperfections of
this paper as myself, since there is on every side an insufficiency of data.  All that
it is hoped to have accomplished is to have presented a hody of facts grouped
around certain definite problems, and, may be, to have rendered some assistance in
understanding a group of organisms whose complexity and perplexing nature are
realized by only a small body of specialists.

CLASSIFICATION OF THE MADREPORARIA.

[t is only to repeat what has been said by every recent student of the group to
say that there is no satisfactory classitication of the Madreporaria. A zoological
classitication is supposed to represent descent; in order to construct a logical one,
a phylogenetic valuation must be placed on each character; but we are not yet sure
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of the correctness of our valuation of the characters. The following classification
is used in this paper:
MADREPORARIA IMPERFORATA.

Family FraseLuip g, Family STYLOPHORID.E.
. .
Genus Ivluhe{lum.. Genus Madracis.
Gardineria.
)| . < .
Plucotrochs. Family PociLLoPoRID.E.

Family CARYOPHYLLIIDE. . .
; Genus Locillopora.

Genus Desinophyllwm. .
Paracyathus. Family ORBICELLID.E.
Deltoeyathus.
Trochocyathus. Genus Leptastrea.
Caryophyllia. Cyphastrea.
(yathoceras.
Coratotrochus, Family Favnine.

Family ANTHEMIPHYLLIID.E, new. Genus Culastrea.

. . Faria.
Genus Anthemiphyllia.

Family OcuLINIDE. Family Muvssiv.g.

Genus Madrepora. ’ Gienus Missa.

MADREPORARIA FUNGIDA.

Family Fr~ycups. Family AcAriclp.Eg.

Genus Fungia. Genus Parona.
' Leptoseris.
Stephanaria.
Psammocora.
Bathyactis.

MADREPORARIA PERFORATA.

Family Evpsamyinx, Family AcrororipE.
Genus Stephanophyllia. Genus Acropora.
End()p(lch YR .‘[(l'n(lp()r(l.
Bulanoy )h"/”fa' Family Poritipx.
Dendrophyllia.
Anisopsammia. Genus Porites.

Family FavosiTip.k.

Genus _Alreopora.

One family is described as new, the Anthemiphylliide. The other families have
now become more or less traditional. I should like to say that I seriously doubt the
affinity of .Alveopor« with the Paleozoic Fuvosites, in spite of the excellent arguments
which have been brought forward to maintain that conclusion. I do not, however,
know any modern perforate coral to which .4/veopora shows in its skeletal characters
any close relationship.
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The use of Leptustrea as a genus name is continued, although Mr. Stanley
Gardiner® thinks that it should be referred to the synonymy of Orbicella. A certain
number or a group of orbicellan corals are characterized by a compact, costal
exotheca, to which the name Leptustrea was applied. I find the name convenient,
but think that it probably should be reduced to subgeneric rank.

THE SPECIES PROBLEM IN CORALS.

The species problem, as a problem of general biology, is still a subject of
vigorous debate and wide divergence of opinions among biologists. Some contend
that species originate by the gradual accumulation of small differences, the diver-
gence of the daughter from the parent species being by infinitesimals;® others,
de Vriex and his followers, maintain that new species do not owe their origin to
such infinitexsimal divergence, but suddenly spring into existence, differing at the
beginning by distinct lacunse from the parent species. Some admit that new species
may come into existence by either process. I have put myself on record as helieving
that the data accumulated to the present time are not suflicient to warrant our form-
ing a positive conclusion.

Since the problem as to how new species originate has not been satisfactorily
solved, a logically grounded definition of biological species is at present impossible.
The following definition is assumed: A species is a group-of indiriduals connected
among themselves by (ntergrading characters and separated by distinet lacun from
all other individuals or groups of indiriduals.  The lucunw, or discontinuity of
characters, would be accounted for by the infinitesimal theory on the assumption
that the intergrades, assumed once to have existed, have become extinct; the
mutation theory assumes that they never existed. Whichever theory may he
correct, the recognition and definition of species is based on the study of variation.

Variation in corals is, we know, great and complex. If we knew its limits, we
should know the limits of the different species. Bernard, in cataloguing the
Perforate Corals in the British Museum (Natural History), experienced so much.
difticulty in defining them from the collections at his disposal that he decided
to abandon the Linnman system of nomenclature, aud to use in his catalogues a
geographical number system.

This system has been expounded in four ditferent publications.? The scheme
suggested can be briefly outlined as follows: The specimens belonging to a given
genus from a specitic locality or an area are divided into as many forms as possible,
as, for example, he recognizes 9 ditferent kinds of rites from the Hawaiian Islands.

aMadreporaria, Fauna and Geography of the Maldive and Laccadive Archipelagoes, 11, p. 774

b (. H. Merriam, Is Mutation a Factor in the Evolution of the Higher Vertebrates?  Science, n. s,
XXIII, 1906, pp. 241-247.

¢The Work of Hugo de Vries and its Importance in the Study of Problems of Evolution. Science,
n. 8., XXII1, 1906, pp. 681-691.

dA paper read before the Linnwan Society of London, February 7, 18901, pp. 10, 11.

Nomenclatur und Entwickelungslehre, International Zool. Congr., Berlin, 1901, pp. 891-896.

The Unit of Classitication for Systematic Biology, Proceedings, Cambridge Philosophical Society,
X1, 1901, pp. 268-280.

The Genus Goniopora, Cat. Madrep., Brit. Mus. (Natural History), IV, pp. 34, 35.
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These 9 forms are not named, and no attempt is made to identify them with forms
from another area. Each one is given a number, and they are designated Porites
Sandwich Islands §, §, 3, §, ete., the denominator indicating that he has recognized 9
forms from the Sandwich Islands, the numerator indicating which one of the 9 is
meant. Should additional forms be discovered later, the numerator and the denomi-
nator could be increased. In this way Mr. Bernard hoped to record all the forms
known from any particular area, and avoid expressing an opinion as to their group-
ing into species.

This proposition is so iconoclastic, in a way, that it was only to be expected that
it would arouse considerable opposition. The criticism published by Mr. J. Stanley
Gardiner is the one most deserving of attention.” Bernard’s proposition is not
absurd, for without large series of specimens for comparison it is impossible to work
out the limits of variation; as he did not have such series, he recognized that if he
were to describe as a species every specimen or group of specimens not connected
with others by intermediates, he might be, or even probably would be, describing,
as species, specimens that formed parts of a continuous series.  Gardiner later real-
ized more fully the ditliculty with which Bernard was contending, and was not only
more lenient in his criticism, but acknowledged ® that Bernard had probably handled
his material in the best possible manner. Gardiner, in his own work, however,
thought that he could recognize specitic limits with suflicient clearness to continue
the use of the binomial system.

Whatever opinion may be held as to Bernard’s method of designating the forms
that he records, it is undeniable that he has made valuable contributions to our
knowledge of the Madreporaria.

My own position regarding nomenclatorial problems is somewhat different from
that of Mr. Bernard. There are comparatively few of the inductions of science that
can properly be regarded as more than tentative. In the matter of species, we are
not yet decided as to what a species is.  The conclusions of de Vries, should they be
correct, would furnish a working basis, but the mutation theory is at present only a
valuable working hypothesis.  All of our descriptive systematic work, therefore, must
be regarded as only tentative. }Iowever, as it has the double object of rccording the
mamfold forms a«umed by organic nature and attempting the groupma of those
forms according to the degree of their kinship, we are justified in naming forms as
species; for, although we may not know with positiveness their actual systematic
value, the determination of the relationship is attempted. The definition of species
is only an attempt to divide organisms into groups in accordance with the definition
of the term ‘‘species” previously given. I am in favor of attaching names to these
tentative groups, as names are more serviceable in discussion than symbols, especially
when the symbols are complicated.

Great perplexity has been experienced in preparing the succeeding paper, as to
how the results obtained by the study of the material in hand should be presented.
The term ‘‘species” is used in accordance with the definition given. The word

a¢On the Unit of Classification for Systematic Biology. A reply to Mr. Bernard.  Proceedings,
Cambridge Philosophical Society, X1, 1902, pp. 423427,
b Madreporaria, Fauna and Geography of the Maldive and Laccadive Archipelagoes, 11, pp. 756-757.
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‘““variety ” is used in the significance usually attributed to itin America. A *‘ variety”
would be a secondary mode on a species curve. The de Vries *“ variety ” should be
aretrograde “species.” Mr. Gardiner, in speaking of Fungia dentigera as probably
being a *“true variety,”® misapplies the de Vries term * variety.” Fungia dentigera
differs from . sewtarie by the possession of strongly developed tentacular lobes.
These tentacular lobes are an added, not a retrogressive character; therefore in the
de Vries sense 7. dentigera can not bhe a *‘variety.” If /U scutaria has lost its
tentacular lobes it might be a ‘“variety™ of /. dentigera. Later, it is shown that
F. dentigera and F. seutaria are connected by continuous variations.

LPorites compressa and Porites lobata ave divided into numerous * forma” and
“subformee.” The variations recorded have been observed, and it is believed that
they should be desceribed and figured, but their origin is not known. It is not known
whether they are of gametic or vegetative origin. Some of them may be of specitic
value, but the conformity to a type is so closely followed throughout all of them and
there is so much observable intergradation that I fancy they all intergrade.

Throughout this paper, however, I have striven earnestly to make clear what
forms, even down to minor variations, have bheen studied, so that the nomenclature
may be considered of minor importance. The descriptions are usually elaborate,
many statistical tables are given, and the illustrations are profuse.

NEED OF EXPERIMENTAL INVESTIGATION AND MORE ELABORATE STUDIES
OF VARIATION IN CORALS.

Studies of variations, such as those contained in this paper, may appear elaborate
to persons who have not gone deeply into the subject, but in reality they are of only
a preliminary nature, for as stated in the introductory remarks ‘*there is on every
side an insufliciency of data,” and consequently it is not possible to solve many of
the fundamental problems pertaining to the group. The study of variation is
inseparable from experimental physiological investigations, for these are a necessary
foundation for the understanding of variation.

Mr. J. Stanley Gardiner divides variation in the Madreporaria into three classes:
(a) Continuous, (h) vegetative,and (c) discontinuous or specipie. 1 think two kinds
should be recognized: (a) Gumetic, (b) veyotative.  Gametie variation is due to dif-
ferences in the parental gametes, and, should the de Vries mutation hypothesis be
correct, it should be divided into continnons and discontinuwons.  Vegetatire variation
is due to the effect produced upon the organism by the environment under which
it lives. ‘

Variation in the Madreporaria should be studied in three ways: (1) In nature
without experiment; (2) in nature by experiment; (3) under artificial conditions in
aquaria.

1. In nature without erperiment.—Coral ficlds, according to this method, should
be ecologically surveyed. The study of specimens of the same species obtained
under the same physical conditions would give information on gametic variation,
while the comparative study of specimens belonging to the sume species, obtained

a Madreporaria, Fauna and Geography of the Maldive and Laccadive Archipelagoes, 11, p. 939.
b Idem, p. 755.

.
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under different physical conditions, would throw light on the influence exerted by
the environment. Numerous fragmentary studies of this kind have heen made. but
none has been thoroughly done. As much information obtained in this way, as is
possible, is given in the present memoir. :

2. Innature by erperiment.—By planting attached young under the same physical
conditions gametic variation could be observed. By transplanting specimens from one
area to another, or by planting the young of a given colony under different physical
conditions, the effect of environment could be studied.

3. Under artficial conditions.—As corals can be grown in aquaria, numerous
experiments on both gametic and vegetative variation are possible. The hehavior
with reference to at least seven factors can be studied: Food supply, heat, light,
character of bottom, strength of current, degree of salinity of the water, various
kinds of impurities in the water. Even the influence of pressure might be studied.

The study of variation in nature should ‘go more or less hand in hand with the
experimental work. It is to be hoped that studies of the kind here outlined will be
undertaken by some of our marine biological stations, and that other stations that
can undertake such work will be established, for until these studies are made it will
not be possible to understand variation in the Madreporaria. Until variation is under-
stood the systematic work must be more or less unreliable; and until more is known
concerning the physiology of corals we can not understand the factors that determine
their distribution.

HISTORY OF SYSTEMATIC WORK ON THE HAWAIIAN MADREPORARIA.

Comparatively few men have described Madreporarian corals from the Hawaiian
Islands, but work on them was begun at a rather early date.
Lesson, in his IHustrations de Zoologie, 1831, described and figured Flabellm
pavoninum.
Dana, in his Zoophytes of the United States Exploring Expedition, 1846,
reported the following species:
Fuphyllia pavonina (Lesson).
Astraa (Orbicella) ocellina Dana.
Funyia dentigera Leuckart.
Manopora capitata Dana,
Locillopora cespitosa Dana.
LPocillopora bpevicornis Lamarck.
Pocillopora farese Ehrenberg.
LPoedlopora verrucosa Lamarck.
LPocdlopora ligulata Dana.
Pocillopora meandrina Dana.
Pocillopora plicata Dana.
FPocillopora informis Dana.
Porites mordur Dana.
Porites mordar var. elongata Dana.
Porites compressa Dana.
Porites lohata Dana.
Alveopora dedalea (Forskil).
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The specimen of Alveopora, supposed to have come from the Hawaiian Islands,
was subsequently named A. verrddliana.¢
Verrill, in his List of Polyps and Corals, sent by the Museum of Comparative
Zoology to other Institutions in Exchange, 1864, added—
Synaraea irregularis.
Lobactis dane (new name for the Fungia dentigera of Dana from the
Sandwich Islands).
Davona varians.
Pocillopora nobilis (new name for the Locillopora verrucosa of Dana, from
the Sandwich Islands).
In his Polyps and Corals of the North Pacitic Exploring Expedition, 1865-1869,
he added—
Montipora patila.
Conopsanonia manni. .
Locdlopora aspera (new name proposed for the specimens from the ‘Sand-
wich Islands, identified by Dana as locillopora furosa and LPocillopora
])[ ‘eata).
Locillopora aspera var. lata.
DPocillopora frondosa.
Locillopora nobddis,
Locillopora nobiles var. tuberosa.
Calastpea teniis.
Astrava howdbron/ (Roussean?. » Doubtfully from the Hawaiian Islands.
Astraa rudis.
Leptastrea stellulata.
Dana’s LPocillopora brevicornis from the Sandwich Islands is referred to Dana’s
L. cospitosa. .
Quelch, in his report on the Reef Coral, Challenger Expedition, 1886, reported,
in addition to those already mentioned:
Doecillopora verrucosae Lamarck.
Fungia paaanotensis Stutchbury.
Stephanaria stellara Verrill,
Montipora verrucosa (Lamarck).
Dorites bulbosa, new species.
Dorites Lichen Dana,
Dordtes tenuis Verrill,
The last two determinations are undoubtedly erroncous. The name Fungia
verrdliana is substituted for Lobactis danee Verrill,
Queleh gives a list of 30 species reported from the Islands.
Fowler, 1888, published a few notes on the anatomy of Docdllopora nobilis.
Brook, in his Catalogue of the Genus Madrepora, 1893, reported Madrepora
echinata Dana,
Bernard, in his Catalogue of the Genus Montipora, 1897, describes Montipora
rerrucosa (Lamarck) from the Hawaiian Islands and places the Wanopora capitata
Dana in its synonymy.

aCorals and Coral Islands, 1st ed., 1872, p. 77.
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Studer in 1901 published his Madreporarier von den Sandwich Inseln und Laysan.
He adds:

Fungia echinata (Pallas), remarking *‘an der Richtigkeit des Fundortes
nicht zu zweifeln ist.”

Madrepora eciinata Dana, reported a second time.

Montipora flabellata Laysan.

Montipora dilatate Laysan.

Porites quelcha.

FPorites lanuginosa Laysan.

LPorites schawinsland/ Laysan.

Lorites discoidea Laysan.

Five of the six new species came from Laysan.

Bernard, in his Porites of the Indo-Pacitic Region, 1905, divides the Hawaiian
Forites into nine kinds and those from Laysan into three, designating them by his
number symbols.

Vaughan, in a review of J. Stanley Gardiner’s Fungida and Turbinolide of
the Maldive and Laccadive Archipelagoes, 1905, gave a preliminary list of the
Hawaiian Fungida (see p. 107 of the present memoir).

Duerden has made extended studies on the postembryonic development and the
anatomy of the soft parts of the Hawaiian Madreporaria, under the auspices of the
Carnegie Institution; but his results have not yet been published.

Previous to the study here presented, about 38 species, including synonyms, had
been recorded from the area. If the forms whose occurrence in the area is doubtful
be included, the Hawaiian Madreporarian fauna is now known to contain 129 recog-
nizable forms, a number of which, however, are not considered of specific value.

SYSTEMATIC LIST OF THE FAUNA, WITH THE STATION NUMBERS OR LOCALI-
TIES, DEPTH, TEMPERATURE, CHARACTER OF THE BOTTOM, DISTRIBUTION
OUTSIDE THE HAWAIIAN ISLANDS, OR CLOSELY RELATED FORMS IN
OTHER AREAS.

As it is probable that some of the species described in the descriptive portion of
this report do not occur in the Hawaiian Islands, they are omitted from the list.
They are as follows:

Fungia paumotensis Stutchbury.
Fungia echinata (Pallas).
Acropora echinate (Dana).
Porites lichen Dana.

Porites tenues Verrill,

Flabellum lamellulosum Alcock and Porites reticulosa, although they have not
been reported from the area, are described in the text to complete discussions.
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The following abbreviations are used in describing the bottom:

Ab{;‘r:;l\.' -y Menning. : Ab:;::;.‘:ia' Meaning. M’:i"r_‘l‘:" n- | Meaning.
—_— ‘ - p— —— — ———— o — - -
alg. alyie, . for. foraminifera. HCE . sand.
br. " brown. li g. gravel. ' sh. , shells.
brk. | broken. I gy, grav. sml. : small.
co. coral. It. light. st. stones.
corln. ! coralline. m. mud. Ivol. voleanie.
ers, ~course. " nod. nodules. - wh. white.
dk. dark. L p pebbles, ' vl vellow.
. fue. tine. ; r. rock. |
| i "

The data relating to the stations are taken from the ** Records of the dredging
and other collecting stations of the U. 8. Fish Commission steamer Alhatross in
1901 and 1902.” ¢

It is deeply regretted that it has not been practicable to present a map showing
the submarine topography, the submarine isotherms, the distribution of the various
kinds of sea bottom, and the location of the various stations.

aU. 8. Fish Commission Report for 1902, 1903, pp. 397432,
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22 RECENT MADREPORARIA OF THE HAWAIIAN ISLANDS AND LAYSAN.

LISTS SHOWING THE GEOGRAPHIC DISTRIBUTION OF THE MADREPORARIA
AROUND THE HAWAIIAN ISLANDS.

These lists hegin with Hawaii, the most southeasterly island, and proceed toward
the northwest, ending with Laysan. They, of course, can not be considered to be
complete lists of the stony corals of the different islands, but they give all that is as
present known. »

Several species contained in the systematic list are omitted from these lists
beeause specitic data are not given as to where they were obtained. They are as
follows:

Daracyathus gardiners Vaughan.
Locillopeora frondosa Verrill,
Pocillopora meandrina var. tuberosa Verrill.
Locillopora inforniéis Dana.
Leptastrea stellulata Verrill,
Cilastrea tenuis Verrill,

Favia rudis Verrill.

Fuvia hondroni (Rousseau) t.

Fungia oahensis Doderlein.
Montipora patula Verrill,

Lorites mordar Dana.

Dorites (Synaraa) irregularis Verrill,
Aleeopora verrdliana Dana.

These lists are of particular interest as they show the association of the different
species, as well ax giving the forms found around each of the ixlands.

HAWAII ISLAND.

NoRTHEAST CoAsT.

.
Tempermn- |
Station. Depth, ture of Bottom. . Name.
bottom. |
- o s
H053...... -2 ... fne.gv.s. oL Leptoseris hawaiiensis Vaughan.
Leptoseriz scabra Vaughan.
4054...... | 26-H00 . e ers. co. &, corln . Leptoseris hawaiiensiz Vaughan.
‘ ! Leptoserix scabra Vaughan.
| | . arck
' . Montipora verrucosa (Lamarck).
. i Montipora bernardi var. subglabra Vaughan.
4055...... B U N fne. gv.s. for ... Leploxeris hawatiensis Vaughan.
: .
4059...... C190-201. Mool AU B B, Balanophyllia hawaiiensiz Vaughan.
4061, ..., R co.s.corln nod. | Madracis kauaienzis Vaughan.

P for.

Balanophyllia desmophyllioides Vaughan.

aThis species came from Qahu, but from what part is not mentioned.
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l i Tempera- \‘ ‘ .
Station. Depth. ture of | Bottom. Name.
bottom. | |
‘ —_— b — _ _
4036...... 6R7-0642.. 38.2..... frfle. dk. gv. 8. | Flabellum deludens v. Marenzeller.
or.

4038...... | 639-670.. 38.5..... gy.m. for. ... Flubellbum deludens v. Marenzeller.
4039...... i 670-697. J 387, gyv.m.for. . . | Flabellum deludens v. Marenzeller.
4041...... 253-382.. 41.6..... gy.m. for ... | Trochocyathus oahensis Vaughan,
4045 ..... i 147-198. 9 " co.s.for ..o | Deltoeyathus andamanicus Alcock.

\ ‘ 1 Stephanophyllia formosigsima Moseley.

| l ! ! Dendrophyllia gerpentina Vaughan.

MAUI ISLAND.
NORTHEAST AND NORTH CoasT.
—— —_— - - -

4079...... | ]43—]78..! 60.8. ... gy. s for .. ... | Flabellum paroninum Lesson, typical.

| i | I. paroninum var. paviparoninum Alcock.
4080. ..... | 178-202. .| 56.4..._.. gy. s for_..... Fiabellum paroninum Lesson, typical.

i ] ! F. pavoninum var. pariparoninum Alcock.

| R I ‘ Stephanophyllia formosisgima Moseley.
4081...... | 202-220.. 51.7..... | &Y. 8 for ...... Flabellwm paroninum Lesson, typical.

| 1 F. paroninum var. pariparoninmm Alcock.
4098...... [ 95-152.. .| 64.8..... , co. 8. for. r.._.| Paracyathus maniensis Vaughan.

} ( ‘, Balanophyllia diomedex Vaughan.

Avau CiaxNenL: Berweeny Maur axp Laxar

3871...... 13430 ool "fne. wh.s...... Leptoseris digitata Vaughan.
3872...... 3243.... T4.6..... Lyl s p.co..... Leptoseris digitata Vaughan.

! : ‘ * Montipora tenuicaulis Vaughan.
3876...... ! 28-43. .. .‘ T4....... T - SN ' Leptoseris scabra Vaughan.

1
l
1

Leptoseris digitata Vaughan.
i Leptoseris tubulifera Vaughan.
| Porites studeri Vaughan.
| Porites bernardi Vaughan.
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MAUI ISLAND—Continued.

Paittoro CHANNEL: BETWEEN MAvul AND MoLok Al

Station.

Tempera-
ture of

' Depth.
' bottom.

256-283 . .

- 136-148. .

130-151..
’ 122—143..‘ 5

Bottom.

fne. s.

fne. s.

fne.vol.s.r ...

yhm ...

yl.m

co.s.sh. for ...

co.a.sh.for ...,

i
Name,

Flabellum pavoniniun Lesson, typical.

F. pavoninum var. pariparoninum Alcock.
Anthemiphyllia pacifica Vaughan,
Stephanophyllia formorizssima Moseley.

. Flabellum pavoninwmn var. paripavoninum Alcock.
Anthemiphyllia pacifica Vaughan.
Flabellum paroninwm var. latwin Studer.
I Caryophyllia hawaiiensis Vaughan.
" Plucotrochus fuscus Vaughan.
Leptoseris hawaiiensis Vaughan,

Flahelhon paroninum  var. distinctum Milne Ed-
wards and Haime.

Stephanophyllia formosissima Moseley.

- Balanophyllia divmede var. mauiensis Vaughan.
I

MOLOKATI ISLAND.

SovrTi

Coasr.

Pukoo....

Pukoo....

5-15feet. ..........

Pocillopora cespitosa Dana.

P. cespitosa var. tumida Vaughan.
P. cespitosa var. stylophoroides Vaughan.
Pocillopora ligulata Dana.

Pocillupora meandrina Dana, typical.
P. meandrina var. nobilis Verrill.

' Leptastrea hawaiiensis Vaughan.

Cyphastrea ocellina (Dana).

Fuvia hawatiensis Vaughan.

Fungia scutaria Lamarck.

Pavona varians Verrill.

Parona duerdeni Vaughan.

Montipora flabellata Studer.

Porites compressa forma angustizepta Vaughan.

P. compressa forma angustisepla subforma delicatula
Vaughan.

P. compressa forma angustisepta subforma paucis-
pina Vaughan.

Porites pukoensis Vaughan.
Poritex lobata forma parvicaly.c Vaughan.

P. lobata forma centraliz subforma alpha Vaughan.
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MOLOKAI ISLAND—Continued.

Sovrn Coarr—Continued.

: ‘ Tempera-
Station. Depth. \ ture of Bottom. Name.
| bottom

Pukop....[36feet.. | ... . .|l P, lobata forma centralis subforma beta Vaughan.
P. lobata forma centralis subforma gamma Vaughan.
P. lobata forma centralis subforma delta Vaughan.
Porites brighami Vaughan.

Kalaeloa .|... ... .. |ccoooi oo imomaiiiaaaiaaas Prammocora verrilli Vaughan.

Mr. John F. G. Stokes, of Bernice Pauahi Bishop Museum, Honolulu, who aided
in making the collection from Pukoo and Kalaeloa, has kindly furnished the following
notes on the conditions under which the specimens from those localities were obtained.

The part of Molokai Doctor Duerden and I visited is steeply mountainous inland, fringed with a’
narrow strip of level land along the shore. I could not tell you if the plain were raised coral reef, as
we did not investigate, but the surface is mountain wash. There are no streams to speak of, the water
in this island generally reaching the sea by means of springs at the sea line. However, no springs

21:05'

156-50

Coast line of the south side of Molokai Island. The letters a to f indicate places where collections were made and are
referred to in the text; + and g indicate stations from which operations were conducted.

were noticed. There had been heavy rains just before our visit and for the first few days the sea was
very dirty—probably from the surface wash.

The inclosed rough tracing is from the Hawaiian government map of 1897, the coast line being
denoted by heavy and the fringing fish ponds by light lines. Merely approximately and only for the
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purpose of illustration, the line of the reef is marked by a dotted line and the areas explored by hori-
zontal broken lines.

At Pukoo, a hut at 4+ was our base, and from here we waded toward the outer edge of the reef,
followed by the boat. Along the shore the water was a few inches deeper thana few yards out, with
no coral, and then the depthgradually grew from 2 feet, increasing approximately at the rate of 6 inches
in 100 yards, until the edge was reached. TUhnlike the reefs at Kahana and Waikiki, Oahu, there was
no rise at the outer edge. Proceeding seaward from the first appearance of coral, for a long distance
the surface of the bed was composed of living and dead coral, the proportion of the Jatter in sight
being more than four to one of the former. The dead material was held together by thin growths of
various colored corallines incrusted on the surface, and was so fragile and loosely piled up that our feet
would often break through, sometimes to a depth of twelve inches, and stir up a cloud of fine white
particles. There was little or no real beach sand, and in the area ) less than at a. It was always a
relief to meet something solid in the shape of a piece of the bare reef rock ora little mound of massive
Porites. In this belt of a and b, nearly all the corals were found at depths of 2 to 5 feet—in fact 1
might say, specimens of all the Molokai corals intermingled except Fungia and Psawmmocora.  Still
going seaward, the bottomn became smoother and the broken coral disappeared, leaving the reef rock
bare and broken into holesand caverns (some of them immense) at the outer edge. It was in some of
these holes (at ¢) that the specimens of Fungia were secured at depths of from 5 to 15 feet.  Outside the
broken coral, on the reef rock, the species occurring most numerously was Pocillopora cespitosa, while
nearly all the specimens of Porites hrighami were collected there, and no other forms of Porites. I believe
that one or two specimens of Pavona duerdeni and Pocillopora ligulata were also met with, but I do
not remember P. meandrina there. When I called this part of the reef bare I wizhed to convey the
idea that there was no more coral than one small colony to a square rod of reef. At d, near the inside
of the broken coral belt, was a large patch, 100 yards square or more, of Mmutipora verrucosa growing
almost to the surface of the water and excluding all other species from the locality. Throughout
a and b there was little or no vegetable growth apparent.

It might be worth mentioning that there was a general lack of firmness, and an appearance of
debility, among the Porites gathered at Pukoo, which effect was also noticed at Waikiki.  Porites lobata
was always collected corroded at the base; while at Kahana, Oahu, on the windward «ide, the same
species was very solid and looked much healthier.

From the point at g with its sandy beach, the area e at Kalaeloa was explored and Pocillopora
cespitosa and Cyphastrea ocellina found in small colonies amid a thick growth of marine vegetation on
a bar 18 inches deep. On either side of the bar was 6 feet of water over a sandy bottom. Then a
canoe was rowed seaward and passed over acres of Porites compressa forma abacus 18 inches to 2 feet
below the surface, as well as my memory serves me.  Except at f, and a few specimens of Cyphastrea,
the entire bed contained only the one species, but that one was in a very flourishing condition. The
bed was composed of hummocks of Porites, with narrow strips of sand 6 feet deep between, and the
sun shining on the extended animals made it appear that the bottom of the sea was paved with gold.
At fthe only specimens of Psammnocora verrilli were found, all in one large colony about half a yard
square. ’

Of course all collecting was done at low tide, but this would under ordinary circumstances only
mean an advantage of about 2 feet over high tide. I might mention that we always prefer securing
specimens ourselves to leaving that work to the native divers. The current at Pukoo, I understand,
sets in from the northeast.



Station,

Kaunakakai ....

3827 .cennn... .--

|
|
|
|
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Depth,

Reef

78-222. ..

319-371..

281-319..
88-142_ ..

169-182..

92-212_..

60-64....
23-24....

44-73...0 7

43-66....

127-130..

27

Morokar, Sourr Coast {continued).

Temperu-
ture of
bottom.

Name.

It.gyv.br.m ...

brk.sh. g
s. p. brk. sh.r..

‘ fne.br.e.m....

fne. gy. br.s...

crs.8. p.sh.o...

crs. 8. brk. sh.
co.

fne. br.s. g....|
!

Pocillopora cespitosa Dana, typical.
Pocillopora meandrina var. nobilis Verrill.

Montipora verrucosa (Lamarck).

Porites compressa forma conjungens Vaughan.
P. compressa forma profundicalyr Vaughan.

Bottom.
Cyphastrea ocellina (Dana).
Pavona varians Verrill.
Montipora verrilli Vaughan.
Porites lobata Dana.
fne.s.p........

Leptoseris hawaiienses Vaughan.
Leptoseriz scabra Vaughan.
Balanophyllia desmophyllioides Vaughan.
Caryophyllia octopali Vaughan.

C. octopali var. incerte Vaughan,
Ceratotrochus la.rus Vaughan.

Anisoprammia  amphelioides var. cucullata
Vaughan.

Caryophyllia octopali Vaughan.
Paracyathus molokensis Vaughan,
Madracis kauaiensis Vaughan.

M. kauaiensis var, macrocalyr Vaughan.

Flabellum pavoninum var.
Alcock.

paripavoninum
Cyathoceras diomedew Vaughan.
Caryophyllia hawaiiensis Vaughan,
Anthemiphyilia pacifica Vaughan.
Madracis kauaiensis Vaughan.
Stephanophullia formosissima Moseley.
Leptoseris hawaiiensis Vaughan.
Pocillopora molvkensis Vaughan.
Leptoseris digitata Vaughan.
Montipora tenuicaulis Vaughan,
Montipora bernardi Vaughan.

Fungia patella (Ellis and Solander).
Leptoseris hawaiiensis Vaughan.
Leptoseris scabra Vaughan.

Fungia patelle (Ellis and Solander).

Fungia fragilis (Alcock).
Stephanophyllia formosissima Moseley.




28 RECENT MADREPORARIA OF THE HAWAIIAN ISLANDS AND LAYSAN.

SovTtit oF MoLokal, WEsT oF LANAlL

Tempera-
Station. Depth, ture of Bottom. Name.
bottom. ]

3895 . e 252429 | 47....... l COT coecannnnn | Puracyathus tenuicalyr Vaughan.

NorTH CoAsT OF MOLOKAL

3906, ... ........ 1 66....... 2., gyv. s. sh. p ._..| Stephanophyllia formosissima Moseley.

Kaiwi CiuaxNEL, BETWEEN MoLokal AND QaHU.

3893 . cieann ‘ 220-346. .| 47....... fne. wh. 8. r ...| Desmophyllum cristagalli Milne Edwarde
l and Haime.

Anisopsammia amphelioides ( Alcock).

OAHU ISLAND.

SovTH SIDE.

Honolulu....... Reef ..o ... e ecteeceaeaaans Pocillopora cespitosa Dana, typical.
Pocillopora ligulata Dana.

Pocillopora meandrina var. nobilis Verrill.
Stephanaria stellata Verrill.

) (R P O PO eceeeaaan Montipora verrucosa (Lamarck).

N S PO Porites compressa Dana.

P. compressa forma bulbosa Quelch.

Porites lobata Dana.

P. lobata forma centralis subforma gamma

Vaughan.
Kalihi Harbor ..! 3-6feet.. ... ... ..l ... .. Porites (Synarxa) hawaiiensis Vaughan.
Waikiki........ Reef ............ N Pocillopora cespitosa Dana.

Pocillopora ligulata Dana.

Pocillopora meandrina var. nobilis Verrill.
Leptastrea hawaiiensis Vaughan.
Cyphastrea ocellina (Dana.)

Faria hawaiiensis Vaughan.

Fungia scutaria Lamarck.

Stephanaria stellata Verrill.

Pacona varians Verrill.

Porites compressa forma angustisepta Vaughan,
Porites erermanni Vaughan

Porites lobata Dana, typical.

P. lobata forma lacera Vaughan.

i I'P. lvbata forma infundibulum Vaughan.
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ISLAND—Continued.

SovtH SipE—Continued.

Tempera-
ture of
bottom.

Station. Depth.

Bottom. Name.

Waikiki........

Pearl Harbor ...‘.._...: .................

| 53-211... 47.7
C281-369.. 44.5

It. gv. s. brk.
sh. co. r.

.......... | fne.
co.

- P. lobata forma parricalyr Vaughan,

" P. lohata forma centralis subforma alphe
. Vaughan.

P.

lobata - forma  centralis subforma beta

Vaughan.
r.

lobata forma centralis subforma della

Vaughan.

DI. lohata forma centralis subforma epsilon
Vaughan.

Porites brighami Vaughan.

Porites compressa forma fragilis Vaughan.

Endopachys oahense Vaughan.

Anisopsammia  amphelioides var. cucullata
Vaughan. .

co. 8. for | Pocidlopora meandrina var. nobilis Verrill.

NORTH SIDE.

Kaneohe 3-6 feet. . |.......... ' R

Kahana ........ 36feet .| cae.no...

. Leptastrea agassizi Vaughan.
Cyphastrea ocellina (Dana).
Fungia scutaria Lamarck.
Parona varians Verrill.
Dendrophyllia manni Verrill.
Montipora verrucosa (Lamarck).
Montipora verrilli Vaughan.
Porites compressaformagranimurata Vaughan,
Lorites compressa forma elongata Dana.
DPorites compressa forma abacus Vaughan.
Porites compresga forma tumida Vaughan,
Porites duerdeni Vaughan.
Durites evermanni Vaughan.
Porites lobata Dana.
...... Pocillopora cespitosa var. tumida Vaughan.
. P. cespitosa var. stylophoroides Vaughan.
Pocillopora meandrina var. nobilis Verrill.
Cyphastrea ocellina (Dana).
Pavona rarians Verrill.
Stephanaria brighami Vaughan.
Montipora verrucosa (Lamarck).
Montipora flabellata Studer.

Montipora verrilli Vaughan.
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OAHU ISLAND—Continued.

Nortir Sipe—Continued.

Station. Depth. TfS:(':(:r;" Bottom, Name.
bottom.
Kahana ......_. E I R Porites compressa forma angustisepta Vaughan.
! | Porites compressa forma pilosa Vaughan.
Poritez compressa forma compacta Vaughan.
Porites compressa forma diraricans Vaughan.
Porites lobata forma lacera Vaughan.
P. lobata forma infundibulum Vaughan.
P. lobata forma centralis subforma alpha
Vaughan.
NORTAWEST COAST.
4114 ... 154-195.. 60.7..... co. 8. foro ..., Dendrophyllia oahensis Vaughan.,
4115....... e 195...... | 55.1..... co. 8 for...... Flabellum pavoninum var. pariparoninum Al-
cock.
I Cyathoceras diomedex Vaughan.
Katere-Wano CHANNEL, BETWEEN OAHU aNxD Kavarn
£ D S, 963-1124. 36.4..... Cbrom for. roo .. Bathyactis hawaiiensis Vaughan,
| |
VICINITY OF KAUAT ISLAND.
3982 ... 40-233.. . 48.5..... | ers. br. co. . sh .| Madracis kauaiensis Vaughan.
“ Anizopgammia  amphelivides var. cucullata
' . Vaughan.
3991............ 272-296. . 43.7..... fne. 8. ro....... Gardiveria havaiiensis Vaughan.
3999. .. ......... T-148. . ii.... co.s. shooo... Flabellum paroninum var. distinctum Milne
' Edwards and Haime.
’ . Placotrochus fuscus Vaughan,
Cuathoceras diomedex Vaughan.
Balanophyllia diomedea Vaughan,
Montipora rerrucosa (Lamarck).
4024, ...l.... 24430 T3.7.. .. ers. co. 8, for...| Leptogeriz hawaiiensis Vaughan.
Montipora studeri Vaughan.
4128, ..., 68-253. ... 47.8..... erbrk.cosfor Fungia patella (Ellis and Solander).
Leptoseris hawatiensis Vaughan.
Y S 257-312.. 46.8..... “ fne. gv. 8. m. .| Flabelbun parvoninum Lesson, typical.
‘ Leptoseris hawaiiensiz Vaughan.
41330 i 41-312.. .‘ 143.8..... o fne. gv. 8. ro. .| Trochoeyathus oahensis Vaughan.
4135 ..., 225-294_ . Hl.4..... " fne. co. 8 ... Muadracis kawaiensis Vaughan,
4136 ... ........ 294-352_ | 44.2. ... “ fne. co. s ...... Madrepora kauaiensix Vaughan.

Mussa ? sp., young. ?
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VICINITY OF MODU MANU, OR BIRD ISLAND.

Vaughan.

’ Tempern- !
Station. ‘ Depth, ture of I Bottom, Name.
bottom,
B 10l i 876...... 38....... ‘ fne. co.s. for. r.| Flabellum deludens v. Marenzeller.
Caryophyllia alcocki Vaughan.
4147 e ‘ 26, . el TT.9..... ; co. corln.._.... Montipora verrucosa (Lamarck).
4158 ... ... ... 20-30. .. | 78.6..... co.corln. .. ... Montipora verrucosa (Lamarck).
4163 .. ... ..... | 2440} 8. 1..... : [0 J Montipora verrucosa (Lamarck).
4167 ..., C18-20. CO. B Pocillopora modumanensis Vaughan. ,
4168......... ...' 20-21....) 78.3..... co. 8. for..__... Poritex compressa  forma profundorum
| Vaughan.
4169.......... . .‘ 21-22. .| T8.6... .| COamcaaannn.. Porites compressa forma breviramosa Vaughan.
_ | o _
FRENCH FRIGATE SHOAL.
| i |
3968, ... ... 143164 | . ee...lcmos.cooo... L Pocillopora cespitosa var. laysanensis Vaughan.
} ‘ Pocillopora ligulata Dana.
3970....... ...-.i 17-17%. .. ers. 8. sh. co ...‘ Porites compressa forma  profundorum
i

LAYSAN.

Pocillopora cespitosa Dana.
Pocillopora meandrina Dana.

P. meandrina var. nobiliz Verrill.
P. meandrina var. tuberosa Verrill.
DPocillopora ligulata Dana.

Furia rudis Verrill.

Leptastrea stellulata Verrill?
Cuphastrea ocellina (Dana).
Fungia scutaria Lamarck.
Montipora verrucosa (Lamarck).
Montipora flabellata Studer.
Montipora dilatata Studer.
Montipora patula Verrill?

Porites lobata Dana.

Porites quelchi Studer.

Poritex lanuginosa Studer.

Dorites schauimslandi Studer.

Porites diseoidea Studer. e

aThe preceding list of species from Laysan is taken from Studer's Madreporarier von Samoa, den Sandwich Inseln
und Laysan, Zool. Jahrb., Syst., V, 1901, p. 426, except Fungia scutaria, which is well represented in the collections made

by the *Albatross’ in 1902.

I have somewhat modified Professor Studer's nomenclature to bring it into accord with the

results of recent study, aud have queried the determinations of Leptastrea stellulata Verrill and Montipora patula Verrill,
as I doubt the correctness of cach of them.  Further than that the corals occur in reefs, no data regarding the physical

conditions under which they live is given.
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LAYSAN—Continued.

I Tempera- }
Station, Depth, . tureof Bottom. Name.
bottom,

B 10X ¥ N 1 130-148.." 63...._.. wh. 8. sml. sh..| Balanophyllia laysanensis Vaughan.

3949, ...l 59-152. . S 69.5..... l wh. 8. brk. Sh"i Leptoseris hawaiiensis Vaughan

3952 . .aal.... 347-351.. 4h.l..... wh.s. g....... ? Cyathoceras diomedex Vaughan.a

3955, . - 20-30.... T4....... ceooroalg o ool. Pocillopora cespitvsa var. laysanensis Vaughan.
3959, ... 10....... e "wh.s. co...... Pocillopora  cespitosa  var.  stylophoroides

i Vaughan.

a] am not sure that this species came from Station 8952,
BATHYMETRIC DISTRIBUTION.

The bathymetric data relating to the collections of the Hawaiian corals are not so
definite as is desirable, largely because of the rugged character of the sea bottom.
During the same haul the dredge may be on the bottom at very different depths.
For instance, at Station 3999, off Kauai Island, the depth between the beginning and
end of theé haul varied from 7 to 148 fathoms. At that station five species of corals
were obtained, namely, Flabellum paroninum var. distinctum Milne Edwards and
Haime, Placotrochus fuseus Vaughan, Cyathoceras diomedee Vaughan, and Montipora
rerrucosa (Lamarck). It is impossible to ascertain from this record the depth at
which any one of the species was obtained. By comparison with other records, it
seems probable Flabellim pavoninum var. distinctune came from a depth of slightly
more than 100 fathoms; Facotrochus fuscus from about 1485 Cyathoceras diomeder
from the same depth; while the Montipora verrucosa came from less than 40 fathoms.

SPECIES LIVING BETWEEN 1 AND 25 FATHOMS,

Docillopora cespitosa Dana, typical.
Docillopora cespitosa var. twmida Vaughan.
Pocillopora cespitosa var. laysanensis Vaughan,
Locillopora cespitosa var, stylophoroides Vaughan,
Docillopora molokensis Vaughan.

Docillopora modwmanensis Vaughan,
Docillopora ligulata Dana.

Locillopora frondosa Verrill.e

Locillopora meandrina Dana.

Pocillopora meandrina var. nobil/s Verrill.
Docillopora meardrina var. tuberoxa Verrill,
Locillopora informis Dana.®

Leptastrea stellulata Verrill,

Leptastrea agassizi Vaughan,

Leptastrea hawadiensis Vaughan.

Cyphastrea ocellina (Dana).

Calustrea tennids Verrill.
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Fuvia hawaiiensis Vaughan.
Fuvia rudis Verrill.
Fuvia hombrone (Rousseau)?.2
Fungia scutaria Lamarck.
Fungia onhensis Doderlein. @
Lavona varians Verrill.
LPavona duerdeni Vaughan,
Leptoseris digitata Vaughan,
Stephanaria stellata Verrill,
Stephanaria brigham: Vaughan.
LPsammocora verrilll Vaughan.
Dendroplyllia manni Verrill,
Montipora dilatata Studer.
Montipora verrucosa (Lamarck).
Montipora tenuicaulis Vaughan.
Montipora bernardi Vaughant?.
Montipora flabellata Studer.
Montipora patula Verrill. @
Montipora verrille Vaughan.
Lorites mordax Dana.
Lorites compressa Dana.
L. compressa forma angustisepta Vaughan.
L. compressa forma angustisepta subforma delicatula Vaughan.,
P. compressa forma angustisepta subforma paucispina Vaughan.
L. compressa forma fragilis Vaughan.
P. comprexsa forma conjungens Vaughan.
P. compressa forma profundicalyr Vaughan.
P. compressa forma pilosa Vaughan.

% compressa forma densimurata Vaughan.
L. compressa forma granimurata Vaughan.
compressa forma clavus Vaughan,
compressa forma compacta Vaughan.
conmpressa forma divaricans Vaughan.,
compressa forma elongata Dana.
conpressa forma profundorwin Vaughan,
compressa forma breviramosa Vaughan.
L. compressa forma abacus Vaughan.
compressa forma tumida Vaughan.
P. compressa forma bulboxa Quelch.
Lorites duerdeni Vaughan.
Lorites evermanni Vaughan.
Lorites pukoens/s Vaughan,
Dorites lobata Dana.
P. lobatu forma lacera Vaughan.

.

N
x>
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P. lobate forma infundibulim Vaughan,

L. lobata forma parvicalye Vaughan.

D. lobata forma centralis subforma alpha Vaughan.
L. lobata forma centralis subforma deta Vaughan.

P. lobata forma centralis sabforma gamma Vaughan,
P. lobata forma centralis subforma delta Vaughan.
L. lobata forma centralis subforma epsilon Vaughan.
L. lobata forma aperta Vaughan.

Lorites quelche Studer.®

Dorites brighams Vaughan.

Lorites lanuginosa Studer.s

Lorites discoidea Studer.®

LPorites schauinslandi Studer.®

Porites irreqularis Verrill.®

Lorites hawaiiensis Vaughan,

Alveopora verrilliana Danal,

Of the 77 species or subdivisions of species here listed 2 are queried. The first,
Montipora bernard/, occurs at a depth between 23 and 34 fathoms. It may have
been obtained at a depth either greater or less than 25 fathoms. The locality of the
second queried species, Alreopora verrilliana, is not positively known; it may not have
come from the Hawaiian Islands. Data, as indicated by reference to a footnote, are
deficient for 12 of the forms. As we know, however, something of the conditions
under which they were collected, we feel assured that they came from very shallow

water.
SPECIES LIVING BETWEEN 15 AND 40 FATHOMS,

Pocillopora cespitosa var. laysanensis Vaughan,
Locillopora meandrina var. nobilis Verrill.
Pavona varians Verrill.

Leptoseris hawaiiensis Vaughan,
Leptoseris scabra Vaughan.

Leptoseris digitata Vaughan.

Leptoseris tubulifera Vaughan.,

Montipora verrucose (Lamarck).
Montipora tenuicanlis Vaughan,

Montipora bernardi Vaughan?.

M. bernard: var. subglabra Vaughan.
Montipora studeri Vaughan,

LPorites studerd Vaughan,

Lorites bernard/ Vaughan,

This list, containing the names of 14 forms, is interesting, as it shows that sev-
eral of the more strictly reef species may live at a depth as great as 30 or 40 fathoms.
Four of the five genera present are reef builders, but one of them, FPorites, is repre-
sented by forms sufticiently different to be considered distinet species.

The differences observed between individuals of the same species and different
species of the same genera (as, for instance, Mont/pora and Porites), living at depths

a Depth not given, but the assumption seems xafe.
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both less and greater than 25 fathoms, in fact the greater limit in depth might be
placed at 16 or 17 fathoms, should be especially noted. The specimens from the lower
bathymetric limits are smaller, more slender and fragile in ramose forms, appearing
to be stunted. The cause of the differences is not known at present. It probably
is not due to differences in temperature, as will be shown later; nor can it be attrib-
uted to differences in the character of the bottom. Three possible causes suggest
themselves, but no data are available to aid in reaching a conclusion. They are,
differences in the strength of the light, in the pressure due to greater depth, or in
the food supply. These physiologic factors need investigation.

Within this bathymetric zone the reef-building species cross boundaries with the
deeper water forms; that is, the species of Leptoseris.

SPECIES LIVING BETWEEN 40 AND 100 FATHOMS.

Madracis kawaiensis Vaughan.

Fungia patella (Ellis and Solander).

Fungia fragilis (Alcock).

Leptoseris hawaiiensis Vaughan.

Leptoseris scabra Vaughan.

Stephanophyllia formosissima Moseley.

Balanophyllia d(’\/II(II)}I _//lwuies Vaughan.

The fauna of this bathymetric zone is poor. The two Fungie are confined to

it, while the two species of Leptoseris are best represented here. The other forms
really belong to a deeper water fauna.

SPECIES LIVING BETWEEN 100 AND 200 FATHOMS.

Flabellum pavoninwm Lesson, typical.

F. pavoninwm var. distinctum Milne Edwards and Haime.
F. pavoninwm var. paripavoninwm Alcock.
Llacotrochus fuscus Vaughan.

Laracyathus maviensis Vaughan.
LParacyathus molokensis Vaughan.
Deltocyathus andananicus Aleock.
Caryophyllia hawdiiensis Vaughan.
Cyathoceras diomedex Vaughan.
Anthemiphyllia pacifice Vaughan.
Madracis kRauaiensis Vaughan.

M. kavaiensis var. macrocalye Vaughan.
Leptoseris hawaiiensis Vaughan.,
Stephanophyllia formosissima Moseley.
Lndopachys oahense Vaughan.
Balanophyllia desmoplyllio/des Vaughan.
Balanophyllia laysanensis Vaughan.

B. diomedee Vaughan,

Balanophyllia diomedez var. mawiensis Vaughan.
Dendrophyllia oahensis Vaughan.
Dendrophyllia serpentina Vaughan.

Thxs zone is the richest in forms next to the reef zone.
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SPECIES LIVING BETWEEN 200 AND 300 FATHOMS.

Flabellum pavoninum Lesson, typical.

F. pavoninwm var latum Studer.

F. pavoninwm var. paripavoninum Alcock.
Gurdineria luaraiiensis Vaughan.
Desmophyllum eristagalll Milne Edwards and Haime.
Laracyathus tenvwicalyr Vaughan .
Trochocyathus oahensis Vaughan.
Caryophyllia octopali Vaughan.
Cyathoceras diomedeze Vaughan.

Madracis kavaiensis Vaughan.

Leptoseris hawaiiensis Vaughan.
Anisopsammia amphelioides (Alcock).

A. amphelioides var. cuenllata Vaughan,

SPECIES LIVING BETWEEN 300 AND 400 FATHOMS.
Desmophyllum cristagall/ Milne Edwards and Haime.
Caryophyllia octopali Vaughan.

C. octopali var. incerta Vaughan.
Cyathoceras diomedex Vaughan?.
vratotrochus la.rus Yaughan,
Madrepora kanaicnsis Vaughan,
Mussa 2 sp. young?.
Anisopsancnia ampheioides var. cuewllata Vaughan,

SPECIES LIVING BETWEEN 400 AND s00 FATHOMS.
None.
SPECIES LIVING BETWEEN 500 AND 6o FATHOMS.
None.
SPECIES LIVING BETWEEN 600 AND 700 FATHOMS.
Flahollvum deludens von Marenzeller.
SPECIES LIVING BETWEEN 700 AND 800 FATHOMS.

None.

SPECIES LIVING BETWEEN 800 AND goo FATHOMS.

Flabellum deludens von Marenzeller.
Caryophyllia aleocki Vaughan.

SPECIES LIVING BETWEEN goo AND 1,150 FATHOMS,

Bathyactis hawaddansis Vaughan,
No species wus found at a depth greater than 1,150 fathoms,
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Table showing the numerical distribution of forms according to depth.
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The preceding table is not absolutely correct, because of the insufliciency of the
data regarding the depth at which some of the forms were collected. As some of
the species are divided into ‘*varieties” or **forma™ the problem of comparison is
additionally complicated. The following general conclusions are clearly indicated:

The greatest number of forms are developed in shallow water, between 0 and 25
fathoms. There are over five times as many forms between .0 and 25 fathoms as
between 25 and 40. Forty fathoms represent the maximum depth to which any
reef species extends. There is rapid further decrease hetween 40 and 100 fathoms,
the ratio to the number occurring hetween 0 and 25 fathoms being 1:11; between
25 and 40 fathoms, 1:2.  Only 2 forms are peculiar to this depth, the others ranging
into shallower or deeper water, while one ranges into both shallower and deeper.

The number of forms increases between 100 and 200 fathoms; the ratio to the
number between 40 and 100 being 3:1. Between 200 and 300 there is a marked
decrease; hetween 300 and 400 a still further decrease. From 100 to 400 fathoms,
however, secems to be a second faunal zone.

As this is considered a very important zone, the forms occurring in it are relisted.

FORMS OCCURRING BETWEEN 100 AND 400 FATHOMS.

Flabellwm pavoninum Lesson, typical.

F. pavoninum var. distinctum Milne Edwards and Ilaime.
F. pavoninune var. pariparoninum Alcock.

F. pavoninwm var. latwm Studer.

Hacotrochus fuscus Vaughan.

Gardineria hawaiiensis Vaughan.

Desmophyllumn cristugall Milne Edwards and Haime,
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Paracyathus tenuicalyx Vaughan.
Paracyathus mauiensis Vaughan.
Paracyathus molokensis Vaughan.
Deltocyathus andammanicus Alcock.
Trochocyathus oakensis Vaughan.
Caryophyllia octopali Vaughan.,
Caryophyllia octopal? var. {ncerta Vaughan.
Curyophyllia hawaiiensis Vaughan.
Cyathoceras diomedez Vaughan.
Ceratotrochus larus Vaughan,
Anthemiphyllia pacifica Vaughan.
Madrepora kavaiensis Vaughan.
Madracis kavaiensis Vaughan.

M. kauaiensis var. macrocalyr Vaughan,
Mussa? sp. young?.

Leptoseris hawaziensis Vaughan,
Stephanophyllia formosissima Moseley.
Endopachys oakense Vaughan?,
Balanophyllia hawaiiensis Vaughan.
Balanoplyllia desmophyllioides Vaughan.
Balanophyllia laysanensis Vaughaun.
Balanophyllia diomedex Vaughan.

B. diomedee var. mauiensis Vaughan,
Dendrophyllia oakensis Vaughan.
Dendrophyllia serpentina Vaughan.
Anisopsamueia amphelioides (Alcock).

A. amphelioides var. eucnllata Vaughan,

Thirty-four of the 124 forms recognized occur between 100 and 400 fathoms.
Not one of them ranges into deeper water; while only 4 (Madracis kavaiensis
Vaughan, Leptoseris hawatiensis Vaughan, Stephanophyllia formossima Moseley.
Balanophyllia desmophyllioides Vaughan) certainly occur in shallower water.  Endo-
pachys oakense Vaughan, may have been procured in water less than 100 fathoms in
depth. The specics are most numerous between 100 and 200 fathoms.
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The table showing the bathymetric distribution of the genera shows even more
clearly than the discussion of the species the existence of two bathymetric faunal
zones: one between 0 and 25 fathoms; the other, between 100 and 400. Between 25
and 100 fathoms is an intermediate zone; 4 of the 5 genera hetween 25 and 40 fathoms
represent a downward extension of the shallow water, or reef fauna: 4 of the 5 genera
hetween 40 and 100 fathoms represent the upper limit of the deeper water fauna.
The Fungiew listed under ¢“40-100” fathoms are a ** Cycloserie” and ** Diaseris;” they
arce not found between other depths around the Hawaiian Islands.

As the region between 100 and 400 fathoms represents, in my opinion, one
faunal zone, the genera occurring in it are listed collectively, to bring out its richness
in genera, and <o that it may be contrasted with those found between 1 and 25 fathoms.

Flabellwm. “Caryophyllia. Leptoseris.
Plucotrochus. Cyathoceras. Stephanophyllia.
Gardinerda. Ceratotrochus. Endopachys?.
Desimophyllum. Anthemiphyllia. Balanophyllia.
Paracyathus. Madrepora. Dendrophyllia.
Deltocyathus. Madracis. Anisopsammia.
Trochocyatlius. Mussa ?.

Of the 20 genera occurring in this zone, only 2 were found in the 0-25 fathoms
zone. .

This bathymetric zone, limited by the 100 and 400 fathom lines, in the vicinity of
the Hawaiian Islands is especially characterized by an abundance of species and
genera of Turbinolid and Eupsammid corals and some species of slender, branching
Oculinids and Stylophorids. There are also some fragile Fungids.

The zone between 0 and 23 is characterized by an abundance of larger, more
luxuriant corals belonging to the Pocilloporide, Orbicellidwe, Faviide, the simple
and compound Fungids, the Montiporinwe, and the Poritide.

Bathymetric studies of this kind are of decided importance in the interpretation
of paleontologic data. The following generalizations can he made for the Hawaiian
Islands:

1. An abundance of individuals belonging to the Pocilloporide, Orbicellidw,
Faviidie, massive Fungids, Montiporine and the Poritidwe indicate a depth of less
than 25 fathoms. Occasional individuals may grow at a depth of 40 fathoms. With
increasing depth individuals of the same species become smaller and more fragile.

2. An abundance of Turbinolid and Eupsammid species, and slender, ramose
Oculinids and Stylophorids (as, for instance, Madracis) indicate a depth of 100 to 400
fathoms. The best conditions for the growth of these corals are realized between
100 and 200 fathoms.

3. Around the Hawaiian Islands two faunal zones can be distinguished, with an
intermediate zone from 25 to 100 fathoms. Within this zone there is some com-
mingling of faunas. '

4. Beyond the 400-fathom limit.the fauna is poor, and the species outside it are
extremely fragile. . ‘

As has been said, the data at hand warrant these conclusions for the Hawaiian
Islands.  Many studies of this kind are needed to know-more thoroughly the relations
between corals and depth of water.
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DISTRIBUTION ACCORDING TO TEMPERATURE.

- The first consideration here is to ascertain the temperature of the surface of the
water. The records of the dredgings of the .A/hatross in 1902 have been used to
furnish the data. The records for the various islands and channels will be given,
beginning with the most easterly.

HAWAII ISLAND.
NoRTHEAST COAST.

For this coast there are twenty-four records: Two give a temperature of 74> F.:
two, 75°; eight, 76°; twelve, 77°. The range is from 74 to 77°,

WEsT CoasT,
.

Records: Four, 76°; ten, 77°; nine, 78°; three, 79°; three, 80°. There are
29 records, which show a range from 76° to 80°.

. MAUI ISLAND.

NorTHEAST AND NorTH COAST.
Records: Forty, 76-; two, 77°: 42 records; range 76° to 77°.
AUAU CHAXNNEL, BETWEEN MAUI AND LANAI ISLANDS.
Records: Two, 7-&%”; ten, 767; four, 7T7°: 16 records; range 75" to T7°,
ParLoro CHANNEL, BETWEEN MOLOKAI AND Maur ISLANDS, AND NORTHEAST APPROACH.

Records: Fifteen, 7475 ten, 757; seven, 76°; six, 787; two, 79-: 40 records; range,
74° to TY°.
‘ MOLOKAI ISLAND.

Sournt Coasr.

Records: Two, 73°; eight, T4~; twenty-nine, 75°; thirty-six, 76°: 75 records:
range, 73° to 76°.

Norta CoasT.
Records: Four, 74%; five, 75°: 9 records; range, T4° to 75°.
Kaiwr CHANNEL, BETWEEN MOLOKAT AND Oanv ISLANDS,
Records: Sixteen, 76°; two, 77°: 18 records; range, 76° to T7°,
OAHU ISLAND.
Soutn Coasr.

Records: Ten, 74°; nine, 75°; two, 76°: 21 records; range ,74° to T6°.
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NORTHWEST (COAST.
Records: Twelve, 77°; four, 78°: 16 records: range, 77° to 78°.
SouTHWEST COAST.
Records: Six, 79°. Temperature the same for each record.
KA1EIE-WAHO CHANNEL, BETWEEN OAHU AND Kavar Istanps.
Records: Two, 77°; four, 78°: 6 records; range, 77° to 78°.
VICINITY OF KAUAI. ISLAND.

Records: Three, 75°; six, 76°; forty, 77°; thirty-six, 78~; two, T9°: 87 records;
range, 75 to 79°.
VICINITY OF MODU MANU, OR BIRD ISLAND.

Records: Two, T4°; three, 75°; eighteen, 77°; thirty-one, 78°; eight, 79°: 62
records; range, T4~ to 79°.

FRENCH FRIGATE SHOAL.

Records: Four, 74°; two, 757; seven, 76°: 13 records; range, 74° to 76°.
LAYSAN.

Records: One, 73°; eight, 74-; twenty-three, 75; thirty, 76°; four, 77°; one,
78°: 67 records; range, 73° to 78°. )

These records, when considered together, show a total range in the surface
temperature of the water from 73 to §0°. The observations were made between
March 27 and August 29; they therefore are the summer temperatures. Unfortu-
nately data regarding the winter temperatures are not at hand.

Reef corals, growing practically at the surface of the water, were obtained on
the south coast of Molokai, the south coast of Oahu, the north coast of Oahu, and
from Laysan. The surface temperature of the south coust of Molokai ranges from
738° to 76°; that of the south coast of Oahu from 76- to 77-; that of the north coast
of Oahu from 74° to 75°; that of Laysan from 73~ to 78-. There is in the summer
time on the coral-reef areas of the Ilawaiian Islands a range only of 5 in the surface
temperature of the water.

These data offer nothing new regarding the temperature conditions favorable
for the growth of reef corals, Dana, in his Corals and Coral Islands, third edition,
having given a satisfactory discussion of the subject. The data here presented
regarding the Hawaiian Islands, however, furnish a starting point for the present
study. According to Dana, reef corals can endure a range in temperature from
68° F. to 85~ F., but the annual mean must not be below 70-; the summer would be
higher. The lowest summer surface temperature recorded by the Albatross was 73~.
The following schedule will be adopted: Species found between 78% and 73°; 73° and
60°; 60° and 507; 50° and 40°; 40° and 30°.
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SPECIES FOUND AT A TEMPERATURE BETWEEN 78° AND 73° F.

This list would include all species occurring between 0 and 40 fathoms. The list
of species found between those depths can be consulted, and its repetition is thus
avoided (see p. 32).

SPECIES FOUND AT A TEMPERATURE BETWEEN 73° AND 60° F.

Precise maximum tempera-
ture at which collected.

Flabellum pavoninwin Lesson, typical. 66. 5°
F. pavoninumn var. paripavoninum Alcock. 66. 5
Placotrochus fuscus Vaughan. 65

© Paracyathus mawiensis Vaughan. 64. 8
Paracyathus molokensis Vaughan. 63
Caryophyllia hawaziensis Vaughan. 67
Cyathoceras diomedez Vaughan. 60. 61
Anthemiphyllia pacifica Vaughan. 67
Madracis kauaiensis Vaughan. 67
M. kauaiensis var. macrocaly.r Vaughan. 63
Fungia patella (Ellis and Solander). .7
Fungia fragilis (Alcock). . L7
Leptoseris hawaiiensis Vaughan, 3.7
Leptoseris scabra Vaughan. 4
Stephanophyllia formosissima Moseley. 67
Balanophyllia desmophyllioides Vaughan. 69 (77%)
Balunophyllia laysanensis Vaughan, 63
Balanoplyllia divmedex Vaughan. 64. 8
Dendrophyllia oahensis Vaughan. 60. 7

SPECIES FOUND AT A TEMPERATURE BETWEEN 60° AND 50° F.
L]

Flabellum pavoninum Lesson, typical.

F. pavoninum var. distinctiin M. Edwards and Haime.
F. pavoninum var. paripavoninum Alcock.
Cyathoceras diomede:e Vaughan.

Madracis kauaiensis Vaughan.

Stephanophyllia formosissima Moseley.

Balanophyllia diomedea var. mawiensis Vaughan.
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SPECIES FOUND AT A TEMPERATURE BETWEEN 50° AND 40° F.

Precice minimum tempera-
ture at which collected.

Flabellwin pavoninwm Lesson, typical. 46, 8°
F. pavoninwm var. latum Studer, 15
Gardineria hawaiiensis Vaughan, 43.7
Desmoployllon eristagalli Milne Edwards and Haime. 47
Puaracyatlus tennicaly.e Vaughan. 47
Deltocyathus andanianicus Aleock. 49
Trochocyathns onkenxis Vaughan, 41.6
Caryophyllia octopal! Vaughan. 42.1
C. octopali var. incerte Vaughan, 42.1
Cyathoceras diomedex Vaughan, 45
Ceratotrochus larus Vaughan, 42.1
! Mudrepora kanalensis Vaughan. 44, 2

Madracis kavaiensis Vaughan.

Mussa 2 sp. young .

Leptoseris hawaiiensis Vaughan.
Stephanophyllia formosissima Moseley.

M M= -
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Endopachys onkense Vaughan. 47.7
Balunoplyllia hawaiiensis Vaughan. +4
Dendrophyllia serpentina Vaughan. 19
Anisopsamnecia amphelioides (Alcock). 47
A. amphelioides var. cucnllate Vaughan, 2.1

SPECIES FOUND AT A TEMPERATURE BETWEEN 40° AND 30° F.

Flabellwm deludens von Marenzeller.
Curyophyllia aleocki Vaughan.
DButhyactis hawaiionsis Vaughan

General conclusions regarding the correlation between temperature and the
distribution of the species of Madreporaria around the Hawaiian Islands:

Temperature 78-=73% F.—Seventy-seven of the 124 forms recognized live within
these temperature limits and at a depth of less than 40 fathoms.

Temperature 73°-60- F.—Nineteen forms live between these limits. These
forms should be divided into two temperature zones: First, between 73° and 702,
in which 4 species occur, namely: Fungia patelle (Ellis and Solander), Fungia
Sragies (Alcock), Leptoseris hawadionsis Vaughan, and Leptoserds scabra Vaughan.
The first two were found only within these temperature limits and only at a depth
between 40 and 75 fathoms.  Leptoseris haieaiiensis ranges in depth from about 25
fathoms to over 250 fathoms, in temperature from 46.8° to 73.7-; L. scabra in depth
from about 25 to nearly 80 fathoms, in temperature from 61- to T4°.  Second,
between 60- and 70°, none of the remaining forms, possibly excepting Belano-
Phyllia desmophyllioides Yaughan, which may have been found at a temperature as
high as 77° F.| was collected at higher temperature than 69° F.
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The preceding table shows that all the strictly reef-building genera live at a
temperature of 73--78~ F.

The list under 73-—60~ F. contains the names of 9 genera which were not found at
a temperature so high as 70° F. Seven of these 9 were also found at a temperature
between 40° and 50°. The 5 genera found between 60° and 50° were also found
between 507 and 40-.

The genera occurring between 70° and 40° are precisely the same as those oceur-
ring between the 100 and 400 fathoms lines. They are Turbinolids, Eupsammids,
some slender branching Oculinids and Stylophorids, and also some fragile Fungids.
The greatest number of genera was found between 40° and 50° F. in temperature
and between 100 and 200 fathoms in depth. Eleven of the 17 genera found between
40° and 50° F. occur between the 100 and 200 fathoms lines, while 11 of the 13
genera collected between 100 and 200 fathoms live at a temperature between 40°
and 50-.

Temperature and depth, then, can be coupled. The best conditions for a profuse
development of Turbinolid genera are, (1) a depth of 100-200 fathoms, and (2) a tem-
perature of 40--50- F.

It should be emphusized that these conclusions apply to the Hawaiian Islands,
and that more extensive studies are necessary before the fundamental principles of
control of distribution by depth and temperature can be firmly established.

INFLUENCE OF THE CHARACTER OF THE BOTTOM ON DISTRIBUTION.

At first I thought that the character of the bottom might influence the species of
corals growing on it, but a glance down the general table, containing the names of
the species, the station numbers, depth, ete., shows that the same species occurs on
so great a variety of bottom that its importance as a factor in determining distribu-
tion is doubtful, except the water probably must be clear and the corals must have
objects to which they can attach themselves.

ADDITIONAL FACTORS GOVERNING THE DISTRIBUTION OF MADREPORARIA.

Dana says: *“The range of temperature 857 to T4° gives suflicient heat for the
development of the greater part of coral-recf species; and vet the temperature at the
100-foot plane in the middle Pacific is mostly above 74-. The chief cause of limitation
in depth is the diminished light, as pointed out by Prof. T. Fuchs.” ¢

Pressure and diminished light are both correlative with depth. Both factors
need further investigation. Another factor that needs study is the food supply:
and probably the oxygen content of the water. Some of the factors to which
considerable attention has been paid are not considered here, such as position with
reference to the lines of the breakers, relations to the fall and rise of the tides, etec.

As yet comparatively few facts bearing upon the fundamental principles which
determine the distribution of corals have been collected. Most authors have con-
tented themselves with merely mentioning the station and depth at which a given
form was procured; they usually have not utilized even these data in attempts to
discover any underlying principles.  We need much more information and more

o Corals and Coral Islands, 3d ed., p. 118,
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tabulations of the physical surroundings under which the forms, from individuals to
genera, have lived; and a wide range of phenomena should be made the subject of
experimental physiological investigation.

The understanding of the relations of organisms to their physical environment
is of the utmost importance to the paleontologist, for it is by the application of such
knowledge that he is able to reconstruct the conditions under which organisms now
extinct once lived.

FAUNAL AFFINITIES OF THE HAWAIIAN MADREPORARIA.

An examination of the last column, * Distribution outside Hawaiian lslands, or
affinities,” of the table on pages 11 to 21, will show that numerous species and varieties
of the corals found in the Hawaiian Islands are found elsewhere or have close rela-
tions in other areas. This remark is true of the reef fauna (1-25 fathoms), the
deep-water fauna (100—400 fathoms), and the one occupying the intermediate depth.
Sufficient careful descriptive work has not as yet been done on the different areas of
the Pacific to warrant detailed comparisons with other areas; besides, the problem
of defining specific limits is in an unsatisfactory condition.

Comparison with the Panamic fauna.—Only two species from the Hawaiian
Islands are actually identified with species from the west coast of America, namely:
Desmophyllum cristagalli Milne Edward and Haime, which is a deep-water form of
universal occurrence, and Stephanaria stellata Verrill, which Quelch reports from
the Fiji Islands. The specific resemblance between the faunas of the two areas
is not close.

However, they have the following reef genera in common:

Pocillopora : Stephanarin Montipora
Fungia Dendrophyllia Lorites.

Puavona

Several shallow-water species of [%rucyathus have been described by Verrill
from the Pacific coast. Caryophyllia and Fndopachys are found in deeper water.

Some of the Hawaiian and the Panamic /%oc//luporz are rather close, the latter
suggesting the l/guluta group. '

Fungia patella and F. elegans belong to the same section of Fungia. -

The Pavona are close. '

One species of Stephanaria is considered common to the two areas.

The Dendrophyllix ave very close.

The Montipora are different.

The Porites are different.

The Panamic fauna is very close to, or the same as, the Galapagos fauna, and is
as closely related to the South Pacific fauna as to the Hawaiian. There is nothing
to suggest faunal migration between the Hawaiian and Panamic regions.

Comparison with the South Pacific and Indian Ocean faunas.—The resuits of
the comparison is immediately to show affinity. A number of the species are com-
mon throughout the area, and others have close relatives occupying the different
areas. One of the most striking things about the Hawaiian fauna is the entire
absence of distinctive genera. Excepting Anthemiphyllia, and very doubtfully
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Madracis, there is not a genus that differentiates it from the faunas of the South
Pacific-Indian Ocean region. In fact, as has been said, there has been only partial
specific differentiation between the two areas. The Hawaiian fauna, therefore,
should be classed with the Southern Pacific-Indian Ocean fauna, and it probably was
derived from the latter at a comparatively recent date.

The Hawaiian reef fauna cxhibits a peculiarity worthy of further notice, in the
absence of some of the common reef-building genera of other areas. There are no
species of the Oculinidee, Eusmiliide, or the Astrangiidx; there are very few Orbi-
cellide, none of the large, massive, meandrinoid Faviide, nor of the Mussidee. The
genus Acropora is, possibly, but not probably, excepting A. echinata, entirely absent.
Dana“ noted the absence or scarcity of these corals about the Islands, and accounts
for it by their lying outside the torrid zone of oceanic temperature, in the subtorrid,
where the corals are consequently less luxuriant and much fewer in species. Dana’s
explanation may he correct, but it does not seem to be supported by suflicient evidence
to warrant its acceptance. Therefore, I should like to suggest an alternative expla-
nation. As is well known, the species inhabiting the waters of the Bermuda Islands
are all identical with Antillean and Floridian species. No species of Aeropora,
however, is found in Bermuda. The Bermudan is an emigrant fauna, and I have
suggested that the same is true of the Hawaiian. Is it not possible that the larve
of some species and some genera can not be transported alive for great distances by
currents, while others can be?

SYSTEMATIC DISCUSSION OF THE FAUNA.

MADREPORARIA IMPERFORATA.
Family FLABELLID.E Bourne. .

1900. Flahelline Grecory, Jurassic Cor. of the C'utch, p. 34.
1905. Flabellidie Bovrxg, Roy. Soc. Rept. on Pearl Oyster Fisheries, IV, p. 195.

Type-genus.—IFlabellnm Lesson.

Dingnosis.—Corallum with imperforate tissues, simple or reproducing by gemma-
tion within the cup, cuneiform or conical, originally with a small base, which is
attached in the early growth stages, but which subsequently may be broken off.

Wall composed of an epitheca that is closely applied to the outer ends of the septa
and extends upward to the edge of the calice. Within this epithecal wall there may
be a solid deposit of stercoplasm, which in some instances obliterates the interseptal
loculi in the basal portion of the corallum.

Septal margins entire.

Remarks.--'This family contains RAizotrochus® Duncania Pourtalés, Iluplo-
phyllia Pourtalés, and Gard/neria, which is here described as a new genus.  Accord-
ing to Bourne Zacotrochus belongs here.

a Corals and Coral Island, 3d ed., p. 111.
b Considered a synonym of Flabellum by Gardiner, Marine Invest. in South Africa, I1, p. 117,
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Genus FLABELLUM Lesson.
FLABELLUM PAVONINUM Lesson.

Plate I, figs. 1, 1a, 1b, 2, 2a, 2b, 3, 3a; Plate 11, figs. 1, 1q, 2, 2a, 2b, 3, 3q, 4, 4a, 5, 5a; Plate III,
figs. 1, 2, 3, 4, 4a, 4h.
1831, Flabellum puroninum Lessox, Illust. Zool., pl. xiv.
1846. Fuphyllia pavonina Daxa, Zooph. Wilkes Expl. Exped., p. 159, pl. vi, figs. 5, 6.
1848. Flabellum paroninum MiLNe Epwarps and Haimg, Ann. Sci. Nat., 3idme sér., Zool., IX,
p. 260.
1848. Ilabellum distinctum MILNE Epwarns and HaiMg, Ann. Sci. Nat., 3iéme sér., Zool., IX,
p. 262.
1857. Flubellum pavoninum MiLNE Epwarps and Hammg, Hist. Nat. Corall., I, p. 80.
1857. Flabellum distinctum MiLNE Epwarps and Harve, Hist. Nat. Corall., II, p. 80.
1873. Flabellum distinctum Duxcax, Trans. Zool. Soc. London, VIII, p. 322, pl. xxx1x, figs. 1-13.
1878. Flabellum latuin STubER, Monatsber. Akad. Wissenschaft., Berlin for 1877, p. 630, pl. 1,
figs. 3a, 3b.
1881. Flabellum patens MoseLEy, Deep Sea Corals, Challenger Repts., p. 172, pl. vi, figs. 4, 4q,
5, da.
1881. Flabellum australe MoseLEy, Deep Sea Corals, Challenger Repts., p. 173, pl. v, figs. 4,
4a, 5, da, Hb.
1894. Flabellum pariparoninum Arcock, Jour. As. Soc. Bengal, LXIII, p. 187.
1898. Flahellum paripavoninum ALcock, ‘‘Investigator’’ Deep Sea Madrepor., p. 21, pl. 1, figs. 3,
3a, 3b.
1902. Flabelhun distinctum Awcock, Deep Sea Madrepor., Siboga Exped., p. 30.
1902, Flabellum lamellidosun ALcock, Deep Sea Madrepor., Siboga Exped., p. 30, pl. 1v, figs.
98, 28a, 28,
1902. Flabellon australe Arcock, Deep Sea Madrepor., Siboga Exped., p. 30.
1902. Flabellum latum Avrcock, Deep Sea Madrepor., Siboga Exped., p. 31.
1902. Flahellum pavoninum GARDINER, Marine Invest. in South Africa, 11, pp. 123, 124, pl. 1v,
fige. 18-21 (with Synonymy).
1904. Flabellum chunit v. MARENZELLER, Steinkorallen, Valdivia Exped., p. 274, pl, xviu, figs.
14, 14a, 14b.

The species described by von Marenzeller under the name of F. magn{ficum ¢
is close to F. pavoninwm, but is much larger. Height, 65 mm.; greater diameter, 93
mm.; lesser, 47. The proportions, however, are quite similar to those of typical
pavoninum. The number of septa (212) is, for the size, proportionately less than in
F. pavoninum.

Description.—Corallum cuneiform, base compressed, rising above a medially
situated, rather slender, pedicel. Large individuals attain a height of 50 to 60 mm.
Faces convex, plane or concave, their angle of divergence from 30° to 55°. Lateral
edges acute and crested, acute but not crested, or obtusely rounded, the angle of diver-
gence from T0° to 200° or more. Costa variable in development, absent, subobsolete,
or moderately developed. Margins of the calice rounded, never scalloped, incised, or
lobed; they may arch beyond the curve of a half circle or may be depressed below such
a curve. Septa between 5 and 7 cycles, with from 24 to a little more than 50 princi-
pals; the usual arrangement is for every fourth or every eighth septum to reach the
columella, with intermediate lengths according to the cycle. The upper portions
of the septal margins may reach the level of the upper edge of the wall, but they do

aSteinkorallen, Valdivia Exped., p. 276, pl. xvi1, figs. 13, 13a.
32301 —07——+



50 RECENT MADREPORARIA OF THE HAWAIIAN ISLANDE AND LAYSAN.

not protrude beyond it and often are peripherally excavated. The interseptal loculi
are usually open to the base of the corallum, and apparently are never greatly filled
with stereoplasm. Columella trabecular, variable in development.

Distribution—Almost world-wide; eastern Atlantic Ocean, South Africa, the
Indian Ocean, East Indies, the western and central Pacific Ocean generally.

This species was first described from specimens brought to Lesson, presumably
collected around the Hawaiian Islands. Since then it has been found in many seas
and reported under its original name or some one of its numerous synonyms, but no
expedition bad again found it in the vicinity of the type locality. The Albatross
expedition of 1902 obtained 114 specimens, divisible into four varieties. As these
specimens are very interesting they have been carefully studied, and the results
obtained are subsequently presented. My own data are supplemented by those
published by Duncan® and by Gardiner.®.

Gray < discussed the synonymy of this species and placed in it sixteen of the
forms recognized as distinct by Milne Edwards and Haime.

Gardiner placed in the synonymy of . pavoninwm, F. distinctum Milne Edwards
and Haime, F. patens and australe of Moseley, and F. paripavoninun Alcock. I
have added F. letwm Studer, and F. lamcllvlosun, described by Alcock in his last
paper, and F. chun/i von Marenzeller. This procedure refers seven specific names to
the synonymy of F. pavoninwm. Duncan¢ united Flabellum ertenswm (Michelin)
with F. distinctum, but the evidence for this conclusion does not seem to me sufli-
cient, although Duncan may be correct. It does not appear unlikely that scveral
of the southern European Tertiary species of Flabellun may, upon closer study,
prove to be connected with . puvoninwm through the varietal form Z. distinctum.
Another group of species closely related to . pavoninum is those described by
Philippi from the Tertiary formations of Chile, namely, Lithomyces wqualis and
costatus.®  The former especially sees near F. pvconinwin.  Philippi's genus Litho-
myces is a precise synonym of Flabellwm.

The characters by which the various corals here united under the specific name
F. pavoninwm were separated are presented in the following synopsis.  The original
descriptions of all these forms are subsequently given in discussing the varieties.

SYNOPSIS OF THE DIFFERENTIAL CHARACTERS OF THE CORALS UNITED WITH F. PAVONINUM.
Called in the present paper—

Angle of lateral edges with each other more than 180°.
7 eycles of septa, 48 principals, height 39 mm., length of calice

47 mm.  Flamellulosum Alcock ..o ool var. lamellulosum Alcock.
Angle of lateral edges with each other about 150°.
6 cycles of septa, 48 principals.  F. pavoninwmn Lesson. ..o ... typical.

« Trans. Zool. Soc. London, VIII, 1873, p. 322.

b Marine Invest. in South Africa, II, 1902, p. 123,
¢ Proe. Zool. Soc. London, 1849, pp. 75, 76.

d Trans. Zool. Soc. London, VIII, 1873, p. 123,
¢Tert. und Quart. Verstein. Chiles, 1857, p. 235, pl. Liv, figs. 1-4.
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Called in the present paper—
Angle of lateral edges with each other less than 180°.

Height of corallum lesa than the length of the calice.
Lateral edges round, not crested, may be obscurely keeled
near the pedicel.
Angle 112°, 6 cvceles of septa, 24 principals, height 39
mm., greater diameter of calice 56 mm. F. latum
Studer..... Ceemeeraeacanan e eeacaacceecacean var. latum Studer.
_ateral cdges acute, at least near the pedicel, often crested.
Angle 100°-160°, 6 complete cycles of septa, some mem-
bers of the seventh, 24 to 38 principals, height 43
min., length of calice 55 mm. F. patens Moseley. ..
Angle about 90° (*‘ not much larger than a right angle ’),
6 cycles of septa, 24 principals. F. distinctwin Milne|Combined under var. distinctum
Edwards and Haime ... ... .. o.o..... Milne Edwards and Haime.
Angle 70°-90°, 8 cycles of septa complete, or nearly
80, 48 principals, height 57 mun., greater diameter
65 mm. Septal marging excavated at the wall.
F. australe Moseley ... ... oo iiiiiimaiiiiianann
Height of corallum equals or exceeds the length of the calice.
Lateral edges sharp.
Angle 108°,@ 6 cycles of septa, 24 principals, height 39
mm., length of calice 37.5 mm. F. paripavoninum
AlCOCK . oot iiicceaaaaas var. pariparoninum Alcock.

A study of the literature and the specimens submitted to me leads me to think
that this protean species can best be handled by recognizing five varietal forms, vars.
lamellulosiim Alcock, pavoninwm typical, var. latwie Studer, var. distinctum Milne
Edwards and Haime (+ 7. patens Moseley + F. awustrale Moseley), and var.
paripavoninum Alcock. In the preceding synopsis. the height of the corallum
and the length of the calice are given merely to show the relative measurements.
F'. latwin may have a wider basal angle and more numerous principal septa; the basal
angle of F. paripavoninum is variable, and there may be as many as 50 principal
septa.

FLABELLUM PAVONINUM var. LAMELLULOSUM Alcock.
Plate I, figs. 1, 1a, 1b.

1902. Flabellum lamellidosum Arcock, Deep Sea Madrepor., Siboga Exped., p. 30, pl. 1v, figs. 28,
28a, 28h. :

Original description.—Alcock’s description is as follows:

Corallum snow-white, of excessively thin and translucent texture, shaped like a widely-stretched
fan, its circumference being equal to about 285° of a circle. There is a slender <hort pedicle, and the
lateral costee, which arch outward and downward, are sharp and finely and irregularly jagged. The
two faces of the corallum are slightly concave and moderately everted, are transversed by faint radiating
cost:e, and are very faintly marked with fine wavy transverse accretion lines. The septa, which are
very thin, are in the unique specimen 336 in number. Forty-eight large ones of equal size divide the
calicle into 48 compartments, each of which contains 7 sinaller septa of diminishing size. Of these
7 septa, the largest one (fifth cycie) does not descend quite to the level of the columella, the two

@ Measured in figures.
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next largest (sixth cycle) do not descend quite half way down the calicular wall, and the four smallest
(incomplete seventh cycle) are very short. The surfaces of the septa are fincly, sharply, and some-
what sparsely granular, and their edges as they descend in the calicle become sinuous, especially in
the case of the larger septa. The columella, which iz deep-seated and narrow, is formed by small
trabecule from the 48 large septa of the first four cycles.

Greatest height of corallum, 39 mm.; maximum diameter, 47 mm.

This species i, evidently, nearly related to F. paroninum, but the corallum forms an arch of more
than three-quarters of a circle and the septa are nearly twice as numerous.

Locality.—5° 28'.4 S., 132° (.2 E., 204 meters, 1 specimen.

A comparison of Alcock’s description with the table for typical . pavoninum will
show that the characters by which lamicllwlosim can be separated from paroninum typ-
ical are reduced to one, the basal angle exceeding 180°. Specimen No. 9 of that table
has 326 septa, with 48 principals; specimen No. 8, which is of nearly the same size as
Alcock’s type, has 260 septa. Some specimens show a tendency for the basal angle
to exceed 180-. Therefore I believe the 7. lwmellosum should be included in . pavo-
ninum and considered the extreme of its variation in one direction. No specimen of
this variety was found by the Al/bafroxx on the Hawaiian expedition. :

FLABELLUM PAVONINUM (typical).
Plate I, figs. 2, 2a, 2b, 3, 3a.

1831. Flahellum paroninum Lessox, Illustr. Zool., pl. x1v.
1846. Euphyllia paronina Daxa, Zooph. Wilkes Expl. Exped., p. 159, pl. vi, figs. 5, 6.
1857. Flabellum paroninum MiLNE Epwagrps and Haimg, Hist. Nat. Corall., IT, p. 80.
Description.—In 1857 Milne Edwards and Haime described this species as
follows:

Corallum flabelliform, compressed chiefly toward the base; faces subconcave; lateral crests little
pronounced, almost horizontal, the obtuse angle that they formn being almost 180°. Cost:e slightly
distinet.  Calice strongly convex from one summit of the longer axis to the other, these summits
angular; the curved line of its margin circumscribes a segment of a circle larger than a semicircle.
The septa of the last cycle almost rudimentary; those of the first four cycles apparently equal, giving
the appearance of 48 systems with three septa each. The principal septa have their inner vertical
margins strongly undulated.

This characterization is good. The following tables will bring out other char-
acters and also show variation. One character that needs special emphasis, besides
the basal angle of the lateral edges, is that the greater diameter of the calice exceeds
in length the height of the corrallum. The average difference for 18 specimens is
10.5 mm. '
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next largest (sixth cyele) do not descend quite half way down the calicular wall) and the four smallest
(incomplete seventh cycle) are very short. The surfaces of the septa are tinely, sharply, and some-
what sparsely granular, and their edges as they descend in the calicle become sinuous, especially in
the case of the larger septa. The columella, which is deep-seated and narrow, is formed by small
trabecula from the 48 large septa of the first four cycles.

Greatest height of corallum, 39 mm.; maximum diameter, 47 mm.

This species is, evidently, nearly related to F. paconinum, but the corallum forms an arch of more
than three-quarters of a circle and the septa are nearly twice as numerous.

Locality.—5° 28'.4 S., 132° 0.2 E., 204 meters, 1 specimen.

A comparison of Alcock’s description with the table for typical 7. pavoninum will
show that the characters by which lamellidosuin can be separated from pavoninum typ-
ical are reduced to one, the basal angle exceeding 180~. Specimen No. 9 of that table
has 326 septa, with 48 principals; specimen No. 8, which is of nearly the same size as
Alcock’s type, has 260 septa. Some specimens show a tendency for the basal angle
to exceed 180-. Therefore I believe the F. l«mellosum should be included in #. pavo-
ninwmn and considered the extreme of its variation in one direction. No specimen of
this variety was found by the A7h«iroxs on the Hawaiian expedition. :

FLABELLUM PAVONINUM (typical).
Plate I, figs. 2, 2a, 2), 3, 3a.

1831. Flahellum pavoninum LessoN, Illustr. Zool., pl. x1v.
1846. Enuphyllia paronina Daxa. Zooph. Wilkes Expl. Exped., p. 159, pl. vi, figs. 5, 6.
1857. Flabellum pavoninum MiLNE Epwarps and HaiMg, Hist. Nat. Corall., II, p. 80.

Description.—In 1857 Milne Edwards and Haime described this species as
follows:

Corallum flabelliform, compressed chiefly toward the base; faces subconcave; lateral crests little
pronounced, almost horizontal, the obtuse angle that they form being almost 180°. Coste slightly
distinct. Calice strongly convex from one summit of the longer axis to the other, these summits
angular; the curved line of its margin circumscribes a segment of a circle larger than a semicircle.
The septa of the last cvele almost rudimentary; those of the first four cycles apparently equal, giving
the appearance of 48 systems with three septa each. The principal septa have their inner vertical
marging strongly undulated.

This characterization is good. The following tables will bring out other char-
acters and also show variation. One character that needs special emphasis, besides
the basal angle of the lateral edges, is that the greater diameter of the calice exceeds
in length the height of the corrallum. The average difference for 18 specimens is
10.5 mm. A
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TasLe 1.
.
- Height,  Angle of i Greater  Lewer Shorter | Numher ‘f'i‘f(:“_
o, | by, | et e AL dumgrer deter ST S i o e
| ! ‘ “pl_—plun(z‘.
_ - J i A O
mm. ‘ ° ‘ ° mm. mm. ] mm !
 FUUUO 4081 | 22,5 174 ’ 3 29 \ 135 19 191 4H | pl
2. 4081 | 22 IR CUNNINE " 27 4.5 | 18.5 197 8 pl
- T 1081 ' 30 | 166 41 42 2.5 | 25 191 51 ploev.
4o, | 4081 305 B T 39 40 20.5 2 193 48 o
| J 4081 ° 32 190 42 40 23.5 29 206 48 ev
S 132017 155 39 26 13.5 13 11 24 ploev.
Teeeenn 1132 1 20 \ 188 10 25 1o 150 24 ploev.
Ba ... 41320 37.5 180.= 46| 48 32, 0 34 260 8 ey
9., 4132 46 170 47| 70 33 | 39 326 8 plev.
10........ None. | 41 168 30 64.5| 20.5 | 30 240 48 |ov.oex
e ... Nnne.‘ 40 167 | 44 69 24.5 | 3L.5 239 50 §(~\v. eX.
120 ... 4030\ 23.5 168 40 2 4 15 185 43 pl
13........ 1080, 24.5 165 ' 42 33.5| 1.5 | 19 191 48 pl
Moo, 4080 | 26,5 175 41 34.5| 18 21 192 48 ‘ pl cv.
150 4080 305 180 41 39 20 25 192 48 ev.
16........ 4080 | 29.5 184 ‘ 13 36 92,5 | 27.5 196 48 ev
17 | 4080 | 315 180 | 53 39.5 | 26.5 | 27.5 207 48 v
18 cen... 'ogoro | 24 180 ‘ 34 28 14 16.5 182 33 | pl.
196 ... | None. 34 ! 125 ‘ 42 37 5 T PN 135 19 V.
20ab. ... 40797 53 " 68 37 ‘ 56 35 6.5 122 20 v
Average ....| 29.3 1T 0.3 39.8" 20,2 | 23.8 203 44 l

a8pecimens Nos, 8, 11, and 20, figured.

bSpecimens Nos. 19 and 20 have been broken and subsequently

caleuluting the averages.

Several characters not brought out in the preceding table deserve notice.
faces in none of the specimens are strongly convex; they are only very gently so. The
concavity of one, or even of both faces, may be pronounced. Specimens 9, 10, and
11 have one face decidedly concave; specimen No. 8 has both faces concave.
lateral edges are acute near the pedicel in all the perfeet specimens, and in the smaller
ones are usually acute throughout their length, but in large specimens—as, for
instance, Nos. 8,9, 10, and 11—the angles at the ends of the calices are rounded. The
principal septa are arched above and fall inwardly steeply to the bottom of the calice.
The outer portion of the septal arch may reach the upper edge of the wall, as in
specimen No. 8, or the uppermost peripheral portion may be in large part cut away,
forming a zone of narrow septal ends just below the upper edge of the wall. The
excavation of the septal margins at the wall is one of the characters given by Moseley

for his Z. anstrale.

repaired; both are abnormal and are omitted in

The

The

Specimens Nos. 8 and 9 have both kinds of septa in the sama
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calice. The inside of the wall and the septa are usually white, but in specimens Nos.
6 and 9 there is considerable purplish red on the wall and the peripheral portions of
the septa.

There are two specimens from station No. 3856 not included in the preceding
table. One of these is noteworthy in having an angle of divergence of the lateral
edges of 134°; the sides are asymmetrical; on one side 76° is the angle with the ver-
tical axis, on the other 58°, practically combining in the same specimen the angles of
pavoninwm typical with those of var. paripaconinwn.

Three specimens that connect pavoninum typical with var. distinctum on one
hand and with var. paripavoninwm on the other are considered in the following
table.

TasLE II.
¢ Heieht, | 1 ! g ! . Faces:
measures e e * Shorter v CV.=con-
Specimen | Station  along side. A]':‘gll,‘;;?f Angle of - d(zz?n?:-;:r ‘ d%::f:::«r . dinmeter  Number ':;"')'r'::lmﬂr crve; ex.
number. ' number. ! y!:t:)uT_l edges, fnces, 10{ calice. | of enlice. 1:::«‘:? of septa. pal septa. j= m’n}:'x‘.
' broken, ! " plane.
. | {
| D N T .
: mmn. ° ° wn. | mm., min. !
- . , . ]
22¢. . ... 1 4080 27 134 12 34 019 18 166 41 | ev, cx
239 ...... 4080 30 135 34 37.5 " 15.5 21 | 186 47 pl
! ! | .
24........ 4080 36 p. h. 124 46 . 43.5 28 25 . 200 48 | subpl.
i ! i ‘ \

a Figured.

Specimens Nos. 22 and 23 differ so little from those of Table I that they could
with propriety be placed with paroninwin typical. The lateral edges of No. 22 are
slightly crested, and it is precisely intermediate between typical pavoninun and
var. dixtinctum. Specimen No. 23 is decidedly compressed. The lateral edges, how-
ever, are not crested or sharp keeled, but obtusely rounded. Itisintermediate between
the typical form of the species and specimen No. 24, which connects with var. paripa-
voninum, represented by Table V, p. 60. The basal angle of the lateral edges is
becoming smaller, and specimen No. 24 has the arch of the upper margin of the calice
more produced than in typical pavoninune, presenting the essential characters of var.
pariparon(nune.  Other yariations and intergradation in the character of the septal
margins are shown. In specimen No. 23 the septal arch is becoming less pronounced
than in the specimens included in Table I, the upper and outer narrow portions of
the margins of the principal septa forming a wider zone. In specimen No. 24 the
septal arch is still more suppressed, the septa tending to slope in an almost straight
line from the lower limit of the zone of narrow septal ends to the boundary of the
axial fossa. The arch diminishes from the ends of the shorter toward the plane of
the larger axis of the cualice.

Localities.—Those from which previously reported: Sandwich Islands (Lesson,
Dana); Singapore and China (Milne Edwards and Haime): Cape of Good Hope, 50
to 100 fathoms (Gardiner).
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Albatross expedition, 1902:

Pailolo channel, between Molokai and Maui islands, Station 3836; depth, 127
fathoms; bottom, fine sand, yellow mud; temperature, 66.5° F.; 2 specimens, young.

Northeast and north coast of Maui Island, Station 4079; depth, 143-178 fathoms;
bottom, gray sand, foraminifera; temperature, 60.8° F.; 1 specimen. Station 4080;
depth, 178-202 fathoms; bottom, gray sand, foraminifera; temperature, 56.4° F.;
8 specimens. Station 4081; depth, 202-220 fathoms; bottom, gray sand, forami-
nifera; temperature, 51.7° F.; 5 specimens.

Vicinity of Kauai Island, Station 4132; depth, 257-312; bottom, fine gray sand,
mud; temperature, 46.8" F.; 4 specimens.

No station number; 2 specimens.

Besides the above listed specimens there are two broken and subsequently
mended; these are abnormal. Of the 18 specimens, concerning which the data
on the surrounding physical conditions are explicit, 13 were obtained between 178
and 220 fathoms, on a gray sandy foraminiferal bottom, at a temperature between
50° and 60° F.; 4 came from deeper water, 257-312 fathoms, the temperature being
lower, 46.8° F. The largest specimen obtained came from this greatest depth and
lowest temperature.

FLABELLUM PAVONINUM var. LATUM Studer.
Plate I1I, figs. 2, 2«, 2b.
1878. Flahellum latum Stuper, Monatsher. Akad. Wissenschaft. Berlin, for 1877, p. 630, pl. 1,
figs. 3a, 3b.
1902. Flabelln latum Avrcock, Deep Sea Madrepor., Siboga Exped., p. 31.
Original description.—Studer’s deseription, published in 1873, is as follows:

Corallum strongly compressed, very wide and narrow, with a thin, cylindrical pedicel, which
probably was attached, broken below. The wall is smooth, with only concentric lines of growth, the
lateral angles rounded, only in the lower third obtusely kecled. The calicular margin strongly
convex, the difference between the planes of the two axes 16 mm. Six cycles, three of which are
equal, therefore apparently 24 systems. Septa smooth, sharp with perpendicular margins. Altitude of
the corallum, 39 mm.; greater diameter, 56 mm.; smaller, 15 mm.; angle of divergence of sides, 112°,

The specimen on which the following table is based is associated with Studer’s
latwm. 1t differs in having more widely diverging lateral edges; it is not so much
compressed, and there are almost four cycles of principal septa. This specimen
stands rather between latum and typical paroninum. Specimen No. 23 of Table 11
shows some characters of latwm. The variations are such that 1 do not believe it
possible to retain 7ufum as a distinet species.

TasLe I11.
| ' | ' < ‘ 1
§ ! . Height, | Angle of ! Greater | Lesser  goorter o .~ Number ' Fuces:
S'mgmg" ':‘I'l'li'l',:':, measured | luteral A':"ﬂ(; of | dinmeter | diameter d'.'.‘:.:‘,“‘“_‘r ‘ (\);nllt::’ of prinei- cvs
B ‘| along face. | edges. 1 of calice. | of ealice. Iongc:' SCPU bl septa. . concave.
l \ | ‘ I | 1
' : \ ! l
mm. mm. mm. Lo, ,
| _ ;
2la . __. 3865 146 i ca.35 | 51.5 24 25 188 47 cVv.
|

aThis tuble uud the preceding were transposed after they were prepared.
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This specimen appears to be different from those in Table I in three particulars:
(1) The basal angle is less; (2) there is no basal keel; (3) the septa and the inside of
the wall are purplish red. On closer study all of these differences vanish. The
basal angle is not 107 less than that in the specimens with the smallest angle in Table
I, and is well within the limits of the variation of the species, as the next three tables
will show. The lateral edges become more compressed toward the pedicel, the dif-
ference from the bases of specimens Nos. 9, 10, and 11 being only slight.  The inside
of the wall and the peripheral portions of the septa in specimens Nos. 6 and 9 are
similarly colored, but not so dark as in the specimen here considered. The outside
of this specimen is corroded, and that may have made the lower edges more obtuse
than they originally were.

Localities.—34> 16.8' S., 172° 59.6’ E., 45 fathoms (Studer’s type); 6 8" N., 121°
19’ E., 275 meters (Alcock).

Albatross, 1902, Pailolo Channel, between Molokai and Maui islands, Station
3865; depth, 256-283 fathoms; bottom, fine voleanic sand, rock; temperature, 45° F.;
1 specimen.

FLABELLUM PAVONINUM var. DISTINCTUM Milne Edwards and Haime.
Plate II, tig. 5, 5a.

1848. Flabelbun distinctum MiLNE Epwarps and Haime, Ann. Sci. Nat., 3iéme sér., Zool., IX,
p. 262,

1857. Filabellnm distinctum MuNg Epwanps and Haimg, Hist. Nat. Corall, 1, p. 80.

1873. Flabellum distinetum DuNcaN, Trans. Zool. Soe. London, VIII, p. 322, pl. xxxix, figs. 1-13.

1881. Flabellum patens MoseLEY, Deep Sea Corals, Challenger Repts., p. 172, pl. v, figs. 4, 4a,
5, da.

1881. Flabellum australe MoseLEY, Deep Sea Corals, Challenger Repts., p. 173, pl. v, figs. 4, 4a,
5, Ha, dh.

1902, Flabellum distinctum Awcock, Deep Sea Madrepor., Siboga Exped., p. 30.

1902. Flabellum australe Avcock, Deep Sea Madrepor., Siboga Exped., p. 30.

1904, Flabellum chunii voN MARENZELLER, Steinkorallen, Valdivia Exped., p. 274, pl. xvi, figs.
14, 14a, 14b.

Flabellwm distinetrin Milne Edwards and Haime, 1848:

Thix coral has been confused with F. pavoninwm; but its lateral costze, instead of being almost
horizontal, are ascending, and their angle is not mnuch larger than a right angle. The calice is more
compressed, and its margin forms an arc less than a semicircle.  Only the first three cycles of septa
are equal, and the appearance is of 24 systems, with 7 septa each.—Milne-Edwards and Haime, 1857.

Flubcllwin patens Moseley, 1881:

The adult corallum is wedge-shaped with smooth sides. The form varies very much, the lat-
eral cost, which are sharp and more or less indented, varying in the angle which they make with
one another between 100° and 160°.  The inclinations of the lateral faces to one another vary from 30°
to 50°. The surface of the corallum is smooth, polished, and of a red-brown color.  The principal
cost:e are only just visible.  There s a distinct short pedicle. The summits of the short axis of the
calicle are much higher than those of the long axis, and the lateral margins of the calicle deseribe
even curves of nearly half a circle. In one perfect specimen there are 192 septa of three sizes, 24
being complete and in appearance equal and primary.  In another more adult specimen there are 268
septa of four dimensions, but the septa are a little irregular, and at one end the corallum has evidently
had a considerable piece broken away, and this has been restored with a remarkable maintenance of
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symmetry in the form of the corallum and septal arrangement. In another specimen there are 248
septa. The faces of the septa are covered with fine-pointed granules. There is a deep elongate, but
narrow, fossa well filled up at its bottom by columellar outgrowth.  From Flabellum paconnivin, Flabel-
lwin patens differs in having its faces less smooth than the former and in having more septa.

Extreme height of the calicle of a large specimen, 43 mm. Extreme breadth of the calicle,
53 mm. Shorter diameter of the calicle, 28 mm.—Moseley, 1881.

Flabellon anstrale Moseley, 1881:

The adult corallum is very large, dense, and heavy. It is in the form of a compressed wedge,
triangular in outline. The lateral costze make with one another an angle of from 70° to 90°. The
surfaces of the faces are smooth and glistening, of a brownish color, marked with evenly curved trans-
verse accretion lines, sometimes with numerous very fine costal markings all over, sometimes with
only a few obscure primary and secondary ridges near the base. There is a distinet short eylindrical
pedicle.  The lateral costie are sharp and rough-edyged, somewhat jagged. They usunally cease toward
the margin of the calicle, where the angles of the corallum are evenly rounded off. The form of the
mouth of the calicle i extremely elongate and narrow, the ratio of the two axes being about as 100 to
40. The summits of the shorter axis of the calicle are somewhat higher than those of the longer axis,
and the upper borders of the faces are evenly curved, with smooth edges. The septa are white, con-
trasting in color with the brown wall of the calicle. They are stout and straight, and covered with
fine-pointed granules on their faces. All the septa are very low near the margin of the calicle, to
which they do not quite extend, a narrow zone of bare calicular margin being present all round the
mouth of the calicle. It appears therefore as if their free borders were, o to speak, cut away close
to the calicular margin. The curved free edges of the principal septa bend over and descend nearly
vertically to bound the fossa, which is extremely narrow, deep, and long. There are in one adult
specimen, that figured, 48 complete septa sensibly equal to one another, and 144 incomplete septa of
two different sizes—192 in all. In one specimen there are 96 septa on one side and 92 on the other.
In another, 80 on one side, and 85 on the other. Another, 92 on one side, 94 on the other, and 28 of
these complete on each side. A young one has 17 complete on each side, and 82 on each side in all.
In all these specimens the septa are of three dimensions. The columella lies so deep in the fossa as to
be almost invisible. .

This species is well distinguished by its large size, its shape, and the peculiar cutting away, as it
were, of the septal borders close to the margin of the calicle. The very young specimens are closely
like those of Flahcllumn patens and Flabelln stokesi, though the adults are extremely different.
Flabellum distinctum Milne-Edwards and Haime is also in its young stages very like the present
species, but differs in having a wider mouth to its calicle. In Flabellun australe this is characteris-
tically narrow.

Extreme height of the largest specimen, 57 mm. Extreme breadth, 65 mm. Shortest diameter
of the calicle, 28 mm.—Moscley, 1881.

Von Marenzeller proposes F. chunii for the F. distinctum of Duncan (not Milne
Edwards and Haime), collected by the ZLorcupine off the south and west coast of
Portugal.

The great variability of Milne Edwards and Haime's . distinctimn was first
pointed out by Duncan (1873). As there is no difference between the specimens
described and figured by Duncan and Moseley’s F. patens, Moseley’s attaching a new
name to his specimens may be attributed to an oversight. Both Gardiner (1902)
and Alcock (1902) have identified patens with distinctum. Gardiner, as has already
been noted, refers F. australe to the synonymy of . paroninwm, remarking that it
“shows a cutting away of the septal borders close to the margin of the calicle, a
character not found in the other specimens from the same dredging.” Alcock says
of F. australe: *‘This species, which is otherwise not different from /. distinctum,
is distinguished by the density and weight of the corallum and by the more than
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usual cutting away of the septa near the calicular margin.” The remarks made
under typical pavoninum show that the excavation of the septal margins near the
calicular edge is &« common individual variation; consequently this criterion lapses.
There is also variation in the density of the corallum. 7. patens and F. australe of
Moseley therefore are not only synonyms of F. pavoninum, but are synonymous
with the variety destinctum.

Duncan’s figures of F. distinctum (1873) showed that it could be separated
specifically from /. pavoninum neither by the angle between the lateral edge nor by
the septa having 24 instead of 48 principals, but he did not connect the two. Alcock
evidently suspected that they probably should be united, judging from several
remarks. Gardiner definitely united them. The specimens obtained by the lba-
tross, 1902, give additional confirmation to Gardiner’s conclusion.

I think, however, that distinctun: can be used advantageously as a varietal name
under pavoninwin, and would define it as follows: Angle of divergence of lateral
edges less than 135°, the edges usually with crests; the greater diameter of the calice
exceeds the height of the corallum.

Three specimens obtained by the Albatross are referred to this variety, and
from them Table 1V has been prepared.

TaBLe IV,

l } Short ! Faces:
Height, | Angleof | Greater  Lesser | jorter Number | €V =c0n-

Specimen | Station Angle of | . diameter Number R ave;
anmber. numb)er. i al?:l?;usli.gg. ]:5';';:1 fu%'cs. ;g}”;‘ﬁ;e; g}%‘:‘ﬁz‘g! 1&:)![)10\"‘.0" of septa. ;;: :2',:3' c‘)((‘ =con-
, ger. vex; pl.=

1 | plane.

S S 1 l_ o 1____
mm. ° ° ( mm. | mm. mm.
25 .. 4101 23 - a122 33 28 | 13.5 | 13 118 27 . ¢v., CX.
26........ 4101 23.5 132 38 31 15.5 1 11 126 27 or 28 Cv.
270 ... .. 3999 27.5 117 30 37 15 11 118 44 CvV.
Average. . ... 24.7 127 BTBI T ‘ M7 121 33
|
a Measured exclusive of the crests. b Figured.

Specimen No. 26 of this table is nearest to specimen No. 22 of Table II. No. 26
is actually smaller, and besides that it has undergone rejuvenescence. The new wall
at one end of the calice is 2.5 mm. within the old; at the other end the newer wall
is closer to the older; on the median portions of the faces the growth is continuous.
This rejuvenescence succeeded a contraction of the calice, brought about by some
unknown cause. The angles of divergence of the lateral edges and of the faces are

" not greatly different in the two specimens. The lateral edges in No. 26 bear well-
developed crests, whereas in No. 22 they are weak. Specimen No. 25 stands between
No. 26 and No. 27. The last is the most compressed specimen examined and com-
pared with the other specimens is relatively heavy, the basal portion apparently
having been filled, partially at least, with stereoplasm. In these specimens the
excavated zone around the upper septal margins is absent or only faintly developed.

Localities.—Previously reported from Japan (Milne Edwards and Haime):
Porcupine expedition (Duncan); 39° 85’ N., 9° 56’ W., depth 994 fathoms, tempera-
ture 40.3° F.; 36° 44’ N., 8° 8 W., depth 36+ fathoms, temperature 52.7° F.; 36° 29’
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N., 7© 16’ W., depth 304 fathoms, temperature 53.3~ F.: Challenger Expedition
(Moseley); off Ki Islands, 129 fathoms (/. patens Moseley); off Twofold Bay, New
South Wales, 120 fathoms (F. awstrale Moseley): Siboga Expedition (Alcock); 7° 15/
S., 115° 15.'6 E., 289 meters, 2 specimens; and 5- 28.'4 S., 132° (".2 E., 204 meters,
1 specimen (as F. australe).

Albatross, 1902: :

Vicinity of Kauai Island, Station 3999; depth 7-148 fathoms; bottom, coral sand,
shells; 1 specimen.

Pailolo channel, between Maui and Molokai islands, Station 4101; depth 122-143
fathoms; bottom, coral sand, shells, foraminifera; 2 specimens.

FLABELLUM PAVONINUM var. PARIPAVONINUM Alcock.

Plate 111, fige. 1, 2, 3, 4, 4a, 4).

1894. Flubellum pariparoninum Arcock, Jour. As. Soc. Bengal, LXIII, p. 187.
1898. Flabellum pariparonivenn Arcock, Investigator Deep Sea Madrepor., p. 21, pl. 1, figs.
3, 3a, 3h. .

Deseription.—According to Alcock:

Corallum compressed, fan shaped, with a sessile scar of attachment, but no pedicle, and with the
two faces somewhat concave. The lateral costwe are sharp, but not salient; they meet the basal scar
at an angle of about 45°; the other costw are merely sinuous striations. The margin of the calicle is
almost entire, and forns a segment of a circle of about 230°, so that when the corallum is held straight
in front of the eyes, with the major axis end on, and without any inclination, the columella, such as it
is, is plainly visible above that plane of the calicular margin. The septa are in six cycles, the last
cycle not quite complete; they are all extremely thin, and have the free edges sharp and straight
(not sinuous) and the granular striz of the surface inconspicuous  Those of the first three cycles are
almost equal and meet together at the bottom of the calicle to form a sort of columella by their
slightly thickened ends. Those of the fourth cycle are not so very much smaller than their prede-
cessors, but do not meet them. Those of the last two are small, * * *

Height of corallum, 39 mm.; major axisof calicular orifice, 37.5; minor axis, owing to the eversion
of the rim of the calicle, 30.5 mm.—Alcock, 1898.

The angle of divergence of the lateral edges, measured in the figure, is about
110%; plane of shorter diameter of calice above that of the longer, 29 mm., this also
measured on the figure.

The absence of the pedicel in Alcock’s type, I am confident, is an accident; the
figure looks as if the base of the specimen had been broken, therefore no importance
attaches to this character. The angle between the lateral edges indicates var. dis-
tinctum, and the septa are the same as in the type of that form. The chief peculiar-
ity of Alcock’s form is the height excceding the greater diameter of the calice, while
the plane of the longer diameter of the calice is not much below the middle point in
the altitude of the corallum—the arch of the calicular margin is decidedly high.

Eighty-five of the Albatross, 1902, specimens are referred to this variety.
As their intergradation with typical pavoninwm has been discussed at the end of the
remarks on that form of the species (see p. 54), attention can be turned directly to
their relations to Alcock’s type specimen. In form there is no difference; the type
was somewhat over 39 mm. in height, as the base is now broken. The number of
the septa is the same, but there are more principal septa in the Hawaiian specimens
than in the type. The principals over 24 are often, nearly always in part at
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usual cutting away of the septa near the calicular margin.” The remarks made
under typical pavoninwm show that the excavation of the septal margins near the
calicular edge is a common individual variation; consequently this criterion lapses.
There is also variation in the density of the corallum. ZF. patens and F. australe of
Moscley therefore are not only synonyms of F. pavoninum, but are synonymous
with the variety distinctum.

Duncan’s tigures of F. distinctum (1573) showed that it could be separated
specifically from F. paroninum neither by the angle between the lateral edge nor by
the septa having 24 instead of 48 principals, but he did not connect the two. Alcock
evidently suspected that they probably should be united, judging from several
remarks. Gardiner definitely united them. The specimens obtained by the Alba-
tross, 1902, give additional confirmation to Gardiner’s conclusion.

I think, however, that distinctun: can be used advantageously as a varietal name
under paroninwmn, and would define it as follows: Angle of divergence of lateral
edges less than 135°, the edges usually with crests; the greater diameter of the calice
exceeds the height of the corallum.

Three specimens obtained by the Albatross are referred to this variety, and
from them Table 1V has been prepared.

TaBLE IV.
. T T T T T T
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Specimen No. 26 of this table is nearest to specimen No. 22 of Table 1I. No. 26
is actually smaller, and besides that it has undergone rejuvenescence. The new wall
at one end of the calice is 2.5 mm. within the old; at the other end the newer wall
is closer to the older; on the median portions of the faces the growth is continuous.
This rejuvenescence succeeded a contraction of the calice, brought about by some
unknown cause. The angles of divergence of the lateral edges and of the faces are

" not greatly different in the two specimens. The lateral edges in No. 26 bear well-
developed crests, whereas in No. 22 they are weak. Specimen No. 25 stands between
No. 26 and No. 27. The last is the most compressed specimen examined and com-
pared with the other specimens is relatively heavy, the basal portion apparently
having been filled, partially at least, with stereoplasm. In these specimens the
excavated zone around the upper septal margins is absent or only faintly developed.

Localities.—Previously reported from Japan (Milne Edwards and Haime):
Lorcupine expedition (Duncan); 39~ 85" N., 9~ 56’ W., depth 994 fathoms, tempera-
ture 40.3% F.; 36° 44’ N., 8° 8 W., depth 364 fathoms, temperature 52.7° F.; 36- 29’
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N., 7v 16" W., depth 304 fathoms, temperature 53.3~ F.: Challenger Expedition
(Moseley); off Ki Islands, 129 fathoms (/. patens Moseley); off Twofold Bay, New
South Wales, 120 fathoms (. australe Moseley): Siboga Expedition (Alcock); 7% 15’
S., 115° 15.’6 E., 289 meters, 2 specimens; and 5~ 25.'4 S., 132° (".2 E., 204 meters,
1 specimen (as F. australe).

Albatross, 1902: :

Vicinity of Kauai Island, Station 3999; depth 7-148 fathoms; bottom, coral sand,
shells; 1 specimen.

Pailolo channel, between Maui and Molokai islands, Station 4101; depth 122-143
fathoms; bottom, coral sand, shells, foraminifera: 2 specimens.

FLABELLUM PAVONINUM var. PARIPAVONINUM Alcock.

Plate 111, figs. 1, 2, 3, 4, 4a, 45.

1894. Flabellum pariparoninum Avrcock, Jour. As. Soc. Bengal, LXIII, p. 187.
1898. Flabellum pariparoninum Arcock, Investigator Deep Sea Madrepor., p. 21, pl. 1, figs.
3, 3u, 3h. .

Description.—According to Alcock:

Corallum compressed, fan shaped, with a sessile scar of attachment, but no pedicle, and with the
two faces somewhat concave. The lateral costa are sharp, but not salient; they meet the basal scar
at an angle of about 45°; the other cost:e are merely sinuous striations. The margin of the calicle is
almost entire, and forms a segment of a circle of about 230°, so that when the corallum is held straight
in front of the eyves, with the major axis end on, and without any inclination, the columella, such as it
is, is plainly visible above that plane of the calicular margin. The septa are in six cycles, the last
cycle not quite complete; they are all extremely thin, and have the free edges sharp and straight
(not sinuous) and the granular strize of the surface inconspicuous Those of the first three cycles are
almost equal and meet together at the bottom of the calicle to form a sort of columella by their
slightly thickened ends. Those of the fourth cycle are not so very much smaller than their prede-
cessors, but do not meet them. Those of the last two are small. * * *

Height of corallum, 39 mm.; major axisof calicular orifice, 37.5; minor axis, owing to the eversion
of the rim of the calicle, 30.5 mm.—Alcock, 1898.

The angle of divergence of the lateral edges, measured in the figure, is about
110%; plane of shorter diameter of calice above that of the longer, 29 mm., this also
measured on the figure.

The absence of the pedicel in Alcock’s type, I am confident, is an accident; the
figure looks as if the base of the specimen had been broken, therefore no importance
attaches to this character. The angle between the lateral edges indicates var. dis-
tinctum, and the septa are the same as in the type of that form. The chief peculiar-
ity of Alcock’s form is the height exceeding the greater diameter of the calice, while
the plane of the longer diameter of the calice is not much below the middle point in
the altitude of the corallum—the arch of the calicular margin is decidedly high.

Eighty-five of the Albatross, 1902, specimens are referred to this variety.
As their intergradation with typical pavoninwin has been discussed at the end of the
remarks on that form of the species (see p. 54), attention can be turned directly to
their relations to Alcock’s type specimen. In form there is no difference; the type
was somewhat over 39 mm. in height, as the base is now broken. The number of
the septa is the same, but there are more principal septa in the Hawaiian specimens
than in the type. The principals over 24 are often, nearly always in part at
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least, smaller than the members of the first three cycles. The size of the fourth
cycle has been shown to be variable, these specimens from Hawaii show varia-
tion, and can therefore be disregarded. Alcock states that the inner edges of
the septa of pariparoninwm are straight, not undulated. In the Hawaiian speci-
mens the inner edges of the septa of this variety are not so strongly undulated as in
the other varieties of paroninim, and in some cases the septa are so little undulated
that they might be called straight. The upper portions of the principal septa in
Aleock’s tigures of pariparoninuncare wider than in the Hawaiian specimens, but
this is a variable character. At first I thought of erecting a new variety for the
Albatross specimens, separating them from par/paroninun because their principal
septa are more numerous and narrower near the ealicular margins, but both characters
are too variable to furnish a valid basis for even varietal separation.

The following table is based upon 50 specimens, all of the best preserved and
most perfect of those obtained.  As remarks have already been made on the varia-
tion and some characters not expressed in the table, what is to be said along this
line may appropriately be completed here. The bases of the specimens are often
more compressed than the upper portions. Below the plane of the longer axis of the
calice the faces of the corallum are normally gently convex; above that level they
are almost flat until near the upper edge of the wall, where frequently there is a
gentle bending outward, making the upper portions of the faces slightly concave.
Those specimens that have their upper edges flaring outward in this way are marked
“f1” in the following table. The lateral edges are subacute, except at the ends of
the calice, where they are rounded; moderately developed erests are sometimes
present. The angle of divergence is not always the same throughout the length of
the lateral edges. When two angles are given in the table, the first one is taken
nearer the center of the base.
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Besides the specimens from which the above table is made, there are belonging
to the same group from— :

Station 4080 . .. iiiiiiiiieaeiaaann 11 specimens.

Station 4079 .. L.l 11 specimens.

Station 3835 .. ... ..l 1 specimen.

Station 3856 . ... iiiiiinaanaaa 6 specimens (young).

Station 3857 ... L iiiiieaaeaaan 5 specimens (young).
34

Adding the 1 specimen of Table II (No. 24), the 50 of Table V, and these 34,
makes a total of 85 specimens of this variety.

Localities.—Alcock’s type, off Pedro Bank (Laccadive Sea), 636 fathoms.
Albatross, 1902:

South coast of Molokai Island:

Station 3835; depth, 169-152 fathoms; bottom, fine brown sand, mud; tempera-
ture, 55° F.; 1 specimen.

Pailolo Channel, between Molokai and Maui islands:

Station 3856; depth, 127 fathoms; bottom, fine sand, yellow mud; temperature,
66.5° F.; 6 specimens, small. Station 3857; depth, 127-128 fathoms; bottom, fine
sand, yellow mud; temperature, 62.5° F.; 5 specimens, small.

Northeast and north coast of Maui Island:

Station 4079; depth, 143-178 fathoms; bottom, gray sand, foraminifera; tem-
perature, 60.8° F.; 11 specimens. Station 4080; depth, 178-202 fathoms; bottom,
gray sand, foraminifera; temperature, 56.4“ F.; 60 specimens. Station 4081; depth,
202-220 fathoms; bottom, gray sand, foraminifera; temperature, 51.7° F.; 1 specimen.

Northwest coast of Oahu Island: ,

Station 4115; depth, 195-241 fathoms; bottom, coral sand, foraminifera; tem-
perature, 55.1° F.; 1 specimen (the largest obtained).

The physical conditions under which this variety thrives best, judging by the
Hawaiian specimens, are realized at stations 4079, 4080, 4081, and 4115 ; depth, 178
to 241 fathoms; bottom sandy, foraminiferal; temperature between 50° and 60° F.
These conditions are practically the same as for typical paroninum, the two varieties
occurring together, with intermediate examples. At station 4080, var. pariparo-
ninumn, however, is the more abundant. At station 4081, pavoninum typical is the
more abundant. A comparison of the data regarding the two varieties seems to point
to the typical form’s thriving best in somewhat deeper water and at a slightly lower
temperature. This does not appear sufficient to account for the differences in form.
1t has occurred to me that the bases of the varieties with converging lateral edges
might be sunk in the mud of the sea bottom, and that the differences in shape may
thus be brought about mechanically; but it is difficult to prove or disprove such an
hypothesis.
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FLABELLUM DELUDENS von Marenzeller.
Plate 111, figs. 5, 5a, bb.

1848. Flabellum laciniatum MILNE Enwarps and Haime, Ann. Sci. Nat., 3iéme sér., Zool., 1X,
p- 273 (? Phyllodes laciniatiin Philippi, 1841).

1857. Flabellum laciniatum MiLNeE Epwakps and Harve, Hist. Nat. Corall., 11, p. 92.

1864. Flabellum laciniatum SkGuexza, Corall. Foss. Terz. Messina, Pt. 2, p. 91, pl. x, figs. 7, 7a.

1898. Flabellum laciniatum Avrcock, Investigator Deep Sea Madrepor., p. 21, pl. 11, figs. 4, 4a.

1904. Flabellum deludens von MARENZELLER, Steinkorallen Valdivia Exped', p. 269, pl. xvi, fic.
10 (2 figs. ).

Von Marenzeller proposes a new name for this coral, because Philippi’s original
material is too fragmentary for positive identification. He makes very appropriate
remarks on the relations between Flabellum macandrewsi Gray, Ulocyathus arcticus
M. Sars, and Flabellune alabastrum Moseley (= Flabellum gooder Verrill).

Deseription (based on the Hawaiian specimens).—Corallum very thin and fragile,
with a compressed, elongate, horizontal or almost horizontal base, and a highly
arched, deeply incised calicular margin.

A short, rather stout pedicel is persistently present, by which even the adult
corallum seems to have been attached; angle of divergence of the lateral edges con-
stantly about 180°, the variation slight. Below the edges are wide, thin, often trans-
versely undulated, lamelliform crests which connect with the septa lying in the plane
of the longer axis of the calice, and are frequently produced below the level of the
lower end of the pedicel. The faces of the corallum diverge at an angle between
507 and 70°. About halfway up a face the outer portions diverge more rapidly
than the medial, causing the upper part to be concave. Coste usually correspond
to the first and second cycles of septa, but are variable in development, frequently
strong, wide at the base, acute or flattened along the summits; coarse, sinuous lines
of growth often present.

The lower ends of the calice are approximately on a level with the top of the
pedicel, the upper edge very much elevated. The deeply incised character of the
calicular margin has been noted. The deepest incisions usually occur on the sides
of the tertiaries in such a manner that the upper ends of the quaternaries are carried
upward on the lobes bearing the ends of the principal septa, thus isolating the ter-
tiaries, except those next the ends of the calices, where the incisions alongside the
principal septa in the long axis are very deep. Deeper incisions occur in most of
the larger specimens on each side of each inner tertiary of the terminal systems, i. e.,
the one nearest the medial system. This tertiary seems to project in the bottom of a
deep sinus. Between these two sinuses on each face is a median lobe with a coarsely
toothed upper margin. Below each of these sinuses is another lobe, its lower bound-
ary formed by the deep incision near the principal septum at the end of the calice.
The outer margin of this lobe is also coarsely dentate. To suin up these characters,
the upper margin of each face is usually trilobed, and the margin of each lobe is
coarsely dentate.

Septa distant, thin, in four cycles, in the larger specimens some members of the
fifth. There are usually three sizes, the primaries and secondaries of equal size,
fusing by their inner edges near the base of the corallum; the tertiaries are nar-
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rower, but they also reach the axis; the quaternaries are narrower and thinner, and
do not extend all the way down the corallum wall; there may be a few still smaller
or rudimentary quinaries. The arches of the principals extend as bhigh as, or even
a little beyond, the upper edge of the wall, their inner margins falling perpendicu-
larly to the bottom of the calice. The septal faces show coarse transverse undula-
tions. The interseptal loculi are very open, and the wall at the base of the corallum
is translucent. Columella tranecular.

Greater diameter at base measured between outer edges of the septu, 37 mm.;
measured between outer edges of wall, 28 mm.: lesser diameter of calice, 27.5 mm.; -
height of corallum, 33 mm. This is a well-preserved specimen, probably a few mil-
limeters over the average size. The variation exhibited by the specimens is so small
that it does not require compiling a table of measuremenits.

Localities.—Previously reported from Indian Seas, 400-600 fathoms (Alcock);
west of Sumatra, 614 and 660 meters (von Marenzeller).

Albatross Expedition, 1902:

Vicinity of Modu Manu, or Bird Island: Station 3977; depth, 876 fathoms;
bottom, tine coral sand, foraminifera, rock; temperature, 33° F.; 1 specimen.

West coast of Hawaii Island: Station 4036; depth, 687-692 fathoms; bhottom,
fine dark gray sand, foraminifera; temperature, 38.2° F.; 30 specimens. Station
4038; depth, 670-689 fathoms; bhottom, gray mud, foraminifera:; temperature, 38.5°
F.; 4 specimens. Station 4039; depth, 670-697 fathoms; bottom, gray mud, forami-
nifera; temperature, 38.7° F.; 11 specimens.

This species lives around thc- Hawaiian Islands at a depth bot\s een 670 and 900
fathoms, on a foraminiferal bottom, either sand or mud, at a temperature of 358° to
39° F.

Remarks.—The Hawailan specimens differ only slightly from those described by
Alcock from the Indian Ocean. The principal difference consists in the pronounced
tendency of the upper margins of the faces of the coralla to be trilobate, as has been
described. This trilobation is brought about by some of the indentations of the
septal margins becoming deeper and others shallower. There is variation in these
characters. The Hawaiian specimens might be separated as a local variety from
those from the Indian Ocean; but I believe that they should not he referred to a
separate species.

This species, under the name of F. laciniatun:, has been confused with F. «labux-
trum Moscley. There are large suites of the latter species in the United States
National Museum, and I have compared about 170 of these specimens with the
Hawaiian specimens of /. deludens. There is some resemblance between the young
of F. alubastrum and the ordinary sized specimens of F. deludens.  F. alubastrum is a
larger species, with thicker walls and usually more thickened septa, and its lateral
edges converge downward at a low angle. But the greatest difference hetween the
two is that in #. deludens the septa occupying the long axis of the calice are con-
tinued downward into highly developed crests. The lateral edges in F. alubastrum
are carinate, but there are no such crests as in F. deludens.  Moseley's species seems
to me very distinct from the latter, at least a comparison of 48 specimens of the
former with 170 of the latter has shown no evidence of intergradation.
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Genus GARDINERIA, new genus.

Diagnosis.—Calcareous tissues imperforate; new coralla arising from the old by
internal gemmation, similar to that in Schizocyathus fissilis Pourtalés, except in
Gardineria the parent corallite is not split. In the type species an older corallite
produces only one younger. Wall epithecate, as in Flabellum or Rhizotrochus,
extending upward beyond the outer ends of the septa. Septa with entire margins,
arched above, showing no definite cyclical arrangement, alternately larger and smaller,
all the larger and occasionally one of the smaller extending to the axis of the corallum.

Wide paliform lobes occur on the inner ends of most of the larger septa. 7The
loose fusion of the inner edges of these lobes and of the inner ends of a few long septa
which do not have the lobes form a weak false columella.  Interseptal loculi open to
their bottoms.

Type-species.— Gardineria hawaiiensis, new species.

Remarks.—This genus is most closely related to Duncania® Pourtalés, character-
ized by Pourtalés as follows: *Corallum attached, cylindrical, covered with a thick
wrinkled epitheca rising over the border of the calicle. Interseptal chambers filling
up solidly from the bottom, a multiple pillared columella. Sometimes paliform
lobes.”® The interseptal loculi in Gardineria are so little filled up that the wall is
translucent even at the base of the corallum, and, as stated in the diagnosis of the
genus, the columella is false. Huaplophyllia Pourtalés is a closely related genus. It
has a strongly developed columella and the interseptal loculi are solidly filled at the
bottom.

Mr. J. Stanley Gardiner, in his Turbinolid Corals of South Africa,® describes a
coral under the name of Duncania capensis, and remarks on the close aflinity between
Duncania and Haplophyllia. 1t is difficult to understand how it bas escaped the
attention of zoophytologists that de Koninck, in 1872¢ proposed the name Duncania
for a Carboniferous coral, antedating Pourtalés in the use of the name by two years,
and thus invalidating its Jater application to recent species.

GARDINERIA HAWAIIENSIS, new species.
Plate IV, figs. 1, 1qa, 15,

The type specimen seems to represent four individuals, there being only a frag-
ment of the oldest; the second soon gave rise to the third, the base of the third
almost filling the cavity of the second. The diameter of the third is 18.5 mm., height
of second and third combined, 16 mm. In a half calice of the third are 16 septa
alternately larger and smaller. The fourth individual is 22 mm. tall and 33 mm. in
diameter. In form the corallites are inversely conical, attached by the base and
some epithecal rootlets to the parent corallites.

The wall is epithecate, with transverse striee and some encircling constrictions.
There are no definite cost®, but there are some ill-defined discontinuous longitudinal

@ Mem. Mus. Comp. Zool., IV, ¢ Hassler Corals,” 1874, p. 44.
b The contrasting portions of my description of (Gardineria and of Pourtalés’s deseription of Duncania
are italicized in order to emphasize the differences.
¢Marine Investigations in South Africa, III, 1904, pp. 120, 121, pl. 1, figs. 6a-6e¢.
dNouvelles Recherches sur les Animaux fossiles du Terrain carbonifére de la Belgique, p. 107.
32301—07—5
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ridges and fine longitudinal striations, while from place to place there are more or
less continuous, sharply indented, longitudinal sulcations.

The septa do not show any definite cyclical arrangement. In one-half of the
next to the last calice (diameter 18.5 mm.) there are 17 septa which are, with one
exception, alternately larger and smaller. The largest calice has 36 septa, alter-
nately larger and smaller. Nineteen of the septa extend to the columellar space,
while ten have palifrom lobes on their inner ends. Between almost every pair of
the 36 septa is a wide, low, rounded ridge, probably a rudimentary septum. Neglect-
ing the ridges in the interseptal loculi, the septa are distant, their outer ends are
thick, but they become thinner toward the columella. Upper margins strongly
arched, the arch not extending to the wall, the septa set within the epitheca which
extends upward beyond their outer ends. Inner margins of the larger septa steep,
the smaller septa becoming narrow toward the base of the corallum. Septal faces
irregularly and minutely granulated.

Columella false, poorly developed, formed of the loose fusion of the paliform
lobes and of a few septa that do not bear lobes.

Culice moderately deep.

Locality.—Station 3991, vicinity of Kauai Island; depth, 272-296 fathoms;
bottom, fine sund rock; temperature of bottom, 43.7° F.

Type.—Cat. No. 20731, U.S.N.M.

Remarks.—This coral presents so little resemblance to any other one known to me
that scarcely any comparison can be made. From its general appearance it evidently
should be placed near Flabellum and Rhizotrochus.

Genus PLACOTROCHUS Milne Edwards and Haime.

PLACOTROCHUS FUSCUS, new species.
Plate IV, tigs. 2, 2a, 3, 3a.

This species is represented by three specimens, all of which were used in preparing
the following description.
Corallum small, trumpet-shaped, attached by an expanded base.

MEASUREMENTS,

i SPCCIMEN (itiiei ittt iiiieiieieanenreeaaaenns No. 1. No. 2. 1 No. 3.
mm. mimn, | mne.
Gireater diameter of calice ............. 5.5 7 8.5
Lesser diameter of calice............... 4.5 5.5 7.5
Diameter of lower fractured end........ A 3
Diameter of pedicel ilnmediately above i
|3 R P 3.5and 3 [roeeeeee
Height corallum ... ... _.___....._.. 10 ! 12.5 13

Specimens Nos. 1 and 3 have heen broken from their bases, and the measurements
given in the table therefore do not represent the total height of the coralla.
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The wall externally is rather glistening, resembling in appearance that of
Flabellum or Rhizotrochus. Costee lacking in young specimens, but well developed
near the calice in mature specimens. For instance, there are none in specimen No. 1;
faint coste are appearing around the edge of the calice in No. 2; in No. 3, they are
well developed for a distance of 1 to 2.5 mm. below the upper edge of the wall, cor-
responding to the first, second, and third cycles of septa, but not to the fourth.

Septa thin and distant, in four complete cycles, becoming progressively more
exsert with increasing age. The first and second cycles about equal in prominence;
the third cycle less prominent; the fourth corresponding to slight notches on the
calicular margin. In young specimens the members of the first cycle are slightly
longer than those of the second, but later these two cycles become equal in size; the
members of the third are considerably shorter and thinner; those of the fourth
cycle are rudimentary, very short and delicate, and must be looked for carefully to
be seen, but the cycle is complete, even on the lower, broken end of specimen No. 3.
The septal faces are beset with very minute granulations and there are faint strie.
The inner margins of the larger septa are slightly undulated and fall abruptly to the
bottom of a deep narrow calicular fossa.

Columella a deep seated, very thin, delicate lamella, with a gently curved upper
edge. It is best shown in specimen No. 1. It is distinct, but was difficult to
discover, in No. 2. Apparently it has been broken and has fallen out of No. 3.

The corallum is usually reddish brown in color, with the inner third of the larger
septa white. Specimen No. 1 is whitish with some brownish blotches.

Localities.—

Pailolo Channel, between Maui and Molokai islarffis: Station 3886; depth, 148
fathoms; bottom, pebbles and rock; temperature of bottom, 65° F.

Ukula Point, vicinity of Kauai Island: Station 3999; depth, not definitely given,
7-148 fathoms. (Specimens Nos. 1 and 3.)

Cotypes.—Nos. 20731, 20732, U.S.N.M.

Family CARYOPHYLLIID A Verrill.
Genus DESMOPHYLLUM Ehrenberq.
DESMOPHYLLUM CRISTAGALLI Milne Edwards and Haime.

Plate VI, figs. 3, 3a, 3h.

1848. Desmophyll un cristugalli MILNE Epwarps and Harme, Ann. Sci. Nat., 3iéme sér., Zool., IX,
p- 253, pl. vi, fig. 10.

1857. Desmophylhum cristagalli M1LNE Epwarps and Haime, Hist. Nat. Corall., 11, p. 76.

1873. Desmophyllum cristagalli DuNcaxn, Trans. Zool. Soc. London, VIII, p. 321.

1878. Desmophyllum cristagalli PovrraLks, Bull. Mus. Comp. Zool., V, No. 9, p. 203.

1880. Desmophyllum cristagalli PovrtravLis, Bull. Mus. Comp. Zool., VI, No. 4, p. 106.

1902. Desmophyllum cristagalli Avcock, Deep Sea Madrepor., Siboga Exped., p. 28.

1904. Desmophyllian cristagalli v. MARENZELLER, Stein-Korallen, Valdivia Exped., p. 267, pl. xv,
figs. 2, 2a, 2b.

Remarks on the synonymy.—Duncan @ refers . cumingi and D. costatum Milne
Edwards and Haime to the synonymy of D. cristagalli. Alcock? adds the names of

« Trans. Zool. Soc. London, VIII, 1873, p. 321. b Deep Sea Madrepor., Siboga Exped., 1902, p. 23
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D. reflexwn and D. rusei Duchassaing and Michelotti. It seems to me that Duncan is
correct in his conclusion; probably D. reflecum of Duchassaing and Michelotti and
D. incertum of the same authors should be placed in the same synonymy. The Des-
mophyllune riiset of Pourtalés® is different from the Desmophyllum rusei of Duchas-
saing and Michelotti.? The specimens tigured by Pourtalés are much more slender
than the type of the species. While in Turin, during the winter of 1897, I found
the type of D. ruser. It possesses an essential columella, composed of projecting
laths, similar in character to that of Curyophyllia. Therefore, D. rusei is not a
Desmoplyllm, but is probably a Cyathoceras.

Description.— (Specimen from Hawaiian Islands):

The corallum is broken below, but evidently there was a basal attachment, above
which rose a stalk. In its upper portion the corallum rapidly increases in diameter.
Transverse outline of calice oval. Diameter of lower broken end of specimen, 7
mm.; greater diameter of calice («) from outer edge to outer edge of wall, neglecting
costee, 22.5 mm.; (5) between outer edges of costa, 26 mm.; lesser diameter () from
outer edge to outer edge of wall, 17.5 mm., (5) between outer edges of costa, 24.5
mm.; height of specimen, (¢) to upper edge of wall, 26 mm., (3) to upper edges of
septa, 31 mm.

Wall thick and dense. Coste corresponding to the largest septa, large and
prominent, extending rather far down the sides of the corallum, more prominent
near the margin of the calice.

Septa in almost five complete cycles, the primaries and secondaries of similar
size, thick, with very exsert margins; the tertiaries smaller but with decidedly exsert
margins. The septa of the penultimate cycle are wider than those of the last c) cle,
but their upper mar, gms are not so much elevated.

The axial fossa is narrow and very deep, a¢ there is no columella.

Localities.—Previously reported from the Pliocene of Italy, the Mediterranean,
eastern Atlantic, Antilles, Pacific coast of South America, and the Indo-Pacific.

Albatross, 1902: Kaiwi Channel, between Molokai and Oahu islands, Station
3893; depth, 220-346 fathoms; bottom, fine white sand. rock; temperature 47° F.;
1 specimen.

Genus PARACYATHUS Milne Edwards and Haime.

PARACYATHUS GARDINERI, new species.
Plate IV, figs. 4, 4q, 4b.

Corallum heavy for its size, shaped like the howl of an ordinary water goblet, the
base flattish or gently rounded, showing in the central portion a rather large scar of
detachment. The sides of the corallum are almost perpendicular, that is, with
increasing height there is very little increase in the measure of the diameters.
Transverse outline of the calice broadly elliptical.

a Bull. Mus. Comp. Zool., VI, 1880, No. 4, p. 106, pl. 1, fig. 14.
b Mém. Corall. Antilles, 1861, p. 61 (of reprint), pl. 1x, tig. 4.
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MEASUREMENTS,

; (S TE S 1T - N No. 1. No. 2.
| . —
mm. nene.
Greater diameter of calice................ 14 16.5
Lesser diameter of calice ..... . ... .. ... 12.5 14.5
Height of corallum ... o oo o .. 13.5 13

Costee corresponding to all septa, continuing to the edge of the basal scar; they
are low, wide, equal, rounded or flattish, densely granulated. Intercostal spaces
narrow and shallow.

Septa in four complete cycles, in some half systems there may be a few mem-
bers of the fifth. The members of the first and second cycles are of nearly the same
size, secondaries very slightly shorter; they are moderately thick, their upper
margins rather prominent, projecting 1.5 mm. above the upper edge of the wall.
The tertiaries and quaternaries are equal in prominence, length, etc., and are only
slightly exsert. Septal faces delicately fluted and granulated. Pali in three definite
crowns, hefore the septa of the first, second, and third cycles, narrowest before the
first and widest before the third. Where septa of the fifth cycle are present pali
may stand before septa of the fourth. Apparently some of the pali may have inner
lobes.

Columella not very large, composed of a number of papilla, upper surface ellip-
tical and depressed below the pali.

Calicular fossa rather narrow, only moderately deep. -

Locality.—Hawaiian Islands. If the station number was with these specimens
when they were sent to me, it was lost.

Cotypes.—Three specimens, Cat. No. 20754, U.S.N.M.

PARACYATHUS TENUICALYX, new species.
Plate VI, figs. 1, 1a, 1b.

Corallum attached by an expanded base, above which rises a stout peduncle 3
mm. in diameter and 7 mm. tall, in its upper portion gradually increasing in diameter.
The calice is almost circular, having a greater diameter of 8.5 mm. and a lesser of 8
mm. Height of corallum 18 mm. ,

The outer surface of the peduncle is without coste, but possesses numerous
cransverse undulations. Above these are distinct equal coste corresponding to all
septa. The costal edges are subacute and very regularly beaded; intercostal furrows
narrow.

Septa in four complete cycles. The members of the first and second cycles are
of the same size, with somewhat exsert margins; those of the fourth cycle are
usually slightly longer than those of the third, but their upper margins are equal in
prominence. All of the septa are thicker in the thecal ring, where they are crowded,
but hecome thinner toward the center. The inner ends of both the first and second
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cycles are thickened opposite the pali. The septal faces are very delicately fluted,
and beset with numerous crowded conical granulations.

Pali tall, thin, wide, almost straight plates, with entire edges, and with delicately
fluted, somewhat granulated faces; before all septa except the last cycle. Those
before the third cycle are the widest, those before the first cycle are sometimes nar-
rower than those before the second, but it is not always possible to distinguish the
first from second cycle. ~ A

Columella terminated by irregularly shaped papille, 8 in the type.

Calicular fossa and the whole calice shallow.

Locality.—South of Molokai Islands and west of Lanai Island, Station 3895;
depth, 252—429 fathoms; bottom, coral rock; temperature of bottom, 47 F.

Type.—Cat. No. 20755, U.S.N.M.

PARACYATHUS MAUIENSIS, new species.
Plate VI, figs. 2, 2a.

Corallum attached by an expanded bhase, diameter not increasing with the height,
transverse outline broadly elliptical. Greater diameter of calice, 8 mm.; lesser,
7.25 mm. Base attached to an uneven surface. Height on one side, 6.5 mm.; on the
other,10 mm. Just above the attached area the corallum is almost circular in cross-
section, diameter 8 mm. Between the base and the calice are several encircling
constrictions.

The wall is thick, externally almost completely enveloped by a thick, more or
less corrugated epitheca that extends to the very margin of the calice. Ina few
places can be seen low, obtuse coste, which are subequal, or alternating in size.
Near the base the epitheca possesses broad, low, flat, equal, granulated costa,
separated by shallow, narrow intercostal furrows.

The septa are in six systems; four complete cycles in four systems, in the
outer halves of the two systems at one end of the calice the fourth cycle is wanting.
The septa are straight, but the members of the last cycle seem to fuse by their
inner ends to the sides of the large pali standing before the penultimate septa.
Primaries and secondaries rather thick, the other septa somewhat thinner. The
upper margins scarcely project above the upper edge of the wall, those of the first
and second cycles slightly the more prominent. The septal faces densely and rather
coarsely granulate.

Pali in three crowns, before all septa except the last cycle. Their inner margins
lying in the same curve, but the narrowest are before the tirst cycle, and the widest
before the third. In cross-section the pali are cuneiform, the thicker ends outward.
Their margins are arched above and entire; faces with sharp elevated strie broken in
places into granulations.

Calicular fossa gradually excavated, moderately deep.

Columella well developed, terminated by rather tall papille, which resemble the
pali before the primary septa, but stand at a somewhat lower level, therefore the
columellar papille can be easily differentiated from the pali.

Locality.—North coast of Maui Island, Station 4098; depth, 95-152 fathoms;
bottom, coral sand, foraminifera, rock; temperature, 64.8° F.; 1 specimen.

Type.—Cat. No. 20756, U.S.N.M.
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PARACYATHUS MOLOKENSIS, new species.
Plate VI, figs. 3, 3a, 3h.

Corallum attached by a wide base, diameter not increasing with height, trans-
verse outline subcircular. Greater diameter of calice, 6.5 mm.; lesser, 6 mm. The
specimen is attached to an irregular surface, giving a height on one side of 5 mm.;
on the other, 12 mm. The specimen has the appearance of having been broken and
of subsequently having repaired itself.

Wall rather thin, naked. Costee distinct from the calice to the base, alternating
in width and prominence near the calice, the larger rather prominent, about halfway
down the smaller disappear and the larger continue subequal to the base. In profile
all are rounded and are densely granulated both along the summits and on the sides.
Intercostal furrows narrow.

Septa distant, except in the thecal ring, where they stand close together. The
arrangement is not very definite; probably the damage that the corallum suffered
caused the apparent irregularity. There are fifty-two septa, which seems to occur in
six systems, four complete cycles, and a quarter system in each of two systems has
the fifth cycle represented. The primaries are slightly thicker and longer than the
secondaries; the tertiaries are shorter and thinner than the latter; the last cycle is
rudimentary. There are no definite septal groups, although there may be occasional
fusion of a tertiary septum to a secondary through its palus. The primaries and
secondaries slightly exsert, the others less so, according to the cycle. Margins entire.
Faces with very faint ornamentation.

Pali irregular thin teeth, usually occur on the inner ends of the primaries,
secondaries, and tertiaries, but they are not always present, especially: on the -
primaries.

Calicular fossa rather deep and large compared to the size of the corallum.
Greater diameter, 3 mm. ; lesser, 2.5 mm.; depth, 2.5 mm.

Columella rather large, but of very loose texture, composed of anastomosing
trabecule that send upward irregularly shaped projections, which are scarcely to be
distinguished from the pali. ‘

Locality.—South coast of Molokai Island, Station 3833; depth, 88-142 fathoms;
bottom, sand, pebbles, broken shells, rock; temperature, 63° F.; 1 specimen.

Type.—Cat. No. 20757, U.S.N.M.

Remarks.—The irregular character and imperfect development of the pali caused
me to hesitate to place this species in the genus Paracyathus, but its affinities are
with that genus, unless it should be a Parasmilia with pseudo-pali.

Genus DELTOCYATHUS Milne Edwards and Haime.

DELTOCYATHUS ANDAMANICUS Alcock.
Plate VI, figs. 4, 4a.
1898. Deltocyathus andamnantrus ALcock, Investigator Deep Sea Madrepor., p. 16, pl. 1, figs. 5, ba.
Original description.—Alcock describes this species as follows:

Corallum discoid, free, with a small central scar. Cost, in their distal half, covered with spini-
form granules. Those of the first three cycles are indistinct near the scar, but become sharply salient
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near the circumference; those of ¢he last cycle, which have a ragged appearance owing to the size and
abundance of their granules, can be distinguished only near the circumference and are smaller and
less salient than those of the other cveles.

Septa and pali profusely ornamented with spiniform granules. The septa are in gix systems and
four complete cycles, but in some of the half-systems a fifth cycle is developed. The septa of the
first cycle are large and exsert, and each, with its palus, remains perfectly independent of all the other
septaand pali. The septa of the last cycle are small, independent, and without pali. The septa of the
second and third cycles (and those of the fourth, also, in the half-systems in which a fifth cycle occurs)
are as large as those of the first, but their pali (which are larger and farther from the center than the
pali of the first eycle) soon unite to form *“deltas.”’  These *‘ deltas,”’ owing to the size and abundance
of their granulation, have a lace-like appearance.

Columella sunken, coneave, spongy-papillose.

Color of the living coralluin, madder tinted.

Diameter of corallumn about 18 mm.

A single specimen, from the Andaman Sea, 172-303 fathoms.

Notes on the Huwailan specimens.—The measurements of the two specimens
obtained by the A/butross, 1902, are: (1) diameter, 10 mm. ; height, 3 mm.; (2) diameter,
12 mm.; height, 3.5 mm. These specimens are smaller and apparently younger than
Alcock’s type. The basal scar of detachment is not completely healed, and the coste
can be traced nearer to the center than in the type. The last cycle of septa rather
constantly fuse to the sides of the next older cycle. In the smaller specimen some
of the youngest septa appear to have free inner margins, but I suspect that this
appearance may have been brought about, in some instances at least, by the break-
ing down of the connection with the older septa. There are four complete cycles,
with some members of a fifth.

There are many bhundreds of specimens of Deltocyathus (talicus (Michelotti)
" in the United States National Museum, and a careful comparison has been made
between them and the Hawaiian specimens. No evidence of intergradation was
found. The former very constantly has four cycles of septa.

Locality.—West coast of Hawaii Island, Station 4045; depth, 147-198 fathoms;
bottom, coral sand, foraminifera; temperature, 49~ F.; 2 specimens.

Genus TROCHOCYATHUS Milne Edwards and Haime.

The following species bears the same relation to the discoid Zrochociathi that
Diaseris does to Fungea.

TROCHOCYATHUS OAHENSIS, new species.
Plate VI, figs. 5, bu, 6, 6a.

Corallum small, flat, transversely slightly elliptieal.

MEASUREMENTS,

Specimen ...l " No.1. ‘ No. 2, ‘ No. 3. ‘ No. 4. No. 5. No. 6,

I_ - — - ' p— - -

‘ mm. ' munt. I mm. ‘ mm., mm., mm.
Greater diameter oo ... I 5.5 6 6 7 7
Lesser diameter. ... .. ... 3.5 5 5 3.5 5.5 5.5
Height .o o ... 2 2.5 3 2.5 2.5 3

(") (v) ()
1

aNew individual being formed at one corner. b Ready to divide,
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Asexual reproduction seems to take place by one corner of the calice becoming
elongated. The projecting portion may be of small diameter, then its diameter
increases to almost the size of that of the mother calice. The two calices are
subsequently separated by fission.

Wall rather thick. Coste corresponding to all septa, equal, broad, rounded, and
ornamented with minute, crowded granulations.

Septa in specimens Nos. 2 and 3 of the table (which appear to be as large as the
specimens usually grow before division begins), 32 in number, i. e., there are three
complete cycles and some members of the fourth. Specimen No. 5 has 35 septa in
all. The different cycles are not well differentiated; it is practically impossible to
distinguish between the first and second cycle. In general the members of the first
cycle do not form parts of septal groups, while the members of the third bend
toward those of the second. The members of the first and second cycles are of the
same size, and when members of the fourth cycle are present the neighboring
members of the third equal in size those of the preceding cycles. Around the edge
of the calice the septa appear alternately larger and smaller, the last cycle always
being smaller and having less prominent margins. Margins of the larger septa
moderately exsert; the exsert and inner portions of ‘all septa thin. Septal faces
beset with crowded, tall, rather sharp-pointed, slender granulations (really delicate
spines).

Pali before all septa, except the last cycle, in one or two crowns, sometimes
showing a tendency to unite the septa into deltas, as in Deltocyathus. They are
rather wide, very thin, and are granulated in the same fashion as the septa.

Columella terminated above by several stout papille, whose ends are minutely
granulated.

Calice, superficial.

Localities.—West coast of Hawaii Island, Station 4041; depth, 252-283 fathoms;
bottom, gray mud, foraminifera; temperature of bottom, 41.6° F.; 10 specimens,
6 of which were selected for the types. Vicinity of Kauai Island, Station 4133;
" depth, hetween 41 and 312 fathoms; bottom, fine gray sand, rock; temperature of
bottom, 43.8° F.; 1 specimen.

Types.—Cat. No. 20760 U.S.N. M.

Genus CARYOPHYLLIA Lamarck.
CARYOPHYLLIA ALCOCKI, new species.
Plate V, figs. 1, la, 1b.
Corallum compressed, mmversely conical, attached by a stout basal stalk.
MEASUREMENTS,

Specimen ... il i | No. 1. ’l No. 2. {
) mmn. mmn, |
Greater diameter of calice...... ... ... . .......... 29 25
Lesser diameter of calice . ......... ... ... 23 23.5
Greater diameter of fractured base.................... 8 5
Lesser diameter of fractured base . ...... ... .. .... 7 4.5
Height ..o e icieiaan. 23 24
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These measurements are not made to the outer and the upper edges of the septa,
but on the wall.

Wall polished, glistening. Costwe distinct, but not very prominent, those
corresponding to the first and second cycles of septa more pronounced than the
others and may be subacute; those corresponding to the third cycle often larger
than those corresponding to the fourth.

Septa in four complete cycles. The margins of the first and second cycles very
exsert, equal in prominence; the quaternaries fused in the thecal ring to the sides of
the included member of the first or second cycle, the wall between them being con-
tinued upward considerably beyond its upper edge on each side of the members of
the third. The margins of the septa of the fourth cycle therefore stand much higher
than those of the third cycle. Between the quaternaries are incisions in the upper
edge of the wall, and in these the tertiaries occur. The primaries and secondaries
are equal in size, longer, wider, and thicker in the .thecal ring, than the others;
the fourth cycle is wider than the third, but these two cycles are of ahout equal
length. The inner portion of all the septa and the upper portion of all except the
third cycle are very thin and fragile.

Pali in a single crown, before the third cycle. They are tall, wide, very thin
and fragile, and are undulated.

Columella well developed, prominent, consisting of four or more curled ribbons.

Calice shallow.

Locality.—Vicinity of Modu Manu, Station 3977; depth 876 fathoms: hottom,
fine coral sand, foraminafera, rock; temperature of bottom, 33- F.

Type.—Cat. No. 20744, U.S.N. M. -

I have named this very handsome species for Dr. A. Alcock, Superintendent of the
Indian Museum and Professor of Zoology and Comparative Anatomy in the Medical
College of Calcutta. Dr. Alcock’s reports on the Zivestigator and Sihoga deep sea
corals are among the most valuable contributions that have been made to the sul)-
ject. The present species bears a general, though apparently not close, resemblance
to Curyophyllia cultrifera Alcock.”

CARYOPHYLLIA OCTOPALI, new species.
Plate V, figs. 2, 2q, 2h,

Corallum cornute, attached by a wide basal expansion. The specimen especially
selected for the type is so crooked that a longitudinal measurement possesses no
value. The calice is almost circular; greater diameter, 7 mm., lesser, 6.5 mm.
Externally there are usually very low, broad, flattish, equal, granulated cost=.
corresponding to all septa.  Encircling wrinkles sometimes present, and occasionally
there seems to be some epitheca. Wall stout.

The septa appear to be in eight systems of three cycles each.? Upper margins
not exsert, those of the primaries slightly more prominent than those of the two

aSiboga Deep Sea Cor., p. 7, pl. 1, figs. 1, la.
b In the description eight, for convenience, is considered the number of septa in the first cycle.
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higher cycles. The outer ends of the septa are thick, becoming thinner toward the
center, the first cycle of septa slightly longer than the third, and the third slightly -
longer than the second. The septal faces exhibit undulations coinciding with the
courses of the septal trabecule and have granulations along their crests. The
granulations are numerous, crowded, and prominent.

There are eight rather large, stout, undulated and granulated pali, standing
before the septa of the third cycle.

The columella consists of several, three to five, more or less twisted laths.

Calice shallow.

Localities.—South coast of Molokai Island: Station 3827, depth 319 to 371
fathoms; bottom, light gray-brown mud; temperature of bottom, 42.1° F. (two
specimens, one attached to the other). Statlon 3828, depth 281 to 319 fathoms; bot-
tom, broken-shell, gravel; temperature of bottom, 43.8° F. (one speumen, the type).

Type.—Cat. No 20746, U.S.N.M

Remarks.~This species is based on three specimens. The type has been broken
from its attachment, but has the basal expansion preserved, one of the other speci-
mens is attached to the third. The character of these specimens is very constant,
but shows variation in the number and size of the columellar laths. They are very
closely related to Caryophyllia cornuformis Pourtalés, from the West Indies, of which
there is in the United States National Museum one specimen with seven well-developed
and one rudimentary palus. Insizeand general appearance the two species are scarcely
distinguishable. A difference, probably of no great value, is that C. octopali has a
more expanded base than C. cornuformés. There seems to be good differences in the
septal characters: In C. octopali the last cycle of septa are persistently as long as, or
longer than those of the preceding cycle, and the inner ends of the second cycle are
not thickened. In C. cornuformis the last cycle of septa are persistently shorter
than those of the preceding cycle; the inner ends of the septa, before which the pali
stand, are thickened, the septa are not so crowded, the margins of the first and second
cycles are more exsert, and the septal faces are not so densely granulated.

CARYOPHYLLIA OCTOPALI var. INCERTA, new variety.
Plate V, figs. 3, 3a.

This variety is separated from the typical octopali by the exsert septa of the first
cycle, which prOJects fully 1 mm. beyond the upper edge of the corallum wall. The
pali are six or seven in number, not eight, as in typical octopali. The septal lengths
are as in octopals.

This variety is represented by a cluster of individuals growing attached to one
another by their bases.

Locality.—South coast of Molokai Island, Station 3827; depth, 319 to 371
fathoms; bottom, light gray-brown mud; temperature of bottom, 42.1° F.

Type.—Cat. No. 20748, U.S.N.M.



76 RECENT MADREPORARIA OF THE HAWAIIAN ISLANDS AND LAYSAN.
CARYOPHYLLIA HAWAIIENSIS, new species.
Plate V, figs. 4, 4a, 4b.

Corallum attached by an expanded base, gradually increasing in diameter
toward the calice.  Calice broadly elliptical.

MEASUREMENTS.

No. 4.

‘ RPOCHTICT e eeeeetiit e e e e eeae e No.1 | Ne.z | No.. i
. T - T : .
i nan. | omm. nun. mm.

! Greater diameter of calice. ... ... ... 6 7 9 9
Lesser diameter of calice ... ... .. .. 5 6 7.5 8
Height. i, 11.5 15 20 18
Number of palic ..o .o o o o il ... 10 10 10 i 11

The wall externally is shiny and covered with numerous small granulations.
Small individuals and the lower portion of large specimens are without costwe, but
in older, adult, specimens, distinct but not prominent cost correspond to the largest
septa: between these, smaller costie may be present.

The septa in fully grown individuals appear to be divided into ten or eleven
systems of three cycles each. It is not possible to differentiate the primary six
septa from the four or five large members of the second cycle. The ten or eleven
principal septa have very prominent upper margins, which may project 1.5 mm. above
the upper edge of the wall. The margins of the members of the last cycle are about
half as high as those of the principal septa; the next to the last cvcle are not so
prominent as the last. The septal faces are delicately fluted, and inconspicuous granu-
lations are numerous.

Pali ten or eleven in number, thin, delicate, erect, moderately wide, fluted, and
granulated; in a single crown hefore the penultimate c¢ycle of septa.

Columella rather small, composed of several curled ribbons.

Calicular fossa only maoderately deep.

Localities.—South coast of Molokai Island, Station 3838; depth, not precisely
given, 92-212 fathoms; bottom, fine gray brown sand; temperature of the bottom,
67° F.

Northeast coast of Hawaii Island, Station 4061; depth, 24-83 fathoms: bottom
coral sand, corallines, nodules, foraminifera; temperature at surface, 77° F.; 1
specimen.

Pailolo Channel, between Maui and Molokai islands, Station 3885; deptk, 136—
148 fathoms; bottom, sand, pebbles; temperature, 64.8° F.; 1 specimen.

Cotypes.—Four specimens, Cat. Nos. 20749, 20750, U.S.N. M.

Remarks.—This species is closely related to Alcocks Curyophyllia quadra-
genaria.® The principal difference seems to be in the much more developed costse
of the latter species. Itis not improbable that the species here described may later
be placed in the syvnonymy of C. guadragenaria.

a Deep Sea Corals, Siboga Expedition, p. 10, pl. 1, figs. 4, 4a.
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¢ Vicinity of Laysan Island, Station 3952; depth, 347-351 fathoms; bottom,
white sand, gravel; temperature, 45° F.; 1 specimen, No. 5 of table, the finest
obtained. ,

Vicinity of Kauai Island, Station 3999; depth, 7-148 fathoms; bottom, coral
sand, shells; 2 specimens, Nos. 1 and 2 of table.

South coast of Oahu Island, Station 3810; depth, 53-211 fathoms; bottom, fine
coral sand; temperature, 47.7° F.; 1 specimen.

Northwest coast of Oahu Island, Station 4115; depth 195-241 fathoms; bottom,
coral sand, foraminifera; temperature, 55.1° F.; 1 specimen, dead. )

The range in depth of this species appears to be from 127 to 351 fathoms; tem-
perature, 45° to 61° F.; bottom, sandy, gravel or rock.

Type.—Cat. No. 20735, U.S.N. M.

Remarks.—Four species of Cyathoceras have previously been described, two by
Moseley, C. cornu and C. rubescens, in the Challenger Deep Sea Corals, 1881; one,
C. portoricensix, by myself in my report on the Stony Corals of the Porto Rican
Waters, 1901; and one, C. tydemani, by Alcock in the Siboga Deep Sea Madre-
poraria, 1902. The form above described is most closely related to Moseley’s C.

. rubescens; in fact, I hesitated to separate it from that species. Moseley says that
the surface of C. rubescens is *‘ glistening, but slightly roughened.” The surface of
the Hawaiian specimens is not glistening, and is granulated all over. The character
of the surface may be variable, but it is constant in the eight specimens examined by
me. There may be other differences not brought out by Moseley’s description.

Genus CERATOTROCHUS Milne Edwards and Haime.
CERATOTROCHUS LAXUS, new species.
Plate VII, figs. 4, 4a, 4b.

Corallum short-cornute, attached by an expanded base, above which is a short,
rather thick peduncle. Above this the corallum gradually increases in diameter with
increasing height. Calice subcircular in outline. Greater diameter of calice 7 mm.;
lesser 6.5 mm.; diameter of peduncle 3 mm.; height of peduncle about 2.5 mm.;
height of corallum 11.5 mm. ‘

Wall only moderately thick, naked. Flat, low, densely granulate, equal coste
correspond to all septa just below the calicular edge, and can be more or less dis-
tinctly traced farther down on the corallum by the granulations. The granulations
are rather often arranged transversely to the longitudinal axes of the coste.

Septa in three complete cycles, and members of the fourth cycle present five half
systems, 34 septa in all. The members of the first are the largest, those of the
other cycles smaller, according to the cycle, the youngest cycle of any half system
almost rudimentary. The first and second cycles have slightly exsert margins, the
margins of the third and fourth not prominent. Outer ends of the septa somewhat
thickened, inner portions thin and delicate. Interseptal loculi very open. Septal
fuces beset with irregular, low granulations.

Columella very poorly developed, composed of two very thin, more or less con-

torted ribbons.
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Calicular fossa deep, narrow, bounded by the perpendicular inner ends of the
first cycle of septa.

Locality.—South coast of Molokai Islands, Station 3827; depth, 319-371 fathoms;
bottom, light gray brown mud; temperature of bottom, 42.1° F. (1 specimen.).

Type.—Cat. No. 20764, U.S.N.M.

Remnarks.—This species is especially characterized by the very poorly developed
columella and its much expanded base.

Family ANTHEMIPHYLLIID A, new family.

Type-genus.— Anthem iphyllia Pourtalés.

Diagnosis.—Corallum with imperforate tissues, simple.

Septal margins with long teeth. Interseptal loculi open.

Remarks.—The little genus cAnthemiphyllia has puzzled every student of the
classification of corals since Pourtal¢s first described it.® It looks at first sight like
a disc-shaped trochocyathoid coral, but the long, septal teeth immediately show that
it is not closely related to the Caryophylliid genera. It then recalls some of the
species referred to Antillia or Syzygophyllia. The septal margins of Antillia are
dentate, but the dentations are low, small, and rounded; while those of Syzygophyllia
are large and coarse like saw teeth; furthermore, both of these genera have highly
developed endotheca and some exotheca. I do not know another genus of corals
that has the wall and interseptal loculi of the Caryophylliidee and septal margins
with long dentations. I am therefore proposing the family Anthemiphylliida, which
at present contains only the type genus.

Genus ANTHEMIPHYLLIA Pourtalss.
ANTHEMIPHYLLIA PACIFICA, new species.
Plate VII, figs. 5, a.

Corallum small, bowl-shaped, base rounded, showing by a scar former attachment.
Cross-section circular. Diameter, 8.5 mm.; height, 3.5 mm.

There are shreds of an incomplete epitheca. The wall is externally costate, but
the costw are not large, those corresponding to the first and second cycles of septa
slightly more prominent than those corresponding to the third and fourth.

Septa distant, with open interseptal loculi, in four complete cycles, those of the
first and second cycles equal in size and with moderately exsert margins; the tertia-
ries are less prominent; the quaternaries the least prominent. There are distinct
septal groups. The primaries are free; the tertiaries fuse near the columella to the
secondaries; the inner ends of the quaternaries appear to be free. The septal margins
are very spinulose, the spines tall, with rounded summits. The diameter of the
spines is greater parallel to the septal faces than transverse to them. There are
granulations both on the septal faces proper and on the spines.

Columella somewhat sunken, not large, upper surface papillate.

Calicular fossa not deep, calice shallow, or superficial.

a Bull. Mus. Comp. Zool., V, 1878, p. 203, pl. 1, figs. 14, 15.
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Localities.—South coast of Molokai Island: Station 3838; depth, 92-212 fathoms;
bottom, fine gray-brown sand; temperature of the bottom, 67° F. Station 3855;
depth, 127-130 fathoms; bottom, fine brown sand, gravel; temperature, 65.5° F.; 1
specimen.

Pailolo Channel, between Molokai and Maui islands: Station 3856; depth, 127
fathoms; bottom, fine sand, yellow mud; temperature, 66.5° F.; 1 specimen.
Station 3857; depth, 127-128 fathoms; bottom, fine sand, yellow mud; temperature,
62.5° F.; 1 specimen. Station 3858; depth, 128 fathoms; bottom, fine sand, yellow
mud; temperature, 61.5° to 61.8° F.; 1 specimen (type).

Type.-—Cat. No. 20765, U.S.N.M.

LRemarks.—This species is decidedly different in minor characters from Ant/em -
phyllia patera Pourtalés from the Antillean seas. A. pac(fica has thinner septa, the
septal spines are not compressed transversely to the plane of the septal faces, and
there is not that compacting of the columella and inner ends of the septa by second-
ary calcareous deposit which at least often occurs in A. patera. The number of
septa is about the same. Septal grouping is not so distinct in A. patera. The two
species, however, seem to be very closely related. Pourtalés’s species was dredged
off Havana in from 250 to 400 fathoms of water.

The Albatross obtained five specimens of A. pacifica. There is practically no
difference between the specimen from Station 3856 and the type, except that the
former has a diameter of 9.5 mm. and there are two septa of a fifth cycle. The speci-
men from Station 3857 was attached to a Glycymeris (Pectunculus) shell. Its base is
not uniformly rounded, there being two constrictions, indicating intermittent growth.
The calice of this specimen is 9.5 mm. in diameter and the corallum 6.5 mm. tall.

Family OCULINID./E Milne Edwards and Haime.
Genus MADREPORA Linneeus.

1758. Madrepora (part) LinN.guUs, Syst. Nat., 10th ed., p. 793, and of various writers before 1801.
1815. Matrepora (part) OxeN, Lehrb. Naturg., p. 72.

1816. Oculina (part) Lamarck, Hist. Nat. Anim. sans Vert., II, p. 283.

1849. Lophelia MiLNE Epwarps and Haimg, Comptes rendus, XXIX, p. 69.

1849. Amphelia MiLNE Epwarps and Haime, Comptes rendus, XXIX, p. 69.

1850. Diphelia MiLNe Epwarps and Haimg, Brit. Fos:. Corals, Introd., p. XXI.

1857. Lophohelia MiLNE Epwarps and Haime, Hist. Nat. Corall., II, p. 116.

1857. Amphihelia MiLNE Epwarps and Haimg, Hist. Nat. Corall., II, p. 118.

1857. Irplohelia MiLNe Epwarps and Haimg, Hist. Nat. Corall., II, p. 120.

1902. Madrepora VERRILL, Trans. Conn. Acad. Sci., XI, p. 110 (with Synonymy).

Not Madrepora LaMarck, 1801, nor of subsequent authors, excepting Oken,
1815, and Verrill, 1902.

Brook pointed out in his catalogue of the genus Madrepora® that the Madrepora
of authors beginning with Lamarck, 1801, was not originally included by Linnaus
in that genus, but in Millepora. In the twelfth edition of the Systema Naturew,
Linnwxus corrected the error of the tenth edition, transferring Millepora nwuricata
to Madrepora. Lamarck in 1801, when he undertook the first subdivision of the
Linnwan Madrepora, unfortunately selected Madrepora muricata for the type of the
genus as restricted by him. Although Brook knew this history of the usage of

aCat. Madrepor., Brit. Mus. (Nat. Hist.), I, 1893.
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the name, and also knew that it was against the rules of nomenclature to make a
species inserted into a genus subsequent to its original characterization the type-
species, he decided to follow the usage established by Lamarck, Dana, Milne Edwards
and Haime, and Duncan. In my Some Fossil Corals from Curagao, Arube and
Bonaire %, 1 abandoned this use of the name and proposed substituting Zsopora,
Studer, 1878, but did not attempt to fix the type of the Linngan Madrepora. Professor
Verrill® pointed out that dcropora Oken, 1815, must be used for the Lamarckian
Madrepora, and that following Oken’s restriction of the Linnsan Mudrepora, either
M. prolifera or M. oculata, both of Linnwus, could become the genotype. For
several reasons preference is given to M. oculata. Therefore Madrepora oculata
Linneeus becomes the type of Madrepora Linnwus.

MADREPORA KAUAIENSIS, new species.
Plate VIII, figs. 1, 2, 2a.

Corallum with delicate branches. Asexual reproduction by budding from below
the edge of the calice; rather often on each side of a calice, leaving the mother calice
more or less immersed in the angle between the daughter calices. Such a sunken
calice always occurs in the axis between two branches. When no bifurcation takes
place gemmation is alternate, forming a row of calices on each side of the branch.
Terminal calices are prominent, as much as 3.5 mm. in height, the corallite gradually
enlarging toward the aperture. The lateral calices on young branches are moder-
ately prominent; on older branches the ccenenchyma may extend upward and leave
only a small portion of the corallites free.

Around the upper outer margins of young corallites there are distinct, often
acute, coste. Farther down on the wall they are low, but can be traced. They are
minutely and densely granulated. On older portions of the corallum these coste can
not be traced, but flexuous, often coarse, ccenenchymal striations are present. The
whole ceenenchymal surface is minutely granulated.

Septa in older calices in three complete cycles, the third cycle well developed;
in young calices the last cycle is rudimentary, but traces of it can be seen; septal
margins entire. The young calices are very deep, but the older ones are shallow,
the bottoms of the calices becoming solidly filled with stereoplasin.

Columella very poorly developed in young calices, consisting of a few trabec-
ulee, which appear to be derived from the inner ends of the septa. The upper
surface is usually papillate. In older calices it is much better developed and may be
considerably compacted by calecareous deposit. A few outstanding papille often
simulate pali.

Locality.—Vicinity of Kauai Island, Station 4136; depth, 294-352 fathoms;
bottom, fine coral sand; temperature, 44.2° F.

Type.—Cat. No. 20780, U.S.N.M.

Remarks.—Duncan in his first paper on the orcupine Expedition Madreporaria®¢

aSamml. Geolog. Reichs-Mus., Leiden, 2d Ser., 11, Hft. I, p. 68.
bTrans. Conn. Aead. Sci., XI, 1902, p. 110.
¢Proc. Roy. Soc. London, XVIII, 1870, p. 295.

32301 —07——6
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identitied from that collection Amphikelia miocenica Seguenza, A. atlantica, new
species, and A. ornata, new species. In his second paper on these corals he refers
these three names and Diplohelia profunda Pourtales® 4+ D. meneghiniana + dider-
leiniana + sismondiana Seguenza® to the synonymy of Madrepora ramea Miiller,
basing this determination upon *‘a specimen of the Madrepora ramea of Miiller, from
off the Norwegian coast, found in moderately deep water,” sent him by M. Sars.
Lindstrom in his Contributions to the Actinology of the Atlantic Ocean identifics a
fragment of coral from off Salt Island as *“ Amplhikelia ramea O. F. Mueller p. p.”
Alcock in his Deep Sea Madreporaria of the Siboga Expedition, p. 35, lists some
‘fine specimens” as ““A. ramea Mueller sp.”

In this connection the availability of the specifiz name »rasmea should be considered.
O. F. Miiller in his Zoologiw Danicie Prodromus, 1776, p. 252, cites under Mudrepora,
M. ramea, and credits it to Linngus, Systema Naturw, 12th edition, 1767. The
Madrepora ramea Linnweus, 1758, is according to subsequent authorities the Den-
drophyllia ramea (Linnweus) Blainville, of the Mediterranean. Linnweus in his original
description of Madrepora ramea refers to two previously published figures, one by
Petiver which I have not scen. the other by Marsigli,* which I have seen. The latter
reference is given by Milne Edwards and Haime in their synonymy of the species,
and represents the common Dendroplyllia ramea. There is no reason to doubt the
correctness of the identification of Pallas, Ellis and Solander, and Milne Edwards and
Haime. It seems that Miiller never proposed Madrepora raimmea as a new specitic
name. If he had, his name would be a homonym of the previously established
Madrepora ramea Linnweus, and therefore invalid.”

The Diplohelia profunda Pourtalés is an Eupsammid coral and not a Diplohelia,
as Pourtalés himself discovered and published in 1878.  Should the other forms cited
by Duncan under the synonymy of Diplokelia ramea really belong together, as
he contends, the name would be Madrepora miocenica (Seguenza), but Duncan's
discussion of the forms is not satisfactory, and until someone carefully studies the
Lorcupine collection and makes comparisons with Italini Tertiary material, it is not
possible to reach any decision regarding the affinities of the recent species to those
from the Tertiaries of Italy.

Duncan in his article in the eighth volume of the Transactions of the Zoological
Society of London, redefines the genus Aumphihelia, stating that ‘“the corallites do
not fill up from below.” 1 have looked the matter up on specimens of .. ocnlata
and find that the corallite cavities in their lower portion may be practically obliterated
by stereoplasmic deposit.

The coral that I am here denominating Madrepora kauaicnsis apparently differs
from the material that Duncan had by having the bottoms of the corallite cavities

@ Trans. Zool. Soc. London, VIII, 1873, p. 326,

b Bull. Mus. Comp. Zool., I," No. 6, 1867, p. 114; Mem. Mus. Comp. Zool., I1, Illustr. Cat., No. 4,
1871, p. 25, pl. vi, figs. 6, 7; Dendrophyllia profunda Pourtalds, Bull. Mus. Comp. Zool.,, V, No. 9,
1878, p. 208, pl. 1, figs. 6-8.

c(Corall. Fogs. Terziar Dist. Messina, Pt. 2, Torino, 1874, pp. 101-105, fig. on plate x11.

d&vensk. Vet. Akad. Handl,, XIV, No. 6, 1877, p. 14.

¢ Ilistoire Physique de la Mer, 1825, pl. xxx, fig. 136, and pl. xxx1, tig. 144,

S Marenzeller publishes this same conclusion.  Stein-Korallen, Valdivia Expedition, p. 308.



BULLETIN 59, UNITED STATES NATIONAL MUSEUM. 83

solidly filled. 'Whether this character is or is not of value I can not determine. How-
ever, 1 believe that by pointing out the tremendous confusion in Duncan’s work and by
attaching a name to something definite, a start may be made toward unraveling the
tangle of the *“ Amphihelie” (Madreporiv) striatie.

Family STYLOPHORID.E Verrill.
Genus MADRACIS Milne Edwards and Haime.
MADRACIS KAUAIENSIS, new species.
Plate IX, figs. 1, 2, 2q, 3.

Corallum ramose, branches slender, coalescing abundantly, tips attenuate. The
longest branch in the type material is 92 mm. long (tip broken off): diameter at
lower end, 6 mm.; diameter about the middle, 6 mm.; of broken upper end, 3 mm.
Length of one young branch, 22 mm.; diameter of lower end, 3 mm.; at tip, 1.5
mm. In cross section the branches are subcircular or slightly flattened. The angle
of divergence of branches at points of bifurcation is very variable, from decidedly
acute angle to almost 150~.

Calices shallow, diameter from 1 to 1.5 mm. On the very tips of the young
branches they are crowded, but immediately below the tips they are rather distant,
separated by about the diameter of a calice; on older portions of the corallum they
are still more distant, from once to twice the diameter of a calice. The calices are not
elevated and there is no projecting thecal rim.

There are ten principal septa, which extend from the wall to the columella.
They are moderately exsert, rather thick, and form a crown around the calicular
opening. Between each pair of principal septa a rudimentary septum can usually
be seen. There are costwe correxponding to both the large and the small septa.

The coenenchyma is very dense. There are twenty costee around each calice, as
above noted. Outside of the costate area are rather coarse granulations, often so
arranged as to appear to be continuations of the coste.

Columella very large, filling the bottom of the calicular cavity. Its upper
surface may rise toward the center and form a dome, or there may be a thick
rounded style in the center.

Localities.—South coast of Molokai Island: Station 3833; depth, 88-142 fathoms;
hottom, sand, pebbles, broken shells, rock; temperature of bottom, 63° F. Station
3838; depth, ¥2-212 fathoms; hottom, fine gray-brown sand; temperature of bottom,
67° F.

Vicinity of Kauai Island: Station 3952; depth, $0-233 fathoms; bottom, coarse
broken coral, sund, shells; temperature of hottom, 48.5° F. [cotypes]. Station 4135;
depth, 225-294 fathoms; bottom, fine coral sayd; temperature of bottom, 51.4° F.

Northeast coust of Hawaii Island: Station 4061; depth, 24-83 fathoms; bottom,
coral sand, coralline nodules, foraminifera.

Cotypes.—Cat. No. 20769, U.S.N. M.

Remarks.—This species is very closely related to Madracis niirabilis (Duchassaing
and Michelotti) from the West Indies. The most important differences seem to be
that in M. mirabilis the calices are hounded by a short thecal rim which projects
above the coenenchyma and is especially noticeable on the young branches. I have
not seen it on any specimen of M. kauaiensis. The septal margins in M. mirabilis
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are much more exsert than in the Hawaiian species, and it presents a decidedly
smoother aspect than wiirabilis.

M. kavaiensis shows a considerable amount of variation. The types, five speci-
mens, counting fragments, Station 3982, were selected from a rather large amount of
material, which may all belong to one colony. These specimens are rather constant.
The calices vary in size as expressed in the description, and sometimes they are sunken .
or they may occasionally be somewhat swollen around the base. The specimens from
Station 3838 have the calices rather constantly swollen at the base, but they are not
prominent and there is no elevated thecal rim.

Some of the specimens from Station 3833 apparently should be varietally
separated from the other specimens.

MADRACIS KAUAIENSIS var. MACROCALYX, new variety.
Plate IX, figs. 4, 4a.

This variety usually has larger calices than typical specimens of the species, the
diameter is frequently as much as 2 mm. and sometimes may be 2.5 mm. The
calices may be swollen at the base, sometimes are elevated; they are also often
crowded. The secondary septa may be very well developed.

These specimens are only aberrant individuals of M. kauaiensis, as every inter-
mediate variation is in the collection.

Locality.—South coast of Molokai Island, Station 3833; depth, 88-142 fathoms;
bottom, sand, pebbles, broken shells, rock; temperature of bottom, 63° F.

Type.—Cat. No. 20777, U.S.N. M.

Family POCILLOPORID.X Verrill.
Genus POCILLOPORA Lamarck.

Including the specimens collected by the Albatross expedition of 1902 and speci-
mens received from Prof. W. T. Brigham, of the Bishop Memorial Museum of
Honolulu, there are in the United States National Museum over 75 specimens of
Pocillopora from the Hawaiian Islands. Inaddition to this material, I have, through
the courtesy of Professor Verrill, been able to study the collection belonging to Yale
University, and he has generously let the United States National Museum have frag-
ments of those species not previously represented in it. In making comparisons
with species from the Panamic, South Pacific, and Indian Ocean regions I have utilized
the old collections of the United States National Museum, which possesses most of
Dana’s types, and the A/batross collections of 1899-1900 and 1904-5. T have therefore
been able to study many hundreds of specimens.

Professor Dana, in his Zoophytes of the Wilkes Exploring Expedition, reported
the following species of Pocillopora from Hawaiian Islands:

I, cospitosa Dana, described from the Sandwich Islands.

L. brevicornis Lamarck, reported from the Sandwich Islands.

P. favosa Ehrenberg, reported from the Sandwich Islands.

P. verrucosa (Ellis and Solander), reported from the Sandwich Islands.
P. ligulata Dana, described from-the Sandwich Islands.

L. meandrina Dana, described from the Sandwich Islands.

P. plicata Dana, described from the Sandwich Islands and the Fijis.
D, informis Dana, described from the Sandwich Islands.
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Professor Verrill, in his Polyps and Corals of the North Pacific Exploring
Expedition, 1869, revised the Hawaiian species of /% cz'llopora He placed Dana’s
P. brevicornis from there with P. cespitosa. For the specimens of Dana’s P. favosa
and P. plicata from the Hawaiian Islands he proposed the name /°. aspera. For
Dana’s P. verrucosa, from the same locality, he had proposed P. nobilis in 1864.
The names of the Hawaiian species of this genus, according to Verrill, then were:

P. caspitosa Dana. P. meandirina Dana.

P. aspera Verrill. P. informis Dana.

P. nobilis Verrill., P. frondosa Verrill, described as
P. ligulata Dana. new.

Quelch in his Challenger Report, 1886, again reports P. verrucosa Lamarck
from the reefs at Honolulu and recombines Verrill’s 72 aspera with P. plicuta Dana.

In the present memoir seven species of Pocillopora, two of which are described
as new, and five varieties are recognized from the Hawaiian Islands. The revised
list of the species and varieties of the genus is as follows:

P. cespitosa Dana. A.

P. cespitosa var. tumida, new variety.

P. cespitosa var. laysanensis, new variety. A.
P. cespitosa var. stylophoroides, new variety. A.
P. molokensis, new species. A.

P. modumanensis, new species. A.

P. ligulata Dana (+ P. aspera Verrill). A.
P. frondosa Verrill.

P. meandrina Dana (4 nobilis Verrill). A.
P. meandrina var. nobilis Verrill.  A.

P. meandrina var. tuberosa Verrill. A.

P. informis Dana.

The species whose names are followed by an ‘‘A” were collected by the Albatross.
Every species is represented in the United States National Museum.

SYNOPSIS OF THE HAWAIIAN SPECIES AND VARIETIES OF POCILLOPORA.

Corallum forming small clumps (less than 15 cm. in diameter), septa and columella variable in

development . . . oot i iiiiciiiacceccacaacceaeceaaaaaaas 1. P. cespitosa.
Branchlets slender, clumps uniformly rounded above, septa rudimentary or obsolete, no columellar
style; calices, 1 mm. indiameter..... .. .. .. .. o .oiiiiaiiao.. la. P. cespitosa (typical).
Branchlets short, with swollen ends; septa and columella rudimentary or obsolete; calices, 0.4 to
0.8 mm. indiameter . ....cco.noeiiiia i iciiaaeicccaeaaaaaann 1b. P. cespitosa var. tumida.
Branchlets terete or flattened, clumps irregular in shape; septa and columella variable in develop-
ment; calices, 0.4 to 0.5 mm. in diameter ................... le. P. cespitosa var. laysanensis.
Branches compressed branchlets often verruciform; septa and columella distinct; calices, 0.6 to
0.8 mm. in diameter. ..o . eiiiiceiieeaacaaaaa 1d. P. cespitora var. stylophoroides.

Corallum forming rather large, bushy clumps, branches subterete bending outward.
Septa and columella obsolete or rudimentary.
Verrucee obsolete below, irregularly developed on and near the ends of the branches
2. P. molokensis.



86 RECENT MADREPORARIA OF THE HAWAIIAN ISLANDS AND LAYSAN.

Corallum forming rather large clumps (15 ¢m. or more in diameter); branches compressed, separate.
Septa well developed.
Columella styloid.
Verruca: perpendicular to surface of branches and uniformly distributed
. 3. P. modumanensis.
Verrucee appressed, often forming carine, irregularly distributed......... 4. P. ligulata.
Verrucie obsolete. ..ot it iiii i . 5. P. frondosa.
Septa rudintentary or obsolete, columella absent or a central compressed dome.
Verrucwe, usually uniformly distributed, regular or rather regular in size.... 6. P. meandrina.

Branches meandroid, summitsnaked......... ... ... ... 6a. P. meandrina typical.

Branches compressed, summits verrucose...... cee.ceeeann 6b. P. meandrina var. nobilis.

Branches with distally swollen verruce................. 6¢. P. meandrina var. tuberosa.

Corallum glomerate-cespitose, massive at base, with irregularly flattened and compressed branches
above. Septa obsolete, columella styloid ... .. ..o il 7. P. informis.

1. POCILLOPORA CESPITOSA Dana.
Plate X, ﬁ;;s. 1, 1a, 2, 2a; Plate XI, figs. 1, 2 (typical form).

1846. Pocillopora cespitosa Daxa, Zooph. Wilkes Expl. Exped., p. 525, pl. xLix, figs. 5, 5a.
1846. Pocillopora brericornis (part) Daxa, Zooph. Wilkes Expl. Exped., p. 526.

1860. Pocillopora cespitusa MILNE Epwarps, Hist. Nat. Corall., ITI, p. 303.

1869. Pocillopora caspitosa VERRILL, Proc. Eussex. Inst., VI, p. 91.

1886. Pocillopora cespitosa QuewcH, Reef Corals, Challenger Repts., p. 66.

1901. Pocillopora caspitosa STUDER, Zool. Jahrb., Syst., XL, p. 399.

Original description.—This is as follows:

Low and even-topped cespitose, much and crowdedly branched, branches much shorter than in
the acuta, tortuous, 2 to 3 lines thick, and stouter at base; summit branchlets verruciform, 2lines
long, and often subacervate. Corallum having the cells large (4 a line broad), and without star or

columella.
* * * * * * *

The clumps are neat, low-convex, and much branched; the branches are crowded to within one-
third to half an inch of one another, and are mostly a fourth of an inch or less in thickness. The cell is
large and shallow, and has a flat bottom; those low on the stem are rather distant, and a delicate line
may be traced around them, as in some Seriatoporze. The species most resembles the damicornis, of
which I had considered it a dwarf variety; but it is a much neater and more slender species, and has
larger cells.

As this species shows a bewildering amount of variation, apparently its charac-
ters can be best expressed by describing the typical specimens and then indicating
the lines along which variation takes place. In addition to the typical form, three
varieties are recognized. After describing these and showing how they intergrade,
an attempt will be made to point out the characters that bind all together.

1 a. POCILLOPORA CESPITOSA (typical).
3 Plate X, figs. 1, 1qa, 2, 2a; Plate XI, figs. 1, 2.

I am referring 21 specimens to typical P. cespitosa, although they show consider-
able variation. Of these specimens, 2 are original specimens of Dana, 7 had subse-
quently been added to the United States National Museum collections, 7 were collected
by the A/batross in 1902, and 5 were sent me by Dr. W. T. Brigham.

The general form of the colony is as Dana described it. However, the distance
apart and the attenuateness of the summit branchlets varies considerably. In one
specimen, No. 2184,7 some of these may be nearly 1 em. long and 3 mm. in diameter.

a These numbers refer to United States National Museum (‘atalogue.
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They are numerous and crowded. Specimen No. 681 (one of Dana’s originals, which
bore the name . damicornis 1) has the ends of the main stems not so profusely
branched, and the summit branchlets more distant, shorter, and thicker. Specimen
No. 2186 has still thicker branches, and their terminals are sometimes swollen. Two
specimens, No. 722 (one of Dana’s specimens) and No. 2186, are figured to show this
variation, Plate X, figs. 1, 1a, 2, 2a, the intermediate specimens are not figured.

The calices are rather large, about 1 mm. in diameter; they may be a small frac-
tion more or less. They are with rare exceptions crowded, the walls between them
being less than their diameter. The septa are only poorly developed or may be
obsolete: the columella is a low, elongated or rounded, granulated dome. A number
of the calices show distinct bilaterality, as the septa at their opposite ends are more
developed and connect in the bottom with the columella. The surface of the
ceenenchyma is covered with small, pointed granulations.

Two of the specimens collected by the Albatross expedition of 1902 are figured,
Plate XI, figs. 1, 2. The calices of these specimens average smaller than in the type
material, and the septa in the calices near the ends of the branches are somewhat
more developed.

Localities.—Reef at Honolulu, 1 small, young specimen; reef at Kaunakakai,
Molokai Island, 4 specimens; Hawaiian Islands, no definite locality, 2 small young
specimens; collection U. 8. Fish Commission steamer Albatross, Hawaiian Islands.
No definite locality, 9 specimens; United States National Museum collections. Kahana,
Oahu, 3 specimens; Pukoo, Molokai, 2 specimens, depth 3 to 6 feet; W. T. Brigham.
Pukoo, Molokai, and Waikiki, Oahu, J. E. Duerden, collector. Lavsan, Studer.

Remarks.—Variation is along five directions:

1. Form. Branchlets, elongate and slender to stumpy with swollen ends; from
terete to compressed and frondose. The upper surface of the corallum may be
neatly rounded, or the branches may be divergent and straggly.

2. Verruce. They are absent on the delicately branched forms, and may or
may not be absent on the frondose varieties.

3. Ornamentation of the ceenenchymal surface. From subglabrous, with minute
spinules to coarsely spinulose.

4. Distinctness of septa. From obsolete to comparatively well developed

5. Distinctness of columella. From entirely absent to stylophoroid.

In discussing what is considered typical 7’ cespitosa, it has already been stated
that for the typical form some latitude is allowed in the variation of the attenuateness
of the branchlets and the comparative development of the septa and columella. The
surface granulations of the caznenchyma vary considerably in both prominence and
size. The three varieties recognized are especially characterized as follows:

P. cespitosa var. tumida has short branches with swollen ends.

P. cespitosa var. laysanensis has spreading, straggly, terete or compressed
branchlets; when the branchlets are compressed, verrucs are almost entirely absent.
Ceenenchymal granulations rather coarse. Septa and columella may be distinct.

P. cespitosa var. stylophoroidea has frondose branches, with irregularly developed
verrucee. Ceenenchymal granulations coarse. Septa and columella usually strongly
developed.
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1b. POCILLOPORA CESPITOSA var. TUMIDA, new variety,
Plate XII, fig. 1.

Corallum growing in low clumps. The branchlets are short, rather thick, swollen
on the ends. Only the upper 21 mm. of the type of this variety are alive.
The measurements of the three specimens referred to this variety are:

; - S e —
SPCCTMEN © et emea s No. 1. No, 2.a No.3. |
mm. mm. \ mm.
Greater distance across ... .iciiiaiacaaana. 70 f 106 | 97
Lesser distance across ... ... .. .. ....... 46 I o) 85
HOIght + oo ool e 56 ! 0
1

aType.

Calices of the type small, 0.4 to 0.5 mm in diameter on the sides of the branches,
0.5 to 0.6 on the ends; on specimen No. 3 of the table, some of them measure as
much as 0.8 mm. Distance apart variable, from less than, to several times more than
their diameter.

Ceenenchymal granulations rather coarse.

Septa and columella absent, rudimentary or poorly developed.

Localitics.—Prof. W. T. Brigham has sent us 1 specimen from Kahana, Oahu,
and 2 from Pukoo, Molokai, all obtained in 3 to 6 feet of water.

Type.—No. 20870, U.S.N. M.

Remarks.—The following notes, published by Professor Verrill,® are probably,
based on a specimen belonging to this variety:

‘One specimen from the United States Exploring Expedition, labeled P. brevicornix by Dana, differs
from the ordinary form in having the branches shorter and thicker, with the branchlets shorter and
more crowded upon their enlarged ends, thus producing a thicker and lower clump than usual. But
in the series there are various intermediate forms between this and those with long branches and
slender, spreading branchlets. Like most specimens from the Hawaiian Islands, it has the large, flat,
open bulbg made among its branches by Harpalocarcinus marsupializ Stimpson, which renders it prob-
able that this specimen was from that locality.”

L. cespitosa var. tumida grades on one side into the typical form of the species,
on the other into var. stylophoroides.

1c. POCILLOPORA CESPITOSA var. LAYSANENSIS, new variety.
Plate XIII, figs. 1, 2, 3, 3a.

Corallum, growing in low clumps, attached by a basal expansion, above which
rise irregularly shaped, spreading branches. The greatest width of one colony is 78
mm.; lesser dinmeter of colony, 57 mm.; height, 60 mm.

The branches vary much in size and shape; a few are short, slender, straight,
and subterete, but usually they are flattened and crooked. Some are narrow, with
irregularly spaced lateral protuberances, that may bear verrucs, incipient branchlets,

a Proc. Essex Inst., VI, 1869, p. 91.
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or branchlets. Other branches may be 11 mm. wide, with irregularly disposed
verruciform processes. One broken branch is 23 mm. wide near its upper end,
much compressed, 9 mm. thick on its lower end, 7 mm. near its upper end; verrucse
on one side small, irregularly developed, and scattered; on the other side they are
almost obsolete. As can be gleaned from the foregoing, the verruce are irregular
in development, sometimes almost entirely suppressed; they may or may not he
present on the ends of the wider, more compressed branches.

Calices small, 0.4 to 0.5 mm. in diameter, distant from once to twice their
diameter; on the summits of the branches and on the tips of the verrucm they are
larger, up to 0.7 mm. in diameter, and may be separated by only a very thin wall.
Septa variable in development, in some instances rudimentary, tending to become
obsolete, in others well developed, with two cycles present. They are usually
especially well developed on the basal expansion. Columella terminated by a pointed
style connected to an elongated septum.

The surface of the coenenchyma is thickly beset with small, erect spines of very
even length. '

Localities.—Vicinity of Laysan: Station No. 3955; depth, 20-30 fathoms; bot-
tom, coral rock, alge; temperature, 74- F.; 3 specimens (the 2 cotypes and a broken
branch).

French Frigate shoal Station: No. 3968; depth, 14.5 to 16.5 fathoms; bottom,
coarse sand, coral; temperature at surface, 75° F.; 1 specimen.

Cotypes.—Cat. No. 20871, U.S.N. M.

Remarks.—The specimen from Station 3968 is somewhat larger and more ragged
in appearance than the types. Some of the calices on the expanded base are typically
stylophoroid, there are two cycles of septa, alternately longer and shorter, and a
stvliform columella. On the branches the septa are usually, but not always, distinct.
The septa are very well developed in some of the calices of the type specimens, but
not so much as in some calices of the specimens from Station 3968.

This variety grades on one hand into typical P. cespitosa; on the other into
P. cespitosa var stylyphoroides. From the former it is separated by its more irreg-
ular shape, its usually smaller and more distant calices, and its better developed
septa and columella. The compression of some of its branches furnishes an addi-
tional difference. The difference between var. laysanensis and var. stylophoiroides
is solely one of degree. The branches of var. loysanensis are usually slenderer,
more irregular and spreading. The calices average smaller, and the septa and
columella are not so strongly developed.

1d. POCILLOPORA CESPITOSA var. STYLOPHOROIDES, new variety.
Plate XII, fig. 2; Plate XIII, fig. 4; Plate XIV, figs. 1, 2.

The corallum forms a low clump; type, 20 cm. long, 9 cm. wide, and 8 cm. tall.
Branches growing as plates rising from a common base. One plate is 59 mm. wide,
upper edge trilobed, others not more than 28 mm. in width, the narrowest is 15 mm.
wide; thickness, excluding the verrucee, about 6 mm. The upper edges of the plates
rather distant, 12 to 18 mm. There are some branches around the base that do not
form definite plates. On the sides of the plates are distinct verruce, 2 to 5 mm.
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tall, as much as 3.5 mm. in diameter at the base, somewhat appressed, and decreasing
in diameter toward the apex. Calices on the verruce not different from the others
except they are closer together. The summits of the plates may or may not bear
verruce.

Calices on the inner portion of the corallum small, 0.6 mm. in diameter, on the
outer surfaces larger, 0.8 mm. in diameter. They are distant at least once their
diameter, maybe twice, excepting near the ends of the branches or on the verruce;
on the very tips they are separated by very thin walls. Septa usually distinct, but
short, in two complete cycles; all may be of the same length, occasionally more than
twelve. One septum is longer than the otaers and marks a plane of symmetry. The
columella is distinct, terminated by a small style, separated by a notch from the
elongated septum or directly joined to it. Surface of the cenenchyma minutely
and regularly glanulate

A second specimen, which I am classifying with the one above described, has
stubby, more or less compressed branches, the summits flattened or verrucose. The
widest terminal in this specimen is 15 mm. The verruce grade into lateral branches
which, though short, are divided into several short fingers. On the outside of the
corallum are some rather attenuate finger-like branches. In form these two speci-
mens just overlap. The calices in the second will average slightly smaller than in
the first. The second specimen in form grades into specimens of P. cespitosa with
thickened branches.

Both of the specimens ahove described have basal expansions that deserve fur-
ther notice. On these the septaand columella are very well developed. The colum-
ella is tall and pointed. It is connected with an elongated septum, and frequently
there is an enlarged, but not so prominent, septum on the opposite side of the calice.
The well-developed septa and columella give these calices a distinctly stylophoroid
appearance.

Localities.—Vicinity of Laysan Island Station No 3959; depth, 10 fathoms;
bottom, white sand, coral; temperature at surface, 78° F. (,otypes, 2 specimens;
U. S. Fish Commission steamer A/batross. Kahana, Oahu, 2 specimens; Pukoo,
Molokai, 2 specimens; depth, 3 to 6 feet; W. T. Brigham.

Cotypes.—Cat. No. 20852, U.S.N. M.

Remarks.—This variety grades into the typical form of the species, into var.
tumida and var. laysanensis. The most characteristic feature of the variety is the
wide, compressed branches. The cotypes are further characterized by a roughly
and rather coarsely echinulate ceenenchyma, and strongly developed septa and
columella. By warymg toward forms with smaller branches a passage to typical
cespeto«a is effected; by increasing irregularity in form it intergrades with var. laysa-
nensis; by reduction in the length of its branches it passes into var. fumsda. The
specimens referred to the variety, but not considered typical of it, show direct
passage from calices with strongly developed septa and columella to calices in which
those structures are absent or only rudimentary.
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CONCLUDING REMARKS ON POCILLOPORA CESPITOSA.

Following an account of the variation, those characters which all of the specimens
have in common should be indicated.

The first common character is size. The colony always forms a small clump,
the largest individual of which is scarcely 10 cm. tall. The verruca: when present
are irregular in development, having the appearance of branchlets that failed to
develop, and there is abundant intergradation between verrucw and branchlets. The
cenenchymal surface is granulate, the coarseness of the granulation variable. The
calices vary in diameter from 0.4 toabout 1 mm. The septa and columella vary from
obsolescent to distinct. It will therefore be seen that the specific characters consist
in the size of the corallum and the character of the branchlets or verruce.

This species has been reported by Quelch? from Tahiti; by Ortmann? from
Ceylon; and by Gardinerc from Wakaja, Fiji Islands. References to these deter-
minations have been omitted from the synonymy given in this memoir.

The Albatross expedition of 1899-1900, in charge of Dr. Alexander Agassiz, col-
lected 16 specimnens which I am referring to /. cespitosa. The localities whence
they were obtained are as follows: Niau Island, Paumotu group, 4 specimens:
Fakarava Island, Paumotu group, 10 specimens; Makemo Island (rcef in lagoon),
Paumotu group, 1 specimen; Motee Uta reef, Papeeti Harbor, Tahiti, 1 specimen.
In form these specimens show a range in variation somewhat similar to those from
the Hawaiian Islands. The terminal branchlets of the former, however, are in no
instance so slender as those of the slenderest branches from the latter locality.
The South Pacific specimens are small, rounded clumps, with moderately stout
branches, rounded on the ends, or assume the growth form of the variety here culled
stylophoroides. The calicular characters of the South Pacific specimens are decidedly
more constant than those of the Hawaiian specimens, the septa and columella are
uniformly obsolete or very rudimentary. The calices on the sides of the branches
and near the base are smaller and rather distant, similar in type to those of var.
laysanensis. A most careful comparison of the specimens from the two regions
failed to reveal any characters by which they could be separated, the South Pacific
specimens falling within the range of variation of those from the Hawaiian lslands,
but the former, judging from the material studied, are less variable.

2. POCILLOPORA MOLOKENSIS, new species.
Plate XV Plate X VI, figs. 2, 2a.

Corallum bushy, of moderate size; a broken specimen has a greater diameter of
20 cm.; lesser, 16 cm.; height, 12.5 cm. The branches are crooked and irregular in
shape, bend outward, and ultimately come to lie almost in a horizontal plane. They
look as if they had been pushed down from above, and therefore have an upper and
an under side. Their cross section is in some instances subcircular, but usually it
is elliptical. They are larger at the base, the lesser diameter as much as 18 mm., or
even more, becoming smaller distally. The tips may or may not be compressed.

a Reef Corals, Chall. Rept., p. 66.
b Zool. Jahrb., Syst., IV, 1889, p. 533.
¢Proc. Zool. Soc. London, 1897, p. 943.
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No instance of coalescence was observed; distance between the ends usually about
15 mm.

Verruce irregularly developed, absent on the basal portion of the corallum, tend-
ing to be obsolete on the under sides of the branches except near the ends, where they
are better developed on the upper than on the lower surfaces. Summits of the
branches with or without verruce. In size the verruce vary from almost imperceptible
warts on the surface to protuberances 5 mm. tall and 3.5 mm. in diameter; 2.5 mm.
tall and 2 mm. in diameter is probably about an average, but they are of all sizes
between the limits just given. The larger verruce grade into the small, stumpy
branchlets. They decrease but little in diameter toward the summit; in fact, rather
often their ends are swollen. The distance apart is extremely variable. On the
upper surfaces of the terminal branchlets they are crowded, about 2 mm. apart, but
they become more distant, ultimately disappearing, as the branch is followed toward
the base. Usually they stand perpendicular to the surface of the branch, are rarely
somewhat inclined or are appressed to the surface; there is greater obliqueness on
the lower than on the upper surface.

Calices on the basal portion of the corallum from 0.8 to 1.1 mm. in diameter,
separated by about once their diameter of ccenenchyma; near the ends of the
branches somewhat larger, up to 1.3 mm. in diameter, and more crowded; on the
summits about 1 mm. in diameter and separated by still thinner walls. They are
shallow, from 0.6 or 0.7 mm. deep, to almost superficial. Septa poorly developed,
often or usually obsolete. Bottoms of the calices usually flat, sometimes arched
upward, but there is no columella style.

Cenenchyma solid, surface covered with small, erect, pointed spinules, a circle of
which surrounds each calice; between the calices one or more concentric circles, or
they may be irregularly distributed. The upper portion of the corallite cavities
may be filled solidly with internal deposit or tabule may be present to the periphery;
between the tabul® there may be plugs of internal deposit. The corallum is rela-
tively light and porous, not nearly so solid as in 2. ligulata.

Locality.—South coast of Molokai Island, Station 3847; depth, 23-24 fathoms;
bottom, sand, stones; temperature at surface, 76° F.; 2 specimens, which may be
portions of the same colony.

Cotypes.—Cat. No. 20996 U.S.N. M.

Remarks.—This species does not group with any of the previously described
Pocillopora from the Hawaiian Islands. Its calices resemble somewhat those of P.
nobilis, but its mode of growth and verruce are entirely different. Its calices are
utterly different from those of the P. ligulata group of species, besides it differs in the
form and character of the verruce. /. frondose has the verruce nearly obsolete,
but has deep, crowded calices, with distinct septaand a distinct columella. Its near-
est relative is 7’ solida Quelch, from Tahiti, and they may prove to be growth forms
of the same species. Quelch’s figure® of the branches indicate that the ends of the
branches of 2. solide are thick and swollen, whereas in P. molokensis they are nearly
always decidedly small. At all events, the Hawaiian specimens can not now be iden-
tified with Queleh’s species.

a Reef Corals, Challenger Repts., pl. 1, fig. 4.
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3. POCILLOPORA MODUMANENSIS, new species.
Plate XVII, figs. 1, la.

Corallum composed of ascending, rather distant, rather wide or almost terete
branches; upper surface of colony rounded. The width of the upper end of the
widest branch is 57 mm.; thickness, between 9 and 10 mm.; the greater diameter of
the upper end of the smallest branch is 14 mm.; lesser, 12 mm. Surface of the
branches, with numerous, regularly spaced verrucee, which stand perpendicular to
the surface of the branches, near the upper ends somewhat but not greatly inclined,
and are strikingly uniform in size. They average about 2 mm. in diameter at the
base and are about 2 mm. in height, the diameter decreasing toward the rounded or
subacute apices. The distance between them from slightly less than 2 mm. to 3.5 mm.
The summits of the branches may or may not be verrucose.

Calices moderately deep, on the sides of the branches rather small, about 0.7 mm.
in diameter, crowded among the bases of the verruce, usually less than their diameter
apart; they may be separated by only a thin wall, or the wall may sometimes be as
much as 0.9 mm. thick. On the ends of the branches the diameter is often as much
as 1 mm., in some instances it is more; here the walls are very thin. The calices on
the verruce are separated by narrow walls. The septa, except on the summits of
the branches, are well developed, 12 in number, usually distinctly divided into two
cycles. One septum is elongate and connects with the columella. Although the
septa are distinct and, excepting the elongated one, are narrow above; their edges
are dentate, the dentations, small spines, projecting horizontally inward. Columella
prominent, terminated by a style.

The broken lower end of the specimen shows a compact cmnenchyma, and as the
corallite cavities are filled by internal deposit, the substance of the corallum is almost
as compact as in P. ligulata; but in cross sections of branches higher up, the series of
tabule may continue almost to the outer surface of the branch, a tabula sometimes
forming the bottom of a calice. On the surface of the ceenenchyma, on the sides of
the branches, are single, double, or treble rows of granulations between the calices,
depending upon their distance apart. The granulations are small in diameter at the
base, rather tall and pointed. Around the edges of the calices on the verrucw there
are rather frequently tall spiniform granulations or thin plates.

Locality.—Vicinity of Modu Manu or Bird Island, Station 4169; depth, 21 to 22
fathoms; bottom, coral; temperature, 78.3°; 1 specimen and another fragment.

Type.—Cat. No. 20984, U.S.N.M. .

Remarks.—This species is separated from P. meandrina Dana by possessing dis-
tinctly developed septa and a styliform columella; from the P. ligulata by the regular
size and uniform distribution of the verrucse, which are nearly perpendicular or only
slightly inclined to the surface of the branch; they are not appressed and do not tend
to form carinee. The calices are more crowded, and the corallum is lighter. 2.
modumanensis is more closely related to P. ligulata than to any of the other species
of the genus from the Hawaiian Islands.

The following species from the South Pacific and Indian oceans are related: 2.
plicata Dana, P. eydour: Milne Edwards and Haime, P. elongata Dana (of which
P. eydouxi is probably a synonym), P. coronata Gardiner (also probably a synonym
of P. elongata), and P. rugose Gardiner. Each of these presents marked differences
in the verruce, or in the calicular characters.
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4. POCILLOPORA LIGULATA Dana.
Plate XV, figs. 1, 1a; Plate XVI1I, figs. 2, 2¢; Plates XVIII, XIX, XX, XXI.

1846. Pocillopora farosa (part) Daxa, Zooph. Wilkes Expl. Exped., p. 528 (not Ehrenbery;
Milne Edwards).

1846. Pocillopora ligulata Daxa, Zooph. Wilkes Expl. Exped., p. 531, pl. 1, figs. 2, 2a.

1846. Pocillopora plicata (part) Daxa, Zooph. Wilkes Expl. Exped., p. 534.

1860. Pocillopora ligulata M1LNE Epwarbs, Hist. Nat. Corall., 111, p. 306.

1864. Pocillopora ligulata VERRILL, Bull. Mus. Comp. Zool., I, p. 59.

1869. Pocillipora aspera VERRILL, Proc. Essex Inst., VI, p. 93.

1869. Pocillipora aspera var. lata VERRILL, Proc. Essex Inst., VI, p. 94.

1869. Pocillipora ligulata VERRILL, Proc. Escex Inst., V1, p. 95.

1886. Poculopora ligulata QueLcH, Reef Corals, Challenger Rept., p. 68.

1886. Pocillopora plicate QueLcH, Reef Corals, Challenger Rept., p. 68.

1901. Pocillopora ligulata STUDER, Zool. Jahrb., Syst., XL, p. 400.

1901. Pocilopora aspera, STUDER, Zool. Jahrb., Syst., XL, p. 401.

The original description of P. ligulata according to Dana is as follows:

Hemispherical, branches subdivided, rather remote, straight, thin (2 to 3 lines), much compressed
and complanate, } to 1} inches wide, verruc:e small, ascending, and appressed to the branch, obsolete
at apex. Corallum having the cells short stellate, columella very distinct, and united by one of the
lamellwe to the side of the cell.

* * * » * * »

This species is peculiar in its thin-compressed branches, and small appressed verrucse, rather
distant and sometimes running in longitudinal carinate lines. The intervals between the branches
are from § to § of an inch wide, and give an open appearance to the clumps. It has the habit of the
plicata in its distant verruce and cell, but the branches are very much narrower.

Professor Verrill in 1869 published a redescription of the type specimen of the
species. His description is:

In mode of branching and form of the verrucse they resemble some forms of P. aspera, though
the branches are more regular and unusually divergent and distant. The longer branches are much
compressed, thin, and mostly dilated at the ends, 0.4 of an inch to 1.5 broad, and 0.3 to 0.4 thick.
The larger branches have very cellular naked summits; some of the younger branches are strongly
verrucose at the end. The lateral verrucie are well developed, not crowded, ascending, and mostly
partially appressed to the surface. The lateral cells are rather distant, quite small, mostly stellate,
with twelve well-developed septa, one of which joins the small prominent columella. The caenen-
chyma is firm, between the cells covered with small spinule-like grains. The specimens are about 6
inches high and broad.

Hawaiian Islands, Rev. Mr. Baldwin.

This species is evidently closely allied to P. aspera, from which it differs chiefly in its smmaller and
more distant cells, more fully developed gepta, and the finer granulation of the c¢wnenchyma. With
a larger series of specimens it might perhaps be possible to unite the two, but as yet I have observed
no intermediate forms,

The original description of P. aspera, by Verrill, is as follows: @

Corallum branching much as in the preceding [ . dan:e Verrill], forming dense hemispherical
clumps, often more than a foot in diameter, often having a rather rough ragged appearance, owing to
irregularity of the branches and prominence of the verrucie. Branches very variable in different
examples, and often even in the same specimen; sometimes quite slender and not more than half an
inch in breadth and varying in length from 1 to 4 inches, strongly compressed at the ends, or even
tapering; more commonly much and irregularly subdivided, the ends enlarged and variously lobed,
and often conspicuously verrucose at summit; sometimes the branches are stouter, less subdivided,

a Proc. Essex. Hist., VI, p. 94.
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compressed, 1 or 2 inches in breadth, 3 to 6 thick [sic, probably intended to be 0.3 to 0.6] and 3 to 5
long, some with ends verrucose, others scarcely so. The lateral verrucie are generally distant, irregular,
often elongated, rising very obliquely, or more or less appressed to the surface; in other cases small,
but little prominent, or even subobsolete, especially below. Cells large, those at the summit much
crowded, deep, separated by thin walls; the lateral ones mostly circular, not distant, usually with a
prominent columella and twelve distinct septa, one of which is wider and joins the columella.
Cenenchyma between the lateral cells not very abundant, the surface thickly covered with very rough,
coarse, spinulose grains.

The largest specimens are more than a foot in diameter.

Hawaiian Islands, Horace Mann, W. T. Brigham, J. D. Dana.

The original description of P. aspera var. lata, is as follows:

One specimen (referred to P. plicata by Dana) has the branches stouter 0.3 to 0.5 of an inch thick,
and 1 to 3 inches or more broad, variously plicate, with the summits lobed and mostly naked, the
smaller ones often verrucose, but in the characters of the lateral verrucie and cells it scarcely differs
from the large specimens of the ordinary variety. The lateral cells, however, generally have the
septa less developed, and the surface between them is not so strongly spinulose. But some of the
outer branches have the stellate cells and rough surface of the ordinary form. The lateral verruce °
are rather distant, not very prominent, very oblique, and somewhat appressed to the surface. The
naked ends of the branches are covered with large, crowded, deep cells, separated by thin walls.
The summits of the branches are separated by quite regular intervals, 0.3 to 0.4 of an inch broad.
The specimen is about 12 inches broad and 6 high.

Hawaiian Islands, Rev. Mr. Baldwin, Museum of Yale College.

The remarks of Professor Verrill on the close relationship between P. ligulata
Dana and 2. aspera Verrill have already been quoted. Professor Studer expressed
the opinion that 2. aspera should be united to 7’ ligulata; he, however, separated
them, saying, ‘At all events the granulations of the cenenchyma are coarser, the
granules are thick, and with a rough surface in the specimens that I consider F.
aspera.”

I have been able to study the types of 2. ligulata, P. aspera, and P. aspera var. lata
in the Yale University Museum. There are four specimens belonging to the older
United States National Museum collections; the :A/b«tross obtained in 1902 one speci-
men, Plate XVII, figs. 2, 2«, that can be referred to £ l/gulata, and one, Plate XVI,
figs. 1, 1a, that can be referred to /> aspera; and Prof. W. T. Brigham has sent me
nine additional specimens, two of which are figured. Plates XX, XXI represent two
views of a specimen that can more appropriately be placed in 72 l/gnlata. The sur-
face of its ccenenchyma is ininutely spinulose, the spinules are larger than those of
the specimen represented by Plate XVII, fig. 2«, but they are not so coarse as those
in the specimen represented by Plate XVI, fig. 1la. The second specimen of
Professor Brigham’s collection, represented by Plates XVIII, XIX, is typical A.
aspera var. lata, .

P. ligulata and P. aspera are separated solely by the relative coarseness of the
ccenenchymal granulations. A ¢areful study of the specimens submitted to me has
convinced me that they are not specitically distinct. The width of the branches is
variable in both the forms with the //gnlate and the aspera type of ceenenchymal
surface.

Professor Verrill, in his redescription of the type specimen of . ligulata, has
admirably expressed the specific characters. They consist in the character of the
verrucre, the well-developed septa and styliform columella, and the surface granu
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lations, which vary in coarseness. One additional characteristic of the septa deserves
notice: They are narrow in their upper portion, seeming to originate down in the
calice, a short distance below the edge of its mouth.

Quelch, in 1886, reunited P. aspera and P. plicata, after Verrill had retained
the name P. plicata for the Fijian specimens, conferring the name P. aspera var.
lata on those from the Hawaiian Islands included by Dana in his P. plicata.
Quelch’s specimens came from the reefs at Honolulu at depths of 1 to 2 fathoms.
Gardiner, in his On some Collections of Corals of the Family Pocilloporide from
the S. W. Pacitic Ocean,® says: ‘“ Although I have only had the opportunity of
examining a very limited number of specimens, as I can find no distinctive
characters, I have no hesitation in combining P. aspera, P. dana, P. ligulata,
and P. plicuta under one species with three varieties.” P. aspera must be placed
in the synonomy of 2. liqulata. P. danw, type Cat. No. 696 U.S.N.M., is
not closely related to . ligwlata, but is very close to P. damicornis (Esper) (I
seriously doubt the existence of any valid differences between them) and is some-
what intermediate between that species and /. verrucosa.  Verrill says, concerning
P. plicate (from the Fijis): ¢ This species may best be distinguished from P. aspera
var. luta by the more distant cells, more highly developed septa, the finer and more
even granulation of the surface, and the more porous texture.” Dana's figure of the
calice of I plicata (plate L, fig. Tb) is so similar to the calice of £ ligulata or P.
aspera that it could serve for the latter species. The differences pointed out by
Verrill do not seem to me to be important. I am therefore inclined to agree with
Dana, Quelch, and Gardiner in considering the Hawaiian and Fijian specimens as
belonging to the same species, but as 1 have not carefully compared specimens from
the two regions, I prefer rot to record a positive opinion.

Localitice.—French Frigate Shoal, Station 3968; depth, 144 fathoms; bottom,
coarse sand, coral; temperature at surface, 75° F.; and Laysan, A/batross, 1902,
Kahana, Oahu, W. T. Brigham. Reefs, Honolulu; depth, 1 to 2 fathoms (Challenger
expedition). Waikiki, Oahu. and Pukoo, Molokai, J. E. Dunden, collector. Laysan,
Studer.

s. POCILLOPORA FRONDOSA Verrill.

1869, Pocillipora frondosa VERRILL, Proc. Essex Inst., VI, p. 96.
Original deseription.—Verrill describes this species as follows:

Corallum light and unusually porous, forming hemispherical clumps, consisting of numerous
elongated, irregular, often crooked, compressed, frond-like branches, with expanded and variously
lobed and plicate ends. The branches are from 0.3 of an inch to 1.5 broad, and 0.3 to 0.5 thick.
except at the summits, which are scarcely 0.25.  The verruce are nearly obsolete, both upon the sides
and ends of the branches, being represented upon the lateral surfaces only by distant and sligitly
elevated, irregular prominences and low ridges, which are often wholly wanting.  Cells lanze and deep,
rather crowded, the spaces between seldom equal to half their diameter even low down on the sides
of the branches. Septa twelve, quite distinet, though narrow, one of them joining the columella,
which is usually distinet, but low down in the cell; surface of the coenenchyma rough, thickly covered
with mther coarse spinules.

Hawaiian Islands, W. T. Brigham.

a Reef Corals, Challenger Rept., p. 6.
b Proc. Zool. Soc. London, 1897, p. ™48,
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This species is nearly allied to P. aspera by the structure of the cells and surface of ‘he cwenen-
chyma, but is remarkable for its peculiar frond-like branches, destitute of distinct verruce. It is
possible, however, that it may eventually prove to be only an extreme variety of that species.
P. informis Dana differs in its irregular mode of growth and in the absence or rudimentary condition
of the septa.

Remarks.—In growth. form this species resembles the large clumps of P. ligulata,
but is distinguished by the obsolescence of the verrucee. In places there are moder-
ately developed verrucz, bringing P. frondosa very close to I’ ligwlata. The
calices in the former are slightly larger and more open; the septa, except the one
that joins the columella, are not so strongly developed.

I have seen only the type of P. frondosa, No. 1276, Yale University Museum, a
fragment of which is in the United States National Museum. - No specimens con-
necting it with P. ligulate have come to my notice, but it may ultimately prove
to be a form of that species, in which the verrucwe are almost suppressed.

6. POCILLOPORA MEANDRINA Dana.
Platex X1V, figs. 3, 4; Plate XXII, figs. 1, 1a, 2, 2¢; Plate XXIII.

1846. Pocillopora rverrucosa (part) Dana, Zooph. Wilkes Expl. Exped., p. 529, pl. 1, figs. 3, 3a.
(Not Madrepora verrucosa Ellis and Solander).
1846. Pocillopora meandrina Daxa, Zooph. Wilkes Expl. Exped., p. 533, pl. L, figs. 6, 6a, 6h.
1860. Pocillopora meandrina MiL.xe Epwarps, Hist. Nat. Corall., III, p. 307.
1864. Pocillopora nobilis VerriLL, Bull. Mus. Comp. Zool., I, p. 59.
1869. Pocillipora nobilis VERRILL, Proc. Essex Inst., VI, p. 97,
1869. Pocillipora nobilis var. tuberosa VErriLL, Proc. Fssex Inst., VI, p- 98.
1869. Pocillipora meandrina VERRiLL, Proe. Essex Inst., VI, p. 98.
1886. Pocillopora nobilis Quercn, Reef Corals, Challenger Rept., p. 68.
1886. Pocillopora verrucosa QueLcl, Reef Coralg, Challenger Rept., p. 69.
1888. Pocillopora nobilis FowLer, Quart. Jour. Micros. Sei., n. &, XXVIII, p. 425,
1901. Pocillopora nobilis STUDER, Zool. Jahrb., Syst., L, p. 400.
1901. Pocillopora nobilis var. tuberosa STUDER, Zool, Jahrb., Syst., L, p. 400,
1901. Pocillopora meandrina STUDER, Zool. Jahrb., Syst., L, p. 400.
The original description of /% wicandrina is as follows:
Cespitose, neatly hemispherical; branches lamellar, often sinuous, nearly simple, } to 4 an inch
thick, 1 to 3 inches broad, neatly verrucose, summits naked.  Corallum with the verruea: a little oblong,
angular, sometimes proliferous, with the cells of the same quite large (often § of a line); star and

columella indistinct.
* * * * * * *

This species resembles the grandis and elegans, but has more angular verrucie arising from the
fewer and much larger cells that constitute them. The texture, moreover, is lighter and more cellular.
It forms neat hemispherical clumps, 6 inches in diameter, with broad, naked, meandering summits to
the folia, separated by intervals of about a third of an inch. The verrucw are very nearly even and
cover the sides of the branches nearly or quite to their bases.

I have been able to study the type of £ meandrina, No. 1970, in the Yale Uni-
versity Museum, and Prof. W. T. Brigham has sent one practically typical specimen
to the United States National Museum.

Professor Verrill so long ago as 1869 recognized the close aflinities between his
P. nobilis and Dana's P. meandrina, remarking concerning the latter, ‘It is closely
allied to 22 nob/l/s, but has mostly broad, plicated and convoluted, short, frond-like

32301—07—7
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branches, with nearly naked summits. The verrucs are rather small and closely
crowded. The cells are somewhat smaller than is usual in 7. n0bil/s, and the septa
are in general very narrow, or scarcely apparent. The surface is finely granulous.
Its resemblance to 2. nobilis is so great as to suggest the possibility that it may be
only an extreme variety of that species.” ¢ Professor Studer, in 1901, expressed a
similar opinion.?

The A/batross expedition of 1902 obtained 8 specimens and several fragments of
Yerrill's 2 nohilis, and there were already 4 specimens of it in the United States
National Museum. Prof. W. T. Brigham has sent 4 additional specimens of var.
nobilis and 1 of var. tuberose. 1 have thus been able to study over 20 specimens of
L. meandrina and its varieties.

Typical . meandrineg lies at the periphery of the species, while Verrill’s
P. nobilis is the center. The branches of /% nobilis are very variable in form,
sometimes becoming contorted plates (Plate XIV, fig. 4), but in other characters
they are typical for that variety. The only criterion for its separation from
P. meandrina would consist in the verrucose summits of the branches. The type
of . meandrina shows, in places, obscure summit verruca; on the specimen of
typical £ meandrina, from Professor Brigham, summit verrucwe are distinet on the
peripheral branches.  There is complete overlapping in this character. Therefore
Pocillopora nobilis Verrill can be regarded as only a variety of /% meandrina Dana.

6b. POCILLOPORA MEANDRINA var. NOBILIS Verrill.
Plate XIV, figs. 3, 4; Plate XXI1I, figs. 1, la, 2, 2a; Plate XXIIL

1846. Pocillopora rverrucosa (part) Daxa, Zooph. Wilkes Expl. Exped., p. 529, pl. 1, figs. 3, 3a.
(Not Ellis and Solander.)

1864. Pocillopora nobilis VERRILL, Bull. Mus. Comp. Zool., I, p. 59.

1869, Pocillipora nobilis VERRILL, Proc. Essex Inst., VI, p. 97,

1886. Pocillopora nobilis QUercit, Reef Corals, Challenger Rept., p. 68,

1886, Docillopora rerrucosa QueLcn, Reef Corals, Challenger Rept., p. 69.

1888, Pocillopora nobilis FowLir, Quart. Jour. Microscop. Sci., XXVIII, n. ., p. 425.

1901, Pocillopora nobilis STungR, Zool. Jahrb., Syst., L, p. 400

Yerrill's description published in 1869 is as follows:

Corallum firm and dense, forming large round-topped or hemispherical clumps, often a foot or
even 18 inches in diameter.  Branches nearly equal in length, separated by regular intervals of 0.4
to 0.5 of an inch, elongated, often nearly round, 0.6 to 0.75 of an inch in diameter, regularly forking
and not enlarged at the obtusely rounded ends; in other cases, even in the same specimen, dilated at
the ends to a breadth of 2 or 3 inches and more or less plicated.  Summiits of the branches generally
strongly verrucose, the verruce similar to those of the sides, but uxually smaller and more crowded.
Lateral verrucie very numerous, rather crowded, the intervals being usually less than their diameter;
small, regular, spreading obliquely or even standing at right angles to the surface: tapering and some-
what rounded at the cnd, but angular and containing but few quite large cells.  Between the verrueg
the cells are rather large, numerous, usually lesg than half their own diameter apart.  Septa but little
developed, very narrow, usually indistinet or wholly obsolete.  Columella very small or wanting.
Rurface of the canenchyma regularly covered with rather small spinuliform granules.  Color of the
unbleached coral deep vellowish hrown.

Hawaiian lslands, J. D). Dana, Rev. Mr. Baldwin, A. Garret, Horace Mann, W. T. Brigham.

a Proc. Essex Inst., VI, 1869, p. 98,
b Zool. Jahrb., Svat., L, 1901, p. 400.
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Localities.—Reef at Kaunakakai, Island of Molokai, 8 colonies and several broken
branches; Penguin Bank, south coast of Oahu, Station 4031; depth, 27-28 fathoms;
bottom, fine coral sand, foraminifera, coral; temperature at surface, 76° F.; 3 branches,
probably from the same colony, A/batross 1902. Kahana, Oahu, 2 specimens; Pukoo,
Molokai, 1 specimen; 2 specimens without definite localities; depth, 3 to 6 feet;
received from W. T. Brigham; Honolulu Reefs, 10 to 40 fathoms, Quelch. Waikiki,
Oahu, J. E. Duerden, collector, Laysan, Studer.

Remarks.—The United States National Museum has in its older collections three
excellent specimens of this variety, one of them coming from the Wilkes Exploring
Expedition collection. The specimens from the reef at Kaunakakai are typical,
judged both by Verrill’s description and the specimens in the National Museum. Di-
ameter of calices between verruca, 7 mm.; on verruce, 1 mm.; on incrusting base, 0.7
to 0.9 mm. Some of the branches in the Albatross material are wide (see Plate XIV,
fig. 4), resembling in form typical /. meandrina.

" The branches in the specimens from Station 4031 are not typical; they are less
crowded than in the typical form; the verrucwe are smaller and uniformly stand more
nearly perpendicular to the surface of the branches, and the corallum is much lighter.
Other than these, no differences of importance were detected. The lightness of. the
corallum may be corellated with the greater depth at which these specimens grew;
it was not necessary for them to be so strong as the specimens growing in shallower
water. The tips of the verrucwe in typical nobdlis usually inclining toward the ends
of the branches may be determined by the branches standing nearer together.
Verrill in his description of nob/lis says that the verruce may be perpendicular.

I believe that the specimen and fragments from the Hawaiian Islands referved
by Quelch to L. verrucosa constitute only a form of Verrill's nobilis, as in some
instances the septa may be distinct and the columella a central dome.

6c. POCILLOPORA MEANDRINA var. TUBEROSA Verrill.

1869. Pocillipora nobilis var. tuberose VERRILL, Proc. Essex Inst., VI, p. 98,
1901. Pocillipora nobilis var. tuberosa STUDER, Zool. Jahrb., Syst., L, p. 400.
Verrill’s original description is as follows:

One specimen, which I refer with doubt to P. nobilis, is peculiar in having much larger and more
prominent verruci, which are rounded and often swollen at the end, or even obovate. Toward the
base the verruce are less prominent and even hemispherical. The ends of the branches are
enlarged, often lobed, and thickly covered with verrucwe. The lateral cells are of medium size, not
crowded, with the septa and columella but little developed. Surface between the cells closely
granulous. i ’

Hawaiian Islands, W. T. Brigham.

Remarks.—The type, No. 1270, Yale University Museum, was examined. The
corallum is about 16 cm. tall, and the branches are not so crowded as is usual in
L. nobilis. The verruce becomes obsolete toward the base.

Prof. W. T. Brigham has sent one specimen of this variety to the United States
National Museum. It differs from variety nobilis by having large verruce, usually
swollen on the ends. The locality label was unfortunately lost.
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P. meandrina is extremely close to P. verrucosa; in calicular characters they
overlap. The verrucee of the latter are larger and more irregular in size, causing
the corallum to have a very rough, even a ragged appearance. P. damicornis,
dana, verrucosa, meandrina, and elegans form a series so indistinctly broken that one
is led to suspect that they are really continuous. It is probable that 2. drevicornis
and £. loh(fera are a part of the same series.

L. meandrina, typical or as the form called nobcl/s, is widely distributed. The
Albatross south Pacific expedition of 1899-1900 obtained 15 specimens and 2 frag-
ments that I have labeled 2. meandrina. They were obtained from the following
localities: Recf, Lagoon, Makemo, Paumotus, 8 specimens; Reef, Lagoon, Apataki,
Paumotus, 2 specimens; Reef, Funafuti, Ellice Islands, 2 specimens; Papeeti Harbor,
Tahiti, 1 specimen; Rangiroa. 2 specimens, and locality labels lost, 2 specimens.

The general character and range in variation of these specimens are so similar
to those from the Hawaiian Islands that no notes of importance can be made.

7. POCILLOPORA INFORMIS Dana.
Plate XXIV, figs. 1, la.

© 1846, Pocillopora inforndz Daxa, Zooph. Wilkes Expl. Exped., p. 535, pl. L1, figs. 3, 3a.
1860. Pocillopora informis MiLxe Epwakbs, Hist. Nat. Corall., 111, p. 307,

Original deseription.—Dana describes this species as follows:

Glomerate-cespitose, solid at base, branching irregular, often gibbous and acervate, in part naked,
in part remotely and irregularly verrucose. Corallum having the cells small (} of a line), a slender
columella, and one lamella very distinct.

* * * * * * * * *

Forms rough-looking clumps, often a foot through, which are massive at base, and very irregu-
larly subdivided above. The surface is often bare of verruce in many parts, and in others is very
uneven, and gives off rudimentary branchlets or protuberances of various shapes.

Type.—Cat. No. +41, U.S.N. M., from the **Sandwich Islands,” Wilkes Exploring
Expedition.

Dana’s description, so far as it goes, is excellent, and gives the most striking
characteristics of the species, His figures also are good. It is desirable, however,
to have certain features described in greater detail. The calices vary in diameter
from 0.6 to (.9 mn.; they are deep, 1.3 to 2 mm.; separated by narrow walls, rarely
exceeding 0.6 mm. across and usualiy less. The septa, excepting one, are usually
rudimentary or obsolete, hut are sometimes distinet, when they are small and narrow.
Columella tall, styliform, attached to an elongated septum.

The caenenchyma between the calices is solid, its surface densely granulate, the
granulations rather conrse. The corallite cavities may or may not be filled with
internal deposit, sometimes there is a succession of tabulx to the bottoms of the
calices, aguin a corallite cavity is solidly filled for a space and then the succession of
tabuliv ix resumed. It is interesting to note in longitudinal sections that the principal
septum (to which the columella is attached) may be continuous across several tabulwe,
then it may be absent across several, and appear again.

This species is so very distinet that extensive critical remarks on its affinities are
not necessary. Its growth form immediately separates it from the other Hawaiian
Locillopore.  Its styloid columella and obsolescent septa are additional characters.
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Family ORBICELLID.E Vaughan.
Genus LEPTASTREA Milne Edwards and Haime.

Previous to the present time only one species of Leptastrea had been recognized
from the Hawaiian Islands, namely, L. stellulate Verrill. Two forms that do not
agree with L. stcllulata are here added. These, although they are closely related, do
not intergrade with cach other.

BYNOP'SIS OF THE HAWAILIAN SPECIES OF LEPTASTREA.

Calices 6 mm. in diameter:

Septaindeyeles. ... . iiiiiiiiiiiiiaaaas e ecceaecaceaacaacaaaacaaan L. stellulata.
Calices 2.5 to 4.5 mm. in diameter:

Septa in 3 cycles, a few quaternaries.

Primaries usually decidedly exsert; primaries and secondaries reaching the columella.. L. agassizi.
(Calices about 2 mm., rarcly 3.5 mm., in diameter:

Septa in 3 cycles. Primaries somewhat exsert; primaries and a few secondaries reaching the

colurnella . . o eiiieeeeaaaaan L. hawatiensis.

LEPTASTREA STELLULATA Verrill.
1867. Leptastrea stellulata, Vrrriny, Proc. Essex Inst., V, p. 36.

Original desceription.—This species was originally described by Verrill, as

follows:
Corallum convex, incrusting, with irregular prominences, lower surface where free covered with
4 thin epitheca. Cells large, often 0.25 inch, with many small ones between them, which are usually
considerably exsert, and arise by lateral or marginal budding. Septa in four eycles, broad, with
truncate, nearly entire summits, but finely denticulate below. The gix primary septa are the largest,
and thickened toward the center of the cells. The others coalesce at their inner edges.  Costie much
thickened but scarcely prominent above the surface of the interstitial spaces. Texture very compact.
Sandwich Islands, Yale College Museum.

Professor Studer¢ identified as L. stellulata two small young colonies from
Laysan. They were attached to a specimen of Fuwia rudis, over which his type of
Porites lanuginosa had grown (see Plate LXXXVII). The calices of these specimens
are smaller than in the type, 5 mm. in diameter, and there are only three cycles of
septa, whereas there are four in the type. Professor Studer regards his colonies as
immature. I somewhat doubt the correctness of the determination.

LEPTASTREA AGASSIZI, new species.
Plate XXV, figs. 2, 2q, 3, 3a.

Corallum forming a thin incrustation or small, rounded masses. The corallites
project to a variable extent above the intercorallite arcas, in some instances as much
as 1.5 mm. Subequal, wide, low, granulate costw present on both the free limbs of
the corallites and across the intercorallite area.

Calices slightly excavated or moderately deep. Diameter from 2.5 to 4.5 mm.;
average about 3.5 mm. Distance apart usually somewhat less than the diameter.

Septa in three complete cycles, with a few quarternaries. The primaries and
secondaries reach the columella. The primaries are the thickest in thecal ring; their

aZool. Jahrb. Syst., XL, 1901, p. 402, pl. xx1x, fig. 9.
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margins are exsert, often decidedly prominent, sometimes as much as 2 mm. Sec-
ondaries thinner than the primaries; tertiaries shorter and thinner than the second-
aries, their inner edges usually free, but sometimes fused to the sides of the secondaries.
Septal margins denticulate, denticulations coarser near the columella. Septal faces
densely granulate. Endothecal dissepiments present, scanty; exotheca solid.

Columella false, formed of trabecula inclined inwardly from the inner ends of
the septa.

Asexual reproduction by budding on the intercorallite areas.

Localitics.—Kaneoke, Onhu, 1 specimen; Waikiki, Oahu; depth, 3 to 6 feet
received from W. T. Brigham.

utypes.—Cat. Nos. 21633, 21634, U.S.N.M. (5 specimens).

Remarks.—One of the specimens of this species is interesting hecause of the way
in which portions of it have incrusted some small Serpula tubes. The specimen
looks as if it were ramose, one projection having a height of about 13 mm. and a
basal diameter of + mm. In the center of the piece is a worm tube less than 0.5 mm.
in diameter. There isa considerable number of these projections, of varving height
and thickness, and a worm tube can be seen in each one.

The United States National Museum has obtained one additional specimen of this
species, also from Kaneoke, from the Duerden collection of Hawaiian corals.

Critical notes on L. agassizi and L. hawaiiensis will follow the description of
the latter species.

LEPTASTREA HAWAIIENSIS, new species.
Plate XXV, figs. 1, la.

The corallum grows as a thin incrustation over objects, its upper surface show-
ing irregularities corresponding to those of its basal support.

The corallites possess free upper portions, which decrease in size from their
bases to the calicular margins and project from 1 to 1.5 mm. above the intercorallite
areas. The free portions are externally beset with low, equal, granulate, ﬂattlsh
costwe that become smaller toward the bases and on the intercorallite areas.

The calices are moderately deep, circular or subcircular in cross section.  They
are about 2 mm. in diameter and are separated by intervals of 1 to 2 mm.

The septa form three complete eycles.  They are all of appm\mmtol\ the same
thickness in the thecal ring, but their margins vary in prominence according to the
cycles. The primaries are moderately exsert, and all of them extend to the colu-
mella. Near the wall they are considerably thickened, but become suddenly thinner
near the columella. The secondaries have less exsert margins and are thinner than
the primaries, but two of them, those in the median lateral systems, usually, and
others occasionally, extend to the columella. The tertiaries have slightly exsert
margins. They are thin and short and have free inner margins.  The margins of all
the septa are finely denticulate; paliform lobes often occur on the larger septa.  The
geptal faces are finely granulate, with some perforations near the columella. A few
endothecal dissepiments present; exotheca dense.

The columella is spongy, false, composed of lobes from the inner ends of the
principal septa.
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Asexual reproduction by gemmation between the calices and around the margin
of the spreading edge.

Locality.—Pukoo, Molokai; depth, 3 to 6 feet; reccived from W. T. Brigham.

Type.—Cat. No. 21632, U.S.N. M.

The United States National Museum has obtained four additional specimens from
the Duerden collection of Hawaiian corals, one of them from Pukoo, Molokai, the
three others from Waikiki, Oahu. ‘The salient differences between L. agassizi and
L. hawaiiensis are well shown by the enlarged figures of their respective calices and
are indicated in the synoptic table of the specitic characters.  The septa of the former
are more nearly equal in thickness and are more crowded, particularly around the
columella, which is more developed than in the latter species. Five specimens of each
species have been carefully compared, and there is no suggestion of intergradation.

Genus CYPHASTREA Milne Edwards and Haime.
CYPHASTREA OCELLINA (Danaj.
Plate XXV, figs. 4, 5, da, Plate XXVI, fig. 1.

1846. Astraa (Orbicella) ocellina Daxa, Zooph. Wilkes Expl. Exped., p. 218, pl. x, fig. 10.
1850. Cyphastrea? ocellina MiLxe Epwarns and Haimg, Ann. Sci. Nat., 3itme sér., XII, p. 115,
1857. Cyphastriea? ocellina MiLNE Fpwagrps, Hist. Nat. Corall, II, p. 487,

18€6. Cyphastrea ocellina VERRILL, Proce. Essex Inst., V, p. 37.

1901. Cuphastria ocellina STUDER, Zool. Jahrb., XL, p. 402, pl. xxx.

Original description.—Danu’s original description is as follows:

Glomerate and lobed, often incrusting; polyps scarcely a line in breadth, lamellie 24, Corallum
with the calicles globoso-eylindrical, as in the microphthalma, but =maller, with 12 minute lamellie
equally exsert; interstices nearly naked; cells deep; in a transverse section, septa nearly solid and
stars few-rayed.

Professor Dana adds further information in his remarks on the species, and Pro-
fessor Studer has published an excellent and very detailed description.  Four figures
are given in the present memoir.

The corallum begins growth as an incrustation on stones, pieces of dead coral,
etc. In some instances there is a projecting free edge, whose lower surface is
‘epithecate. As growth proceeds the upper surface becomes lobed and glomerate.
The larger of the coralla that I have seen are about the size of a man’s fist.

Calices deep; from 1 to 1.5 mm., or 1.75 mm. in diameter. The calicular margins
may or may not be prominent, on the thin incrusting portions of the corallum they
usually are low, on the lobate portions they may project as much as 1.5 mm.  The
free portions of the corallites are rather strongly costate: no costze on the intercorallite
areas. Both the costx and the intercorallite areas rather coarsely granulate.

Septa 24 in number. The primaries and secondaries reach the columella and
have decidedly exsert margins; the former are slightly thicker and a little more
exsert. The tertiaries are thin and have free inner margins.  Arches of the septal
margins microscopically dentate, subentire; inner margins distinctly dentate, the
dentations becoming coarser toward the columella, sometimes simulating pali; septal
lamellee perforate near their inuner edges. Septal faces minutely granulated.
Endothecal dissepiments abundant, but very delicate. Exotheca composed of thin,
vesicular dissepiments that surround the corallites.
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Columella moderately developed, false, composed of fused septal trabeculee.

Localities.—**Sandwich Islands,” Dana; Laysan, Studer.

Reefs, Kaunakakai, Island of Molokai (2 specimens); and Hawaiian Islands, no
more definite locality (1 specimen), Albatross, 1902.

Kabana, Oahu, 2 specimens; Pukoo, Molokai, 2 specimens; Kaneohe, Oahu:
1 specimen without locality label; depth, 3 to 6 feet; received from W. T. Brigham:
Waikiki, Oahu, and Pukoo, Molokai, J. E. Duerden, collector.

There are 16 specimens in the United States National Museum, and 1 was able to
examine other specimens in the Yale University Museum.

Family FAVIID.E Gregory.
Genus CCELASTREA Verrill.
1866. Cwrlaxtre VErRiLL, Proc. Essex Inst., V, p. 32,

Original description of the genus.—According to Verrill this was as follows:

Corailum massive,cellular, fasciculate, formed by prismatic corallites intimately united by their walls,
which are thin and simple. The exterior of the corallumn is destitute of an epitheca, lobed, and dis-
tinctly costate like that of Metastrea. The cells are polygonal, often closed below by the dissepiments,
which, occurring at the same level, unite from all sides, forming thus transverse septa. In a transverse
section traces of a very rudimentary and loose columella are seen in some cells. Septa in three or four
cycles, unequal, the inner edges prolonged into strong paliform teeth.

The polyps increase by fissiparity, and near the margin by disk-budding. This genus appears to
bear the saimne relation to Goniastrea that Metastrea does to Prionastrea, differing from it in the absence
of epitheca and the lobed and striated exterior, thinness of the walls, and rudimentary columella.
From Metastrea it differs in the last character, and in its mode of increase as well as in the coincidence
of the dissepiments and the strong pali.

As this genus is based on a single species, which supposedly came from the
Hawaiian Islands, the generic description is given.

CELASTREA TENUIS Verrill.
Plate XXV, figs. 2, 2a.
1866, Cewlastrea tenuis VERRILL, Proc. Essex Inst., V, p. 33.

Original description.—This species was originally described by Verrill as
follows:

Corallum gomewhat columnar or turbinate, flat % top, attached by a narrow base; the sides are
marked by lobes corresponding to the marginal corallites, and striated even to the base; the ribs a
little prominent, finely echinate near the cells. Cells unequal, irregularly polygonal, mostly closed
by a complete floor below. Walls very thin, forming a zigzag line between the septa. Septa very
narrow, thin, finely serrate, the inner edges perpendicular, little exsert, not crowded, in four cycles,
the last often incomplete. Pali prominent, wide, thicker than the septa, situated before all the cycles
except the last.  Columella not apparent except in a section, where it appears very rudimentary.
Dissepiments horizontal, about a tenth of an inch apart, mostly coincident, so as to form complete
tranverse floors,

Height, 2 inches; diameter, 3; the average width of cells, 2.

Sandwich Islands?  Prof. J. . Dana, U. S. Expl. Exp.

Type.—Cat. No. 476, Yale University Museum.
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Remarks.—Professor Verrill has kindly loaned the type of this species. As
his description is excellent, I will add only measurements of the calices and emphasize
a few characters.

MEASUREMENTS.
Calice ..ot No. 1. No. 2. No. 3. No. 4. No. 5. [
— - — == !
mm. mm., mm. ' mm. | mmn. }
Greater diameter .. _.._........ 3.7 5.7 6.2 ! 8.2 9.3
Lesser diameter . ... .._...... 3 3.2 4.5 : 6.3 4.2
|

I

Calice No. 1 is young; fission is in process in No. 5.

The most striking features of the specimen are the lightness of the corallum,
the very poor development or the absence of the columella, and the tabuliform
dissepiments that form floors for the bottoms of the calices.

Genus FAVIA Oken.
FAVIA HAWAIIENSIS, new species.
Plate XXVI, figs. 3, 3a.

Corullum is incrusting, and may cover rather large surfaces, as much as 21 cm.
across. The upper surface ‘s extremely uneven, corresponding to the configuration
of the object of attachment, frequently with irregular projections. Its thickness
usually is only a few millimeters, but sometimes there may be protuberances several
centimeters in height.

The calices are irrcgularly polygonal, subelliptical, or subcircular. They are
very variable in size, from about 2 to 6 mm. in diameter. The size of the calices
does not seem to depend upon position on the surface, though the more hidden ones
are often smaller, probably because of diminished food supply. The depth is con-
siderable, about 2 mm. The walls between the corallites are solid, varying in thick-
ness from a very narrow edge to 1.5 mm. Usually a furrow on the top of the wall
indicates the boundaries of adjoining corallites.

There are three complete cyles of septa and a variable number of the fourth, but
the last seems never to be complete. They are somewhat thicker in the wall, thinner
inwardly. Their upper edges are rather exsert, terminating abruptly at the furrow
marking the outer limits of the corallites; the inner edges fall steeply to the colu-
mellar area. Both the arched and descending portions of the septal margins are
finely denticulate. Near the columella are larger and coarser teeth, which are some-
times paliform. Endothecal dissepiments present in the longer corallites.

The columella is well developed, spongy, formed by the fusion of septal proc-
esses which project above its upper sarface, giving to the surface a papillate ap-
pearance.

A sexual reproduction normally by fission; it appears that there occasionally may
be budding around the growing edge and in the angles between the corallites.

Localities.—Pukoo, Molokai, 2 specimens; Waikiki, Oahu, 1 specimen; depth,
3 to 6 feet; received from W, T. Brigham.
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Type.—United States National Museum, No. 21635.

The following two species of Fur/a are supposed to be found in the Hawaiian
Islands. The first is based on a specimen presumably from there; the second was
doubtfully reported from there by Professor Verrill.

FAVIA RUDIS Verrill.
Plate LXXXVIIL.

1866. .istrea ( Furia) rudis VerriLL, Proc. Fssex Inst., V, p. 34,
1901, straea rudis STUDER, Zoolog. Jahrb., Syst., XL, p. 401.

Original  description.—This species was originally described by Verrill as
follows:

Corallum masgive, convex or hemispherical, cellular. Corallites a little prominent, oval or
oblong, unequal, rather close together at the margin, crowded at the center, with concave interstices
striated by the thin, salient costie.  Cells deep, conical, with three eycles of septa, which are narrow,
thin within but strongly thickened near the walls, considerably exsert, the upper part divided into
strong spinose tevth, the inner edges with more slender sharp ones; paliform teeth little marked.
Columella fine spongy. : .

Diameter of coral, 5 inches; of largest cells, 0.38; depth as much.
Sandwich Islands (?), Prof. J. D. Dana.

FAVIA HOMBRONI (Rousseau)?

1854. Parastria hombronii L. Rousseat, Voy. au Pole Sud de Dumont-d’Urville, Zool., V, p.
122, Zooph., pl. xxvi, fig. 3.
1857. Faria hombroni MiLxe Epwarps and Harmg, Hist. Nat. Corall., I1I, p. 435.
1866. _Astrea ( Faria) hombroni VerriLL, Proe. Essex Inst., V, p. 33.
Verrill's description is as follows:

Corallum incrusting at base; the surface, when iree, naked and striated, rising at center into a
convex, lobed mass. At the margin and about the base the cells are oval or circular, and separated
by a space equal to their own diameter, while at the top they become crowded, polygonal, and inti-
mately united by thin walls. Cells of medium size, rather deeper than wide, with about 18 septa in
three cycles, the last incomplete in part of the systems, Septa narrow, considerably exsert, acute at
suminit, toothed with small gharp spines, a little thickened at the walls, not crowded. Paliform
teeth, prominent, slender, placed before the two first eveles. Columella well developed, spongy.
Cost:e, where the cells are separated, thick and prominent, scabrous.  Exotheca compact.

Height of coral, 4 inches; diameter about the same; width of cells, 0.12.

SfSandwich Islands?, Prof. J. D. Dana.

In “box 820,” with Montipora capitata, Porites lobata, Coelastrea tenuis, Favia rudis, Pocillopora
(Coll. Smithsonian Institution).

Family MUSSID.E Verrill.
Genus MUSSA Oken.
MUSSA? sp. young?
Plate VIII, figs. 3, 3a.
A simple mussoid coral was growing attached to Mudrepora kanaiens/s Vaughan
at station 4136, It is represented hy Plate VIII, figs. 3, 3¢, but no name is attached
to it. :

Locality.—Vicinity of Kauai Island; depth, 2904-352 fathoms; temperature of the
bottom, 44.2- F.: bottom, fine coral sand.
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MADREPORARIA FUNGIDA.

In areview of Mr. J."Stanley Gardiner’s Fungid Corals of the Maldive and Lacea-
dive Archipelagoes,® I publlshed the followmg note on the fungids of the Hawaiian
Islands:

I have just completed a study of the Hawaiian Fungida, and may be pardoned for comparing them
with those from the Indian Ocean. The following is a list of the species, with notes on their occur-
rence elsewhere: Fungia ((‘ycloseris) patella (ElL and Sol.), east coast of Africa, ete.; Fungia (Diaseris)
fragilis (Alcock), Indian Ocean; Fungia scutaria var. dentigera Leuckart, Indian Ocean, ete.; [Fungic
oahenxia Doderlein; Fungia pawmotensiz Stutchb. (fide Quelch), Philippines, etc.; Fungia echinata (Pal-
lax) (fide Studer), Indian Ocean, ete.]: Bathyactis stephana Alcock, Indian Ocean; Stephanaria stellata
Verrill, Panama; Stephanaria n. sp.; Pavona varians Verrill, aff. P. repens Briiggemann; Pavona n. sp.;
Leptoseris (1) n. sp., aff. L. fragilis M. Ed. and H.; Leptoseris (2) n. sp.; Leptoseris (3) n. sp., aff.
L. papyracea (Dana); Leptoseris (4) n. gp.; Pswmmmocora, aff. P. superficialis Gardiner.

Further study of the material at my disposal has caused me to modify the
determinations there given. The following is the revised list of the species placed in
the Fungida, following the order in the article just quoted:

Fungia patella (Ellis and Solander).
Fungia fragilis (Alcock).

"Fungia scutaria Lamarck.

Fungia oakensis Doderlein.

Fungia pavmotensis Stutchbury (fide Quelch).
Fungia echinata (Pallas) (fide Studer).
Bathyactis hawaiiensis, new species.®
Stephanaria stellata Verrill.
Stephanaria brighami, new species.
Pavona varians Verrill.

Pavona duerdeni, new species.
Leptoseris hawaiiensis, new species,
Leptoseris scabra, new species.®
Leptoseris digitata, new species.?
Leptoseris tubulifera, new species.®
FPsammocora verrilli, new species.

Of the 16 species recognized, there are two, cited on the authority of other stu-
dents, whose occurrence in Hawaiian waters I consider doubtful. These 16 species are
distributed among 6 genera; hut it should be stated that the generic separation of
Leptoseris from Pavona is doubtful. These 6 genera are considered to represent two
families: The Fungiide, represented by Fung/a; and the Agariciidee, to which
Puvona, Leptoseris, Bathyactis, Stephanaria, and Psamimnocora are referred.

a8cience, n. 8., XXI, June 30, 1905, pp. 084—985
bReferred to B stephana Alcock.

- ¢Referred to as Leptoseris (2), new species.
dReferred to as Leptoseris (3), new species.
eReferred to as Leploseris (4), new species.
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Family FUNGIID.E Dana.

1846, Fungia (part) Daxa, Zooph. Wilkes Expl. Exped., p. 283.

1849, Fungia Minse Fowagrps and Harve, Comptes rend. Acad. Sci., Paris, XXIX, p. 71.
1884, Fungiidie Drxcax, Jour. Linn. Soe. London, Zool., XVIII, p. 141.

1905, Fungiidae Vavauay, Proe. U. S Nat. Mus,, XXVIII, p. 379,

In the last paper @ cited in this synonymy, this family was defined as follows:

Corallum simple or colonial, depressed or-mitroid in form, septa of higher cycles usually perforate,
those of the lower eyeles perforate or solid.  Synapticula, but no dissepiments, present. Wall in the
adult perforate or compact.  No epitheca.

The above diagnosis of the fumily probably should be supplemented by the
following: The embryo becomes attached and forms a trophozooid,? which gives rise
to buds anthoblasts); the latter, by lateral growth, develop into anthocyathi; these by
detachment form free individuals. The free anthocyathi may remain simple (the
genus Fuugia) or, by asexual reproduction, become colonial.  The following remarks
were added:

The mode of formation of the ¢ anthocvathi” of Fungia has been known for
many vears, Stutchbury having first described it in 1830.¢ Bourne has made the
mode of reproduction of Fungia the subject of very detailed investigations. It has
been proved for nearly every known species of the genus that the free disks are pro-
duced by buds, which become detached from a parent stock (originally a trophozooid).

J. Stanley Gardiner, in his Fungid Corals collected in the South Pacitic,? pub-
lished the extremely interesting observation concerning Halondtra (11, irregulares
Gardiner) that

the free corallum seems, from my specinens (2), to have been formed in a somewhat similar manner
to that of the genus Fungia—by the breaking off of disks from an attached stock. At first there is one
larwe contral polyp with radiating septa: then, as growth proceeds. a number of calicular fusse appear
around thiss.  On becoming free the central polyp may perhaps persist or, as in my specimens, may
boecome indistinguishable from the daughter polyps, the septa gradually losing their regular radiating
armngement in the center of the colony.

In ovder to discover how generally the compound genera of the Fungiidie might
show evidence of having originally been trophozooids, I examined specimens of tive
of the gener:

Holowdtra plilippinenses Studer, young.  Shows a very distinet scar of
detachment.

Zowpilus cchinatus Dana (probably type specimen). Shows a very distinet ~car
of detachment.  This genus is searcely more than a 720/0udtra with very few calices,
and these ave near the centrmal corallite.

Cryptaireda talpaina (Lamarek),  There is some suggestion of a detachment scar.
but the evidence is not positive.

9\ critical review of the litemture on the simple gener of the Madrepomria Funnida, with a
tentative clasification. Proes UL S0 Nate Mus.o XXVIHL 1as, ppe 8714040

GL GO Rourne, Onthe postembryonic development of Fungias Seis Trans. Roy. Dubiin ., V
AL INT SN EAIRNETNRAL N

“Trns Linn. e Londons XV IS, pp #8644

4Proc Zawl. Soe. London, 180 ppo 327308
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Herpetolitha limar (Esper) and 71, stricta Dana. Evidence of detachment scar
very vague. Young specimens of /1. foliosa @ Ehrenberg, however, show as distinct
a scar as any species of Fungia.

Lithactinia galeriformis (Dana), one of Dana’s specimens. No evidence of
a detachment scar.

The evidence, though not positive, is distinctly in favor of the coralla of all
the Fungiidw originating as trophozooids, and that the adult forms of the compound
genera are due to asexual reproduction.

Quelch,? Gardiner,© and Studer? have called attention to the close relationship
between Fungia and Ilalomdtra, both Quelch and Studer considering Fungia the
primitive form.

The Alhatross obtained a good suite of Fungia scutaria, including trophozooids,
from Laysan. Prof. W. T. Brigham has sent me five adult specimens and a photo-
graph of six others. One of the specimens sent is dead and has attached to it five
trophozooids. This material presents some important facts. As Bourne has
described the postembryonic development of Fungia in so much detail, I will call
attention to only a few features.

The trophozooid of Fungia might, if there were no further development, be
referred to the genus 7rochoseris, apparently warranting the conclusion that the
ancestral form of Fungia was a simple Agariciid closely related to Zrochoseris. The
wall and septa are imperforate and a papillary columella is usually present.

The most primitive genus of the Fungiide undoubtedly is Fungia, and it seems
probable that Doderlein is correct in considering the F. patellat group the oldest
species of the genus. Plate XXIX, fig. in lower left hand corner, represents a
specimen of F. scutaria in which there is budding on the disk; in fact, the specimen
could easily be referred to Hulom/tra.

To summarize the conclusions regarding the ancestry and phylogeny of the
Fungiidwe:

1. The Fungiidw are descended from the Agariciidwe.

2. The genus Fungia is the most primitive member of the family.

3. The other genera of the family are derived from Fungia by new calices
arising asexually on the disk. (¢) In Hulomitra, the secondary calices possess dis-
tinctly radiating septa; (5) in Cryptabacia, the axial calices have distinctly radiating
septa, but in the lateral calices the radiate arrangement, although evident, is often
not so pronounced; (¢) in Zerpetholitha and Polyphyllia, the axial but not the lateral
calices have radiating septa; (/) in Lithact/nia, calices with radiating septa can not
be distinguished on the adult corallum.

These genera present a series of forms in which the radiate arrangement of the
septa becomes progessively less distinet. However, the series is probably not genetic.
Halondtra may have been derived from one species of Fungia; Ierpetolitha from
another; and Cryptahacia, Polyphyllia, and Lithactin/a from another.

aSubmitted to me for identification by Dr. Charles Gravier, of the Muséum d’Histoire Naturelle,
Paris.

b Reef Corals, Challenger Rept., p. 139.

¢Proc. Zool. Soc. London, 1898, pp. 527, 528.

d Zool. Jahrh., Syst., XL, p. 408.
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Genus FUNGIA Lamarck.

1801. Fungic LAMARCK, Syst. Anim. sans. Vert., p. 369.

1902. Fungia DiperLEIN, Die Korallengattung Fungia, Senckenberg. naturforsch. Gesellsch.,
Abhandl., XXVII, Pt. 1, pp. 1-111, 1-162, pl=. 1-xxv.

1905. Fungia Vavenay, Proc. U. 8. Nat. Mus., XXVIII, p. 380.

The following remarks on the synonymy of Fungia appeared in the last paper
cited above:

Original generic diagnosis.—** Corallum stony, free, orbicular, or hemispherical,
or oblong, convex, and lamellate above, with a furrow or depression in the center,
concave and rough below.

‘¢ A single lamellate, subproliferous star.  Lamelle dentate or spinose laterally.”

Type-species.— Fungia agariciformis Lamarck = Mudrepora agaricites Linngeus. %
Lamarck originally referred six species to the genus, namely:

1. Fungia agriciformis Lamarck = Madrepora fungites Linnweus.

2. Fungia scutaria Lasarck, based on Seba, Thes., 111, pl. cxii, figs. 28, 29, 30.

8. Fungia limacina Lamarck = Madrepora pileus Ellis and Solander, pl. xLv.

4. Fungia talpina LaMarck, based on Seba, Thes., III, pl. cxi1, fig. 6, and pl. cxui, fig. 31,
6. Fungia patellaris Lamarck = Madrepora patella ELuis and SOLANDER, pl. xxvi, figs. 1-4.
6. Fungia pileus LaMarck = Mitra polonica RumpHivs, Herb. Amb., VI, pl. Lxxxvi, fig. 3.

Lamarck confused in his Fungia corals now considered to represent four
different genera.

Fungia limacina Lamarck, now = Iferpetol itha l/mae (Esper) Eschscholtz, 1825.

Funyia pilows Lamarck, now=Ilulomitra pilens (Pallas) Dana, 1846,

Fungia talpina Lamarck, now= Cryptabacia tulpine (Lamarck) Milne Edwards
and Haime, 1849.

This leaves in Fungia proper, F. agariciformes Lamarck (=fung/tes Linneus), F.
seutaria Lamarck, and 27 patelle (Ellis and Solander). 4

Leuckart in 1841 cites Fungia aguriciformis Lamarck as *Typus,” fixing the
type.

Milne Edwards and Haime in 1849¢ cite under Fungia, F. agariciformis and
patellaris Lamarck. In 1850, in their Monograph of the British Fossil Corals<,
Fungila patllaris Lamarck is definitely given as the type-species. JF. putellaris
Lamarck (Madrepora patedla Ellis and Solander) can not be the type-species, as F.
agariciformis Lamarck had already been so designated. In the third volume of the
Histoire Naturelle des Coralliaires, pages 6, 7, Milne Edwards accepts the latter
species as the type, using for it the Linnwan name Madrepora fungites.

Renarks.—Prof. Ludwig Daderlein has published an elaborate monograph, Die
Korallengattung Fungia, in which the various skeletal parts of the genus are
described in much detail. A bibliography is also given. A discussion of the genus
will not be attempted here, as the work of Professor Daderlein can be consulted.

aSee Doderlein, Senckenb. naturforsch. Gesellsch., Abhandl, XXVII, 1902, p. 136-156, pls.
XX-XXV. '

b Observ. Zoolog. de Zooph. Corall., spec. de Gen. Fungia, p. 42, pl. 1v, figs. 1.

¢Comptes rend. Acad. Paris, XXIX, 1849, p. 72

d Introduction, p. xlvi.

€ Senckenberg. naturfor. Gesellsch., Abhandl, XVII, Pt. 1, 1902, pp. i-iii, 1-162, pls. xxv.
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Fung/a has several synonyms, which are as follows¢:

Cycroseris Milne Edwards and Haime, Comptes rend. Acad., Paris, XXIX,
1849, p. 72. /

The genus was placed by its authors in their ‘“ Lophoserinee,” which was character-
ized by having ¢ the plateau without epitheca or echinulations, and with imperforate
tissues.”

Original generic diagnosis.—**Corallum simple, free. Septa very numerous,
uniting by their inner margins.”

Type-species.— Fungia eyclolites Lamarck, Hist. Nat. Anim. sans Vertébres, II,
p- 236: Doderlein, Korallengat. Fungia, pp. 77-79, pl. 1v, figs. 7-9, pl. v, figs. 5, 5a.

Distribution.—Recent, China Seas and Philippines eastward to the mid-Pacific.

ActiNoseris d'Orbigny, Note sur des Polyp. foss., p. 12, 1849.

Original generic diagnosis.—*“1t is a circular Cycloseris, whose columella is
central, round, and not in an elongated furrow.”

Type-species.—A. cenomanensisd’Orbigny, Note sur des Polyp. foss., nom. nud.;
Prod. de paléontol., II, p. 180: Milne Edwards and Haime, Hist. Nat. Corall.,
I1I, p. 33.

Distribution.—*“ Groupe de la craie tuffean, Le Mans.”

Milne Edwards? refers Actinoseris cenomanensis to the genus Cycloseris, making
d’Orbigny’s Actinoseris a synonym of their Cycloseris. The septal structure of
d'Orbigny’s genus should be investigated, and it may be well to reinvestigate the
Tertiary and Cretaceous species of Cycloseris; they may not be congeneric with
Fungia (Cycloseris) cyclolites Lamarck. It is of especial importance to determine
whether the free disks of these corals placed in Cycloseris originate as anthocyathi,
as in Fungia.

Diaseris Milne Edwards and Haime, Comptes rend. Acad., Paris, XXIX,
1849, p. 72.

This genus was placed by its authors in their *‘ Lophoserine,” characterized by
having ‘‘the plateau without epitheca and echinulations, and with imperforate
tissues.” .

Original generic diagnosis.—**Differs from the preceding [ Cycloseris] in that,
when young, it is composed of separate parts that unite later.”

Type-species.—Fungia distorta Michelin, Mag. de Zool., 2d ser., V Année,
Zooph., pl. v: Doderlein, Korallengat. Fungia, pp. 74-77, pl. 111, and pl. v, figs. 3, 3a.

Distréibution.—Philippines.

Remarks.—Duncan in his ¢ Revision of the Genera and Families of the Madre-
poraria”¢ places Ecmesus Philippi¢ and Hemicyathus Seguenza in the synonymy of
Diaseris.  Eemesus is a doubtful coral, but probably is an imperfect specimen of a
trochocyathoid species. The Hewcyathus of Seguenza certainly belongs in that

group.

a All of these excepting Actinoseris d’Orbigny are discussed by Doderlein, in his Die Korallengat-
tung Fungia. For further discussion consult that work.

t Hist. Nat. Corall., 111, p. 53.

¢Jour. Linn. Soe. London, Zool., XVIII, 1884, p. 150.

d Neues Jahrb. fiir Mineral., Jahrg. 1841, p. 665, pl. x1B, figs. 1 a-e.

¢Corallarii fossili del. rocce terz. del dist. Messina, 1864, Pt. 2, p. 67.
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PrevracTis Verrill, Bull. Mus. Comp. Zooi., I, 1864, p. 52.

Type-species.—Fungia scutaria Lamarck, Hist. Nat. Anim. sans Vert., I, p. 236:
Doderlein, Korallengat. Fungia, pp. 91-97, pl. vin, figs. 1-6.

A type-species wus designated, but no description was published. The genus
was intended to embrace more or less elongate flat Fungeir. without tentacular lobes
on the septa.

Losacris Verrill, Bull. Mus. Comp. Zool., I, 1864, p. 52.

Type-species.— Fungin dentigera Leuckart, De Zooph. Corall. et spec. Gen.
Fungia, pp. 4849, pl. 111, tigs. 1, 2; cf. Doderlein, Korallengat. Fungia, pp. 91-97.

There was no original description; only a type-species was cited. This group
is composed of somewhat elongate, flat species, in which the tentacular lobes of the
septa are greatly developed. '

Crexactis Verrill, Bull. Mus. Comp. Zool., 1. 1864, p. 51.

Type-species.— Madrepora echinata Pallas, Elench. Zooph., p. 284: Fungia
echinate, Doderlein, Korallengat. Fungia, pp. 101-105, pl. x, figs. 1-5.

No diagnosis of the genus was published. It was established for the very large,
clongate Fungiw, the largest known, in which the septal margins are strongly
dentate, the dentations resembling, as the name implies, the teeth of a comh.

HavicLossa (part) Ehrenberg, Akad. Wissensch. Berlin, Abhandl., 1832, p. 274,
1834.

Original generic diagnosis.—[Fungids] compound (polystomatous), base expanded,
stoloniferous, extended in two directly opposite directions (its oblong form recalling
a tongue= Manicine liberw).

To this genus he refers five species:

1. Madrepora echinata Pallas.

2. Fungia limacina Lamarck= Madrepora pileus Ellis and Solander.

3. Haliglossa interrupta Ehrenberg = Madrepora pileus of Linnweus and Pallas=
Fungus pilens oblongus, Seha, Thes., 111, pl. cxi, fig. 5.

4. Hualiglossa folivsn Ehrenberg = Madrepora pilevs Linnaus and Pallas: Seba,
Thes., I11. pl. cx1, fig. 3.

5. Huliglossa stelluris Ehrenberg= Madrepora pileus var. Esper, pl. Lxxin

No. 1 was considered by Leuckart to he wrongly identitied, and was named
Fungia elrenbergi by him.® Professor Doderlein, in his Die Korallengattung
Fungia,b places Leuckart's Fungia ehrenbergi in the synonymy of Fungin echinata
(Pallas). Milne Edwards and Haime refer the four others¢ to the synonymy of
Herpetolitha limar (Esper) Eschscholtz, 1825.

Therefore the genus //aliglossa contained two genera. one part of which belongs
to Fungia Lamarck, 1801, the other to Zlerpetolitha Eschscholtz, 1525,¢ and conse-
quently must lapse.

a De zooph. corrall. et gen. Fungia, 1841, p. 52, pl. 11

b Renckenberg. naturfor. Gesellsch., Abhandl.,, XXVII, 1902, p. 101.

¢ Ann. Sci. nat., 3icme sér., Zool., XV, p. 94.

d Esch=choltz’s Herpetolitha (Isis, XVI, 1825, p. 746), originally contained two species, Fungia
limacina and Fungia talpa, of Lamarck. Milne Edwards and Haime, in 1849 (Comptes rend., XXIX,
p- 71), restricted Herpetolitha to the first mentioned species (citing Madrepora pileus Ellis and Solander,
pl. XLv) and proposed the genus Cruptabacia for the second.
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Mr. J. Stanley Gardiner does not accept the reference of Cycloseris and Diaseris
to the synonymy of Fungia.? He says regarding Cycloseris: ‘* The successive fusion
of the septa of the higher cycles (24 or 48) and the elevation of the edges of the
intervening septa to the same level as those of the larger septa (i. e., the lower
cycles) immediately after this fusion has taken place is further a most characteristic
feature of the genus.”

Gardiner previously® had considered Cycloseris separable from Fungia hecause
‘“the primary septa in Cycloseris are very definitely six in number, the secondaries
not reaching quite so far into the calice and having the tertiaries fused to them. In
the youngest instar that I examined there are six thick, subequal septa, and in the
youngest Fungia found by Bourne ‘twelve septa are present, of which six are dis-
tinctly larger than the others.””

On page 172 of the paper cited, Gardiner says: * Cycloseris differs from
Fungia as described by Duncan mainly in the fact that the theca in the former is
imperforate.”

The differences between C(ycluseris and Fungia are therefore: (1) The wall in
Cycloseris is imperforate, in Fungia perforate. (2) In Cycrloseris there are originally
only six septa, whereas in Fungia there are twelve. (3) There is the supposedly
peculiar fusion of the septa. .

There has been considerable controversy concerning the generic validity of
Diaseris.  Mr. Gardiner, in his Madreporaria of the Maldive and Laccadive Islands,*
says: ‘“ The division of the corallum into segments, each of which includes a part of
the axial fossa, seems to be in certain species of Fungids a regular and normal
method of reproduction by asexual means.” Quelch, in his report on the reef
corals of the Clhallenger expedition (p. 119), states emphatically that he had speci-
mens of Diaseris freyceneti that were of the Cycloseris-form. Doderlein, in his
Korallengattung Fungia, says that he had Diaseris-form specimens of Cycloseris
patelle and Cycloseris-form specimens of Diaseris destorta.

I decided to make a careful examination of all the material+in the United States
National Museum in order to test the supposed validity of the three genera, Cycloseris,
Diaseris, and Fungia, and have presented the data obtained under three headings,
Cycloseris, Diaseris, and Fungia. Under each of these headings I have compiled
from Doderlein the specific names that have been applied to forms belonging to each
group, then I have listed the species recognized by him as valid, summarizing under
each the synonymy given by him, and have called attention to some specific names
that are not recognized, but were not placed in any synonymy. This summary and
remarks are followed by a list of the vpecies in the United States National Museum.
Then I give a tabular statement of the results of a macroscopic study of the wall and
septa of each species.?

a Fauna and Geography of the Maldive and Laccadive Archipelagoes, II, Sup. I, pp. 944, 945.

b Willey’s Zoological Results, p. 175.

¢ Fauna of the Maldive and Laccadive Archipelagoes, II, Sup. I, p. 945.

d The descriptions and figures of the three species of which I am the author were published in my
Three New Fungiw, with a description of Fungia granulosa Klunzinger and a note on a specimen of
Fungia concinna Verrill, Proe. U. 8. Nat. Mus., XXX, 1906, pp. 827-832, pls. LXVII-LXX1V.

32301—07—S8
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It seemed to me that a study of this kind would be important in possibly throw-
ing light on the value of characters supposed to be of family or generic value.
Somewhat more than 400 specimens were studied; of these about 45 were received
from Dr. Charles Gravier, of the Muséum d’Histoire Naturelle, Paris, the others are
the property of the United States National Museum. This amount of material
probably may appear large, but it is entirely insufficient for the working out of the
variations and the delimitation of the different species. In spite of the insufficiency
of the material, however, I trust that data of value have been procured through its
careful study.

CYCLOSERIS.

DESCRIBED SPECIES OF CYCLOSERIS.

Madrepore patelle Ellis and Solander.

Funyia cyclolites Lamarck.

Funglia tenuis Dana.

Fungia glans Dana.

Fungia hewagonalis Milne Edwards and Haime.
Cycloseris sinensis Milne Edwards and Haime.
Fungia elegans Verrill.

Cycloseris discus Quelch.

Cycloseris mycoides Alcock.

Fungia erosa Doderlein.

Fungia costulata Ortmann.

Daderlein does not recognize Cycloseris as a valid genus, considering it a
synonym of Fungia. He does, however, recognize a putella group of species and
refers to it all the species of Cycloseris and Diaseris.  He refers 6 species to the
group, viz:

I patelle (Ellis and Solander) (> tennis Dana+F. heragonalis Milne
Edwards and Haime+ D iaseris pragilis Aleock).

F. erosa Doderlein,

F. distorta Michelin (type of Diuserds).

F. eyclolites Lamarck (type of Cycloseris) (> Diaseris mortoni Tenison-
Wood).

F. elegans Verrill.

I costulata Ortmann,

The following species, originally based on the Cycloseris form, are suid to possess
a Diuseris form;

F. patella (Ellis and Solander).
I cyclolites Lamarck.
The following specific names are not recognized, nor are they placed in any
synonymy:
Fungia glans Dana.
Cycloseris sinenscs Milne Edwards and Haime,
Cycloseris discus Quelch.
Cycloseris mycoides Aleock.
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List of the species of Cycloseris, Diaseris, and Fungia in the United States
National Museum:
Cycloseris, 1 sp., Philippine Islands.
Cycloseris, 2 sp., Philippine Islands.
Cycloseris patella (Ellis and Solander), Hawaiian Islands, and east coast of
Africa.
Cycloseris elegans (Verrill), Gulf of California.
Cycloseris tenuls (Dana), Pacitic Ocean, probably Paumotus.
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To summarize the results obtained from this comparative study:

The wall in all the forms studied is imperforate. The primaries septa are per-
sistently differentiated fromn the secondaries by slightly greater length, and are usually
somewhat taller. The septal margins are always finely dentate. The columella varies
in size, it is composed of interlacing, fused, small trabeculee, and usually has a papillary
upper surface. The greatest variation in structure commonly considered of impor-
tance is in the perforateness of the septa. The species form a continuous series from
C. eleyans with entirely solid septa to C. 2 sp. Philippines, in which the septa have
cyclolitoid structure.

The species symbolized by C. 2 sp. Philippines, deserved further consideration.
I at first labeled the specimens Fungi¢ distorta Michelin, and am by no means sure
that they do not belong to that species. The septal margins and septal structure are
identical with F. distort«, the number of septa in each to 5 mm. (18 or 19) is the
same, and there is no difference in the costw of the base. The specimens referred to
Cycloseris are thicker in the oral region. One of the Clycloseris specimens has several
sharply indented lines radiating from the base, and there are indications of these lines
on the upper surface. This specimen looks as if its division into Diaseris segments
had been initiated, but the process not completed. The segments have remained
attached, but indications of the arrested division still persist. There are suggestions
in some of the other specimens of lines along which division might take place. These
Cycloserdis specimens seem to me to be the Cycloseris-form of Fungia distorta, the
only distinguishing character that I can discover consisting in a few millimeters
difference in thickness in the oral region. Several of these specimens possess small
secondary mouths on their oral surfaces.

Cycloseris 1 sp. Philippines, may be small specimens of F. cyclolites Lamarck.
They are damaged, and 1 should not like to identify them specifically.

DIASERIS.
DESCRIBED SPECIES OF DIASERIS.a

Fungia distorta Michelin (geno-type).
Diaseris freyceneti Milne Edwards and Haime.
Diaseris pulchella Verrill.
Diaserts mortoni Tenison-Wood.
Diaseris fragelis Alcock.
The following species originally based on the Diaseris-form are said to possess a
Cycloseris-form:
Fungia distorta Michelin (fide Doderlein).
Diaseres freycenetc Milne Edwards and Haime (fide Quelch).
Draseris mortone Tenison-Wood (<? F. cyclolites Lamarck).
Diaseris fragilis Alcock (<F. patella (Ellis and Solander)).
The specific name Diaseris pulchella Verrill is ignored by Doderlein, i. e., the
species is not recognized,and the name is not placed in the synonymy of any species.

aThe species described by Pourtalés from the Atlantic are purposely omitted.
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Svecies of Diaserds in the United States National Museum:
Diaseris distorta (Michelin) (geno-type) Philippine Islands.
Diaseris freycinet? Milne-Edwards and Haime (synonym of the pre-
ceding).
Diaseris, sp., Philippine Islands.
Diaseris japonica Vaughan, Tertiary, Yezzo, Japan.
Diaseris pulchella Verrill, Oushima, Japan.
Diaseris fragilis Alcock, Hawaiian Islands.
Diaseris, sp., Gulf of California.
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Summary of the results of the comparative study:

The corallum wall is solid, except in some instances it may be synapticulate
at the periphery; because of the habit of the corallum of breaking into segments and
subsequently being added to, the easy recognition of the different septal cycles is not
expected; but in a specimen like one of those of D. pwlchella, in which the segments
have not as yet become dissociated, the primaries are more pronounced than the
secondaries; the septal margins are finely dentate; the septal lamellee show precisely
the same variation as in Cycloseres, from eribriform to solid.

The close relationship between Cycloseris 2 sp. Philippines to Diaseris distorta
has been pointed out. Diaseris sp. Philippines may be undescribed, but with no
more material for comparison I would not name it. One specimen of Diaseris
prlehella Verrill is intensely interesting. In handling the specimen a segment was
broken out, but the specimen originally was circular. When it is taken in connection
with Cycloseris 2 sp. Philippines, strong evidence is adduced against Diaseris being
generically separable from Cycloseris.

The specimens from the Gulf of California are very similar to Doderlein’s
Diaseris-form of Fungia patella.

FUNGIA.

DESCRIBED SPECIES OF FUNGIA.

F. actiniformis Quoy and Gaimard.
> F. crassitentaculata Quoy and Gaimard.
F. diversidens Milne Edwards and Haime.
Doderlein recognizes five varieties: singapurensis, suluensis, crassitentacwiata.
patawensis, and salawattensis. '
F. pawmotensis Stutchbury.
>F. charcharias Studer.
F. charcharias Studer is recognized as a variety.
F. scutaria Lamarck.
>F. dentigera Leuckart.
Lobactis danz Verrill.
Lobactis conferta Verrill.
F. placunari« Klunzinger.
F. tenwidens Quelch.
F. verrilliana Quelch.
Doderlein recognizes under F. scutaria three varieties: danai, placunaria, and
dentigera.
F. oahensiz Doderlein.
F. proechinata Doderlein.
F. echinata (Pallas) [as Madrepora.]
>F. pectinata Ehrenberg.
Herpetolithas ehrenbergi Leuckart.
Herpetolithas rippellii Leuckart.
F. gigantea Dana.
F. asperata Dana.
F. crassa Dana.
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Doderlein recognizes three varieties: gigantea, parvispina, and undulata.
F. granwlose Klunzinger.
F. scabra Doderlein.
F. plana Studer.
F. concinna Verrill.
t1>F. serrulata Verrill,
Doderlein considers serrulata as a variety.
F. repanda Dana.
> F. linnwe Milne Edwards and Haime.
F. acutidens Studer.
F. horrida Dana.
F. k'unzinger: Doderlein.
F. valida Verrill.
F. subrepanda Doderlein.
F. danai Milne Edwards and Haime.
> F. lobulata Ortmann.
Daderlein recognizes one variety: var. v/tiensis.
F. corona Doderlein.
F. seruposa Klunzinger.
Doderlein recognizes one variety: fernatensis.
F. fungites (Linneeus) [as Madrepora.]
> F. agariciformis Lamarck.
F. discus Dana.
F. dentata Dana.
F. confertifolia Dana.
F. tenwifolia Milne Edwards and Haime.
F. crassilamellata Milne Edwards and Haime.
F. haimet Verrill.
F. papillosa Verrill.
F. lacera Verrill [type U. S. National Museum, belongs to dana?
group].
F. pliculosa Studer.

Doderlein recognizes thirteen varieties of this species: discus, plicata, haimel,
cnedsa, agariciformis, crassilamellata, indica, papillosa, grandis, dentata, confertifo-
lia, stylifera, and columnifera.

SPECIES OF FUNGIA IN THE UNITED STATES NATIONAL MUSEUM.

Doderlein’s arrangement into groups is followed in the list given below.

F. ACTINIFORMI8 GROUP.
F. actiniformis Quoy and Gaimard. Philippine Islands.
F. S8CUTARIA GROUP.
F. paumotensis Stutchbury.
F. scutaria Lamarck.
F. scutaria var. dentigera Leuckart.

F. sp. 1. Philippines.
F. sp. 2. Philippines.
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F. ECHINATA GROUP.
F. echinata (Pallas) (at least 3 varieties or variations).
F. REPANDA GROUP.

F. granulose Klunzinger.
F. scabra Doderlein.

F. plana Studer.

F. concinna Verrill.

F. repanda Dana.

F. samboangensis Vaughan.

F. DANAI GROUP,

F. horreda Dana.

F. subrepanda Doderlein.

F. danai Milne Edwards and Haime.
F. madagascarensis Vaughan.

F. FUNGITES GROUP.

F. fungites (Linneeus).
Of the species recognized by Ddderlein, the following are not represented by
specimens in the United States National Museum:
F. oahensis Doderlein.
F. proechinata Doderlein (doubtfully represented).
F. acutidens Studer.
F. klunzingeri Doderlein.
F. valida Verrill.
F. corona Doderlein.
F. seruposa Klunzinger.
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I desire to change Doderlein’s order of the discussion of the species of Fungia
for the purposes of this paper, preferring the following order:
F. scabra Doderlein.
F. plana Studer.
F. concinna Verrill.
F. repanda Dana.
F. granulosa Klunzinger.
F. sandoangensis Vaughan.
I actin{formis Quoy and Gaimard.
I horrida Dana.
I subrepanda Doderlein.
L. dunai Milne Edwards and Haime.
I madagascarensis Vaughan.,
I lacera Verrill,
I fungites (Linnweus).
F. scutaria Lamarck.
F. paumotensis Stutchbury.
I echinata Pallas.

These 16 so-called species are represented in the collections in my hands. Pro-
bably . plana Studer, F. concinne Verrill, and /. repande Dana form a con-
tinuous series. *

Asthe relationship hetween Cycloseris and Diaseris has already been sufficiently
considered, only the relationship between Cycluseris and Fungia will now be dis-
cussed.

1. The wall in Cycloseris is imperforate; so is the wall in F. scabra and F. plana,
F. plana, F. concinna, and F. repanda form a closely related, or even a continuous
series, with a passage from a solid wall to one that is abundantly perforate. Cycloseris
can not be separated from ZFung/c on mural characters. In the trophozooid
stage of all Fungi@ in which that stage is known, also in the anthoblast stage,
and in that part of the anthocyathus near the anthocaulus, the wall is solid.
The wall may continue to be solid, or it may be interrupted in its development,
leaving pores or slits. The pores or slits may remain open or be subsequently filled
by a deposit of stereoplasm. A compact wall is primitive in Fungia and its allies;
the perforate wall a later development.

2. Cycloseris in its youngest stage has six septa, Fungia twelve. Mr. Gardiner
in his study of the very young trophozooids of Cycloseris heragonalisfound originally
only six primary septa; Mr. Bourne in his study of Fungia found in his youngest
specimens twelve entoceelic septa, six of which were larger than the others. In
testing the observations of Mr. Gardiner and Mr. Bourne, I have never found either
observer in error, but I do not consider that Mr. Bourne bas proved that Fungia
originally has twelve entoceelic septa. He did not work with larvee in which he
could watch the actual beginning of the formation of the septa, but worked with
young specimens sent him by Professor Haddon. It is well here to bear in mind the
work of von Marenzeller and von Koch on Flabellum. Von Marenzeller contended
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that Flabellum originally had twelve septa; von Koch, however, later showed that it
begins with six. :

3. The persistence of six more pronounced primary septa and the peculiar fusion
of the septa in Cycluseris are stated correctly by Mr. Gardiner. The first character
is persistent throughout all of the species of Cycloseris known to me, including Fungia
elegans Verrill. The mode of fusion of the septa described by Mr. Gardiner occurs
in all the species of Cycloseris with which I am familiar, but it is not confined to
them. He is mistaken, however, when he says that the margins of the higher
cycles invariably become equal in height to those of the lower cycles immediately
after fusion.

Bourne emphasizes his assertion that six of the twelve septa are more prominent
in young Fungix. Inall of the young Fungia that 1 have seen the primaries are
easily distinguished. In a number of species (ZF. scabra, F. plana, etc.) they are
distinct in the adults. As the specimens of a particular species increase in size, or as
a species is of larger size, septa of higher cycles extend to the columella, so that in
large specimens or large species, septa of several cycles reach the axis. All species
referred to Cycloseris are small.

The successive fusion of the higher to the lower cycles of septa can not be con-
sidered characteristic of Cycloseris, unless the greater number of known species of
Fungia be placed in Cycloseris. We should have to begin with F. horride, F.
danai, ete.

After having made an extensive study to discover if there are characters by
which Diaseris can be separated from Cyclosercs and Cycloseris from Fungia, 1 feel
convinced that they should not be separated. There is simply no difference between
Cycloseris and Fungia. The peculiar mode of reproduction in Diaserss may in some
instances furnish an aid to specific determination.

In my paper,¢ already cited, I said:

I have distributed the genera considered in this paper among four families and have five head-
ings for genera that are not referred to families. This classification, which embodies nothing new,
except making a family, Micrabaciidie, is only an attempt, and should be subjected to the most
searching criticism to determine the validity of the characters used in differentiating the families.
The Leptophylliidze b are very doubtfully separable from Gregory’s Thamnastreidee, though they
probably should be kept separate. The Micrabaciidie have solid septa and perforate walls. The
Anabraciidee are characterized by having a very pronounced and regular trabecular septal structure,
but in some genera the basal pores between the trabecule are filled with stereoplasm, bringing this
family and the Leptophylliid« very close together.

Before the synonymy of the proposed genera can be determined they must be accurately defined,
and here I will repeat that the generic definitions must be based primaridy upon a type-species. After this

has been done the study of variation can be undertaken in order to determine the value of characters
supposed to be of generic importance.

As a considerable number of species and a rather large number of specimens
of Fungia were available for study, I decided to make a comparative study of them,
especially for the purpose of testing the validity of those characters supposed to be

a A Critical review of the literature on the simple genera of the Madreporaria Fungida.
bThe same as Gregory’s Ethinotide, which is abandoned, as it was not derived from a genus
name.
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of generic and family value. The families of the Fungida have been based on mural
and septal structure. In my paper just quoted, I remarked:

The larger divisions are based upon septal structure; that is, whether the septa are solid or
perforate; if perforate, whether they are more pronouncedly laminar or trabecular in composition,
and I have also utilized in defining the families the character of the wall, whether normally perforate,
even if only slightly, or whether normally solid.

Sufficient evidence has, I believe, been presented to show that species ranging
from Iungia elegans Verrill, with a solid wall and solid septa, to species like
F. distorta, which has a solid wall, but extremely cribriform septa, and . fungites,
which has a very perforate wall and more or less perforate septu, form a continuous
series within generic limits. This series shows that the solid or perforate wall for
these corals is not of generic, much less of family, value. F. ¢legans Verrill is a
typical member of the Lophoseride (Agariciide), if the peculiar mode of asexual
reproduction from the trophozooid is left out of consideration. The size of the
septal dentations possesses no value as a generic character. The septal structure
varies from imperforate to extremely cribriform, covering four other families of
the Zungida, namely, the Agariciide, with solid septa, the Thamnasteriida and
Leptophylliidee, with septa that are solid or perforate, but which are always more
pronouncedly lamellar than trabecular, and the Anabraciide, whose septa are
composed of a trabecular latticework.

This study throws doubt on all the attempts to subdivide the Fungida into
families. For the family Fungiidw, the only differential character left is the mode
of reproduction. Should its supposed value be proven erroneous, the consideration
of the Fungiidwe as a family separate from the other Fungida must be abandoned.

The data presented in the foregoing discussion are suggestive and not conclusive.
They emphasize, however, the need for the careful comparative study of large series
of species to determine what characters are of actual value in establishing the higher
systematic divisions.

Application is here made of the knowledge of septal structure derived from this
study of Fungia by placing in Leptoseris a species with perforate septa next to one
whose septa are solid, and as a result only two families are recognized among the
Hawaiian Fungida.

FUNGIA PATELLA (Ellis and Solander).
Plate XX V11, figs. 2, 2a, 3, 30. Plate XXVIII, figs. 2, 2a.

1786. Mudrepora patella ELLIs and SoLANDER, Nat. Hist. Zooph., p. 148, pl. xxvi, figs. 1-4.
1902. Fungia patella DopERLEIN, Senckenb. naturfor. Gesellsch. Abhandl.,, XXVII, p. 65, pls. 1,
1 (all tigs.); pl. v, figs. 1, 2 (Synonymy.)

The Albatross obtained a large number of specimens of this species, and these are
used as a basis for the following description and table:

Corallum nearly circular, slightly elliptical, somewhat arched above, subplane or
excavated in central portion; central scar indistinet or not visible.
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Measurements.

i ) | i
Speci S G Lesse
Humber. | wumber. | diameter. | dimmeter. | Helght.
|
| ( \
l mm. mm. ! mm.
1 3850 23 22 5 .
2 3850 | 30 30 9
3 3850 4.5 8.5 | 15
4 ‘ 3850 50 49 [ 13
5 380 52 51 lo17
6 | 380 1 54 51 ! 15
7 [ 3850 54.5 53 14
|
8 | 3w | as53 23
o | 388 i 56.5 , 50.5 14
10 | 3848 | 59 57.5 13.5
11 l 3849 | 59.5 56.5 ‘ 14.5
12 | 3849 i 64 62.5 | 18.5
R 67.5 | 18.5
14 | 39 83 77 } 23

aSpecimen broken on one edge, diameter measured nlong diagonal.

Specimen No. 8 has a very much excavated base.

The wall is imperforate. Costa very fine and equal in central portion of the
base; beyond this area first twelve, then twenty-four, become more prominent than
the others; around the edge every fourth costa is more prominent than the interven-
ing ones, while there are usually from 12 to 24 that are dominant. The costal
margins are entire or microscopically dentate. The outline of the detachment sear
is preserved on the smallest specimen.

The number of septa depends upon the size of the corallum. Specimen No. 9
has seven complete cycles, while No. 14 has some members of the eighth. The first
are easily distinguishable by being slightly longer than the second, the second are
slightly longer than the third, and the inner ends of the third are more prominent
than those of the fourth. At the periphery every fourth septum is approximately
equal in prominence, with three decidedly smaller septa between, the penultimate
septa being slightly more prominent than the last cycle. The smaller septa are
decidedly perforate. The margins of the large septa may be gently or rather sud-
denly arched in the fossular region. Weak tentacular lobes are sometimes present.
The fossa is moderately elongate. Depth in specimen No. 9, 5.5 to 6 mm.; in speci-
men No. 14, 10.5 mm. The septal dentations are fine, may be submicroscopic, some-
times lacerate. Septal faces minutely and densely granulate; sometimes there are
also fine striz. Synapticula rather abundant, not very thick.

Localities.—South coast of Molokai Island: Station 3848; depth between 44 and
73 fathoms; temperature of bottom, 67.6° to 71.1° F. (specimens Nos. 8-10 of table).
Station 3849, depth between 43 and 73 fathoms; temperature of bottom, 67.6° F.; 4
dead specimens, Nos. 11-14 of table, and 13 others, 17 in all. Station 3850, depth

32301—07 —9
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43-66 fathoms; temperature, 71.7° F.; coarse sand, broken shells, corals; 24 speci-
mens, including Nos. 1-7 of table.
Vicinity of Kauai Islands, Station 4128; depth, 68-253 fathoms; 2 specimens. No

locality, 2 specimens.  Total, 48 specimens.

Dr. Charles Gravier, of the Muséum d’Histéire Naturelle, Paris, has sent to me,
_in a lot of material submitted for identification, 12 specimens collected at Djibouti,
French Somaliland, east coast of Africa. These specimens and those from the
Hawaiian Islands are in some instances so similar that if mixed they could not be
separated. ‘ ‘

It is doubtful whether Professor Daderlein’s Fungia erosa® can be kept distinct

from F. patella.
FUNGIA FRAGILIS (Alcock).

Plate XX VIII, figs. 1, la.
1893. Diaseris fragilis ALcock, Jour. Asiatic Soc. Bengal, LXII, Pt. 2, No. 2, p. 148, pl. v, fig. 11.
Corallum Diuseris-form, very slightly arched adorally, outer edge rather thin,
base imperforate, almost flat or slightly concave. Two specimens were obtained,
1 consisting of a single segment, the other of two united segments.
The measurements are:

Length of Greatest Thickness Thickness

l
! Specimen. 1 radius. breadth. at mouth. atperiphery.
| i mm. mm. mm. nun. f
No. 1, ringle segment .. ......... 14.5 20 3.5 L5
No. 2: | i !
' First segment ... ..o ... S v a22 - L5
Second segment ... ........ 18 a24 3 1.5 '

aGreatest diameter, 30 mm.

Costre low. crowded, fine, minutely granulated along their edges, subequal or
slightly alternating in size. They may be continuous from the periphery to the apex
of the segment or may bhe contined to a peripheral zone, the inner portion of the base
showing crowded, irregularly disposed small granulations.

Septa very numerous, 184 in the smaller segment of specimen No. 2; in the larger
specimen between 7 and 8 cycles, crowded, varying in thickness, rather thin in speci-
men No. 1, rather thick in specimen No. 2. When the edge of the corallum is looked
at in protile, all are of equal prominence, but immediately within they usually alternate
in height.  The smaller fuse to the sides of the larger. Those representing the first
and second cycles are more prominent adorally than the others. The septal margins
are finely dentate, the dentations irregular in size and shape, sometimes two-pointed.
The septal faces are heset with very numerous, very crowded, prominent blunt
granules.

Locality.—South coast of Molokai Island, Station 3350; depth, 43-66 fathoms;
bottom, coarse sand, broken shells, corals; temperature, 71.7° F.; associated with
Fungia patdla (Ellis and Solander).

a Senckenberg. naturfor. Gesell., Abhandl., XXVI1I, 1902, p. 73, pl. 1v, figs. 1-1b; pl. v, figs. 4, 4a.
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Remarks.—Professor Doderlein places Diaseris fragilis Alcock in the synonymy
of Fungia patclla, and he may be correct. The two specimens from the Hawaiian
Islands, however, are so different from the specimens of F. patella that 1 prefer to
keep them apart, at least for the present. The only difference that I can discover
between the Hawaiian specimens and Doctor Alcock’s from the Indian Ocean is the
thicker septa of one of the former specimens.

FUNGIA SCUTARIA Lamarck.
Plate XX VIII, figs. 3, 34, 3b; Plates XXIX, XXX, XXXI, XXXIIL

1801. Fungia scutaria LAMARCK, Syst. Anim. sans Vert., p. 370.
1902. Fungia scutaria DSnERLEIN, Senckenb. naturfor. Gesellsch., Abhandl., XXVTI, p. 91, pl.
vir, figs. 1-6 (Synonymy.) ’

Description of a specimen without tentacular lobes, from Laysan.—Corallum
oval, margins rounded, upper surface very slightly arched, almost flat, base practi-
cally flat, somewhat irregular. Length, 81.5 mm.; width, 56; height, 18.5 mm.
Lobation of the edge yery slight.

Underside costate, the coste equal or subequal in size, with irregularly dentate
margins, teeth sometimes forked, granulations on both the teeth and the sides of the
costee. Middle of the base damaged. Mural perforations very scarce.

Septa equal at the periphery of the corallum. A little over forty bound the
fossa with their inner margins; about the same number are only slightly shorter;
the septa next in size extend half, or more, of the distance to the axis from the
periphery, drop down suddenly, and are continued adorally by a thinner, lower
portion. In a system there are one or two still shorter sets of septa. Their courses
are somewhat undulate. The septa are rather thin. Septal margins finely dentate,
or subentire.  Zentacular lobes weakly developed or absent.  Septal faces rather closely
and finely granulate. Just below the margin rather frequently there are knife-edge
ridges running perpendicular to the margin and corresponding in position to septal
dentations.

Locality.—Laysan Island, 1 specimen.

Remarks.—This specimen is F. scutaria typica, according to Doderlein’s
description.¢

He says:

The typical Fungia scutaric Lamarck possesses only an indistinet or weak tentacular lobe, which
can be recognized only through the thickening of the corresponding places on the septa; the under-
side is usually thickly spinulose, the disk is flat or arched.

As arule the septa of the specimen just described are somewhat thickened, but not greatly; in the
places corresponding to the tentacular lobes, however, distinct lobes are commonly absent.

The Bureau of Fisheries steamer Albatross fortunately obtained some young
Fungiwx, probably F. scuturia, although it can not be positively decided that they are
not F. paumotensis Stutchbury. One specimen is represented by three views on Plate
XXVIII, figs. 8, 3a¢,3h. It is an anthocormus, consisting of three anthoblasts, one of

a Senckenb. naturfor. Gesellsch., Abhandl., XXVII, 1902, p. 95, pl. viu, tigs. 4, 4a.
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which is in the anthocyathus stage and is ready to become detached from the antho-
caulus.® There is also a detached young individual, which is a trophozooid or an
anthoblast. It does not seem desirable to describe these young in detail, but the
difference hetween them and Caryoplyllia should be noted. The smallest anthoblast
in figure 35 of Plate XX VIII is distinctly a ungia and bears little more resemblance
to Caryophyllic than does the adult Fungia. The septal margins are dentate, some are
lacerately dentate, and even in that stage synapticula are present. These specimens
do not even suggest any very close affinity to the Caryophylliid corals, but they do
resemble Zrochoseris or the young of Agaricia.

Description of the form in which the tentacular lobes are developed.—These
specimens are distinguished from the typical form of the species principally by the
possession of strong tentacular lobes rounded at the summits and projecting beyond
the level of the upper edges of the neighboring septa. Such specimens have been
named F. dentigera, F. verrilliana, ete., but the tentacular lobes are too variable in
development to furnish specific criteria.

There is another difference between the Laysan specimens and the typical form;
the spines on the coste are simple, rather pointed, and their surface is not nearly so
roughly granulated as in the specimen described as typical; minute granulations,
however, occur on the surface of the spines.

The measurements are:

|
S,mg‘g‘f,'}i Length. | Width. | Height. | Thickness.

mm. mm. mm. mm.

1 84 61 25

2 106 7 29

3 123 86 30

a4 108 92 ca. 35
b5 117 92 55 31

aSpecimen deformed.
bSpecimen received from Prof. W, T, Brigham. The tentacular lobes are unusually strongly developed.

Localities.—Laysan, 14 specimens, Albatross. Pukoo, Molokai, 1 specimen;
Kaneohe, Oahu, 3 specimens; no definite locality, 1 dead specimen with 5 trcpho-
zooids attached; depth 3 to 6 feet; received from W. T. Brigham. Duerden also
collected specimens at Pukoo and Kaneohe.

Remarks.—Additional ohservations on this species can be found on page 109, in
the discussion of the family Fungiidze.

a(Cf. G. (. Bourne, The anatomy of the Madreporarian Coral Fungia, Quart. Jour. Micros. Sci.,
XXVII, 1887, pp. 203, 324, pls. xxui-xxv: On the post-embryonic development of Fungia, Sci.
Trans. Roy. Dublin Soc., 2d ser., 1893, V, pp. 205-238, pls. XXII-XXV.
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FUNGIA OAHENSIS Ddderlein.
Plates XXXIII, XXXIV.a

1901. Fungia oahensis DODERLEIN, Zoolog. Anzeig., XXIV, p. 357.
1902. Fungia oahensis DODERLEIN, Senckenb. naturfors. Gesellsch., Abhandl.,, XXVII, p. 97
pl. 1x, figs. 3-5.

The following is a translation of the description of this species published in 1902:

Disk oval, decidedly thick and heavy, very strongly arched above, rather flat below. On the
central solid part of the under side are irregular, large humps; the outer portion is costate, ribs equal,
prominent, there are some perforations and slits; the humps and the ribs bear short spinules and
granulations of equal size. Septa of equal height, somewhat thickened, with sharp edges, very finely
toothed, straight or very irregularly sinuous. Oral slit covered by the overreaching septa. Margin
of the disk much lobed. Attains a length of about 130 mm.

Occurrence of the specimens before me: Sandwich Islands, Oahu (Mus. Berlin); ? Jaluit (Mus.
Berlin).

I Oahu, ! 7 Jaluit.
- |

| mmn, 1 mm. min.
Length............... 130 112 . 65
Breadth ............ .‘ 105 ‘ 95 ‘ 57
Height .. .. _......... | 67 51 22
Thickness ............ ‘ 43 l 41 18

|

Both of the large specimens before me from Oahu agree completely. They are oval, very thick,
the under side rather flat, the upper side arched high. '

The under side of these specimens is unusually striking; the central portion is covered by a great
number of round humps, more or less sharply set off one from another, their diameter, 6-15 mm.
This humpy middle area is solid and sharply divided from the marginal area, in part by a deep furrow.
The marginal area, whose width is about half a radius, bears well-developed, somewhat crowded, equal
prominent ribs, which usually end suddenly at the margin of the central area; between them are some
perforations and slits. Furthermore, the entire marginal area is divided by incisions of greater or less
depth into a great number of lobes, such, for example, as are present in Fungia scutaria, but are not
there developed with such sharpness.

The whole lower surface, both the ribs taken collectively and the humpy middle area, are uni-
formly thickly covered with short spinules or granulations of somewhat similar size, which are blunt
or pointed and in part are distinctly granulate, but frequently appear smooth.

The septa as a whole are of equal height from the margin of the disk, therefore appearing rather
crowded. The smaller septa drop suddenly and steeply toward the center, only very exception-
ally is a very weak tentacular lobe previously developed; the neighboring high septa, however, often
make at this place a small outward flexure through which a sinuous but not regular curve of the septa
is brought about, somewhat recalling F. scutaria. As in F. scutaria, one finds at most between each
two tall septa only the inner and very thin adoral portion of a small septum.

The tall septa are somewhat thickened, but throughout their courses possess acute edges.
The septal margins are very finely, but relatively deeply, and in places almost lacerately, dentate;
about 15-20 teeth to 1 cm.

The septa from both sides project so near together over the oral furrow that the mouth is
entirely covered. .

After this follows a description of the specimen from Jaluit. It contains some
interesting facts, but as the characters of the species have been given in the trans-
lation, the remarks on that specimen, whose identification is doubtful, are omitted.

a Figures from photographs kindly furnished by Professor Diderlein.
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FUNGIA PAUMOTENSIS Stutchbury.
Plate XXXV,

1833. Fungia paumotensiz StutcnBury, Trans. Linn. Soc. London,\XVI, p. 485, pl. xxxi, fig. 6.

1886. Fungia pawmotensis Quercn, Reef Corals, Challenger Rept., p. 30.

1902. Fungia paumotensis DSpERLEIN, Senckenb. naturf. Gesellsch., Abhandl.,, XXVII, p. 88,
pl. v, figs. 1-5.  (Synonymy.)

Professor Doderlein gives the following as the salient characters of this species:

Disk oval, only slightly arched; wall perforate, with the exception of a large area in the center.
Ribs equal in size, represented by rows of rough granulations or short spines of the same size, which also
usually occur on the central area. Nepta unequal in height, straight or irregularly sinuous, marging
entire, finely toothed or jagged, seldom with a few elongate spiniformn teeth; no tentacular lobes.
Attains a length of 200 mm.

Quelche reports this species from the Hawaiian Islands. T have not seen it
from there. In order to illustrate the species, however, a specimen from the Philip-
pine Islands is figured on Plate XXXV. I parwmotensis differs from F. scutaria
by having the septa unequal in height at the margin of the disk, whereas in the
latter they are equal.

FUNGIA ECHINATA (Pallas).
Plates XXXVI, XXXVII.

1766. Madrepora echinata PavLas, Elench. Zoophyt., p. 284,

1901. Fungia echinata STepER, Zool. Jahrb., Syst., XL, p. 405.

1902. Fungia echinate DiperLEIN, Senckenb. naturf. Gesellsch., Abhandl.,, XXVII, p. 101,
pl. x, figs. 1-5.  (Synonymy.)

There is no specimen of this species from the Hawaiian Islands in the United
States National Muscum, nor did the .1/batross expedition of 1902 procure any.
Professor Studer says:?

A large specimen of this species, from the Hawaiian Islands, is in the Natural History Museam
in Berne. It was collected by Mr. Bischoff, to whom the Museum is indebted for still other corals
from that group of islands, such as Fungia verridliana, Pavonia varians, and others, so that there can be
no doubt as to the correctness of the locality.

Deseription (after Diderlein).—** Disk very much longer than broad; oral furrow exceeds in length
the width of the disk; wall with pores and slits nearly to the middle. Underside rather uniformly
and thickly covered with most strikingly thorny, elongate spines; septa at the edge of the disk of une-
qual height, with large, tall teeth, which are very roughly granulated or wavy. Reaches a length of
about 400 mm."”

The United States National Museum possesses a tine suite of specimens of this

species from the Philippine Islands. T am using one of them for the illustrations,

Plates XXXVI, XXXVIIL

@ Reef Corals, Challenger Report, p. 30.
oZool. Jahrb., Syst., XL, p. 405,
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Family AGARICIIDA Verrill.

Genus PAVONA Lamarck.
PAVONA VARIANS Verrill.
Plate XXX VIII, figs. 1, la.
1864. Paronia varians VERRILL, Bull. Mus. Comp. Zool., I, p. 55.

Original deseription.—Verrill’s original description was as follows:

Corallum incrusting, varying in form according to the object upon which it grows, at times glom-
erate, massive, and gibbous, with short, angular, or convoluted crests rising from the surface. These
sometimes become more elevated, with an acute edge, or, by incrusting the tubes of Serpulw, rise into
irregular ramose forms. Septa from 12 to 16, the primary ones thickened, strongly granulated. Cells
rather small, open; columella small, papilliform often wanting.—Sandwich Islands; A. Giarrett.

Plate XXXVIII, figures 1, 1a, gives views of a specimen and render unnecessary

-a more lengthy description of the form of the corallum. Rather often the margin
of the corallum may be free and project a centimeter or somewhat more beyond the
object of attachment. The under surface of the free edge is covered with sinuous
granulated striz and is furrowed, the furrows corresponding to the collines of the
upper surface; there are shreds of epitheca, in fact it is probable that there is a
fairly complete epitheca between the colony and the object of support. An epithecal
edge is visible for considerable distances.

The usual number of septa to a calice is larger than that given by Professor
Verrill, about 24, with 6 or 8 larger than the others. Synapticula well developed,
moderately abundant, and there are some, though not very numerous, dissepiments.

The columella when present is poorly developed, a single tubercle, but usually
it is absent. :

Localities.—Northeast coast of Hawaii Island, Station 4053; depth, 26-29 fath-
oms; bottom, fine gray sand; 1 dead specimen. Reef at Kaunakakai, Molokai
Island; 2 specimens. Two other specimens, without locality labels, were probably
obtained there. Pukoo, Molokai, 4 specimens; Kahana, Oahu, 1 specimen; Kaneohe,
Oahu, 1 specimen; Waikiki, Oahu, 1 specimen; depth, 3 to 6 feet; received from
W. T. Brigham. Professor Duerden collected the species at Kaneohe.

Remarks.—This species closely resembles wvona repens Brueggemann, the
most noteworthy difference is that the latter possesses a distinet papillary columella.

PAVONA DUERDENI, new species.
Plate XXXVIII, figs. 2, 2a, 3.

The corallum grows in the form of plates a centimeter thick, or somewhat more,
or as an irregularly nodose mass.

The calices are small, and although distinctly delimited, occur in rather definite
rows, which roughly parallel the growing edge. The calices in one row are separated
by narrow walls; adjoining rows are separated by flat collines. The distance between
calicinal centers in the same row isabout 1.5 mm.; between opposite centers across a
colline, about 2 mm.
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The collines are, as has been said, flattened, there are no crests, and are crossed
by the septa-costwe, which are crowded and regularly alternate in height.

The usual number of septa for each calice is twelve, two cycles, of which the six
primaries are decidedly the larger and more prominent, and join the columella by
their inner ends. In some calices two, or even more, of the secondaries may reach
the columella; where this condition prevails septa of the third cycle are present.
The edges of the septo-costal portions of the septa lie in a plane, and are microscop-
ically denticulate; the inner margins fall abruptly to the bottom of the calicular fossa
and appear to be entire. The faces of the septa and of the septo-costa are minutely
granulated. Both synapticula, which are rather scarce, and thin dissepiments, which
are abundant, occur in the interseptal loculi. The texture of the corallum is light.

The columella is compressed, often lamellate, and situated in the bottom of a
narrow, rather deep calicular fossa.

Locality.—Pukoo, Molokai, 2 specimens; depth, 3 to 6 feet; received from
W. T. Brigham.

Cotypes.—Two specimens, Nos. 21630 and 21631, U.S.N. M.

Remarks.—There is a decidedly puzzling group of species, apparently belong-
Ing to the genus FParona, which comprises [uvona clavus Dana; 2 undescribed
species represented by specimens in the United States National Museum, one
from Funafuti and the Paumotus, the other from the Galapagos Islands; Pavona
cliévosa Verrill, from Panama, and the species here described. 1t is almost certain that
8. maldivensis Gardiner belongs with them, and most probably some of the specimens
from the Paumotus in the United States National Museum which I have tentatively
referred to /. latistellata Dana. These species are characterized by having distinct,
continuous, corallite walls, which on the growing edges or the apices of the coralla
often exist separately. In these areas synapticula may be present, both exothecally
and endothecally. Subsequently, by the deposition of stereoplasm, the individual
corallite walls and the synapticula are united into a compact wall. Pavona gigantea
Verrill, from Panama, has around its older calices walls similar to those around the
older calices of the previously mentioned species, but along its growing edge the
walls can be seen to originate as synapticula, peripherally placed around the corallite
cavity, which later fuse, forming a kind of theca. The corallite walls of /. gigantea
are morphologically the same as in 7. ¢ristata (Ellis and Solander), /°. lata Dana,
P. erassa Dana, I’ pratorta Dana, etc.

Two of these species, P. clavus Dana and Siderastrea maldivensis Gardiner, have
been referred to the genus Siderastrea, type-species Madrepora radians Pallas; and
they superficially resemble that genus. Upon closer scrutiny an additional resem-
blance is found in the distinct, continuous corallite walls, but there are important
differences. The septal margins of the species discussed in the foregoing remarks
are entire or microscopically dentate, and the septal lamell® are absolutely solid. In
the 5 or 6 species, specimens of which I have studied, there is persistently a lamel-
late columella or a compressed styliform columella. Zhe septal wmargins of Sider-
astrea are pronouncedly dentate, the dentations rounded, one dentation corresponding
to each septal trabecula. The younger septa are distinctly perforate, the perfora-
tions not being confined to the inner edges.  According to the valuation of characters
at present accepted for the Fungida, the species typified by 7/’ clavus Dana, etc.,
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would not belong to the same family'as Siderastrea.  Siderastrea is a relative of
Thamnasteria,® at least they possess rather similar septal structure. The principal
differences are that the septo-costw of the latter genus are confluent and that corallite
walls are absent.  Siderastrea belongs to the family Thamnasteriide.? The species
with which LPavona duerdeni groups belong to the Agariciide.

The reference of the /2 clavus group of species to Parone now deserves further
consideration. For some time I was inclined to separate them from Purona and pro-
pose a new genus for them. The principal generic character would have consisted
in the continuous imperforate corallite wall. The corallite walls of /% rona are of
synapticulate origin. The same is true of Parona gigantea Verrill, which appears
to connect the species typitied by /7’ clavus with typical Pavona (type species, F.
eristata (Ellis and Solander)). I have not been able to study the development of the
wall in the massive Pavonw as carefully as is desirable, but in 2. g/gantea 1 could
study it, and have already given its nature. The same is true of /. duerdeni. The
wall is originally synapticulate. the synapticula later forming a continuous imper-
forate wall. I am inclined to think that the same process will be found to occur in
the other species—this is, of course, reasoning from similarity in other characters.

The Lrona, in my opinion, can be divided into three groups, based on mode of
growth, the frondose, the incrusting, and the massive species. Those that have just’
been the object of special consideration belong to the massive species.

Genus LEPTOSERIS Milne Edwards and Haime.

1849. Leptoseris M1LNE Epwarps and Haimg, Comptes rendus Acad. Sci., Paris, XXIX, p. 72.
1892, [olioseris REnBERG, Neue und wenig bekannte Korall.,, p. 26.

Rehberg's Folioseris is only a digitate Leptoseris. It is doubtful whether
Quelch’s Domoseris is generically different.  Mr. J. Stanley Gardiner says concern-
ing the relation of Domoseris to Leptoseris:

In fact, the examination of the voung forms [of Leptoseriz incrustans Gardiner] and that of the

original specimens [of Domoserix] canses one to suspect the generic separation of Domoseris Quelch
from the genus under consideration [ Leptoseris]. ¢

LEPTOSERIS HAWAIIENSIS, new species.
Plates XXXIX, XL.

Corallum thin. The form is extremely variable. The young corallite attaches
itself, then it may grow into a thin funnel-shaped corallum, or may extend itself on
all sides very nearly in a plane. The largest specimen has a greater diameter of
165 mm. The margin may be gradually curved, or may be lobate and crispate.

Calices unifacial; a central calice can usually be recognized, the other calices
are irregularly scattered, frequently distant, occasionally more or less definitely
concentric when several are close together; but even then they are distinct, never
forming continuous valleys. They may be circular in cross section or may be ellip-
tical, the longer axis transverse to the direction of the septo-costee. The diameter of

a Usually wrongly given as Thamnastraa.

b1 doubt the validity of a famnily Thamnasteriidee, but in the present uncertain state of our
knowledge it can be used in discussion.

¢Fungid Corals, Fauna and Geography of the Maldive and Laccadive Archipelagoes, p. 948.
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the circular calices is from 1.5 to 2.5 mm. The elliptical ones may have a greater
diameter of 4.5 mm. and a lesser of about 3 mm. There are no collines.

The under side of the corallum is finely striate, the strize delicately granulated,
equal or slightly alternating in size. The septo-costae of the upper side are fine,
delicately granulated, straight or slightly flexuous, equal or slightly alternating in
size. Rather frequently on the proximal side of a calice they may be irregularly
zigzag. The faces of the septo-costae show no perforations.

The number of the septa to a calice varies from 14 to 26, the calices near the
center usually having fewer than those near the periphery. There is no definite
cyclical arrangement, but sometimes there is a fairly regular alternation of larger
and smaller; with occasional rudimentary septa. The septa around the outer edge
of the calice are thicker than the septo-costie.  Their inner edges are thinner. All
septa imperforate, apparently the inner portions of the margins entire; faces
minutely granulate. :

There are occasional dissepiments in the basal portion of the cornllum; synapti-
cula abundant. Calicular fossa narrow, moderately deep. Columella usually well
developed, solid, composed of one or two papille.

Localities.—

On the south coust of Molokai Island:

Station 3823: depth, 75-222 fathoms; bottom, fine sand and pebbles; temperature,
69.0° F.; 2 good specimens,

Station 3845; depth, 60-64 fathoms; bottom, coarse sand, pebbles, shells; temper-
ature, 71° to 71.5- F.: 4 specimens, including the largest one found.

Station 3848; depth 44-73 fathoms; bottom, sand. gravel; 7 specimens, very good
ones.

Station 38493 depth 43-73 fathoms; bottom, coarse sand, broken shells, coral;
several very good specimens. The margins of the coralla lobed, the lobes much
contorted.

Vicinity of Kauai Island:

Station 4024 depth 2443 fathoms; bottom, coarse coral sand, foraminifera; tem-
perature, 73.77 F.; 2 small specimens,

Station 4128; depth, 65-253 fathoms; bottom, coarse broken coral sand, forami-
nifera: temperature, 47.8- F.j 3 young or very small specimens.

Station 4132: depth, 257-312 fathoms; bottom, fine gray sand, mud; temperature,
46.8- I.; 1 young or stunted specimen.

Northeast coast of Hawaii Island:

Station 40533; depth, 26-29 fathoms; bottom, fine gray sand; several fairly good
specimens,

Station 4054; depth, 26-50 fathoms; bottom, coarse coral sand, corallines; several
good specimens.

Station 4055; depth, 50-62 fathoms; bottom, fine gray sand, foraminifera: speci-
mens much broken, hut originally were large.

Pailolo Channel, between Maui «na Molokai Islands:

Station 4100; depth, 130-151 fathoms; bottom coral sand, shells, foraminifera;
temperature, 61.0~ F.; 1 small specimen,
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This species was collected at 11 stations around the Hawaiian Islands, the sound-
ing showing a range from 29 to at least 257 fathoms, but all the specimens collected
in deep water and at a temperature as low as 61° F., are small, being either young
or stunted in their growth. The most favorable conditions for growth are a depth
between 26 and 73 fathoms, a temperature of about 70° F., a clear bottom of sand,
pebbles, or shells.

Cotypes.—The characterization of the species is not based upon a single speci-
men, but upon a number of specimens that give some idea of its variation. They
are, with the numbers they hear in the United States National Museum, as follows:
Four specimens, Cat. Nos. 20843, 20873, fromr Station 3845; 4 specimens, Cat. Nos.
20844, 20876, from Station 3848; 5 specimens, Cat. Nos. 20845, 20875, from Station
3549; 2 specimens, Cat. No. 20874, from Station 4055.

LEPTOSERIS SCABRA, new species.
Plate XLI, tigs. 1, la, 2.

This species bears considerable resemblance to the preceding, therefore to a
certain degree the following diagnosis is comparative.

The young corallum is bowl-shaped or somewhat explanate, with the attachment
at the center of the base. Later the margins may be reflected and irregularly undu-
lated. The diameter may reach 100 mm. ; the corallum is relatively thicker than in
L. hawaiinsis. '

Calices unifacial; central calice distinct in young colonies, but may be obscured
in older ones, the other calices may be irregularly scattered, but usually concentric
arrangement is pronounced. The proximal sides of the calices are almost invariably
swollen and elevated, producing, when several calices are situated close together in
a row, 2 more or less continuous ridge below the calicular openings. L. kawaiiensix
often has the proximal sides of the calices somewhat swollen, but a row of calices
hounded below by a ridge was not observed. The transverse outlines of the calices are
usually elliptical, the shorter axis parallel to the course of the septo-costze.  Greater
diameter, 3 to 5 mm.; lesser, 2 to 4 mm.

Outer side of the corallum striate, the strize very fine, acute, often blade-like,
and distant, their edges microscopically serrate. The septo-costwe are in comparison
with L. hawaliensis coarse, usually distinctly alternating in size. The edges are
very irregularly dentate, the dentations having smaller secondary dentations and
microscopic spines.  The dentations are not very prominent, are longer than broad,
and have a rough surface. The extreme roughness of the whole calicular surface is
the most striking difference from L. hawaiiensis. In the vicinity of the calices, and
especially on their proximal side, the septo-costwe increase in size and prominence.
The faces of the septo-costws show numerous perforations. The septo-costa in
L. havaiiensis are imperforate.

The number of septa to a calice varies from about 16 to 26, excepting the central
calice, which may have as many as 36.  Usually no definite cyclical arrangement can be
recognized. Inner portion of the margin entire; the septal faces very minutely and
densely granulated.
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Synapticula very abundant between the septo-coste, and there are some
dissepiments. Calicular fossa, narrow, rather deep. Columella poorly developed,
composed of a few papille or may be absent.

Localitics.—

South coast of Molokai Island: .

Station 3823; depth, 73-222 fathoms; bottom, fine sand, pebbles; temperature,
64° F.; 1 specimen.

Station 83848; depth, 48-73 fathoms; bottom, sand, gravel; temperature, 71.1° F.;
1 specimen.

Auau Channel, hetween Maui and Lanai islands:

Station 3876; depth, 28—43 fathoms; bottom, sand, gravel; temperature, 74° F.;
3 specimens, 2 of which have a considerable number of young attached to their bases.

Northeast coast of Hawaii Island:

Station 4053; depth, 26-29 fathoms; bottom, fine, gray sand; 1 déad specimen
with unusually large calices, and 2 broken young specimens.

Station 4054; depth, 26-50 fathoms; hottom, coarse coral sand and corallines;
1 young specimen.

The conditions of life most favorable to this species are a depth of water
between 26 and 40 or 50 fathoms, a temperature a little over 70° F., and a clean,
sandy or pehbly bottom.

’ Types.—Three specimens and attached young, Station 3876, Cat. No. 20885,
U.S.N.M., and 1 specimen, Station 3823, Cat. No. 20886, U.S.N. M.

Remarks.—This species is to be differentiated from . hawaiicnsis chiefly by

the rougher margins and the very perforate character of its septo-costewe.

LEPTOSERIS DIGITATA, new species.
Plate XLII, figs. 1, 2.

Corallum small, digitiform. The young corallum possesses a single calice, and
is inversely conical in shape. The margin of the uni-caliculate corallum becomes
lobate, each lobe having a width of about 3 mm. As these lobes grow they become
secondarily lobed and crispate, the inner surfaces concave, the outer convex. The
first formed lobes in the larger specimens may be as much as 2 mm. or a little more
in thickness, but are very thin and fragile at the edge.

Measurements.

Specimen Greatest 9
No. Height. width. Notes.

mm. | mm.

1 16 7 Initial calice preserved.
2 33 55 Do.

3 37 44 | Broken at the base.

4 32 44 Do.

5 48 28 Do.
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Calices unifacial. The primitive calice of the colony has already been men-
tioned; the subsequent calices are usually solitary, as the lobes are narrow, but two
may occur alongside one another at the same level. The distance between the calices
along a face varies from 2 to 5 mm. The lower sides of the calices are very slightly
enlarged, even where two occur alongside one another no distinct ridge is present
on the lower side. Diameter 1.5 to 2 mm.

Outer surface of the corallum minutely costate, the coste low, subequal, flexu-
ous, finely granulate, edges rather acute and microscopically dentate. Septo-costa,
small, but still rather large for the size of the corallum, subequal or alternating in
size, somewhat more prominent around the calices, slightly thicker than the spaces
between, imperforate. Margins microscopically dentate; faces with extremely
minute granulations.

Septa from about 16 to 20 to a calice, subequal or alternating in size. The
inner portions of the margins appear entire, sides minutely granulated. Calicular
fossa, shallow, usual diameter 1 to 1.5 mm.

Columella, well developed, large, filling very nearly the whole of the bottom of
the calice, composed of several fused processes that may be more or less twisted.

Localities.—

South coast of Molokai Island:

Station 3847; depth, 23-24 fathoms; 7 specimens.

Auau Channel, between Maui and Lanai islands:

Station 3871; depth, 13—43 fathoms; bottom, fine white sand; 1 specimen.

Station 3872; depth, 32-43 fathoms; bottom, yellow sand, pebbles, corals;
temperature, 74.6° F.; 17 fragments.

Station 3876; depth, 2843 fathoms; bottom, sand, gravel; temperature, 74°F.;
14 specimens, including 8 fragments. )

Cotypes.—Five specimens from Station 3847, Cat. Nos. 20892, 20896, U.S.N.M.

Remarks.—The only noteworthy variation shown by specimens of this species is
that the lobes in those from Station 3872 may be as much as 3.5 mm. thick.

This species somewhat resembles Leptoseris papyracea (Dana).

LEPTOSERIS TUBULIFERA, new species.
Plate XLII, fig. 3; Plate XLIII, fig. 1.

Corallum thin and rather small, very irregular in shape, folded, with hollow,
tubular protuberances on the upper surface, in some instances ramose in appearance.
The specimens unfortunately are broken. One measures: Greater distance across base,
37 mm.; height, 36 mm.; another corallum measures 42 mm. across. A third, of
ramose form, is 64 mm. long; greater diameter of tube near the base, 5 mm.; lesser,
3 mm. The tubes seem to arise on the edge of the corallum by the margins bending
outward, meeting and fusing. The corallum then grows upward retaining the axial
cavity. The tubes may bifurcate.

The calices are unifacial. A young specimen shows that the colony begins with
a single central calice, those next succeeding in age, though scattered, occur in a
more or less definite circle. In older specimens the calices are rather irregularly
distributed, but still there is a more or less concentric arrangement. They show
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grouping in concentric curves, several calices standing near together in succeeding
curves. The calices in these curves are bounded below by a ridge, and usually on
the lower side of each calice there is a tooth-like projection. Isolated calices very
commonly have the lower side thickened, elevated, and subacutely terminated. The
calices are small, 2 mm. or less in diameter.

The under side of the corallum is finely costate; the coste are granulated, low,
acute along the summit, their bases touching, equal or slightly alternating in size.
The interior of the tubes, described in the preceding remarks, is the morphological
equivalent of the. lower surface of the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>