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THE STARFISHES OF THE HAWAIIAN ISLANDS.

By WALTER K. FISHER.

Acting Instructor itt Zoology, Leland Stanford ftcnior Uttiversity.

INTRODUCTION.

The specimens upon which the following report is based were collected by the
U. S. fisheries steamer Albatross among the Hawaiian Islands during the spring and
summer of 1902. A small collection taken off the south coast of Oahu by the
Albd/ro88 in 1891 has likewise been examined, and there must also be added a single
example of " Goniodi8ous" sebm, collected by Mr. H. W. Henshaw in the vicinity of
Hilo, Hawaii. Altog-ether the collection numbers very nearly 1,650 specimens,
and includes 60 species, of which 52 are new to science, 5 are for the first time
recorded from the Hawaiian Islands, and 3 are too young-. or in too poor condition
for naming. In other words, the Albatroee took but 1 species that had been previously
reported from the region. Ten species which had been recorded were not secured
by the Albaoross expedition.

The present report may be considered a monographic account of Hawaiian
starfishes which occur between the shore and the thousand-fathom line. In their
proper places I have listed the 10 species already recorded from the islands which
were not secured by the Albatro88. It is certainly surprising that such forms as
Archaeter typicus, Gymnasteria carinifera, Asterina granulosa, Oulcita arenosa, or
Heliaete» multiradiata, all very shallow-water forms and usually occurring on shores
or reefs, were not taken. The 'most important collecting grounds in the future
will be the very shallow water near shore, on th.e windward sides of the islands.
If hempen tangles are dragged over the bottom, undoubtedly other widely
distributed species will be found. Coral reefs (not the exposed ones) should be
most prolific.

I have included keys, and in a chapter at the end of the article have listed the
principal technical terms; but the general naturalist will find, as a rule, that the
figures of the whole animal are a quicker and surer means of identification.
Unfortunately a number of the shallow-water species can not be figured.

The arrang-ement of families in this report does not follow exactly that of any
previous author, but in general may be said to be modeled after Sladen and Perrier
as modified by Verrill. It is very difficult to arrange the socalled families of star
fishes satisfactorily in serial order, just as it is difficult in other groups. Thus, in
placing the Luidiidee between the Astropectinidre and Pseudarchasteridse, it is not
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990 BULLl<~TIN OF THE UNITED STATES FISH COMMISSION.

meant that the family holds an intermediate position, because nothing could be much
farther from the truth. But since the Luidiidre are a very specialized offshoot from
the proastropectinoid stock, there is no other position for the group. Similar apolo
gies should be made for the Benthopectinidee and the Archasteridee.

In the matter of the orders I have made a compromise between Sladen's and
Perrier's and Verrill's modifications of these. Sladen's Phanerozonia is used in
nearly the same sense in which he employed the term in the" Challenger Asteroidea."
The Linckiidre, being phanerozoniate, are taken out of Sladen's Cryptozonia and
placed in the Phanerozonia, in which order they undoubtedly belong; while the
Asterinidee (and Anseropodidee) being cryptozoniate, are removed from the
Phanerozonia. I believe Perrier's arrangement of the cryptozoniate families under
two orders (he has apparently abandoned the Velata) is rather more felicitous than
that of Sladen under one large heterogeneous order (Cryptozonia), and I have con
sequently followed Perrier with small modifications. It must be remembered, how
ever, that there is a great difference of opinion concerning the extent of the orders
of Asteroidea. Some writers follow Sladen and some Perrier, As pointed out
recently by Professor Verrill (1899), Perrier's Paxillosa and Valvata (=Phanerozonia
emended) are decidedly artificial groups. I do not go so far as Professor Verrill in
considering them suborders, because unless some more fortunate grouping of families
is devised, the difficulty is merely temporarily pigeon-holed.

Returning to the families, it will be noted that 1 have followed Verrill in dismem
bering the great" family" of the Archasteridee. I have accepted most of Verrill's
modifications and have raised the Pseudarchasterinee to family rank. I can not agree
with Professor Verrill that the Pontasterinre constitute a subfamily of the Pluton
asteridee, but have relegated the group to the Benthopectinidee (=Pararchasterinre
Sladen), a position more nearly in accord with the views of Sladen. The sequence
of families is new so far as the Phanerozonia are concerned. The order starts with
the more specialized paxillose forms, with very well developed superambulacral ossi
cles, and proceeds through those in which the paxillre are often rudimentary or
reduced and the superambulacral plates not always present to those in which the lat
ter are always absent. Then, beginning with the Mediasterinre, the transition
is gradual toward forms with less paxilliform plates, to those with granular or smooth
abactinal plates, and bivalved or foraminate pedicellarire; then to the skin-covered
forms, with stellate or stellate-reticulate abactinal skeleton and low bivalved pedicel
lariee, The Linckiidse, though placed at the end, are in many respects distinctly
related to some of the Goniasteridre. They often have excavate pedicellariee. The
Gymnasteriidee are rather intermediate forms. In the Spinulosa and Forcipulata the
sequence is practically that given by Perrier. The Velata are merged with the
Spinulosa. In many respects the classification of the Asteroidea is difficult, especially
on account of the number of more or less perfect transitional forms which render
family boundaries extremely unstable.

So far as I am aware there have been no special papers on Hawaiian starfishes.
The few references are widely scattered and a number of records are given second
hand, the original citation being unknown to me. A number of records are very
incidental in mention, and it is probable that a few have escaped notice. A bibli
ography of papers quoted in the following report is appended.
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The writer had the good fortune to be a member of the scientific staff during
the expedition, and in case of most species made color notes while the animals were
still fresh. Ridgway's" Nomenclature of Colors for Naturalists" was used. a

SYNOPSIS OF HAWAIIAN STARFISHES.

[Those marked with an asterisk (*) were not taken by the Albatross expedition.]

Order Phanerozonia Sladen.
Family Astropectinidro Gray.

Genus Astropecten Schulze.
Astropecten polyacanthus Muller and Troschel.
Astropecten velitaris Von Martens.
Astropecten ctenophorus, n. sp.
Astropecten pusillulus, n. sp.
Astropecten productus, n. sp.
Astropecten callistus, n. sp,

Genus Ctenophoraster n.
Ctenophoraster hawaiiensis, n. sp.

Genus Tritonaster n.
Tritonaster craspedotus, n. sp,

Genus Psilaster Sladen.
Psilaster attenuatus, n. sp.

Genus Psilasteropsis n.
Psilasteropsis cingulata, n. sp.

Genus Dipsacaster Alcock.
Dipsacaster nesiotes, n. sp.

Genus Papagiaster n,
Patagiaster nuttingi, n. sp.

Family Luidiidre Verrill.
Genus Luidia Forbes.

Luidia hystrix,. n. sp.
Luidia magnifica, n. sp.
Luidia brevispina Lutken. *

Family Pseudarchasteridre Fisher.
Gen'us Pseudarchaster Sladen.

Pseudarchaster myobrachius, n. sp.
Pseudarchaster jordani, n. sp.

Family Benthopectinidre Verrill.
Subfamily Pontasterinee VerrilI.

Genus Cheiraster Studer.
Cheiraster snvderi, n. sp.
Cheiraster horridus, n. sp.
Cheiraster inops, n. sp. -,

a I am indebted to Dr. Charles H. Gilbert, naturallst in charge of the Hawnilan explorations, and to Prof. A. E. Verrill,
of Yale Unlversity, for advice in my work on this collcction and assistance in the determination of difficult speeies, and I.
desire to acknowledge my obllgatlons also to 1\1r. Henry W. Fowler, of the Philadelphia Academy of Natural Seiences, and
to Mr. Wilfred H. Osgood and Mr. Nelson H. Kent, of the U. S. Biological Snrvey, for copies of several original deserip-
tions and photographs of three small specimens. .

F. C. B.1903, Pt. 3-15
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Order Phanerozonia Sladen-Continued.
Family Archasteridre Viguier.

Genus Archaster Muller and Troschel.
Archaster typicus Muller and Troschel.*

Family Goniasteridse "Forbes.
Subfamily Mediasterinre Verrill.

Genus Mediaster Stimpson.
Mediaster ornatus, n. sp.

Genus Nereidaster Verrill.
Nereidaster bowersi, n. sp,

Subfamily Goniasterinre Verrill.
Genus Pentagonaster Gray.

Pentagonaster ammophilus, n. sp.
Genus Tosia Gray.

Subgenus Plinthaster Verrill.
Tosia (Plinthaster) ceramoidea, n. sp.

Subgenus Ceramaster Verrill.
Tosia (Ceramaster) micropelta, n. sp.

Genus Astroceramus n.
Astroceramus callimorphus, n. sp.

Genus Calliderma Gray.
Calliderma spectabilis, n. sp.

Genus Calliaster Gray.
Calliaster pedicellaris, n. sp.

Genus Gilbertaster n.
Gilbertaster anacanthus, n. sp.

SUbfamily Hippasteriinre Verrill.
Genus Evoplosoma n.

Evoplosoma forcipifera, n. sp.
Subfamily Leptogonasterinre Perrier.

Genus Antheniaster Verrill.
Antheniaster epixanthus, n. sp.

Subfamily Goniodiscidinre, new name.
Genus Goniodiscides, new name.

Goniodiscides sebee (Muller and Troschel).
Family Pentacerotidee Gray.

Genus Pentaceros Schulze.
Pentaceros hawaiiensis, n. sp.

Genus Nidorellia Gray.
Nidorellia armata (Gray).*

Genus Asterodiscus Gray.
Asterodiscus tuberculosus, n. sp.

Genus Culcita Agassiz.
Culcita arenosa Perrier.*
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Order Phanerozonia Sladen-Continued.
Family Linckiidre Perrier.

• Genus Ophidiaster Agassiz.
Ophidiaster lorioli, n. sp.

squameus, n. sp.
triseriatus, n. sp.
sclerodermus, n, sp,
tenellus, n. sp.
rhabdotus, n, sp.

Genus Leiaster Peters.
Leiaster callipeplus, n. sp.

Genus Linckia Nardo.
Linckia diplax (Muller and Troschel).

multifora (Lamarck).*
Genus Nardoa Gray.

Nardoa t~gyptiaca (Gray). *
Family Gymnasteriidre Perrier.

Genus Gymnasteria Gray.
Gymnasteria ca.rinifera (Lamarck).*

Order Spinulosa Perrier.
Family Asterinidre Gray.

Genus Asterina Nardo.
Asterina granulosa Perrier.*

Family Anseropodidro n.
Genus Anseropoda Nardo.

Anseropoda insignis, n, sp.
Family Echinasteridro Verr-ill,

Subfamily Echinasterinro Viguier.
Genus Henricia Gray.

Henricia robusta, n. sp.
Henricia pauperrima, n. sp.

Genus Echinaster Muller and Troschel.
Echinaster, sp.

Subfamily Valvasterinre Viguier.
Genus Valvaster Perrier.

Valvaster striatus (Lamarck).
Family Mithrodiidre Perrier.

Genus Mithrodia Gray.
Mithrodia bradleyi Verrill.

Family Myxasteridre Perrier.
Genus Asthenactis, n.

Asthenactis papy'raceus, n. sp.
Family Pterasteridre Perrier.

Genus Pteraster Muller and Troschel.
Pteraster reticulatus, n, sp.
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Order Spinulosa Perrier-s-Continued.
Family PterasteriJre Perrier-e-Continued.

Genus Hymenaster Wyville Thomson.
Hymenaster pentagonalis, n. ·sp.

Genus Benthaster Sladen.
Benthaster eritimus, n. sp.

Order Forcipulata Perrier.
Family Zoroasteridre Sladen.

Genus Zoroaster Wyville Thomson.
Zoroaster spinulosns, n. sp,

Family Helinsteridre Viguier.
Genus Heliaster Gray.

Heliaster multiradiata (Gray).*
Family Asteriidee Gray. .

Genus Coscinasterias Verrill.
Subg-enus Distolasterias Perrier.

Coscinasterias (Distolasterias) euplecta, n. sp. )
Genus Hydrasterias Sladen.

Hydrasterias verrilli, n. sp,
Family Brisingidre Sal's.

Genus Odinia Perrier.
Odinia pacifica, n, sp.
Brisinga Asbjernsen,
Brisinga panopla, n, sp,
Brisinga alberti, n. sp.
Brisinga evermanni, n. sp.
Brisinga fragilis, n. sp,

There is proposed to replace Goniodiscus, which is untenable, the new g-eneric
name Ooniodisoidee, type G. sebo: (Muller and Troschel), See p. -.

One new family is established, Anseropodidse, which equals the Palmipadinse.
The new name Goniodiecidinee is proposed to replace Goniodiscinre, on account of
change of Goniodiecus.

Species for the first time recorded from the Hawaiian Group are Astropeoten
polyacantlms, Goniodiscides seb&3, Astropecten velitaris, Linckia diploe, Valeaste»
striaiue.

One previously reported species was taken by the Albatross, MitArodia bradleyi
(sub nomine clavigera).

Species recorded from the Hawaiian Islands but not taken by the Albatross are
listed below':

Luidia brevispina Linckia multifora
Arehaster typicus Narq,oa eegyptiaca
Nidorellia armata Gymnasteria carinifera
Culcita arenosa Asterina granulosa
Ophidiaster pusillus (?) Heliaster multiradiata

From these lists it will be readily seen that previous to the expedition of 190~

only 11 starfishes (so far as I have been able to learn) were known from the region
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and that the Albatro88 added nearly 5 times that number of species which are either
new or constitute new records.

Although dredging in Hawaiian waters proved to be an undertaking which pre
sented unusual difficulties, it is safe to say that no other area of similar extent has
been so thoroughly developed or has yielded better results. With certain excep
tions, the sea bottom, especially in the lesser depths, is very uneven and rough;
during the progress of the work it frequently happened that when a haul was nearly
successfully completed the gear would catch on some obstruction on the bottom,
and a large part or the whole contents of the trawl would be lost. Off the north
coast of Maui, however, and in certain restricted areas in the Pailolo Channel between
Maui and Molokai good dredging was afforded, and it was in this general region
that many of the novelties were taken.

List oj "Albatross" dredging stations at which starfishes were secured, with the species taken at each.

Sta·
tion. Locality. Depth. Nature of bottom. Species.

------·--------I-----I------------I-~------------

3866 do .

3920 do .

3885 do , .
3887 North coast of Molokal Island ..
3892 do ..
3908 South coast of Oahu Island .

3909 do ~ .
,3910 do .

3911 do .

3914 do .

3916 do ..
3917 do .
3918 do ..

3919 do ..

Astropecten callistus.
Antheniaster eplxanthus.
Brislnga fragllls.
Pstlasteropsls Cingulata

1
Benthaster

eritimus, Brlsinga frag l!s.
Odtnia pacifica, Brlsinga panopla,
Ophidiaster lorioll.
Astropecten ealltstus, Anseropoda In-

algnis, Coscinasterlas euplecta,
Pataglaster nutting!.
Call1derma spectabllls.
Mithrodia bradleyi.
Linckin diplax.
Astropecten velitaris, Luldla magntfl

ca, Pentaceros hawailensis.
Pentaceros hawattensis.
Astroceramus ealllmorphus,

Oosclnasterias eupleeta,
Luldla hystrlx.
Astropecten puslllulus, Psilaster atten

uatus, Oheiraster Inop,s, Tosia cera
moidea, Brisinga fragllls.

Psllaster attenuatus, Dipsaeaster neel-
otes, ,

Psllaster attenuatus, Dlpsaeaster nest-
otes, Pteraster reticulatus.

Dtpsacneter nesiotes, Chelraster Inops.
.Mithrodia bradleyi,

Pentaceros hawatleusis, Leiaster ealll
peplus, Linckia diplax, Mlthrodia
brauleyi.

Leiaster calltpeplus,
Luidia hystrlx, Mlthrodiu bradleyi,
Psllaster attenuatus, Tosia ceramotdea,

Psiluster attenuatus, Dlpsacaster nesl-
otes,

Coscinasterias euplecta.
Psllasteropsls cingulata.
Zoroaster spinulosus, Brlalngu fragllis.
Psiluster attenuatus, Dipsacaster nest-

otes,
Psilaster attenuutus.
Pstlaster attenuatus, Dlpsaeaster nest

otes, Brlslngn Iragilis,
Psilaster attenuatus, Hymenaster pen-

tagonalis. .
Tritollllster craspcdotus, Hymenaster
psYfa~~:~~~f~::\lf:~:~ng[lfragills.

Do.
Astropecten puslllulus, Psilaster at

tenuatus, Tritonaster eraspedotus.
Tritollllster craspedotus, Pntagiaster

nuttingl, Pentagonaster ammo
philus.

Brisinga fragllls.

Gray mud, fine sand .

Fine sand and mud .
Fine sand, small pebbles, coral.
Fine voreanto sand, rocks ......

Fine coral sand .
Coral sand, lava specks, shells ••
Coarse lava, coral sand, shells..
Coral rocks, broken shells .

Broken shells, gravel. ..
Coral reef ..
Fine brown sand, mud ......•..

Brownish-gray mud and sand..
Fine grayish brown sand ..
Sand, stones .
Sand, gravel .
Coarse sand, broken shells,

coral.
.....do .
Fine sand, yellow mud ..

283-284

65- 34 Fine gray sand .
28- 43 Sand and gravel .

277-284 Globlgerlna ooze ..

284-290 Globlgerina mud .

135-148 Bund, pebbles ..
552-809 Globigerina mud ..
328--414 Fine gray sand .
304-308 Ftne white sand and mud ..

308-322 do : .
311-337 Fine gray sand and mud•......

337-334 do .

289-292 Gray sand and mud ••.•••....••

299-330 do ..
339-294 do .
294-257 White sand, mud............••.

257-220 Gray sand : ..

.
43- 66

127-128

280-265 Gray sand, broken shells .

138-140
30- 52

256-283

284-290 Fine sand and mud ••••••. " .•.

294-684 Fine grar sand, rocks .
13- 43 Fine white sand .

43- 32 Yellow sand, pebbles, coral , .

FaUwms.
211- 53
264-183

320
222-498

319-281
Shore.

169-182

238-255
92-212
28- 24
43- 73
73- 43

Northeast approach to Patlolo
Channel.

.....do ..

A~~~<£~~,~rr~ia~~t;.veenMaul
.....do ..

.....do ..

.....do ..
Patlolo Channel, between Maul

and Molokai Islands.
.....do ..

3867

3868
3871

3872

3810 South coast of Oahu Island ••.•
3813 do ..
3817 •••••do .
3824 South coast of Molokal Island ..

3828 .••••do .
3834 do .
3835 do .

3836 do ..
3838 do .
3847 do .
3848 do ..
3849 do .

3850 do ..
3857 Pall010 Channel between Maul

and Molokal Islands and
northeast approach.

3859 do ..
3861 do .
3865 do .

3875
3876
3883

3884
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List of "Albatross" dredging stations at which starfisheewere secured, with the species taken at each-Cont'd.

Sta
tion. Locality. Depth. Nature of bottom. Spccies.

308-306 do ..

220-238 Gray sand ..

238-253 ...•• do .

178-202 ••••.•do ..

202-220 do .

Ctenopboraster hawaiiensis.

Astropecten ctenophorus.
Calliderma spectabi lis.
Asterodiscus tuberculosus.
Astropecten callistus.
Mithrodia bradleyi.

Do.
Do.

Cheiraster snyderi.
Ophidiaster rhabdotus.
Luidia hystrix.

Odinia pacifica, Brisinga panopla,
Bristnga alberti, Brisinga sand
wichensis.

Psilasteropsis cin!j'ulata, Cbeiraster
~K~::fl~'s. Pseu archaster myo-

Psilaeteropsis cingulata. Chelraster
snydert, Medinster ornatus.

Cheiraster snydcri.

Cbciraster snydcri, Zoroaster spinu
losus.

Mcdiaster ornatus.
Do.
Do.

Ophidiaster squameus,

Mithrodia bradleyi.

Psllasteropsls eingulata, Pseudareh
aster myohrachius, Mediaster ornu
tus,

Astropeetcn veUtaris, Luidia hystrix.

Luidia bystrix.
Luidia hystrlx, Mitbrodia bradleyl.
Gilbertaster anacanthus, Brisinga

Irugfris.
Astropeeten pusillulus, Astropecten

cullistus, Patagiaster nuttmgl, Hen
ricia pauperrima.

Astropccten callistus, Coscinasterias
euplecta,

Mithrodia bradleyl.
Astropecten pusillulus.
Astropecten velitaris.

Mithrodia bradleyi, Coscinasterias eu
plecta.

Coscinastcrias euplecta.

Do.
Pentaceros bawaiiensis.
Calliderma spectabilis.
Pentaceros hawaiiensis.
CaIJidcnna spectabllts, Ophfdiaster

sclerodcrmus.
Astropccten callistus, Cheiraster borri

dus, Callidermaspectabilis, Coscinas
terias cuplecta.

Astropccten ealltstus, Antheniastcr
eptxanthus.

Astropecten pusillulus, Pentagonaste
ammophihis, Anthcniaster epixan
thus.

Astropecten puslllulus, Patagiaster
nuttlngi, Pentagonaster ammophi
Ius, Tosia ceramoidea, Antheniaster
epixanthus.

Astropecten pusillulus, Patagiastar
nuttingi, Pentagonaster ammophi
Ius.

Astropecten pusillulus, Antheniaster
eplxanthus,

Astropccten puslllulus,
Psilastcr attenuatus.

Do.
Do.
Do.

Psilastcr attenuatus, Hymenastcr pen
tagonalts, Brlsinga fragiUs.

Psiluster attenuatus, Brisinga fragilis.

Coral, volcanic sand, shells,
foraminifera.

Volcanic sand, foraminifera,
coral.

Rocky .
Coarse coral sand, foraminifera.
Coral sand, foraminifera .
Fine gray sand, foraminifera .
Fine coral sand, foraminifera ..

Gray sand, foraminifera .

Fine gray sand, rocks ..

Fine gray sand, brown mud ....

Coarse brown coral sand,
shells, rocks.

Gray sand, foraminifera .. : .....

Gray sand, rocks, foraminifera.
Coral sand, foraminifera .
Coral sand, rocks, foraminifera.
Gray sand, foraminifera, coral,

rocks.
Coarse coral sand, foraminifera.
Fine gray sand, rocks .
Gray sand, globigerina ..

Coral sand, foraminifera .......

White sand, broken shells,
coralline.

White sand, small shells .
Wbite Band, broken shells .. ' .

.....do .
Fine white sand ..
Sand, shells, coral. '" ..
Coarse sand. coral, shells .
Coral, sand, fornminffern.zocks.
Globigerina ooze ..
Coarse brown coral sand, shells.
Coarse coral sand, coral frag-

ments.
Fine gray sand, mud., .

Coral, fine coral sand. forami-
nifera.

Fine coral sand, foraminifera ..
.....do ..
Gray mud, foraminifera .

Fine gray sand .

Fine gray sand .

Sand, sbells ..
.....do _ .
Fine gray sand .

.....do .

. do .

.....do ..

88-113

63-107

176- 49
56- 59
78- 85
49- 57
99-106

148-178

258-267

267-283
288-308
308-306
306-297
297-304
304-308

147- 71 do .
374 Fine gray sand, rocks .

00- 62 Fine gray sand, foraminifera ..

198-147

Fathoms.
57- 79

130-148
148- 63
59- 70

220-173
10- 19
16-171
32- 46

636-414
~33- 40
55- 50

400-500

27- 28

27- 29
28- 14

382-253

238-198

418-429

235-228

508-557

550-409
286-399
399--874
18- 41

24- 43
319

444-478

427--676

4045 do .

4046 do ..
4048 do .
1055 Northeast coast Hawaii Island

(HHo Bay).
4062 Northeast coast.Hawaii Island.

064 do ..
066 Aleunihana Channel, between

Hawaii and Maui islands.
4072 North coast of Maui island .
4074 .••••do ..
4075 .••••do .
4077 do .

4079 •••••do .

083 do .

4080 .••••do ..

4081 do .

3935 Vicinity of Laysan Island ..

3937 do .
3938 do .
3940 .•.••do .
3957 do .
3960 ••.•. do .
3975 Necker Island shoal ....•.......
3978 Vicinity of Bird Island .
3981 Vicinity of Kauai Island .. " .
398~ j do .
3987 do .

3992' •••••do .

3995 do .

4031 Penguin Bank, off south coast
Oahu Island.

4032 do ..
4034 do .
4041 West coast Hawaii Island .

4044 •••••do .

3997 do .

3998 do .

4007 do .

4019 •••••do .
4021 do .
4022 ••.••do .
4023 .••••do .

4024 do .
4027 do ..
4028 do ..

4082 do : .

084 do ..

4085 •••••do .
4086 do .
4087 do .
4088 do .
4089 do .
4090 •••••do .

091 do .
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List of "Albatross" dredging stations at which starfishes were ~ecured, with the species taken at each-Cont'd.

Sta
tion. Locality. Depth. Nature of bottom. Species.

4095 . N~e¥~~r~v':,~~tM:~tl~~':tc:~~
kai islands.

4096 do ..

4098 North coast of Maul Island ..••

4100 Pailolo Channel between Maui
and Molokai islands.

4101 do- ..

4102 do .

4112 Kaiwi Channel between Molo-
kai and Oahu islands.

4114 Northwest coast of Oahu Island.
4115 do .

4116 do ..
4123 Southwest coast of Oahu Island.

4157 do .

4158 do ..
4159 do .

4160 do ..
4162 do ..
4163 do ..
4164 do ..

4166 do ..
4168 do .

4169 do .
4170 do " .
4177 Vicinity of Nilhau Island .
4178 do ..
4186 East of Kauai Island .

Brown mud, fine sand. globlge- Psilaster atteuuatus.
rina,

Astropecten eallistus,
Patagiaster nuttingi, Antheniaster

epixanthus, Henrieia robusta.
Astropeeten pusillulus.
Psflasteropsis ctngulata, Pntagiaster

nuttlngl, Mediastcr ornatus,
Asterodlscus tuberculosus, Lei a s t e r

calltpeplus, Ophidtaster triseriatus.
Brisinga fra!(llis.
Nereidaster bowers!.

Do.
Zoroaster sptnulosus,
Mediaster ornatus.
Mithrodla bradlevl,
Mithrodia bradley! (aberrant).
Leiaster calllpeplus.
'I'osia mlcropelta.

Asthenactls papyraeeus,

Mlthrodla bradleyl (aberrant).
Mlthrodlu bradley!.

Do.
Do.
Do.

Lciaster calJlpeplus, Mlthrodlu brad
ley!.

Henrlcia paupcrrima, Brislnga Iragilis.
Astropecten polyacanthus, Luidia

hystrix.
Mlthrodla bradleyi.

Do.
Brislnga panopla, Brislnga alberti.
Brisinga panopln,
Evoplosoma forclpifera.

Fine gray sand Astropccten pusillulus, Psilaster at-
tenuatus, 'I'osia eeramoldeu, Brlsinga
fragflts,

Coral sand, foraminifera, rocks. CallIderma spectabllts.

Coarse sand', shells, foramlnii- Calliuster pedicellaris, Ophidiaster
ern. squameus, Ophldlaster tenellus,

Coseinasterias euplecta.
. ..•.do Astropecten productus, Anseropoda

Insignls, Oosolnnsterias eupleeta.
..... do Astropeeten productus, CallIderma

spectabtlts.
Fine sand...................... Zoroaster splnulosus,

Coral sand, foraminifera ..
.. do ..

.. do : .
Fine gray sand, mud ..

Coarse brown coral sand, fo-
raminifera.

Fine gray sand ..
Fine gray sand, mud .
Fine coral and volcanie sand ..
Fine gray sand, rocks .
Volcanle sand, forumlnlfera .
Course coral sand, foraminifera.
Coral, coralline .

.....do.: ..
Fine coral sand, foramlniicra,

stones.
W hit emu d, foraminifera,

rocks.
Coral, coralline .
Coarse coral sand, broken shells,

Ioramtniferu.
Coral, coralline .
Coral .

.. do .
Coral sand, pebbles, shells ..

Coral sand, foraminifera, rocks.
Coral saud, foraminifera .

Coral .
Coral sand, foraminifera ..
Gray sand. globlgerlna .
Coral sand, rocks, pebblcs ..
G!ay sand, foramlniiera .

95-152

130-151

272-286

143--122

122-132

447-433

154-195
195-241

241-282
352-357

68- 90

309-257
257-312
324-225
512-339
437--632
23- 26

26
33-- 71

800-313

762--1000

20- 30
30- 31

31- 39
21- 24
24- 40
40- 56

293-800
20- 21

21- 22
26- 27

451-319
319-378
682-508

Fathoms.
290-286

Vicinity of Kauai Island ..

.....do ..

.....do .

:::::~g ::::::::::::::::::::::::::
.....do ..
Vicinity of Bird Island ..
.....do .
.....do .
.....do ..

4128

4131
4132
4134
4139
4141
4146
4147
4149
4151

RELATIONSHIPS OF THE HAWAIIAN STARFISH FAUNA.

The Hawaiian .Islands are of peculiar interest to a student of distribution, from
the fact that they occupy such an isolated position and because they are surrounded
on all sides by very deep water, Since the islands constitute a great mountain range
rising from abyssmal depths, the sedentary and sluggish creatures that live at or near
the top of this plateau occupy a position somewhat analogous to that of an alpine
fauna on an equally isolated mountain range of some continent. Of course the great
depths do not afford perfect barriers, since the larvee of most marine invertebrates
are swept about by ocean currents. With reference to the starfishes alone, it would
appear that those forms which live at the shore or in very shallow water are slower
to change under segregation than the species which dwell at a moderate or consid
erable depth. Or it may be that the latter is an older fauna, for it is true that every
species is peculiar to the region. A number of shallow-water forms also are peculiar,
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and I suspect with a good series of specimens for comparison nearly every littoral
Hawaiian species would show small but constant differences.

The shore and shallow-water species of starfishes are all tropical forms, and those
which are not peculiar to the group are derived from at least two distinct regions.
'vVe have first a group of species comprising very wide ranging forms, some of them
extending from the Red Sea to China and Japan, and thence to Australia. In this
group of ten species all but three occur in the Indian Ocean, and five range into the
Red Sea. All extend at least to the eastern archipelago. Most of these forms are
characteristic" South Sea" types. The other group comprises but five species and
is derived from the coast of Mexico, Central America, and northern South America.
The following tables detail these forms. '

Species common to the Hauiaiiaii Islands and to the Eastern Archipelago, Indian Ocean, Japan, Polynesia
or Australia.

Species.

Astropecten polyacanthus...

Astropecten velitarls .•.•....
Arehaster typlcus .

Gonlodlscldes sebee .

Culclta arenosa e ..
Llnckia dlplax ..

Llnckla multlfora b••••••..••

Nardoaregyptiaca b .
Gymnasteria cariniferab .
Valvaster striatus ..

Locality.

Red Sea, Mauritius, Ceylon, Andaman Island, Port Jackson, Australia, New Zealand, China,
Japan, Admiralty and Fiji Islands.

China Sea, Amboina, Northwest Australia, Admiralty Islands.
Eastern Archipelago, Pelew Island, Port Darwin, Port Essington, Cape Grenville, Port Deni

son, New Caledonia, Fiji, Samoaa, and Tonga Islands, Nleobar Islands, Andaman Islands,
Mergul.

Red Sea, Mauritius, Madagascar, Ceylon, Eastern Archipelago, Fiji Islands, New Guinea,
Amboina,

Ambolna.
Mauritius, Madagascar, Isle de Bourlion, Christmas Island, New Caledonia, Fiji and Tonga
Islands. "

Red Sea, Mozambique, Mauritius, Ceylon, Larentuka, Celebes, Ambolnu, New Caledonia,
Fiji, and Samoa.

Red Sen, Mauritius, Bourbon, Samoa and Fiji islands.
Red Sea, Mauritius, Ceylon, Eastern Archipelago, New Caledonia, Fiji Islands, Panama (?).
Mauritius.

a Collected In Samoa In 1902 by D. S. Jordan and V. L. Kellogg.
bSpecimens from the Hawailan Islunds not seen by the writer.

Species common to the Hawaiian Islands and to the west coast of America a.

Species. Locality.

Luidia brevisplna........... Mazatlan, Mexico.
Nidorelllaarmata ......•.... West coast of Mexico, Central America, south to Ecuador and the Galapagos Islands.
Gymnasterin enrlnifera Panama (?).
Mlthrodla bradleyl Lower California to Panama.
Heliaster multiradiata ...••. Lower California, Mexico, to Galapagos Islands.

Turning now to the species which are, so far as known, peculiar to the Hawaiian
group, both shallow and deep water forms, we find that a number have related
species in Japanese and Chinese waters, or in the Eastern Archipelago, as detailed
in the following table:

a Only in the case of ,Ifithrodia bra(Ueyi have these species been directly verified. The Panama record of Gymna8te"ia
Is very doubtful. Ives records Archaster tl/PiCU8 from Mulege Bay, Lower California (Proc. Phil. Acad. Sci., 1889, p. 175).
I have doubts concerning the correctness of the label. .
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Species peculiar to the Hawaiian Islands, which have nearly related species in Japan, China, or in the
Eastern Archipelago.

Hawaiian species. I Corresponding specics.

Luidia hystrtx __ ..I Luidfa aspera.. __ __ " __ . __

Luldia magnifica Luidia maculata, [Luidtn aspera, nlso.] .

Callidcrma spectabilis............ Call1dcrma emma .
Calliaster pedicellaris . .. .. . . .. Calliaster childreni a ..
Asterodiscus tubereulosus Astcrodiscus elegans .....•.................
Pentaceros hawaiiensis ~\entacerosoriental!s .

I entaeeros troseheli .
Benthaster erttirnus Benthaster penlelllatus .

0

1

Benthaster wyville-thornsont ..

a Relationship not very close,

Locality.

Samboagan and Tablas Island, Philippine
group; north of Admiralty Island; 10 to
150 fathoms.

Japan, Manila, Coromandel, Java, Mergui,
Ceylon, Mozambique,

Japan.
Do.

Philippine Islands; northeast Chi nil.
China.
BHllton.
North of New Gutnca.
North Pacific, between Hawait and Japan.

Still another set of forms appears to have been derived from the Indian Ocean,
or at all events to show a marked resemblance to Indian species. Probably if a,
direct comparison of specimens could be made, this list would be considerably aug
mented.

Species' peculiar to the Hawaiian Islands which have nearly related speciesin the Indian Ocean.

Hawaiian species. Corresponding species. Locality.

Luldia magnifica..................................... Luidla muculuta .

Dlpsacaster neslotes , . . .. . . . Dlpsaeaster sladeni, .
Pseudarchaster jordani ;....... Pseudarchaster mozatcus .
Medlaster ornatns Mcdlaster florifer (Alcock) ..
Antheniaster eplxanthus Anthenlaster sarlssa .
Ophldlaster lorloll : Ophldiaster robillardl .
Ophldlaster squltmeus................. Ophldiaster purpureus ('I) •...••..
Leiaster call1peplus Lelaster glaber , .
Eehfnaster sp........................ Echlnaster sladeni .

Mozambique Madras, Ceylon,
Java, etc., littoral.

Andaman Sell, 250 fathoms.
Indian Ocean, 200 fathoms.
Andaman Sea, 130 to 250 fathoms.

Do.
Mauritius, littoral.
Mauritius, Seychelles.
Querimba Island~ littoral.
Mauritius, littoral.

Considering these species in conjunction with those actually common to both
areas, we are at once struck by the fact that the Hawaiian fauna bears more resem
blance to that of the distant Indian region than it does to the fauna of America, not
withstanding that all the ocean currents which pass the Hawaiian Islands are coming
from America and not from the west. Ocean currents are almost without doubt
responsible for the gradual dispersal of echinoderm species, on account of the pelagic
larvee, It is interesting, therefore, to examine the ocean currents in connection with
the apparent relationships of the Hawaiian starfish fauna.. .

During the southwest monsoon currents set northwest toward the equator in the
Indian Ocean from" the vicinity of Mauritius and the coast of Africa, thence pass
east toward Ceylon, receiving an eastward current from the Gulf of Aden; or, turning
more abruptly, flow eastward between the equator and 10° north latitude. These'
currents, passing the Bay of Bengal, meet a reverse current from the Strait of
Malacea, but pass south of Sumatra through Sunda Strait, thence northeast between
Borneo and Cochin China past the Philippines and .Iapan, where the stream is
known as the Kuro Siwo. South of the Philippines and north of the Celebes a
counter-equatorial current sets eastward in 5° north latitude, passing south of the
Caroline and Marshall islands and north of the main, west-flowing, equatorial cur
rent. The countercurrent reaches the coast of Central America and is reflected
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westward III latitude 10° north, along with a south-flowing current from the coast of
North America. The currents which pass the Hawaiian Islands are consequently
flowing westward and are derived from the counter-equatorial current and from
North America. A branch of the Kuro Siwo sets southeastward from north latitude
35° to 40° toward the Hawaiian Islands, but apparently does not reach them.

During the southeast monsoon the currents are nearly reversed in the Indian
Ocean, a stream (42 to 66 knots per 24 hours) setting directly eastward from the
Seychelles, south latitude 5°, to the coast of Sumatra, but there is a west. current
in Sunda Strait and an eastward current along the north coast of Java.

Consequently if we think of the Indian Ocean as the center of dispersal for this
fauna, about the only conceivable way in which the species could reach the Hawaiian
Islands is by means of the counter equatorial, which is an insignificant stream
when compared with the great west flowing equatorial. Yet all the currents setting
from America have sufficed to bring only five species and these are by no means
cleared of doubt.

Of course there is no a priori reason for considering the Indian the original
fauna. The center of dispersal may have been farther eastward. In the case of
Valoaster striatue it is a long cry from Mauritius to Hawaii, with no intermediate
records. The similarity of such a rare type as the Oalliderma of Japan with-that
of Hawaii is interesting. The genu'l, being an old one, is probably widespread,
and a number of intermediate forms may remain to be discovered. If the Philippine
group and a number of others along the path of the principal ocean currents were
as thoroughly worked as the Hawaiian Islands, we would have a far more satisfactory
basis for comparison. The Ohallenger made at most but 20 hauls in which
starfish were captured, in the Eastern Archipelago, while in the limited area of the
Hawaiian Islands the, Albatross made 123. The results of the Siboga expedition
may be looked forward to with interest.

Certain Hawaiian. species show relationships with Atlantic forms, others with
Australian and southern South American species. These are detailed in the following
table:

Species peculiar to the Hawai·ian Islands and the apparently nearest relatives of those species (other than Indian
Ocean and Eastern forms. )

Hawaiian species. Related species. South Pacific. Southern Atlantic.ocean.
-

Astropeeten ctenophorus.... Astropeeten pectinatus..... Southeast of Austra- .- ............ . - .... - .. - ........ _-_._--_ ..
lia; Port Philip.

Psilaster attenuatus ......... Psilastcr acuminatus ..•.. _. Eastof Australia; west .............. Simons Bay, Cape of Good
of New Zealand. Hope.

Psilasteropsis eingulata ..... Psflasteropsis pataglatus _.. .West'of'Sou'th 'Arner:' .~ ............ Off Cape Verde Islands.
Cheiraster inops............. Cheiraster planeta....•.....

iea (en trance to
. .............. ............................

Pscudarchastermyobrachius Pseudarchaster tessellatus••
Straits of Magellan).

........................ ............... Simons Bay, Cape of Good

seudarchaster jordani .•.••. .....do ......................
Hope.

........................... .............. Do.
osia ceramoidea............ Tosia nitldu: Tosia compta. ,............................ .............. West Indies.

~~';i~f~~g~g:l.f~~~::: :::: :: ~tib~~lf~~~ls~a~~~~~: : :::::
.......................... .............. Const of Europe.
.......................... ................ Falkland Islands, Straits

enrleia pauperrima........
~r~~~~~~~~~::;fr~~f~i~ius:::

Off New Z~aland .....
of Magellan.

.ali' Marion'
......................... .......

'teraster reticulatus ..•..... ......................... . .................................
Island.

ymenaster pentagonalls ... Hymenaster carnosus ....•. West of South America .............. ................................

I'
T
A
H

H
1

H
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A few species stand alone, apparently. I have not been able to find any very
close relatives. a Such are-

Astropecten pusillulus
Astropecten productus
Ctenophoraster hawaiiensis
Gilbertaster anacanthus
Evoplosoma forcipifera

Ophidiaster sclerodermus
Ophidiaster tenellus
Asthenactis papyraceus (related to

Myxaster of Atlantic).

DESCRIPTION OF HAWAIIAN ASTEROIDEA.

SYNOPSIS OJ<' THE J<'A1IULIES.

a. Marginal plates usually large and conspicuous in the adult, defining the contour of body. Papulre
restricted to abactinal area (except in Linckiidre) circumscribed by the superomarginal plates.
Ambulacral plates well spaced and broad. Mouth plates prominent. Actinostomal ring with
adambulacral plates prominent. Pedicollarire when present spiniform, pectinate, valvate, or
excavate.

b. Abactinal skeleton composed 'of true columnar paxilhe or paxilliform plates. Tegumentary
developments usually spiniform. Primary apical plates usually not discernible. (See also
lJlJ-G~d.) Pedicellarhe when present spiniform or pectinate, never bivalved or excavate.

c. Superambulacral plates usually present; if absent, the marginal plates alternate and spiny.
(In dd.)

d. At-least the inferomarginal plates well developed; plates of the 2 marginal series opposite,
not regularly alternate.

e. Fasciolar grooves between marginal plates usually well developed; paxillse typical; median
radial paxillse smaller than those along sides of area. 4nal aperture small or wanting
(well developed in Dipsacasterv .

. j. Both series of marginal plates present...•............. __ . _.. _ ASTROPECTIKIDJE
.ff. Superomarginal plates aborted, represented by a series of paxillm LUIDIIDJE

ee. Fasciolar grooves obsolete; median radial paxillre larger than those along sides of area;
papulre not extending beyond middle of ray _ _ PSEUDARCHASTERID.F.

dd. Plates of the 2 marginal series alternate, usually very spiny. An odd spiniferous interradial
plate present in both marginal series in one genus (not Hawaiian). Papulre confined to
limited area at base of ray, often to a special papular organ. Pedicellarire, when present,
pectinate __ . __ _...• __ __ BENTHOPECTINID.lE

ee. Superambulacral plates absent. Medioradial series of. paxillre conspicuously larger than the
others. Marginal plates opposite. Spiniform pedicellarim often present. Superficially
astropectinoid. _...•..'-, __ AHClIASTERIDlE (restricted)

bb. Abaetinal skeleton not composed of true paxillre or paxilliform plates except in Mediasterinre,
when bivalved or 2-jawed upright pedicellarise are present. Primary apical plates usually
readily discernible. Tegumentary developments usually granuliform, although in the
Modiasterinre the abactinal plates may have well-developed spinelets. In addition to
granules the plates may bear specialized spines and tubercles. Pedicellariee val vate, excavate,
or foraminate.

c. Actinal in terradial areas large.
d. Abactinal skeleton composed of polygonal or circular (occasionally stellate) plates which may'

or may not be united by separate internal radiating ossicles. The plates may bear
a central tabulum, paxilliform in appearance, or may be simply flat and covered with
granules or naked. In some genera the abactinal plates bear a central spine or tubercle.
or several. Papuloo usually confined to the abactinal radial areas. The plates may also
be obscured by a tough skin which is superficially smooth (Leptogonasterina.) or covered
wi~h granules (Goniodiscidinoo) .. __ __ . __ __ r • . • • • GONIASTERIDc};

a One great diflleulty isu laek of figures and the poor descrtptions of many l<;astIndian forms.
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dd. Abactinal skeleton stellato-reticulate, the papulre usually .numerous and in definite areas
(except in .Astel'odUicus). Marginal plates sometimes superficially hidden. Abactinal
plates often with large conical tubercles. _" __ .•. •..... """ " __ .. PENTACEROTIDJI<~

ddd. Abactinal skeleton tessellate; the plates often irregular and only partially contingent, the
whole covered with a thick, leathery, skin. Flexible. Marginal plates inconspicuous,

GYMNASTEIUID£
cc, Actinal interradial areas small. Superambulacral plates usually present. Pedicellarire, when

present, excavate. Abactinal skeleton tessellate, arranged irregularly or in more or less
regular longitudinal series, with intra- and often infra-marginal papuhe, Rays usually
slender, long, and subcylindrical , .. __ '" _...• __ ........• _... __ .... "'" __ . _.LINCKIID£

aa. Marginal plates small and inconspicuous. Papulre not always confined to area circumscribed by
the superomarginal plates, but often present between the marginal plates and on the actinal
surface. Ambulacral plates may be crowded or not.

b. Actinostomial ring with adambulacral plates prominent. Ambulacral plates not crowded.
Abactinal skeleton composed of thin, close-set overlapping plates, or forming a more or less
open reticulate network, either regular or irregular. In one family the abactinal plates are
cruciform, with long paxillar spines supporting a supradorsal membrane. Pedieellariee very
rare, never pedunculate or excavate. Tube feet biserial.

c.' Mouth plates small, ambulacral groove narrow. Spines not conspicuously long and slender, or
supporting a supradorsal membrane.

d. Abactinal skeleton is formed of closely imbricating plates bearing small spines. Actinal
skeleton formed of imbricating plates bearing a tuft or fan of spinelets. Marginal plates
minute.

e. Papules distributed throughout the abactinal area. Abactinal plates thick, crescentiform,
devoid of internal processes _.' __ .. . " __ ASTERINIDlE

ee. Papulre confined to the radial regions.. Abactinal plates in the median 'regions stellate.
Abactinal plates thin, scale-like, with elongate internal prolongations. General form
very thin and flat ...• : .• .. '" _ ANSEROl'ODIDlE

dd. Abactinal skeleton formed of plates disposed in longitudinal and transverse series, or in an
irregular network, bearing spinelets; spinelets not disposed in a tuft or fan.

e. Spinelets small, pointed, naked, or covered with a thin skin containing calcareous granu-
lations. (Valvaster has large marginal bivalved pedicellarire) ECHINASTERID}I<:

ee. Spines heavy, rigid, obtuse, covered with spiniform scales. Reticulation of the dorsum
formed of triangles grouped in hexagons.... ~ .......•... "" ..•••.•• _.MITHRODIID£

cc. Mouth plates conspicuously large, plowshare-shaped, with conspicuous marginal and actinal
spines. Marginal plates not visible. Abactinal plates cruciform as a rule, bearing a
fascicle of rather long delicate spinelets united by a fold of the integument, or supporting
a supradorsal membrane which roofs a specialized nidamental cavity.

d. No supradorsal membrane. Spines united by a web. ~nore than 5. .MYXASTEHID/E
dd. A supradorsal membrane present __•. __ . _ ' __ . __ PTERASTEHID}I<~

bb. Pedicellarire pedunculate, either forficiform or forcipiform (composed of 2 jaws and a basal
piece). Skeletal plates bearing spines, often long and isolated, on or about which are
usually grouped the pedicellarire; or the pedicellarise may be isolated. Marginal plates
inconspicuous or aborted. Ambulacral plates often very crowded so 'that the tube-feet
are disposed in 4 series. Abactinal skeleton formed of skeletal arches, independent or
bound together by intermediate plates, forming a network with rectangular or very irregular
meshes; rarely in mosaic. These skeletal arches correspond to every other, or to every
third adambulacral, and are composed of pieces corresponding in the ventral, lateral, and
dorsal regions of the body. Mouth plates very inconspicuous as a rule.

c. Tube-feet quadrlserial, at least at the base of rays. Actinostome with ambulacral plates
prominent. .

d. More than 25 arms;' interbrachial septa double __ •• _." _ HELIAHTERIDJI<~

dd. Less than 15 arms (Hawaiian species, 5-armed); interbrachial septa single..
e. Adambulacral plates of 2 kinds, alternating, one projecting into the furrow, and separating

with its spinelets the tube-feet; the other not prominent. They bearseveralspinelets in
a transverse series. Skeleton regular, composed of imbricating plates.••ZOROAS1.'ERID£
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ee. Skeleton reticulated. Adambulacral plates not dimorphic. Adambulacral plates with 1
or 2 spines. Pedicellarire usually numerous, either in wreaths about the spines, or
scattered .. __ : __ ASTERIIDlE

ce. Tube-feet in 2 series throughout the ray. Actinostorue with adambulaeral plates prominent.
Rays numerous, always more than 5, slender, sharply defined from disk, and armed with
slender spines which are sheathed in membraneous sacculi bearing many minute crossed
(forcipiform), pedicellariee, Abactinal skeleton confined to disk and base of ray, on the
latter often disposed in independent spaced annular ridges or costre BmSINGIDlE

Order PHANEROZONIA Sladen, emended.

Familv ASTROPECTINID£ Gray, 1840.

Astropectinidro Gray, Synopsis of the Genera and Species of the CIa'S Hypostoma (Asterias Linn.) <Ann. N. H., ser, 1, vol,
YI, 1840,p. 180.

Key to the IIawaiian genera oj Astropectinidic.

a. Both series of marginal plates well developed, forming a nearly vertical lateral face to ray.
Superomarginal plates are not confined to the abactinalsurfaoe beyond basal fourth of ray, but
form a part of the side wall of ray.

b. Inferomarginal plates separated from adambulacral plates throughout a portion of the ray by a
series of small intermediate plates. Fasciolar grooves not well developed.

e. Marginal plates not tumid; intermediate plates extending nearly to tip of ray ..•• __ •PSILASTER
ee. Marginal plates strongly tumid; intermediate plates extending only one-third length of

ray : _•. __ __ PSILASTEROPSIS
bb. Inferomarginal plates touching adambulacrals; not separated throughout ray by a row of inter

mediate plates. Fasciolar grooves specialized, well developed .. _...•..••• __ •ASTRoPEcTEN
aa. The 2 series of marginal plates very unequal in size, forming an angulated margin to ray. Upper

series much smaller, and usually confined to abactinal surface; lower series extending laterally
beyond superior~eries.. .

b. Madreporic body not large and hidden by special paxillte on its surface.• Anal aperture very
minute or wanting.

e. No well developed series of plates between inferomarginal and adambulacral series throughout
ray (rudimentary at base of ray in rid.)

d. Size large. Rays long; a lateral series of flat, leal-like spines bordering ray; superomarginal
plates not conspicuously smaller beyond middle of ray _ ASTROPECTEN

. dd. Size small. Oblique series of long seta-like spines on each tumid inferomarginal. Supero
marginals very much reduced in size on outer half of ray.. __ ........••... TRITONASTER

ee. A well developed series of actinal intermediate plates between inferomarginals and adambula
crals, Inferomarginal plates broad and short, band-like; their spines many, appressed to
ray __ _ CTENOPHORASTER

bb. Madreporic body large, hidden by paxilhe. Anal aperture present, conspicuous in Dipsacaster,
Fasciolar grooves very deep.

e. Gonads disposed in a series along either side of abactinal integument of ray, extending beyond
middle; papulre distributed generally over the paxillar area ..•....•..• _.•..•.DIPSACASTER

ee. Gonads confined to interradial regions, not extending far along rays; papulre confined to the,
sides of paxillar area; absent from central portion of disk and rays .......•. PATAGIASTER

Genus ASTROPECTEN Schulze.

As/ropecten C. F. Schulze, Betrachtung der versteinerten Seesterne II. ihrer Theile. Warschall II. Dresden, 1760.

Key to Hawaiian Species oj Astropeeten.

a. Superomarginal plates with a single series of erect spines.
b. Spines stout, absent from second and sometimes third superomarzinal. Spines of inferomarginals

very prominent; not delicate, nor in an oblique comb.•..••.•...•....•....•... .poluacanthus
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bb. Superomarginal series of spines rather delicate, continuous throughout ray; not absent frcm
second or third plate. Lateral spines slender, 4 in an oblique comb. __ . • ~ ctenophorus

aa. Superomarginals devoid of a series of erect spines; sometimes a single spine on first superomarginal.
b. Size small; BO leaf-like lateral spines. Actinal interradial areas small; superambulacral plates

well developed.
c. Size small; no leaf-like lateral spines.

d. A single erect spine on first superomarginal plate; and a series of inconspicuous tubercles on
plates of outer two-thirds of ray; the tubercles sometimes absent _ velitaris.

dd. No spines whatever on superomarginal plates. Rays slender, flexible. _.. '_.pusillulus
cc. Size large; rays very long; a lateral series of large flat leaf-like spines. First 2 or 3 supero

marginals with a conspicuous, erect, spinule ....... __ ..... _... _'......... _.... . productus
bb. Actinal interradial areas well-developed, paved with imbricating plates bearing spinelets in a

paxilliform group; superambulacral plates present, but rudimentary in distal half of ray.
No su peromarginal spines.. _ __ _ _ _.. __ callistus

Astropecten polyaeanthue Muller and Troschel.

PI. I, fig. 1; pI. II, figs, 1, la, lb.

Astropecten polyacanthus Milller and Troschel, System der Asterlden, 1842,p. 69, tar. v, fig. S.

Rays 5. R=47 mm.; r=10.5 mm, R=4.3r. Breadth of ray at base, 12 mm,
Arms rigid, very gently tapering to a bluntly pointed extremity. Sides of arms rather high, per

pendicular. Disk of medium size. Paxillar surface somewhat inflated. Interbrachial arcs acute but
rounded.

Abactinal paxillar area is rather compact, the paxillre being large and arranged in definite trans
verse rows, there being about 3 series to each superomarginal plate. Paxillte are largest in the inter
radial areas, midway between center and margin of disk, and also along median line of ray. Each
paxilla consists of one or two central papilliform granules, surrounded by a radiating series of from
5 to 8 slightly longer ones, the whole crowning a rather long pedicel. On disk the largest paxillre have
upward to 5 central granules of unequal size, surrounded by 10-12 longer marginal ones, and occa
sionally one of the central granules is enlarged into a cylindrical pointed spinule. Less often one of
the marginal spinelets is similarly enlarged (pI. 11, fig. la), but the two never occur on a single paxilla.

Superomarginal plates, 22 in number from interradial line to extremity of ray, are much 'higher
than broad and do not encroach conspicuously upon paxillar area. They form a rectangular edge to
the abactinal surface, and the first plate is raised slightly above the level of the others. Except the
second plate, and on one ray the third, each bears a perpendicular, stout, pointed, conical spine situ
ated on the abactinal face, slightly nearer aboral than adoral margin. The spine on first plate is
longest and stoutest (as long as the longest spine of any inferomarginal, 4.5 mm.), the series decreasing
in length toward tip of ray. The second superomarginal plate, which does not bear, a spine, is smaller
than either the first or third and is crowded by them. Plates are covered with small cylindrical papil
liform spinelets, which become stouter and squamiform toward base of spines. Wide fasciolar grooves
between the plates (i. e., between the specialized, elevated, exposed surfaces).

The inferomarginals, which are broader than high, correspond to superomarginals in number and
do not extend beyond them laterally. Each plate bears a transverse series of 3 stout and relatively
long, tapering, slightly flattened, sharp-pointed spines, the upper longest; to which is added a fourth
spinule at inner end of series on third to seventh plates. First 2. plates usually have only 2 shorter,
widely spaced spines. Plates are covered with slender papilliform spinelets in the fasciolar grooves
and at upper end, these becoming longer, strongly flattened, and bluntly rounded or chisel-shaped at
tip, in the vicinity of spines, and on aetinal surface generally.

Adambulacral armature is in 3 series. The furrow series consists of 3 long, stout spinelets, the
median longest, blunt, somewhat triangular in cross section at its base, the lateral spinelets flattened
and truncate. Second series consists of 2 stouter, much flattened, truncate spinelets, the one nearest
aboral margin being the larger. Third series consists of 3 blunt, flattened spinelets somewhat smaller
than the furrow series, the median being usually slightly the longest of the 3 and most flattened.
There is an odd spine, smaller and pointed, situated behind the third series. In all there are usually
9 spines on each adambulacral plate.
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Actinal interradial areas are much reduced and are paved each with 4 small roundisn plates, which
bear spinelets very similar to those covering adjacent inferomarginals,

Mouth plates are prominent, the armature, unfortunately, having been largely destroyed. The
marginal spinelets are rather slender, slightly flattened, the innermost 2 or 3 of each plate forming at
each mouth angle a horizontal fan of 4 to 6 teeth, of which the median are longest.

Tube feet large, with an incipient conical sucker at end, easily distinguishable from the rest of
the foot.

Madreporic body is not visible superficially; hidden by the paxillre,
Color in life: Paxillar area of distal half of arms vinaceous cinnamon; remainder of arms, and

disk, fawn color. The dorsal integument, largely 'hidden by the regular and ornate paxillre, is bright
vermilion, the color being visible between the spinelets of the paxillre. Spines of superomarginal
plates, orange buff. Marginal plates, inferomarginal spines, and entire actinal surface, light buff pink.
Color in alcohol bleached yellowish.

Locality: Station4168, vicinity of Bird Island, 20 fathoms, coral, shells, and foraminifera. Bottom
rough.

Only a single specimen of this handsome species was secured, and that unfortunately, is not
perfect. I have felt some misgivings in referring it to polyacanthus, having been obliged to depend
wholly on the original description. In proportions the specimen agrees most nearly with Muller and
Troschel's description of armatuB (System del' Asteriden, p. 71), from Japan, which Sladen and others
consider the same as polyacanthuB, the type of which came from the Red Sea. The descriptions of
these two species certainly differ in many points, and presumably the types do also, but in view of
the opinion of Bladen and Perrier I have accepted the present name. I have given a full description,
with figures, that there may be no mistaking the particular form referred to, whether the name be
correct or not.

This species may be readily distinguished from others of the genus inhabiting Hawaiian waters
by the row of erect superomarginal spines, the second and sometimes the third superomarginal lacking
the spine; and by the stout spines of the inferomarginals, arranged on each plate in a series of three
or four. .

ABtropecten polyacanthuB has a wide distribution, extending from the Red Sea to Zanzibar, Ceylon,
Hongkong, the coasts of China and Japan (Kobe, Yokohama), New Holland, Admiralty Islands, Fiji
Islands, and Port Jackson, Australia. It is a shallow-water species exclusively, ranging from 2 to 50
fathoms, the usual depths at which it is found being 25 fathoms and under. The station at Bird Island
is the most eastern record for the Pacific, very materially extending the known range of the species.

Astropecten velitaris Von Martens.

PI. I, fig. 2; pl. II, figs. 2, 2a.

Astropecten·velitaris Von Martens, Archly f. Naturgesch.• Berlin, [ahrg, XXXI. bd. I, 1865,p. 860.

Rays 5. R=25.5 mm.: r=7 mm, .R=3.6r. Breadth of. ray at base, 8.5 mm.
Rays stout, very gently tapering to a blunt point. Interbrachial arcs open, forming a nearly right

angle. Disk of medium size. Epiproctal prominence present. Disk slightly swollen.
Abactinal paxillar area compact, the paxillre being arranged in transverse rows on the rays.

Paxillse consist of 1 or 2 central rounded clavate spinelets or elongated granules, surrounded by 8 to
11 similar ones, arranged in a rosette. Papilliform granules of the peripheral series are not always
equal in size on the same paxilla, 2 or more being slenderer than the others. Paxillre become much
smaller at the end of rays.

Superomarginal plates, 17 in number from interradial line to tip of ray, are massive, about as high
as broad, and encroach conspicuously upon abactinal paxillar area, forming a rounded margin to ray.
The first plate bears a short, erect, rather slender, tapering, sharp-pointed spinule, Plates are covered
with small papilliform granular spinelets, capillary in the fasciolar grooves, becoming squamiform on
the exposed surface of plates. The fifth to seventeenth plates each bear a short stubby conical tubercle
or enlarged granule on the angle between the lateral and dorsal superficies of the plate, The second to
fourth plates, inclusive, do not bear these. t

Inferomarginal plates form an arched bevel to actinal surface and extend very slightly beyond
superomarginals, laterally. Each plate bears an oblique row of 2 sharp, slender, often slightly curved,
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somewhat flattened spines, placed at upper end of plate. The upper spine is longer, and the 2 form a
double, lateral, longitudinal series to ray. Below the innermost spine along aboral margin of plate
are 3 spinules, the upper placed close to the lower lateral spine and the others widely spaced. The
first plate lacks the 2 lateral spines, but possesses the 3 lower spinules. A short, odd spinule is often
found immediately adoral to the lower lateral spine. The 2 spines and 3 spinules of each plate form a
single transverse series. Plates are covered with small, flattened papilliform granules or spinelets,
which by reason of their standing out from the plates do not give the impression of being squamiform.

Adambnlacral armature consists of a furrow series of 3 long, slender, somewhat flattened spinelets,
of which the median is much the longest; and OIlaetinal surface, a group of 3 flattened, round-tipped or
truncate spinelets, placed in a more or less regular longitudinal series. . Of the latter, 2 are slender,
while the third, near aboral margin, is larger and flatter. Near base of ray the actinal group may
have as many as 6 spinelets, placed usually in 3 rows of 2 each (due to a shortening of the plate), but
one spinelet is always conspicuously the largest.

Armature of the ovoid mouth plates consists of a marginal series of 10 or 11 slender, obtuse spine
lets, which increase in length toward inner angle, where 2 are enlarged (the innermost longest), form
ing, with those of the companion plate, a horizontal fan-shaped series' of slightly flattened blunt teeth.
The marginal series extends a little more than halfway to outer end of plate, and its spinelets usually
stand out over furrow. The superficial series consists of about 10 similar, usually blunter, spinelets,
arranged along suture margin, so that a conspicuous, unarmed furrow is left on inner half of plate,
between it and the marginal series, and on the outer half between superficial series and first adambu
lacral plate.

Actinal interradial areas small, there being but 4 small intermediate plates bearing a group of
delicate and slender splnelets.

Madreporie body obscured by paxillai,
Color in life: abactinal paxillar area reddish sepia, becoming burnt sienna toward tips of rays.

Marginal plates pale yellowish-brown edged with darker; lateral spines whitish. Actinal surface
whitish.

Young: From the presence of an epiproctal elevation on all the specimens I seriousl~ doubt their
being fully adult. There is a small example with a major radius of 9 mm., which lacks entirely the spine
on each first superomarginal plate, and also the tubercle on the outer superomarginals. The lateral
spines of the inferomarginals are small, and there is no trace of the 3 aboral spinules, A very promi
nent epiproctal cone is present.

Variations: A larger specimen (R=21 mm.) from Penguin Bank has much less massive marginal
plates than the example from Hilo Bay used in the above diagnosis, but the armature is essentially the
same.

Locality: Station 3849, between Molokai and Lanai Islands, 73--43 fathoms, coarse sand, broken
shell, coral; 1 specimen. Station 4031, Penguin Bank, south coast of Oahu Island, 27 fathoms, fine
coral sand, coral, and foraminifera; 2 specimens. Station 4055, Hilo Bay, Hawaii, 50 fathoms, fine
gray sand and foraminifera; 1 specimen.

This form is readily distinguished from the preceding by the single erect spine on the first supero
marginal plate. The species is as near to »elituris as to any described form, although the small tubercles
on the outer superomarginals are not typical.

Astropecten ctenophorus, new species.

PI. T, figs. 4, 5; pl. II, figs. 3, Ba-d,

There is a small Astropeeten, dredged in 130 fathoms, near Laysan Island, which belongs near
Astropecten pectinatus Siaden, from Australian waters (Port Jackson, off the entrance to Port Philip,
East Moncceur Island, Bass Strait, in 6 to 40 fathoms). It differs from this species, however, in
several well-marked characters, which can not be accounted for because of a difference in size. I
would hardly feel justified in bestowing a name upon such a small specimen, did it not belong to a
small section of the genus-that division characterized by having a small spine on every supero
marginal, and a lateral, oblique comb of 3 to 5 spines on each inferomarginal,

Rays 5. R=12 mm.; 1'=4 mm. R=3 r. Breadth of ray at base, 4.5 mm.
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Rays are fairly broad at base, tapering continuously to extremity, which is sharp. Interbrachial
arcs subacute, very slightly rounded. Abactinal paxillar area plane; no epiproctal protuberance.

Paxillse of abactinal surface are large and uniform on arms, but of various sizes on disk, where the
largest paxillrc occur. Each consists of a very short rounded basal portion, surmounted by a group of
6-16 relatively long, slender spinelets, which radiate from the pedicel top. Of these 1 to 3 or 4 are
usually central, the remainder forming an irregular series about them. Usually the spinelets form a
widely radiating group, the central ones being stouter than those about the periphery. Very small
paxillre with only 1 to 4 or 5 spinelets are scattered over disk; and at end of the ray these predominate.
Papulre large, confined to border of paxillar area,there being none on median radial areas of ray, or
on central portion of disk.

Superomarginal plates, which are 14 in number from median interradial line to extremity of ray,
are about as high as broad in the middle of the ray, higher than broad at the base, and broader than
high at the extremity. The plates are set very slightly oblique in relation to the long axis of ray,
and each when viewed from above is about as long as. broad, except in interbrachial are, where the
plates are narrower. They form a nearly right-angled margin to ray. Each bears on the edge formed
by the lateral and dorsal superficies a small cylindrical spinule, placed nearer aboral margin than
center. Those on first 2 superomarginals are not larger than others. The plates are beset with rather
widely spaced.. slender, papilliform spinelets.

Inferomarginal plates are broader than high, and do not extend laterally beyond the superior
series. Each plate bears an oblique comb of 3 or 4 lateral, delicate, cylindrical, tapering spines, the
line of the base forming an angle of about 45° with the transverse axis of the plate and tending from
the upper adoral corner downward and aborally. The adoral is the smallest, and most laterally
situated. The third from this is the longest; the second is intermediate in size, and the fourth is
usually slightly longer than second and nearly as long as third, but on outer half of ray rna)' be much
shorter than either second or third. Basalmost inferomarginal bears but 2 or 3 spines. A Sinall
spinule is sometimes present on the aboral side of the plate a little distance from the comb. Surface
of inferomarginal plates is covered with delicate, slender, papilliform, subcapillary spinelets, which
show no tendency to become squamiform.

Armature of adambulacral plates consists of (1) a furrow series of 3 spinelets and (2) a group of 8
or 10 actinal spinelets arranged in either 2 or 3 irregular longitudinal series. Furrow spinelets long .
and slender, bluntly pointed, the median spinelet longest, ann at the base somewhat flattened (in axis
crosswise to furrow). They usually stand perpendicularly to plate. On outer half of ray the first
series of the actinal group consists of 4 long, very slender cylindrical spinelets, standing upright. The
one at the aboral end of series stands on the furrow margin, aborad to lateral spinelet of furrow series,
so that the latter appears often to consist of 4 spinelets, On these plates the second actinal series also
consists of 4 spinelets, shorter and slenderer, which, by reason of the obliquity of the plate, extend
further aborally than the furrow series. Toward base of ray there are usually 3 series of aetinal
spinelets, very irregular in arrangement, with 3 spinelets to each series, and an odd spinelet between
the furrow and first actinal series. The aboral spinelet of the latter is always situated in line with
furrow series. One or 2 small spinelets may be added at outer end of plate.

Actinal intermediate plates, 18 in number to each interradial area, show a tendency to encroach
upon base of ray. Actinal interradial areas rather pronounced for an Astropecten. Each plate is cov
ered with 5 or 6 very delicate subcapillary spinelets, similar to but smaller than those of aetinal
surface of adambulacrals,

Mouth plates of moderate size. Their whole surface is covered with small slender cylindrical
spinelets disposed in three series-a marginal, a superficial. and an intermediate (pl. II, fig. 3d).
The innermost spine of the marginal series is much enlarged, forming with its companion 2 stout,
blunt, cylindrical teeth at each mouth angle.

Madreporic body small, with very coarse ridges; situated close to margin.
Color in alcohol, ashy white.
Locality: Station 3937, vicinity of Laysan Island, 130-148 fathoms, white sand and small shells;

bottom temp. 63°; 1 specimen, type no. 21143, U. S. National Museum.
This speciss differs from its nearest relative, A. peetinatus, in the following respects: Character of

abactinal paxillre, those of pectinatus having more numerous, shorter spinelets: disposition of papulse;
character of spines on inferomarginals: character of adambulaeral armature, that of pectinaius being

F. C. B.1903, Pt. 3-16
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arranged in 3 distinct series of 3 each, the spinelets of the 2actinal series being flat, rather short, with
expanded, roundly truncate tips; armature of mouth plates; size of actinal interradial areas, and num
ber of aetinal intermediate plates, these being less numerous in pectinatus. The present species may
be readily distinguished from other known Hawaiian forms by the presence of an oblique comb of 3
or ! comparatively short; appressed, close-set spines on the sides of the inferomarginal plates, and by
the presence of a small, erect spinule on all the superomarginals.

Astropecten pusillulus, new species.

PI. Y, fig. 3; pI. II, figs. 4, 4a-b.

Rays 5. R=33 mm.: r=6.5 mm. R=5r. Breadth of ray at base (between first and second
superomarginals) 6.5 mm.

Rays long, slender, delicate, flexible; tapering from a narrow base to a blunt point. In many
specimens the outer half of ray has the sides. subparallel, then abruptly tapering at the extremity.
Disk small; general form depressed, but abactinal paxillar area inflated both on disk and rays. A
slight epiproctal elevation usually present. Actinal surface slightly convex. Interbrachial arcs
subacute.

Abactlnal integument rather thin and the paxillar area uniform and compact. Paxillee not'
arranged in definite order. Each arm is marked off from the disk by a shallow furrow in the inter
radius, which broadens toward the 'center of the disk, and insensibly grades into its fellows of the 2
neighboring interradii. In this way a stellate area is often formed in center of disk, due to the greater
inflation of radial areas, and characterized by a much more compact arrangement of paxillre. Paxillre
decrease in size toward median radial line, extremity of ray, and center of disk, the largest being
found, therefore, in the interradii, and the lateral portions of the base of rays. Each paxilla consists
of a columnar ossicle, flaring at the base, surmounted by a single central spinelet which is surrounded
by it peripheral row of 6 to 8 club-shaped, papilliform spinelets, each invested 'with a rather thick
layer of membrane. These spinelets are a trifle longer than the basal portion of the paxilia, and
they do not usually radiate a great deal. Smaller paxilhe on the arms have 4, 5, or 6 spinelets in the
marginal series, and lack the centralspinelet. The calcareous portion of these spinelets is slender and
cylindrical, the membranous investment producing the clavate appearance.

Superomarginal plates, 31 in number from interradial line to extremity of ray, are about as broad
as long, except OD. the outer third of ray, where their length exceeds the breadth. First 3 plates are
higher than long. They form a conspicuous, slightly rounded bevel to margin of paxillar area, tend
ing to become flattened on the outer half of ray, but almost perpendicular in the interbrachial arcs.
For a considerableportion of the outer two-thirds of ray they are nearly uniform in size. All are
uniformly covered with papilliform granules or spinelets, much larger than those of paxillre, clavate
or sometimes slightly squamiform in shape, each spinelet invested with a pulpy sheath. No spines on
superomarginals. Furrows between plates deep, forming well-developed fasciolar grooves.

Inferomarginals correspond in number to superomarginals, and are placed exactly opposite to
them. They are much wider than long, forming an even, rounded bevel to sides of actinal surface.
They extend but slightly beyond superior series, are armed with an oblique row of 2, or in largest
specimens, 3, short, stout, tapering, sharp-pointed spines, placed near the upper or lateral margin. On
the outer half of ray the series is rather nearer the aboral than the adoral margin. When there are
3 spines, the 2 outer, or upper, are of about equal length, and considerably longer than the lowest;
when only 2 are present, the third to sixth inferomarginalsusually.have an extra spinule added to the
inner end of the series." On. first inferomarginal plate, the spines are more reduced in size, and 2
extra spines are added,' while 1 is added to the series on the second and third plates.. General surface
of plates covered with papilliform" barley-corn" spinelets, similar to but larger than those covering
su peromarginals.

Adambulacral plates with convex margin to furrow. Armature is arranged in 3 series on inner
part of rayibqt becomes reduced to 2 on the outer half.. Inner or furrow series consists of 3 spinelets
which are rather short, the middle one larger than the laterals, and slightly tapering, being flattened'
to produce l! blunt-ended blade with the edge toward furrow. .The 2 lateral spinelets are slender and
tapering. The 2 spinelets of the second seriea are associated with the furrow series on the proximal
plates in large specimens. Second and third (actinal ) series consist of 2 tapering and .pointed spinelets
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each, but toward the middle of ray the outer series becomes reduced in size, finally to an odd spine
which persists on a few plates, and eventually disappears at about the middle of ray. Second series
persists to tip. In the majority of specimens, on the inner part of ray the actinal spines are grouped
into a very definite pedicellarian apparatus, conical in shape. These may be confined to plates of the
basal third of ray, or may extend to the limit of the outer actinal series. Rarely on the outer portion of
ray a few of the plates have the furrow and second series loosely grouped into a similar apparatus.
On innermost plates bearing the actinal pedioollarise an odd actinal spinelet is present. Sometimes
there are 5 or 6 actinal spinelets instead of 4.

Actinal interradial area "almost absent. There are about 4 small intermediate plates, each of
which bears a 4-valved pedicellaria, similar to, but slightly smaller than those of the adambulacrals.

Mouth plates rather small, elongate, and narrow, with relatively short armature consisting of a
superficial series of 10 stout, short, tapering, pointed spinelets, arranged along the edge of the median
suture; subequal.texcept the 2 or 3 outermost, which are smaller, and the innermost, which forms with
that of the adjacent plate a pair of longer, tapering, pointed teeth, "directed toward actinostome, The
spinelets of the superficial series are often blunt. A marginal series of 5 to 8 shorter, pointed spinelets
is placed at a higher level, facing the ambulacral furrow. These are either directed outward into
furrow, or are appressed against the base of the innermost spinelets of the superficial series. Con
siderable variation exists among the specimens in regard to the details of armature, such as the num-
ber and shape of spinelets, as well as their relative sizes. _.

Madreporic body small, partially obscured by paxillre, and situated a little less than its own
diameter distant from the margin. Striations coarse and rather few in number.

Color in life: Paxillar area dull olive brown, the marginal plates dull pinkish yellow, or straw
color; actinal surface very pale straw yellow. ~

Young: The smallest specimen taken (station 4181) has R=7 mm., and r=2.25 mm., and
besides having relatively shorter arms than the larger examples, differs in details of ornamentation,
The paxillre lack the central granule, there being about 4 or 5 granules spaced around the margin of
pedicel. Inferomarginals have but 2 spines. The furrow series of adambulaorals is relatively more
conspicuous than in the adult, and the central spinelet is less different from the 2 lateral ones. On
first adambulacral plate there are 4 aetinal spinelets, 3 of which form a pedicellaria. On second and
third plates there are 3 spineleta each, and beyond this point, only 2. A very prominent epiproctal
elevation is present. All stages between this and the adult are represented in the collection.

Locality: Type (no. 21144, U. S. National Museum) from station 4116, northwest coast of Oahu
Island, 241-282 fathoms, coral sand and foraminifera; bottom temperature 48.8°. As/ropec/en
pusillulu» was taken in greatest abundance off the north coast of Maui, in from 220 to 253 fathoms, on
gray sand. Nearly 650 specimens have been examined. The following is a complete list of the
stations:

Record of localiiiee.
_._~

Statl"a, Locullty, Depth. Nature of bottom.

3865
N~~~~~l fsr.r~~~~h to l'ai!olo channel between Maul and 256-283 Fine voleanio sand, and rocks.

3918 South coast of Oahu Island ..................................... 294-257 White sand and mud.
4044 West coast of Hawaii Island .................................... 233-198 Fine gray sand.
4045 ..... do ........................................................... 199-147 Coral sand Iorammlteru.
4048 ....•do ........................................................... 374 Fine gray sand, rocks.
4082 North coast of Maul Island ..................................... 22()"'238 Grab~nd.
4083 ••••.do •....•...•••..•........••... · .... ·· •. · •.••.... · .........••. 238-253
4084 .....do ..................................... · ..................... 253-267 Fine saud.
4085 .....do ............... ··.· ....• ······· .• ·· .. · .... ·· ............... 267-283 Sand, shells.
4096 Northeast approach to Pallolo channel •...••...•............. " 272-286 Fine gray sand.
4116 Northwest coast 01 Oahu Island ................................ 241-282 Coral sand, foraminifera.
4181? Vicinity Kaual Island? ......................................... 811~671? Probably an error for 4081.
3472 South coast of Oahu Island ...... '" .......................... " 295 Fine white sand. (Crnlse of 1891.)

The present species is characterized by its small size, slender rays, unarmed superomarginals, and
the character of its paxillre and adambulacral armature. It appears to be very d.istinct from any
described form.
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Astropecten productus, new species.

PI. II, figs. 5, 5a-5f; pl, IV, figs. 1-3.

Rays 5. R=183 mrn.; r=19.5 mrn. R=9.3 r. Breadth of ray at base, opposite first supcro
marginal, 23 mm.; opposite fifth superomarginal, 25 mm, Width of ray 1 centimeter from tip, 10
mm. Height of ray at base, 10 mm.

Size large; rays long, rather slender and flat; disk relatively very small, the minor radius being
less than the width of ray at base. General form depressed, flat. The rays taper very gently to
a blunt extremity, and on the outer portion the sides appear almost parallel when viewed from
above. Most of the rays are constricted at the base, so that the widest portion is at the fourth or fifth
superomarginal plate. Interbrachial arcs are very acute. Abactinal surface plane; actinal surface
convex, with broadly beveled margins.

Abactinal paxillar area is uniform and moderately compact on disk, but often rather open on the
rays, since the spinelets of the small paxilhe frequently do not radiate to any extent. In specimens
where the paxillse are all expanded like flowers the general appearance is compact. Paxillre are
arranged in rather regular transverse rows at base of ray, except along the medioradial line. On
outer half of ray these regular series are confined to a narrow border adjacent to the superomarginal
plates. No regularity on disk. Each paxilla is surrounded by about 6 papules in a hexagonal series.
The latter are absent from the medioradialline of ray. The paxillse are largest on disk and at either
side of medi6radial areas. Each consists of a short cylindrical ossicle, flaring at the base, flat-topped,
sometimes elliptical in section, surmounted by a central group of 7 or 8 slender spinelets, which are
surrounded by a marginal row, more or less irregular, of from 12 to 16. On outer third of arm paxillse
are smaller, but the spinelets decrea-se only a trifle in number, the average being about 10 in marginal
series and 4 or 5 in the central group. Scattered among these are sHll smaller paxillse with 7 or 8
marginal spinelets and only 2 or 3 central ones. The spinelets are two-thirds as long as the supporting
pedicel. . .

Superomarginal plates, about 90 to 92 in number from interradial line to extremity of ray, form
a well defined, conspicuous, and uniform border to paxillar area. Except for the first 8 or 10 plates
they lie entirely on the abactinal surface. The inferomarginals with their prominent spines form the
edge of the ray as they project laterally beyond the superomarginals. In the interbrachial arcs the
superomarginals for a short distance form a rounded bevel to the margin. They decrease very
gradually in size toward the extremity of ray. The length equals about two-thirds the width.
The plates are set obliquely, as to their transverse vertical axis, so that their aboral margin slightly
overlaps the adoral of the succeeding plate. The aboral margin is curved, and is armed with a series
of 4 (varying to 3, 5, or 6) short, stumpy, sharp, squamiform spinules, evidently modifications of the
squamiform spinelets which cover remainder of exposed surface of plate. In the fasciolar grooves
between plates the papilliform spinelets are slender, becoming gradually thicker, then flatter, toward
the aboral margin. In dried specimens, after the membrane has disappeared, this graduation in size
is even more evident, but the spinelets no longer appear papilliform, owing to the absence of an
organic investment. On the first 2 superomargtnals one of the spinules is enlarged, becoming
conical and erect, but it is not conspicuous. Terminal plate fairly conspicuous, bifurcate at base, blunt,
grooved on lower surface.

Inferomarginals, which correspond in number to superomarginals, are very wide in proportion to
length (3.5 to 4.5 : 1) and form a broad even bevel to the margin of the actinal area. The upper end
of each plate extends beyond superomarginals, is strongly tumid, and the series forms the margin of
the ray. The inner or lower end of the inferomarginals slightly overlaps the outer end of the
adambulacral plates. Armature of each inferomarginal plate consists of numerous spines of various
sizes, which may be roughly divided into two series: (1) Along the aboral edge of each plate,
extending from the extreme inner to the upper or abactinal tumid end, is a row of from 10 to 14
spines and spinules. The uppermost spine surmounts a slight boss on the abactinal tumid end of the
plate and is large, flat, leaf-like, lanceolate-acute, or oblanceolate-acuminate, about 6 to 7 mm, in
length, by 1.5 to 2 mm. broad. These blade-like spines are very conspicuous, and form a regular
series along the side of the ray, resting with their flat side upward. Following these, on the very
edge of the ray, are 2 sharp, slender, slightly flattened spines, the upper usually the longer, being
about two-thirds to seven-eighths as long as the heavy lateral spine. Occasionally there are' 3 in the
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group. In a series below these, extending to the lower (inner) end of plate, are from 7 to 11 spines
and spinules similar to the 2 just described except in size. Of these the 2 or 3 following the lateral
spines are short, and then come 5 conspicuous, slender, tapering, sharp-pointed spines, increasing in
length toward the innermost, which is about 5 mm. long, and is situated at the inner end of plate.
Between any two of them there is usually a short spinule, about one-fourth to one-third their length.
Occasionally there is an odd spine, set out of line with the above series, toward the median line of the
plate. (2) The second series of spines forms a semicircular row about the adoral side of the large flat
spine, and the lower (inner) end of the series abuts against the regular aboral series, just below the 2
slender marginal spines which accompany the big one. Two spines of this series are placed in an
oblique row between the flat spine and the superomarginal plates. Immediately adoral to the large
spine are 1 or 2 short spinules, and then between these and the regular aboral series 5 to 7 slender, very
sharp, tapering spines, forming a graduated series which merges into the regular transverse series as
described above. All are closely appressed to the base of the flat spine. The ahactinal surface of each
inferomarginal is covered with papilliform spinelets similar to those investing the superomarginals,
while the aetinal surface is crowded with stouter, clavate, papilliform spinelets, each sheathed with a
thick, pulpy investment. They become slightly larger toward the lower end of the plate.

Adambulacral plates numerous, separated by wide sutures and with an angular margin to furrow.
Armature composed as follows: (1) A furrow series of 3 long, slightly tapering, round-tipped or
truncate-spines? the median of which is longest and stoutest; all aro compressed, especially the median,
which is saber-like; on the basal portion of the ray usually stand 2 of the actinal spines, one at either
end of the furrow series, these, however, shorter and placed behind the lateral furrow spines.
(2) Spines of the actina! surface of plate in 3 irregular longitudinal rows of 3 (or 2) each. The median
spine of each series is usually flattened and roundly truncate at the tip, the 2 laterals tapering and
much smaller. Behind the 3 series of actinal spines are 3 to 6 smaller spinules or spinelets, irregularly
placed, on the outer end of the plate. The actinal spines, especially the smaller, are invested with
a sheath of pulpymembrane, which greatly increases their thickness. On a dried specimen these

.same spines are slender, cylindrical or slightly compressed, and exceedingly fragile.
Actinal intermediate plates, few in number (8 to 10), are very small and confined to the incon

spicuous interradial area, which does not extend beyond first inferomarginal. The interradial area
forms a triangle the sides of which do not exceed 5 mm, The plates are covered with spinelets similar
to those of the inferomarginals,

Mouth plates are narrow and not prominent actinally. Armature consists of a marginal series
of stout, flattened, blunt spines, 4 of which are arranged in a graduated series on the inner end of the
plate, the 2 nearest median suture -being largest, and the combined series of the 2 companion plates
form a horizontal' fan-shaped series. The marginal series, reduced in size, is continued for a short
distance along the edge of the plate adjacent to first adambulacral. On aetinal surface a superficial
series of blunt or pointed, flattened spines extends from end to end of plate along the median sutural
margin. Between this and marginal series is an intermediate row of 8 or 10 spines which extend about
two-thirds the distance to outer end of plate and are graduated in length, the longest being innermost.

Madreporic body of medium size, situated nearly midway between the margin and center of disk.
Striations not conspicuous.

Color in life from immature specimens: Abactinal paxillar area deep vinaceous cinnamon (except
paxilhe crowns, which are lighter pinkish buff), shading to cinnamon at tips of arms. Marginal plates
buff; large flat marginal spines rose pink. Actinal surface whitish. Color in alcohol dull light brown.

Variations: The chief variations in this species are in minor details of spinulation of the actinal
surface of inferomarglnals and the relative length of the arms. All the arms of a single specimen
are not always exactly the same length. If the minor radius be taken as a unit, the rays of the type
are 9.5, 9.3, 9.2. Another specimen of about the same size varies as 8.25, 9.5, 9.3, 8.1, 9.5.. The average
length is always well above 9:1, while one example has an arm as long as 10:1. The armature of the
inferomarginal plates is, as a rule, more robust toward the base of the ray, particularly in respect to the
actinal series of spines. In some specimens the spines on the basal plates are subequal in length,
there being, instead of 5 large spines with small intermediate spinelets, -about 7Jjr 8. Usually, how
ever, the formula already described holds true.

Young: A single half-grown individual (R=85 mm.; r=10 mm.) differs from the fully adult in
having slightly shorter arms and more prominent spinules 011 superomarginals, there being one on
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each plate relatively more enlarged than in the adult. The lateral lamelliform spines are slightly nar
rower, and there are no enlarged spinelets between them and the superomarginal plates. In fact, the
whole of the second series of inferomarginal spines is reduced in size and number.

Localities: Type (no. 21145 U. S. National Museum) and 10 specimens from station 4102, Pailolo
Channel, between Maui and Molokai islands, 122-132 fathoms, fine gray sand and foraminifera; bot
tom temperature, 59.7°. One immature specimen from same locality, station 4101, 143-122 fathoms,
coral sand, shells, foraminifera.

• This remarkable and aberrant Astropecten is especially characterized by its large size, long, flat
rays, very small disk, and regular longitudinal series of leaf-like marginal spines. It is quite
different from any species heretofore described. Owing to the relatively small size of the disk, the
species is very fragile at the junction of the arms and disk. Several specimens have a considerable
portion of one or two of the arms regenerated.

Astropecten callistus, new species.

PI. VIII, fig. 3; pl. IX, figs. 4, 4a-4d; pl. XI, fig. 2.

Rays 5. R=55 mm.; r=12.5 mm. R=4,4 r. Breadth of ray at base (between second and third
supercmarglnal) , I 2 mm.; between fifteenth and sixteenth, 7 mm.

Disk of medium size; rays long, rigid, tapering, narrow, sharp. Interbrachial arcs rounded.
General form depressed. ActinaI surface subplane, most prominent at mouth angles; abactinal surface
subplane to very gently convex; capable of very slight inflation. The rays are characterized by
subvertical sides, and they taper most in the basal third, and only very slightly in the outer half,
giving a peculiarly attenuate appearance. The terminal plate is large, subcylindrical, and the tip of
ray is usually bent upward.

Abactinal paxillar area is compact and well defined to tip of ray, decreasing in width in proportion
to ray. Paxillse are large and close set, largest in interradial areas and at base of ray, conspicuously
decreasing in size toward the center of disk, and much more gradually toward tip of arms. Each
paxilla consists of a rather low, cylindrical pedicel, nearly flat-topped, surmounted by a central group
of spaced granules, stout, round-tipped, and varying in number from 3 to 8, or even 10. The central
3 or 4 are largest. This group is surrounded by a peripheral radiating series of 18 to 20 smaller,
slender, clavate spinelets or elongated granules, the whole very regular and elegant in appearance,
and much resembling a composite flower. In the largest specimen (R=64 mm.) there are as many as
24 spinelets in the marginal series, and 12 to 15 in the central group. On disk the pedicels are some
times elliptical in section, and usually so on the radial portions of the rays. The pedicels are expanded
into a fairly large, stellate base. These plates, which are close together and which are joined by their
lobes, are generally circular or subhexagonal in contour, the processes, about 6 in number, being short,
abrupt, and round-tipped. The latter impinge upon neighboring plates, the papulre passing through
the interspaces between them. The papuhe are single, and are disposed generally over the abactinal
surface.

Superomarginal plates, about 40 in number from the median interradial line to tip of ray, are
rectangular, about as high as broad, except in interbrachial are, where the plates are confined almost
entirely to the side of ray, to which they form a uniformly arched margin. The exposed surface of
the plate is very slightly. convex along its transverse axis, and with regard to the longitudinal axis the
plates form a very even arc. They are devoid of spines, and are covered with rounded, subconical
granules, largest at upper end of plate, becoming papilliform in grooves between the exposed surfaces
and at lower end. In the largest specimen 1 or 2 of these granules are enlarged on the marginal angle
of ray, but they are quite inconspicuous.

The exposed surface of each inferomarginal, like that of superomarginals, is separated from its
neighbors by a fasciolar groove, and there is also a conspicuous groove between the upper and lower
series, seen when the ray is viewed from the side. On outer third of ray the 2 series of marginal
plates do not always exactly correspond, but there is considerable variation in this respect. Infero
marginals encroach scarcely more on the actinal surface than do superornarginals on the abactinal,
except in interbrachial arc. They form an arched bevel to the margin of aetinal area, and in some
specimens extend just a trifle laterally beyond superomarginals. Each plate bears a row of 3, often 4,
short, flattened, tapering, pointed spines, disposed along the median transverse line of the plate.
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These spines are usually subequal, or the median slightly the longest, but occasionally near base of
ray the uppermost spine is hardly half as long as the second. There are often 4, and rarely 5, spines
on the first few plates, and the innermost spine is near the inner end of the plate, the others being
subequally spaced. On outer portion of ray there is considerable irregularity in the spines, the 2
upper often being' nlaced in a longitudinal or oblique series near together, separated from the inner or
third spine. Inferomarginal plates are further covered with small, papilliform spinelets, those on the
upper end of the plate similar to granules of adjacent portion of superomarginal, They increase in
length toward the inner end of the plate, where they are much larger.

Adambulaeral plates with convex margin to furrow. 'I'he armature consists of 5 long, flattened,
slender, round-tipped spines disposed in 'a fan-shaped series. The median spine is longest, somewhat
saber-shaped, but round-pointed, and the lateral spines, which form a.graduated series at either side,
present their flat sides to furrow. The lateralmost furrow spines are really the lateral members of
the first actinal series of 3, the central spine of which resembles the laterals. On the outer end of
plate is a longitudinal series of 3 or 4 usually considerably shorter spines. When there are but 3 the
spines average slightly larger. The armature as a whole has an expanded character resembling
Astropecten in general.

Mouth plates are small but prominent actinally, with a numerous armature regularly arranged.
Marginal series consist of 6 flattened spinelets, of which 2 are placed at the inner angle as teeth, and
4 form a graduated series along the edge of the plate toward furrow. Marginal series is continued
along the edge of plate adjacent to first adambulacral as a row of numerous, shorter, and much slen
derer spinelets. The actinal surface bears a superficial series of about 15 slender, tapering spinelets
placed along snture margin and increasing in size toward the teeth. A parallel series of 8 or 9 similar
spinelets extends along surface of plate between marginal and superficial series, but this is lacking on
the inner third of plate.

Actinal interradial areas are rather small; paved with fairly large, irregular, overlapping plates
arranged in more or less regular series extending from inferomarginals to adambulacrais, These
intermediate plates extend in a single (longitudinal) series nearly half the length of ray or to fifteenth
inferornarginal, but the outer plates are very rudimentary. In the interradial areas the plates may be
described as rudely shield-shaped, or oval, with a notched border. There is a prominent keel 011 the
aetinal surface of each, extending lengthwise of plate (interradially), and this keel forms a beak at
the inner end of .each plate, overlapping the outer edge of the adjacent plate. The plates consequently
im bricate, and this is more pronounced in the large than in the small specimens. Armature consists
of a series of radiating, slender spinelets of different lengths, placed in a peripheral irregular series
about the keel. These spinelets are about the size of those covering the inner portion of inferomar
ginals. There is also a central enlarged, tapering spinule or group of 3 to 6 spinules, all forming a
very ornamental paxilla crown on the keel. Thoseplates adjacent to the adambulaerals have rather
larger spinelets than the others, and on ray their armature is arranged in a radiating coordinate group.
Usually the marginal spinelets on the outer side of the keel of all the plates are conspicuously the
Iongest, These peripheral spinelets project over rather wide fasciolar furrows, between the carinations
of the plates. .

Superainbulacral plates are present, well developed on basal half of series but rudimentary beyond
the middle of ray. Tube feet are conical, without sucking disks. Anal pore present, minute.

Color in life nearly white, except the tips of the rays and a small area in the interbrachial arc
on abactinal surface, which are carmine to bright vermilion or orange vermilion. The interbrachial
area is triangular or crescent-shaped and the central portions of the paxillre are uncolored. III alcohol
all the red disappears.

Variations: The variations are all of a minor character and are mostly due to age. Aside from
this, however, some difference is apparent among the specimens in the relative width of the inter
brachial arc and consequent tenuity of arms, but this seems due to the degree of inflation of the
paxillar area. There is one specimen with 6 rays.

Young: The smallest specimen (R = 5 mm., r = 3 mrn.), from the stomach of an adult, is quite
different in general shape, the disk being large and the rays short and broad. Aetinal intermediate
areas are already prominent and the spinelets of actinal and granules of abaetinal paxillse fewer in
number. Mouth plates have but 2 series of spinelets, marginal and saperflcial: no inferomarginal
spines. Adambulacral armature much as in adult. Most of the stages intermediate between this and
the adult are represented.
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Localities: Type (no. 21146, U. S. National Museum) from station 4079, north coast of Maui,
143-178 fathoms, gray sand and foraminifera; bottom temperature 60.8°. Taken also at the following
stations:

Record of localiiies.

Nature of bottom.

Fine coral sand.
Fine brown sand and mud.
Fine white sand.
Fine gray sand.
Coral sand, foraminifera.
Gray sand, foraminifera.

Do.
Coral sand.

. Locality.Station.
_________. I_D_ep_t_h_·.

I
_

Fathoms.
3810...... South coast of Oahu Island..................................... 211-53
3835...... South coast of Molokai Island................ 169-182
3957 Vicinity of Laysan Island , 22G-173
4044...... West coast of Hawaii Island.................................... 238-198
4045 do............................................... 198-147
4079 North coast of Maul Island 148-178
4080 do........................................................... 178-202
4114 Northwest coast of Oahu Island.. 154-195

This species is distributed, therefore, from Laysan to Hawaii, and its vertical range varies from
169 to 233 fathoms (31 specimens).

Young ophiurans, and a young of the same species were found in the stomach of this starfish.
This species is very abnormal Astropecten, if indeed it belongs in that genus at all. The actinal

interradial areas are well developed and are paved with strongly imbricating plates, while the infero
marginals are relatively narrow for the genus. The general habit recalls Tethyastcr subinermwof the
Mediterranean region, although the disk is smaller. The superambulacral plates are less well
developed than in typical Astropecien, and the plates forming the bases of the paxillse are lobed.
An anal aperture is present. This, however, has been found in Asiropecteti americanus by Verrill.
Astropecten mesactus Sladen has fairly large interradial areas, but differs considerably from this species
in proportions and details of structure.

Prof. Verrill has examined a specimen and believes it to be an Astropecten.

Genus CTENOl'HORASTER, new.

Type Ctenoplwraster hawaiiensis, new species.

S;ze large.. Disk relatively very small. Rays long, narrow at base, and tapering to a blunt
extremity, General form depressed, flattened.

Marginal plates of both series with well-developed ridges separated by deep, narrow, fasciolar
channels. Superomarginal plates devoid of spines or any enlarged spinules or tubercles. They are
much wider than high (except for a short distance in interradial arc) and are flattened, being confined
almost entirely to the abactinal surface. Inferomarginals are very wide, extending laterally beyond
superomarginals, armed with 3 oblique lateral series of numerous close-set, slender spines, which are
continued toward the inner end of plate as a double series.

Abactinal area with large paxillre, the pedicels of which are stout, cylindrical, and close-set, their
bases flaring slightly to form roundish plates. Integument tough.

Actinal interradial areas fairly large, considering the reduced size of the disk, paved with round
plates, which extend as a single series between inferomarginals and adambulacrals nearly to tip of ray
(fifteen-sixteenths of total length). They are armed with a diverging group of numerous stout, blunt,
tapering spinelets, andon disk each plate bears an enlarged, slender, central spinule surrounded by
2 to 5 shorter ones, the periphery of the tumid plate being adorned with a single series of numerous
papilliform splnelets,

Armature of adambulacral plates consists of a furrow series of 4 or 5 spines, followed by 3 series of
3 or 4 spines each, on actinal surface. All are stout but slender, the furrow series being slightly
flattened.

Well-developed and stout superambulacral plates are present. Ambulacral furrow narrow, deep,
with almost perpendicular sides, the margin being slightly overhung by the adambulacrals,

Madreporic body small, situated rather nearer margin than midway between it and center
of disk.

This genus is next to Astropecten, from which it differs in having a single series of small inter
mediate plates interposed between the adambulacrals and the inferomarginal plates. Its long rays,
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generally flattened form, very small disk, and the low, broad superornarginals confined almost entirely
to the abactinal surface give the form a different facies from Astropeeten. The broad, band-like
inferomarginals and the adambulacrals are much like Astropeeten, although the armature of the
former is very different from any species with which I am acquainted.

Otenophoraster hawaiiensis, new species.

PI. III, flg-s. 1, la-Ie; pI. v, figs. 1, 2; pI. VI, figs. 1, 2.

Rays 5. R=150 mm.; 1'=22 mm.; R=6.8 r. Breadth of ray at base (between third and
fourth superomarginals) 27 mm; dorso-ventral dimension of ray at base 10 mm.

Rays long and moderately slender, very gently tapering from a narrow base to a blunt extremity.
Disk small. General form decidedly flattened, the sides of arms being low and rounded. Abactinal
surface plane; aetinal surface gently convex, with a very broad even bevel to the sides. Interbrachial
arcs acutely rounded.

Abactinal paxillar area is compact, the large paxilloo being arranged in regular transverse rows
along the marginal portion of the area, these series becoming interradial in the interbrachial arc.
Along median radial line of ray the paxillre are smaller, crowded, and not arranged regularly, so that
a very distinct narrow area is seen running from tip of ray nearly to disk. Paxillre are more compact
in the center of disk than at sides. The largest paxillte are found in the interradial areas near, but
not precisely at, the center of disk, while the largest on the rays are about midway between the
median radial line and margin. Each paxilla consists of a stout conical pedicel, flaring at base and
summit, surmounted by a variable number of much shorter papilliform spinelets, either united into a
compact group, or with marginal series radiating. The larger paxillse have 20 to 28 spinelets in a
central group, surrounded by the same number in a marginal series. A typical large paxilla of the
arm possesses about 15 or 16 spinelets in a peripheral series, and 12 to 14 in central group; one from
the median radial line, 8 to 10 in peripheral series, and 3 to 5 in the central group. Papulee numerous,
large except along median radial line, where they are small.

Superomarginal plates, 60 in number from the interradial line to extremity of ray, are much wider
than high, except in interbrachial are, and encroach conspicuously upon paxillar area, forming a
rather flat border. Inferomarginals extend beyond superomarginals, and define margin of ray. The
latter are wider than long, especially the first 3 plates, which are only about half as long as the others
and form a perpendicular or slanting wall to the interbrachial arc. Surface of plate is covered with
papilliform granules becoming spinelets in the well-developed fasciolar grooves; no enlarged spines or
tubercles are present.

Inferomarginals correspond in number to superomarginals; short (2 mm.) and very wide (10 mm.);
appearing as bands, stretching from actinal intermediate series to margin of ray, and forming a broad,
slightly rounded bevel to border of aetinal area. Upper or outer end of each plate extends laterally
beyond the superomarginals, and is tumid for the reception of spines. Armature consists of many
slender spines and spinules, with still smaller spinelets, grouped into 3 (rarely 4) obliquely transverse
curved rows on the outer end of the plate. These series encroach slightly upon the actinal surface of
plate, where they merge into 2 irregular transverse rows along the aboral margin, which are continued
to the innermost end of the plate. (See diagram pl. III, fig. Ie.) Of the three outer or lateral series,
the first, that situated nearest median line of plate is largest, consisting of 7 or 8 slender, slightly
curved, tapering, pointed spines, which are closely pressed to the side of ray and overlie the other 2
series (pl. III, fig. Ia), The upper 3 or 4 spines are on the abactinal surface. The second series is
arranged parallel to the first, and consists of 5 to 7 similar but slightly smaller spines, while the third,
series has only 4 spines, still smaller, and arranged along aboral margin. The 2 longer series of aetinal
spines are somewhat irregular. That nearest the median line of plate consists of 5 to 7 slender flat
tened, blunt spines, about the size of those of first series of marginal spines, with which this may be
considered continuous. These spines are turned upward or outward, are closely appressed to ray, and
usually lie crowded in the furrows between adjacent plates. About the base of each, on the adoral
side, is a cluster of spinules, 1 to 4 to each spine. These increase in size toward tjIe inner end of the
plate, being about one-third to one-half as long as their adjacent spines. There is usually an odd spine
at the inner end of plate, in the median line just adoral to the lowermost spine of the regular series.
Both are usually sharp. The second actinal series consists of a number (about 7 or 8) of spinules
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irregular as to length and position, scattered along the aboral margin below the inner marginal series.
They ate wholly covered by the much larger spines of the first series. General surface of plate is
covered with papilliform spinelets, crowded, becoming slenderer in the deep fasciolar grooves.

Adambulacral plates, wider than long, have a convex margin to furrow. Armature as follows:
(1) A furrow series of 3, with which are associated the lateral spines-of the first actinal series, making
usually 4 or 5 spines on the margin. The median spine is stoutest, most flattened, the 2 laterals
decreasing in length and forming a palmate series. The furrow spines proper are truncate or round
tipped, tapering and compressed, the edge being toward furrow. The median spine reaches quite
across the furrow. (2) Actinal surface bears 3 or 4 longitudinal series of tapering spines, decreasing
in length toward the outer end of plate. The first, or inner, 2 series have about 3 spines each, while
the outer 2 commonly have 4, although there is much irregularity. The spines of the inner 2 series
are longest, and are slightly flattened, the broad side to furrow.

Opposite each adambulacral plate is a roundish intermediate plate, with a central raised tabulum,
the series of which extends to the 55th inferomarginal or to within 12 mm, of the tip of ray (pl.
III, fig. 1.) Actinal interradial areas fairly large, considering the small size of disk, and paved with
round plates like those of the rays. There are about 16 of these plates, omitting the series adjacent to
the adambulacrals, and they do not extend beyond the second inferomarginal. Intermediate plates of
ray are armed with a radiating group of 15 to 18 blunt spinelets, resembling the papilliform spinelets
of inferomarginals but larger. Rarely a central spinelet is enlarged. In interradial areas each plate
bears a conspicuous, bluntly pointed, tapering spinule, about which are grouped 2 to 5 shorter spinelets,
Surrounding these is a peripheral series of numerous, still shorter, papilliform, slender spinelets,
radiating to form a rosette, the whole armature surmounting the central tabulum of the plate and
forming a very ornamental paxilla-erown. On those intermediate plates adjacent to adambnlacrals
the armature is the same as on ray, except for the presence of 1 or 2 larger central spinelets,

Mouth plates are rather prominent, bent inward toward actinostome. At the inner angle there
are 4 heavy, slightly flattened, blunt spines, placed in a Perpendicular comb, the largest nearest
mouth, and the series of companion plates are close together, forming a double phalanx at each mouth
angle. This series is continued toward outer angle of plate as a row of stout, slightly flattened, blunt
spinules, along the margin of suture. They are all much smaller than the inner teeth, and become
slenderer and. weaker as they approach the outer end of plate. Marginal spinelets small, flattened,
rounded or truncate at tips, extending in a perpendicular series along border, subparallel to the 4
."teeth," and appressed to an intermediate row of spinelets. Between marginal and superficial series
are 3 parallel intermediate series, the one nearest teeth slightly larger than marginal spinelets. These
3 intermediate series are continued toward the outer end of plate as slender and longer spinules form
ing a bristling armature to actinal surface, A deep fasciolar groove intervenes between the mouth
plates and adjacent adambulacral, and that surface of the former which forms the side wall of groove
is covered with minute papilliform spinelets. Superambulacral plates well developed.

Madreporic body small, situated slightly nearer margin than midway between it and the center
of disk. Ridges are rather coarse, having alternate swellings and constrictions, and cross the plate
interradially in direction.

Color in life unknown; in alcohol dull brown.
Locality: Station 3935, vicinity of Laysan Island, 57 fathoms, white sand, broken shells, coralline;

bottom temperature 71.1°. Type no. 21147, U. S. National Museum.
This species may be distinguished by its long rays and generally flattened form, by the unarmed

superomarginal plates confined almost entirely to the abactinal surface; by the broad, band-like infero,
marginals with their numerous small spines; and especially by the series of intermediate plates between
the adarnbulacrals and inferomarginals. The species has the general facies of a flat, long-rayed
Astropecten, with acutely angular yet rounded margin to rays. It is sufficiently unlike Astropecten, in
the presence of a series of actinal intermediate plates on the ray and in the character of inferomarginal
armature, to warrant its segregation from that much overburdened genus.
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Genus TRITONASTER, new,

Type Tritonaster craspedotus, new species.
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General form flat and depressed; disk of medium size; rays 5, moderately long, tapering gradually
from a rather broad base to a pointed tip.

Superomarginal plates much smaller than inferomarginals, especially on the outer part of ray;
confined chiefly to abactinal surface; first 10 bearing weak spinules on the abactinal (=inner) edge.
Inferomarginals very tumid, each bearing a transverse comb of 4 to 7 long, slightly curved seta-like
spines, and, except in interbraehial arcs, defining ambitus. Fasciolar groove at bottom of each broad
sulcus between 2 inferomarginal plates, or rather between the summits of their tumid portion, shallow,
not specialized, packed with minute spinelets. Covering of marginal plates delicate papilliform spine
lets, giving a velvety texture.

Abactinal integument thin, capable of being inflated; covered with small paxillre which are
arranged in regular rows at sides of arms and disk. Those of the median radial portion of arms and
center of disk without regular arrangement, and smaller and not uniform as to size. Bases of paxill:e,
or abactinal plates, are of different sizes, roundish, and spaced. Papular pores conspicuous, arranged
irregularly about the plates, and in 2 series between the lateral abactinal rows of paxillre, to which
region they are confined on the outer half of ray. Actinal interradial areas small, paved with small,
roundish plates, a single series of which extends far along ray, but beyond the fourth inferomarginal
these plates are only rudiments attached to edges of marginals. Aetinal intermediate "plates are
covered with a compact group of delicate spinelets.

Adambnlacral plates are massive, with convex or angular margin to furrow. Armature consists
of (1) a furrow series of a few stout spinelets flattened and blunt, and (2) on the aetinal surface many
slender spinelets arranged in 5 or more irregular, longitudinal rows. Usually about 6 of these spine
lets are grouped into a pedicellarian apparatus near the inner, aboral corner of the plate. Ambulacral
furrow wide, the tube-feet without suckers.

Superambulacral plates present, slender, but well developed.
Mouth plates prominent, with about 3 series of aetinal and 1 of marginal spines. Actinostome

fairly large.
Madreporic body moderately large, situated about its own diameter from the margin. Striations'

numerous, irregular, radiating from an eccentric point.
This genus is characterized particularly by the structure and armature of the marginal plates. It

is probably nearly related to Astropecten but differs from that genus in the peculiar, very tumid, infero
marginal plates and the reduced superomarginals, which, on the outer part of the ray, are almost
abortive. The fascicles are much reduced in size and are quite unlike those of Astropecten. Indeed,
the structure of the inferomarginals reminds one more of Pcrsephonaster, to which the abactinal
integument also is similar. Young of IHtonaster resembles Astropecten superficially, as might be
expected, but the peculiar characters are greatly intensified in the adult. The presence of a series of
rudimentary aetinal intermediate plates, between the adambulacrals and inferomarginals (really
attached to the actinal edge of the latter), is, I believe, also a character of generic importance.

Tritonaster craspedotus, new species.

PI. VIII, fig. 4; pI. IX, figs. I, 1n-k; pl. XI, fig. 1.

Rays 5. R=61 mm; 1'=12 mm, R=5 r, Breadth of ray at base, between first and second
superomarglnals, 13.5 mm.

Rays moderately long, flexible, fragile, tapering- continually and gradually from base to a sharp
point. Interbrachial arcs acute but rounded. Disk rather small. General form depressed and flat,
the marginal plates forming a beveled edge to ray, except in interbrachial arcs, where the sides are
perpendicular. Abactinal area subplane, thin, capable of being inflated or depressed. In some
specimens it is often so depressed that the inner ends of the ambulacral ridges form 5 humps on disk.
Actinal area is plane. Ambulacral furrow takes up about a third the width of ray. Tube feet in 2
rows, conical, without sucking disks.

Abactinal paxillar area is not very uniform in character except at sides of area, where the paxillre
are arranged in regular transverse rows and are uniform as to size; nor is the area at all compact.
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Along median radial area of ray and central portion of disk, paxillse are not regularly arranged nor
uniform in size. Paxillre are small, smallest in central portion of disk, and are widely spaced, giving
considerable flexibility to the dorsal integument. The paxillse of the regular series are rather close
together but the rows themselves are separated by nearly twice the diameter of a paxilla. The
paxillm consist 'of a short pedicel or tabulum surmounted by from 4 to 20 very delicate, subequal
epinelets, either coordinated into a compact group, or with outer spinelets diverging. Scattered in
among the larger paxillre are many small, intermediate ones, with from 4 to 10, usually coordinated,
spinelets, The diversity in size of paxillee give to this species a very characteristic appearance.
Papular pores are fairly large and numerous, and surround the paxillse in a series of 4 or 5; arranged
in regular double rows between the lateral regular series of paxillse; not numerous toward tip of rays.

Superomarginal plates, about 28 in number from interradial line to tip of ray, are very much
smaller than inferomarginals, except the first 4 or 5 in interbrachial arc, which are only slightly
smaller. They decrease rapidly in size toward tip of ray, much more rapidly than inferomarginals,
the latter with their armature of long delicate spines forming the border of ray. In interbrachial arc
the height (or width) of superomarginals equals length, and by the ninth plate the width has so
decreased that it equals only one-half the length. The plates further decrease to mere bands, or oasicles
placed end to end, forming an inconspicuous border to the paxillar area (pl. IX, figs. 1 h-j). All are
somewhat tumid. Margin of plate toward paxillar area is slightly convex, and owing to tumidity is
raised slightly above the level of the area. Plates are covered with tiny, uniform, very delicate, close
set, papilliform spinelets, giving a velvety texture to the surface. Each spinelet is slightly clavate,
blunt. Membranous investment is invisible. The first 10 superomarginals each bear a delicate,
tapering, sharp spinule on the inner margin, placed rather nearer the aboral than adoral end; those of
first 2 plates short, becoming longer on following 4 or 5, then short again. All are very fragile and
none are as long as their respective plates,

Inferomarginals correspond to superomarginals in number, and encroach upon actinal surface
more than do the superomarginals upon abactinal. Actinal margin of plate is convex, abutting against
adambulacrals throughout the greater part of the ray, as the aetinal intermediate plates are quite
inconspicuous. Plates are set obliquely to long axis of ray; very tumid, the lateral portion being
raised into a conspicuous boss, so that when viewed from either above or below the margin of ray appears
to be deeply scalloped, the summit of the bosses being fairly acute, the sulcuses between angular. Each
boss is surmounted by a comb of remarkably long, slender, delicate, tapering, slightly curved, sharp
spines, appressed closely to side of ray, those of outer half of ray extending obliquely over, and resting
on, the abactinal area. On first and second inferomarginals the tumidity is not so pronounced as on
the rest, and the spines are shorter. On first plate there is a dorsa-ventral series of 4, rather widely
spaced, the uppermost but one being longest, which when bent upward reaches the middle of supero
marginal. Occasionally only 3 short spines are present. On second plate is an oblique series of 3 or 4
spines, exceeding the plate in length, with usually 1 or 2 odd spines set close to and on aboral side of
the 2 upper members, and an odd spine on ventral margin. On third plate is an oblique series of 4
(3 to 7) spines, situated nearer upper margin of plate, the lowermost 3 spines being longest (3-5 mm.),
From fourth to eighteenth or nineteenth plates the usual number of spines is 6 to each comb (5 in
small specimens), varying on some plates to 5 and rarely to 7. Owing to the rapid reduction in the
size of the superomarginals, the series of spines moves more and more abactinad, so that on the outer
two-thirds of ray the bases of most of the spines can be seen when the specimen is observed directly
from above. The longest spine is usually second from bottom of series, and the uppermost is shortest.
The spines reach their maximum length about two-thirds the distance from base of ray, where they
attain 7 mm. in length (about one-ninth of R), and are fairly long to within '5 or 6 plates of the
extremity. General surface of plates is covered with minute papilliform spinelets, similar to those of
the superomarginals, but a trifle longer on lower portion of plates.

Adambulacral plates are massive, set obliquely, with an angular margin to furrow; slightly wider
than long in basal half of ray; longer than wide in distal half. Armature rather crowded and some
what variable; in general as follows: (1) A furrow series proper of 3 long, diverging spinelets, the
median longest and much flattened, saber-like, the edge to furrow. The lateral spinelets are alsc
somewhat compressed at base. With these are usually associated 2 actinal spinelets, 1 at either end
of the series, which are really the lateral members of the first actinal series but on account of the
extreme angularity of the furrow margin appear to belong to the furrow group, and toward the extrem
ityof ray the distalmost spinelet of the second actinal series also stands on the furrow margin, making
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6 in all. (2) Actinal spinelets of plate, 15 to 30 in number, decrease in length from the furrow toward
the marginal plates. . There are 3 fairly regular longitudinal series in the inner half of plate. At base
of ray the first series has 3 or 4 spinelets, the second 3 to 5, and the third about 4 or 5. On outer por
tion of ray the spinelets are rather more numerous. Besides these, on the outer half of plate is a
variable number of smaller spinelets,' not regularly arranged. Many plates have 5 or 6 spinelets, usu
ally on the aboral side, arranged in a definite, conical, pedicellarian apparatus.

Actinal interradial areas are small, paved with small, roundish plates, the series of which, in a
rudimentary condition, extend about two-thirds the length of ray (to twelfth or fifteenth inferomar
ginal). In interradial areas the plates are arranged in series extending from inferomarginals to adam
bulacrals, and the number of series, with the number of plates in each, is as follows: First inferomar
ginal, 3 series, 5, 4, and 3 plates, respectively; second inferomarginal, 2 series of 2 plates; third
inferomarginal, 2 plates adjoining ~ixth and seventh adambulacrals. Beyond this point intermediate
plates become rudimentary, 1 or 2 being fastened to the lower border of each inferomarginai. Arma
ture consists of long, delicate, slender spinelets disposed in a group similar in all respects to those of
adjacent portions of adambulaorals. Spinelets on those plates nearest interbrachial arc are shorter,
resembling more nearly the spinelets of adjoining inferomarginals.

Mouth plates are elongate, the united pair ovoid, prominent, broadest toward actinostorne,
Armature conspicuous and irregular, as follows: (1) A marginal series of about 6 short, blunt, usually
somewhat flattened spinelets, which, with those of the companion plate, form a compact, crowded,
fan-shaped group at each mouth angle, the angular space between the meeting series being filled with
similar spinelets. (2) On actinal surface a superficial· series bordering the suture, stout, short, flat
tened, with rounded, truncate or flaring, leaf-like tips, and narrowing at base; this sort confined to
the inner half or two-thirds of plate, the outer portion of series being composed of slenderer, flattened,
sharp spinelets. Innermost 2 or 3 spinelets of superficial series are often enlarged to form teeth (a,
fig. 1 e, pl. IX), which are flattened, oblanceolate, blunt, or truncate. The edge of the plate toward
actinostome is angular, like the adambulacral plates, so that the marginal series of 6 or 7 spinelets
(b, fig. 1 e, pl. IX) is also angulated, and is continued along the border adjacent to the first adambu
lacral as a series of weaker and smaller spinelets, Between this and the superficial series are 2 more
or less irregular rows of similar but larger spinelets placed parallel to the former and increasing in
length toward the inner end of plate.

Madreporic body is fairly large, situated about its own diameter distant from margin; striations of
medium coarseness, radiating from an eccentric point.

Color in alcohol bleached yellowish to whitish; in life, unknown.
Localities: Type (no. 21148, U. S. National Museum) from station 3918, 8 miles southwest of

Honolulu, 294-257 fathoms, white sand and mud; bottom temperature 44.5°. Taken also in this
vicinity at station 3914, 289-292 fathoms, gray sand, mud; and at station 3919, 257-220 fathoms, gray
sand; 16 specimens taken in this cruise. Cruise of 1891: Station 3473, south coast of Oahu Island, 313
fathoms, fine gray sand; 1 specimen.

This peculiar species was taken only in a very limited area off the south coast of Oahu Island. It
is readily distinguishable by its delicate paxillar area, small superomarginal plates, and especially by
the remarkably tumid inferomarginals with their armature of long, exceedingly delicate, slightly
curved spines.

The stomach contents of several specimens included small gastropods, pteropods, ophiurans, young
sea-urchins, ostracod and macruran crustaceans, and small worms in tubes.

Genus PBILABTER Bladen.

PsilasterBladen in Narr, Challenger Exp., vol. v, 1885, p. 611. Type, Astropeeten andromeda MUller and Troschel.

Psilaster attenuatus, new species.

PI. Ill. fig. 3, 3a-d; pl. VII, fig. 4; pl. VIlI, fig. 1.

Rays 5. R=107 mrn.; 1'=17.5 mm. R=6 r. Breadth of ray at base (between jsecond and third
superomarginal plates) 18.5 mm,

Rays elongate for genus, rather narrow, with a relatively narrow base, thence gently tapering to
a slender sharp extremity. Interbrachial arcs acute, but sharply rounded. Disk relatively small.
Abactinal area plane; actinal area plane; disk capable of slight inflation.
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Abactinal paxillar area is rather uniform in character, but not very compact, except in center of
disk, the paxilhe being spaced so that the papular may be detected between them. The latter are
crowded into rows between the regular transverse ILles of paxilhe. Along a very narrow median line
on each ray, where paxillee are not regularly placed, the papules are wanting, and they appear to be
absent also from center of disk. Paxillre are rather small and decrease slightly in size toward median
radial line, extremity of ray, and center of disk. Each paxilla consists of 2, 3, or 4 central papilliform
spinelets surrounded by a peripheral series of 7 to 10 similar spinelets. The latter may radiate like
the petals of a flower, or the whole form a coordinate group. The more numerous paxillre possess
about 2 central spinelets and 7 to 9 marginal ones, while the largest may have upward to a dozen mar
ginal spinelets. In specimens from off the south coast of Oahu, which differ slightly from the type,
the paxillze are usually more crowded and the spinelets form a coordinate group, giving the abactinal
surface a much more compact appearance. In proportion to size of animal the paxillee of these speci
mens are a trifle larger than the type, but the number of spinelets does not appear to average greater.

Superomarginal plates, 57 in number from the interradial line to extremity of ray (or 60 in largest
specimens, with R=120 mm.), form a somewhat rounded bevel to margin of ray. Plates short and
high (or wide), the longest being the tenth to fifteenth from the interradial line. Each plate has a
specialized ridge, the ridges of consecutive plates being separated by rather narrow transverse fasciolar
grooves, for the most part obscured by crowded papilliform spinelets. It is the exposed, very slightly
tumid face of these ridges which forms the outer or exposed face of the plates on the dorsa-lateral
face of the ray. The plates are covered with crowded, short, papilliform spinelets, each of which is
invested with a membranous sheath. On the outer two-thirds of the ray (beyond the eleventh or
twelfth superomarginal) each plate has 1, 2, or sometimes 3, short, delicate spinules placed in a median
transverse row at about the middle of the plate. The spinelets surrounding these are flattened or
squamiform. The spinelets lining the sides of the fasciolar grooves are very much slenderer than
those of the exposed surface of the plates, the latter being much more crowded about the edges than
in the center.

Inferomarginal plates correspond exactly to the superomarginals, and form an abruptly rounded
margin to actinal area. When the ray is viewed from side the whole height of supero and infero-mar
ginal plates can be seen. Inferomarginals are considerably higher (or wider) than long, and like the
superomarginals possess an especially elevated ridge, the successive ridges (the exposed surface of the
plates) being separated by fasciolar grooves filled with papilliform spinelets. Plates are covered with
crowded spinelets, similar to those investing the superomarginals, which increase slightly in size
toward the actinal intermediate plates. Each plate carries a row of 3 flattened, tapering, sharp spines,
directed obliquely upward and toward end of ray. These are placed in a median dorsa-ventral line;
the middle spine being longest (in length equaling 2 inferomarginal plates, or their exposed surfaces).
All 3 are closely appressed to the ray. On outer third of ray there are only 2, the upper spine
being absent. On the proximal 2 or 3 inferomarginals there are usually only 1 or 2 spines, reduced in
size. A few of the largest specimens possess a series of 4 spines on the more proximal inferomarginals,
but the number is usually 3. In the specimens from the south coast of Oahu, already alluded to, the
spinelets covering both supero and infero-rnarginals are more thickly covered with membrane, appear
more fleshy, and tend to be more squamiform. Those of the inferomarginal plates are particularly
soft. They increase in size actinally, on the lower part of the plate being rather larger than the
papilke of adjacent actinal intermediate plates.

Adambulacral plates massive, about as wide as long, with an angular margin to furrow. The
plates are separated by fairly conspicuous sutures, forming shallow grooves usually continuous with
the fasciolar grooves between the marginal plates. Adambulacral armature as follows: (1) A furrow
series of 7 or 8, occasionally 9, rather long, flattened, blunt spinelets, the central ones being very
slightly the shortest. These spinelets are so arranged that about 4 are placed along either side of the
angular margin. .The median 2 or 3 sptnelets are compressed so that the edge is toward the furrow,
but the lateral ones present their flattened face thereto. Considerable of the flattening, which is
more pronounced at the base of the spinelets, is due to the membranous envelope of each. (2) The
remaining spinelets, more or less grouped and 10 to 15 in number, form a rather compact group on the
actinal surface. They are tapering, blunt, and are usually disposed in 3 irregularIongitudinal rows.
These aetinal spinelets are often thicker than the marginal series, and are invested with a rather pulpy
membranous sheath, which frequently flattens in the outer spinelets of plate (especially in specimens
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from off the south coast of Oahu). When the membranous investment is removed from any of the
spines they are seen to be delicate, slender, and pointed.

External to each adambulacral plate is a small intermediate plate (or a transverse series of 2, 3, or
more), the longitudinal series of which extends along the ray to about the fortieth adambulacral, and
thirty-sixth inferomarginal plate. This series is a continuation of the small roundish or elliptical plates
covering the actinaI interradial area. The number of intermediate plates opposite each adambulacral
and extending interradially, or transversely to the corresponding inferomarginal, is as follows: One
small unpaired interradial intermediate plate adjacent to outer end of mouth plates; first adambulacral,
4 (the series not reaching as far as inferomarginals); second and third adambulaeral, 7 (series meeting
first inferomarginal; fourth and fifth, 4 or 5; sixth" 4; seventh to fourteenth, 3; fifteenth to twenty
fourth, 2; twenty-fifth to fortieth, 1. In young specimens these plates are naturally fewer in number.
New plates are added adjacent to the inferomarginals. The armature consists of small, blunt papilli
form spinelets, grouped or arranged in a double, longitudinal series. They are similar but slightly
smaller than adjacent spinelets of the adambulacral plates. All are characterized by a soft membranous
investment or sheath.

Mouth or dental plates fairly prominent actinally; narrowly ovoid; rather elongate with a regular
armature, consisting of a single line of stout, slightly flattened spinelets with rounded or trun
cate tips, arranged along margin of plate adjacent to the interradial suture. On outer free margin
of plate, placed higher than the first series, is a second series of smaller, truncate, flattened spinelets,
closely appressed to the outer side of the superficial series. Innermost spines of the superficial series
stouter, longer, and more flattened than the rest, forming at each mouth angle two prominent. teeth,
with which are also associated two smaller spines of the second series. There is considerable variation
in the relative size of these 4 teeth, but the lateral are much smaller and weaker than the median
pair. They are usually directed away from the actinostome, appressed against the adjacent spines of
their respective series, and are hence very inconspicuous. Space between the superficial series of
companion plates fairly wide.

Madreporic body small, situated near margin, about two-thirds the distance from center of disk to
inner edge of the superomarginal plates. Striations coarse in adult individuals, beset with scattered
tubercular projections; the latter often nearly absent.

Color in life: Abactinal paxillar areas brick red on the disk, shading into vinaceous rufous on
arms, and finally to orange rufous at extremity of arms; superomarginal plates pinkish buff, shading'
into pink on the actinal surface; tube-feet raw sienna. Young individuals pinkish; marginal plates
nearly white. Color in alcohol deep brown to dirty yellowish white; young, bleached yellowish.

Variations: With one exception, most of the variations are of a very minor nature, and can easily
be accounted for by the difference of size or age. There is, however, a group of specimens from off
Diamond Head on the south coast of Oahu Island which have already been alluded to in the foregoing
description; all these specimens are characterized by shorter and thicker rays (as compared with the
disk) than those possessed by the type, and the paxilloo seem to be just a trifle larger and are more
crowded, giving the paxillar area a more compact appearance; the spinelets of the marginal plates are
fleshier and more squamiform, This form can be separated at once from the typical specimens
throughout all the stages of growth, as shown in the accompanying figures. (PI. XLIX, figs. 2 and 3.)
None of the thick-rayed form were taken among the 150 specimens from off West Maui and the
Pailolo Channel, but two apparently (almost) typical specimens were taken off Diamond Head, in the
same general locality as the thick-rayed variety. The latter appears too slightly and insecurely sepa
rated (rom the typical form to warrant a specific name. Neither is it possible to bestow a trinomial
designation upon" this well-marked' variety' " as some recent writers might be willing to do. Until
something more definite is .known concerning the different phases or variations (often quite constant
and occurring in the same locality) which starfishes are known to exhibit, it seems somewhat ill
advised to pervert the trinomial to such uses. These forms can not be considered as SUbspecies, at
least not in the. sense in which ornithologists understand the term, for they are not equivalent to
geographical races.

Young stages: The young are considerably different in general appearance from the adult. The
smallest specimen has R=9 mm., and r=3 mm. The smallest of the thick-rayed varlety has R=9 mm.,
and r=4 rnm. The small specimens are therefore characterized by shorter and. broader rays than the
adult, few marginal plates, relatively large ocular plates, which bear 3 minute spinelets, less compact
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paxillar area, fewer spinelets to the paxillse, only 2 weak spinelets on the inferomarginal plates instead
of the series of 3 of adult, no trace of an enlarged spinule on the superomarginals. The spinelets of the
paxillre radiate, forming beautiful rosettes, and are not clustered in a bunch as is usual in large exam
ples. There are 3 to 5 of these spinelets, representing the marginal series of the adult, the central
spinelets being absent. The teeth are much more prominent in little specimens. The transition
between this and the adult is represented in the collection. The general facies of the adult is reached
when the creature has attained a major radius of about 55 mm., at which age there are something over
40 superomarginal plates. The immature specimens all have a low epiproctal hummock or cone, very
pronounced in the little examples, but wholly absent in the fully adult forms. As mentioned in the
previous paragraph, all the stages of the Oahu specimens have thicker rays than the typical form.

Localities: Type (no. 21149, U. S. National Museum) from station 4095, northeast approach to
Pailolo Channel, between Maui and Molokai islands, 290-286 fathoms, brown mud, fine sand, and
globigerina; bottom temperature,43.9° F. As detailed in the following table, the specimens were
taken either from the northeast approach to Pailolo Channel (which separates Molokai from Maui)
or in practically the same locality farther out, to the north of western Maui; or they were dredged
off the southern coast of Oahu, most of the latter being not quite typical. The longitudinal distribu
tion of Psilaster attenuatus extends from 256 to 337 fathoms, the most favorable depth for large
specimens being in the neighborhood of 290 fathoms. The nature of the bottom varies, specimens
having been taken in globigerina ooze and mud, fine volcanic sand and rocks, gray mud and fine sand,
sand and shells, fine gray sand, brown mud and fine sand with globigerina,

Record of localities.

Station. I Locality. Depth. Nature of bottom.

Fathom s,
3865 NM~~~C:fi~rJ;g:,Ch to Paflolo Channel, between Maui and 256-283 Fine volcanic sand and rocks.

3866 .....do ........................................................... 283--284 Gray mud, fine sand.
3867 .....do ........................................................... 284-290 Fine sand, mud.
3883 .....do ........................................................... 277-284 Globigerina ooze.
3884 .....do ........................................................... 284-290 Globigerina mud.
3908 South coast of Oahu Island ..................................... 304-308 Fine white sand and mud.
3909 .....do ........................................................... 308-322 Do.
3910 .....do ........................................................... 311-337 Fine gray sand, mud.
8911 .....do .......••.................................................. 337-334 Do.
3916 .....do ........................................................... 299-330 Do.
3917 .....do ........................................................... 330-294 Do.
3918 .....do ........................................................... 294-257 White sand, mud.
4086 North coast of Maul Island..................................... 283-308 Sand, shells.
4087 .....do ...........•...........................•................... 308-306 Fine gray sand.
4088 .....do ........................................................... 306-297 Do.
4089 .....do ......................................... .................. 297-304 Do.
4090 .....do ........................................................... 804-308 Do.
4091 .....do ........................................................... 308-306 Do.
4095 ....•do ........................................•.................. 290-286 Brown mud, finc sand, globlgerlna.
4096 Northeast approach to Pallolo channel. ........................ 272-286 Ftne gray sand.

In December, 1891, the Albatross made a few dredge hauls off the south coast of Oahu and
secured about 60 specimens, the greater number of which are typical. They were taken at stations
3470, 343 fathoms, white sand; 3471, 337 fathoms; 3474, 375 fathoms; 3475, 351 fathoms (four-fifths of
the specimens); 3876, 298 fathoms.

'I'hiespecies, of which about 230 specimens have been examined in all stages of growth, is one of
the commoner forms of the medium depths. It is characterized by the long graceful rays, and by the
form of its paxillre and the armature of marginal and adambulacral plates. It is most nearly related,
among forms already described, to Psilaster acuminatus Sladen, which has been taken northwest of
Port Hardy, New Zealand, and Simons Bay, Cape of Good Hope. It differs from Sladen's species
principally in having longer and slenderer rays, in the covering of the marginal plates, and to a less
extent in details of paxillre and adambulacral armature. The rays of attenuatus are even longer
relatively than those of gracilw; grac'ilw, however, is widely different from auemuuus,
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Genus PSILASTEROPSIS, new.
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Type Psilasteropsis cingulata, new species,

Disk small; rays long, robust, and tapering to a pointed extremity.
Marginal plates massive, conspicuously encroaching on both abactinal and actinal areas; slightly

or strongly tumid. Surface of plates covered with squamules, becoming papilliform in groves between.
Superornarginal plates devoid of large spines or tubercles; inferomarginals bearing a series of short
tapering spines, disposed more or less obliquely and closely appressed to ray.

Abactinal area covered with compact paxillre, composed of papilliform spinelets grouped in a
coordinate bunch on a thick pedicel. Arranged more or less regularly in transverse rows at sides.
Abactinal plates (bases of paxillre) roughly hexagonal, placed rather close together. Papular
conspicuous, arranged around each plate. They are scarce toward extremity of rays and center of
d~k. .

Actinal interradial areas small, with small intermediate plates which extend only about one-third
the length of ray. Intermediate plates all bear groups of papilliform spinelets, which are sometimes
grouped to form an incipient pedicellarian apparatus.

Adambulacral plates massive. Armature consists of (1) a furrow series of numerous, rather
delicate, subequal, long, uniform spinelets forming a regular, straight-edged comb; (2) on the actinal
surface of the plate 2 or 3 irregular longitudinal series of shorter, cylindrical spinelets, These are
sometimes grouped to form a conical pedicellarian apparatus on plates near base of rays. Tube feet
without sucking disks, large, in 2 rows.

Madreporic plate of medium' size, situated rather nearer margin than midway between it and
center of disk.

A tiny pore, anal in position, is apparently present. Superambulacral plates present, well
developed.

This genus is erected for the reception of a species which differs in several essential points from
true Psilaster; namely, in the more massive and distinctly tumid marginal plates, very much reduced
fasciolar channels, the more restricted aetinal intermediate plates, which do not extend far along the'
ray, in the regular and more numerous furrow spines of the adambulacral plates, in the large paxillso
which are tabulate, and which give to the abactinal surface a very characteristic appearance. In this
genus should be ranked, also, Psilasier patagiatus Sladen, which, however, differs from cingulata in:
having incipient excavate pedicellarise on the superomarginals and in the armature of the mouth
plates. 'I'he general facies of the two species is much alike. Mr. Sladen, in describing Psilaster
patagiatus, expressed serious doubts as to the propriety of referring that species to the genus Psilaster,
and now that a second, similar, well-marked form has been found on the opposite side of the globe,
it becomes doubly necessary to segregate the forms.

Psilasteropsis cingulata, new species.

PI. Ill, figs. 2, 2 a-b: pl, VII, figs. 1, 2, 8; pl. VIII, fig. 2.

Rays 5. R=95 mm; 1'=18 mm, R=5 r+. Breadth of ray near base (between second and third
auperomarginal plates) 18 mm,

Rays long, fairly narrow at the base, gently and gradually tapering to an acute tip. Disk small.
General form somewhat flat and depressed. Sides of ray nearly perpendicular. Abactinal surface
plane; actinal nearly so. Interbrachial arcs acute but well rounded.

Abactinal paxillar area is depressed slightly below the level of the superomarginal plates and
extends to the tip of the arm, but is usually greatly reduced in width on the distal third of the ray,
being only about as wide as the furrows between the superomarginals of that region. Width of paxil
lar area at base of ray (between second and third superomarginals) 12 mm, Paxillse are larger in the
center of ray than on side, but are smaller in center of disk. They are subcircular in outline when
regarded from above, short, composed of a short cylindrical basal ossicle surmounted by delicate
cylindrical spinelets in a coordinated group. In the larger paxillre a peripheral circle of 15 to 25 spine
lets surrounds an irregular central group of about 15. Instead of flaring, the marginal row usually
stands perpendicularly, or inclines inward against the central group, giving the paxillar crown a very
compact appearance. Spaces between paxillre are conspicuous, allowing the small papules to be clearly
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visible; the latter are arranged irregularly in a circle of 6 or 7 around each paxilla. .Along the margin
of dorsal area the paxillse are arranged in definite transverse rows, but no order is distinguishable
along the median radial line or in center of disk.

Superomarginal plates,33 in number (varying from 30 to 37 in different individuals) from the
median interradial line to extremity of ray, form a well-defined, broad, and massive border to disk
and rays. Each plate is strongly tumid along its transverse axis, so that a broad, rounded well
defined sulcus is formed between successive plates. The extreme tumidity of the marginal plates
gives to this species a highly characteristic appearance. The superomarginals are longest (3.5 mm.)
toward the base of ray-the third to twelfth plate. Breadth of fifth superomarginal 6 mm. Surface
of plates covered with granules and delicate spinelets. Those of the transverse tumid portion are
distinctly spaced, flat, roundish, squarniform, but not imbricating, tending to become larger on the
abactinal surface; those covering transverse marginal regions of the plate are slender and delicate,
giving the appearance of plush. They are longest in the bottom of the groove between the plates,
becoming shorter toward the squamiform granules into which they pass insensibly. Under the
microscope the latter sort are seen to be cylindrical, slightly swollen at the tips, and invested with a
delicate membrane.

Inferomarginal plates correspond exactly to superior series, and they encroach as much upon the
actinal surface as do the latter upon the abactinal. They are tumid, the ridge passing obliquely from
the middle of the superior margin toward the aboral ventral corner of plate. The upper half of this
ridge bears a row of 4 slender, tapering, slightly flattened spines directed obliquely upward and
outward and closely appressed to Fay. The lowest but one is longest, being about one-third longer
than its plate (except on the outer half of ray). These spines decrease in length toward the extremity
of the ray, where the series is usually reduced to 3 with an occasional plate bearing 4. The first 5 plates
usually bear 5, or sometimes 6 spinules. On the inner third of ray there may be 2 or even 3 short,
more widely spaced spinules on the ventral portion of the ridge between the upper series and the
ventral margin, situated rather toward the aboral edge of the plate. On the first 2 plates of each ray
there is an extra spine or pair of spines on the adoral margin, on a level with the ventral series, the
'upper spine equalling the length of its plate, and in addition there is an odd spine placed close to, but
out of line with, each of the 2 upper spines. General surface of inferomarginals is covered with
papilliform spinelets, which become larger, flattened, and squamiform on the median tumid portion
of the plate, and more robust toward the ventral margin. They are larger than the spinelets of the
su peromarginals.

.Adambulacral plates large and massive, about 50-54 to the ray, slightly longer than broad, and
with a decidedly convex margin to furrow. .Armature consists of a furrow series of 11 to 13 long,
thin, delicate, laterally-compressed spinelets, standing subparallel or diverging slightly. The outer
spinelets are usually slightly the longest, equalling length of plate. Tips of the spinelets form a
slightly curved border to the comb. The usual number in the furrow series is 11, decreasing at the
tip of ray to 9, or less; covered with delicate membrane. On actinal surface of the plate are 3 irregular
longitudinal rows of tapering, membrane-covered, pointed spinelets, there being usually 6 in the first
series, 4 or 5 in the second, and 3 to 5 in the third, with often 2 or 3 odd very short spinelets, In
basal portion of ray these spinelets are prominent, and are nearly as long as those of the furrow
series; they decrease in length and number toward extremity of ray. In the first 3 or 4 plates 5 or 6
actinal spinelets may be grouped to form a pedicellarian apparatus.

Mouth plates are elongate, rather narrow, and prominent actinally, the united pair being elliptical
in outline. Their armature is somewhat peculiar- consisting of a marginal series of 9 stout, tapering
spinelets shorter than the furrow spinelets of the adambulacrals, the median spinelets of each free
margin being the longest of the series. .About as many more smaller spinelets are continued along the
margin adjacent to the first adambulacral. Along the margin of the median suture is a series of about
16 stout, blunt, flattened spinelets which increase in length toward the inner extremity of the plate,
the innermost spine being flattened, long, lanceolate, and directed with its fellow of the companion
plate across actinostome. Between the marginal and superficial series is an intermediate series resem
bling the latter but with fewer spinelets, The peculiarity of the armature is that the intermediaje
and marginal series, rather closely appressed, continue above (abactinad) the level of the main tooth
along the edge of the plate, curving in. such a manner as to be directed not toward actinostome, but
across the ambulacral furrow. This double series terminates on a level with and just outside the
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outer edge of the peristomial membrane. The teeth are consequently a part of the superficial, not of
the marginal series. This arrangement bears a striking resemblance to that found in Psilaster gracilis
Sladen, but in other respects the two species are dissimilar.

Actinal intermediate plates are confined to a small area in the interradial region, and extend
along the ray as far as the seventh inferomarginal plate. They are arranged in regular series extending
parallel with the interradial line fro~ the inferomarginals to the adambulacrals. Opposite first
inferomarginal there are 3 series, abutting against mouth plate and first three adam bulacrals; between
first and second inferomarginals, 1 series, meeting fourth adambulacral; opposite second inferomar
ginal, 1 series of 3 plates meeting fifth adambulacral; third inferomarginal, 2 series of 3 and 2 plates
meeting sixth and seventh adambulacrals; fourth inferomarginal to seventh, a single longitudinal
series of plates, the last 2 being rudiments. Actinal intermediate plates are armed with groups of
spinelets shorter but otherwise similar to those of the actinal surface of adjacent adambulacrals.
Plates frequently bear a spinule in the center, flattened, sharp, and tapering, which resembles those
of the ventral series of the proximal inferomarginal plates. _ In one specimen these are entirely absent,
and the spinelets here tend to group themselves into a pedicellarian apparatus. This is true also of
many of the actinal intermediate plates of typical specimens.

Madreporic body small, partially obscured by neighboring paxillre; coarsely striated. It is
situated about a times its own diameter from the inner border of the superomarginals, and nearly
bisects the minor radius.

Color in life: Abactinal paxillar area light dirty green; rest of arms light flesh pink; tube feet
raw sienna. Color in alcohol, bleached yellowish or dirty white, brownish on paxillar area.

Young: In an immature specimen in which R=21 mm. and r=6 mm., the superomarginal plates
are 13 in number and very massive, almost obliterating the paxillar area of the distal' two-thirds of
ray. Paxilhe have less numerous spinelets than in the adult, there being about 8 to 10 altogether.
Spines of inferomarginal plates of normal number, but shorter than in the adult. Terminal plate
with 3 blunt papillse, AdambulacraI spinelets of marginal series 8 or 9, the new splnelets being added
at sides; spinelets of actinal surface in-2 rows. Actinal intermediate plates are fewer in number than
in adult, the new plates being added next to inferomarginals and growing along ray, extending in this
specimen only as far as fifth adambulacral. Mouth plates similar to adult, but with fewer spinelets,
the teeth being very prominent. Membranous investment of allspinelets relatively thicker than in
adult. Another example (R = 48 mm., r = 9 mm.) is intermediate between the above and adult in
nearly all respects except proportions.

Variations: A specimen from station 3887 has rather broader rays than other examples, and the
superomarginal plates encroach a trifle less upon the abactinal paxillar area. In another example,
from station 4028, the spinules on the actinal intermediate plates are more frequent and longer than
in the type. The spines of the inferomarginals are likewise more prominent, there being an additional
spine throughout in the superior series; the inferior series extends farther along ray than in normal
specimens, and its spinules are more prominent, forming a continuous series with the dorsally placed
ones. Still another specimen (station 3995) lacks entirely the usual spines of the actinal intermediate
plates, and the spinelets of these plates and of the actinal surface of the adambulacrals are relatively
about half as long as those of the type, there being more plates which possess the specially grouped
papilhe acting as pedicellarire. In choosing the type I selected a form which is most representative of
the entire series in the totality of its characters.

"I[ea.~urementsof adult spec-imens of Psilasteropsis cinqulata, in millimeters.

~rA~~ ~~~i~~:::: ::::::::::::::::::::::::: 95 78 80 77 88 - 81 93 90
18 15 16 15 17 17 18 21

Width of ray between second and third
superomarglnal plates ................. 18 17 17.5 15.5 17.5 16.5 19 20

Breadth of paxfllur area, same place .... 12 11 12 10 H 10 13. f, 16
Num ber of supcromarginal plates........ 33 30 32 33 33 31 3.<; 30

Localities: Type (no. 21150, U. S. National Museum) from station 3997, off tJkula Point, Kauai
Island, 418-429 fathoms, fine gray sand, brown mud; bottom temperature 41°. Taken also at the
following stations, 11 specimens in all.
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Reeord of local-ities.

Station. Locality. Depth. Nature of bottom.

Fathoms.
Coral rock, broken sheils.3824...... South coast of Molokal Island .................................. 222-498

3887...... North coast of Molokal Island .................................. 552-809 Globigerina mud,
3995...... Vicinltyof Kauai Island ........................................ 427-698 Fine gray sand, rocks.
4028...... .....do...••.•..............•...•..•••..••.....•..••....••........ 444-478 Gray sand, globigerina.
4123...... Southwest coast of Oahu Island ................................ 352-357 Fine gray sand and mud.

This species is most nearly related to Psilasteropsi« patagiata (Sladen) from off the Cape Verde
Islands, from which it may be distinguished by the following characters: The relatively longer and
slenderer arms; more strongly tumid marginal plates; absence of incipient pedicellarim on superomar
ginals; larger paxillre, with more numerous spinelets; relatively narrower paxillar area; details of
spinulation of inferomarginals; by the adambulaeral armature; armature of the mouth plates, the last
character showing a resemblance to mouth plates of Psilasier gracilis, which, also, is not a typical
Psilaster.

Genus DIPSACASTER Alcock.

Dipeacaster Alcock, Ann. N. H., ser, 6, vol. XI, 1893, p. 87. J. Asiat. Soc. Bengal, vol. I.XII, 1893, p. 172 (no diagnosis). Type
Dipsacaster sladeni Alcock.

Dipsacaster nesiotes new species.

PI. IX, figs. 3, 3n; pl. x, figs. 2, 2n-b; pl. XII, figs. I, 2.

Rays 5. R=89 mm., r=27 mm, R=3.3 r. Breadth of ray at base, between first and second
superomarginals, 30 mm.: between fifth and sixth 25 mm. (See under variations.)

General form flat, depressed; rays tapering arcuately from a broad base to .a bluntly pointed
extremity. Disk large. Interbrachial arcs wide, well rounded, involving the first few marginal
plates. Actinal area subplane. Abactinal area capable of considerable inflation, the paxillar area of
rays often arched in such a way as materially to lessen the width of arm. Disk usually more or less
inflated, but the integument is quite flexible, and no 2 specimens are alike in this respect. When the
abactinal paxillar area is considerably inflated, the animal has a less flattened appearance and the
rays appear quite narrow.

Abactinal paxillar area fairly compact, covered with paxilloo arranged on either side of the median
radial line in regular obliquely transverse series. These series assume an interradial direction on the
disk. On the center of disk and along median radial line no regular arrangement is apparent.
Paxillee are rather large, with a prominent pedicel which is expanded into an irregularly circular or
elongated base, and a subglobose crown covered with a compact coordinated group of very many small,
delicate, cylindrical, bluntly-pointed, almost capillary spinelets. An average paxilla on a ray would
have 30 to 40 of these spinelets, and the larger ones on the disk from 50 to 100, One of the largest
paxillre on the madreporic body has 150. The spinelets are so compactly placed that it is almost
impossible to count them accurately. Papular pores are generally distributed and are largest on the
lateral portions of the abactinal area; papulse single. Anal opening conspicuous, surrounded by a
membranous periproct. It is situated about 5 mm, from the center of disk. (See p. 1028, Anatomical
notes.)

The marginal plates form an angular edge to ray, the inferior series extending laterally beyond
the superior and defining the margin of ray. Superomarginal plates are oblong to subquadrate, are
slightly arched, and form a conspicuous border to the abactinal area, to which surface they are wholly
confined on the ray. In interbrachial arc the plates are oblong, shorter than wide, and their exposed
surface stands at an angle of about 45° with the horizontal. On the ray they form a low, slightly
arched bevel, and at first glance appear to lie in an almost horizontal plane. Their entire width can
be seen when the animal is viewed from above. Superomarginals do not exactly correspond to
interomarginals on outer half of ray, so that the suture between the 2 series follows a zigzag course.
Sometimes for a short distance the inferomarginals exactly alternate with the superomargluals. But
the number of plates in the 2 series is the same (in type 33). Superomarginals uniformly covered
with minute pointed spinelets. In one specimen about 4 enlarged granules, with several of inter-
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Dipsaeaster ne8iotc8. View of erelomic side of abactlnul surface
of one arm, showing arrangement of gonads, X 2; ir, inter
radial line.

mediate size, stand in a group in the center .of.each plate (which is more arched than usual). They
seem to form an incipient pedicellarian apparatus. There is a trace of them on a small specimen, but
they are evidently absent from 12 others.

Inferomarginal plates encroach more upon actinal area than do the superomarginale upon the
abactinal. They are wider than long, and the outer ends, which extend beyond superomarginals,
form each a conspicuous boss armed with a group of short spinules. The plates are tumid along
transverse axis, the summit of the elevation being along aboral margin and terminating in the outer
armed end. Lateral spinules are slightly flattened, sharp, arranged in 3 close-set, irregular, oblique
series on extreme margin of ray, and give a serrated appearance to the margin of arm, each tuft
accentuating the tumidity of the abactinal end
of its plate. They appear to be sim ply' enlarged
members of the numerous sharp squamules
covering the general surface of the plate.
There are deep fasciolar grooves between the
plates of both series.

Adambulacral plates are longer than wide,
with a convex margin to furrow, which they
overhang. Armature as follows: (1) A furrow
series of 7 (sometimes 8) long, stout; much
flattened, subacute or blunt, knife-like spines,
their bases stout and united by a short web.
Their rounded edges are turned furrow-wards,
and in respect to the thickness of the blade
they taper slightly toward extremity. The
blades are broad. Central spines slightly the
longer; the outermost spine, at either end of
the comb-like series, about two-thirds to three
fourths as long as the succeeding spine. (2)
Following the furrow series, and placed so
closely that they are pressed usually against it,
is an irregular semicircular row of from 3 to 5
unequal tapering spinules, the longest never
extending more than two-thirds the length of
the adjacent furrow spine. The outer half of
the plate bears about 12 to 18 small tapering
spinelets similar to those of the actinal inter
mediate plates. They are arranged either in 2
or 3 irregular longitudinal rows or are scattered.

Mouth plates are rather large, prominent
actinally. Armature consists of 9 or 10 large,
flattened, blade-like, blunt or truncate spines
very much larger than the corresponding
adambulacriil spines. They form a graduated
series, increasing in size toward the inner end
of plate, where they are massive and prominent, the marginal series of 2 companion plates uniting to
form, when expanded, a fan-shaped horizontal comb of about 20 teeth. Actinal surface of plate is
covered with stout papilliform spinules, very similar on the outer end of plate to those of adjacent
ventral intermediate plates. They increase in length toward the inner angle, where there are 2 or 3
spinulos considerably larger than the rest.

Actinal interradial areas are large, paved with rather large plates which extend in regular series
from inferomarginals to adambulacrals, In a specimen with 39 inferomarginals the intermediate
plates extend as it single series as far as the twenty-eighth, or within 15 mm, of the tip (R = 84 mm.),
A second series, smaller than that adjacent to the adambulacrals, extends.to the fourteenth inferomar-
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Record of localities.

Color in life probably deep yellow, but was not

ginal, or about one-half the length of ray. A third series extends to the seventh, or one-fifth lergth
of ray. Between first and seventh plates the longitudinal series multiply rapidly. Regarding the
plates in series extending interradially, those opposite mouth plates and first 2 adambulacrals are
irregular. Actinal surface of the plates convex, not raised into an abrupt and prominent keel as in
some species of the genus; the convexity is most marked near the inferomarginals. Plates bear a
crown of uniform, blunt, papilliform spinelets, often flower-like in appearance. On rays these spine
lets tend to become slenderer. Very shallow grooves are present between the plates, roofed over by
spinelets. .

Madreporic body is very large (7 mm. in diameter) and is situated slightly nearer the margin than
midway between it and center of disk. It is concealed by large paxilhe, there being actually on its
surface about 18, one of which is much larger than the rest. Outline of madreporic body is subcir
cular, but the rim is irregularly scalloped. .

Color in alcohol bleached brownish or yellowish.
recorded.

Young: The smallest specimen of this species (R = 18 mm., r= 7.5 mm.} differs somewhat from
the adult, chiefly in having relatively shorter rays (superomarginals 18) and less prominent infero
marginals. These do not extend conspicuously beyond the superior series, the latter being more
arched than in the adult. The inferomarginal spinulea are not yet developed, the plate being crowded
with rather minute, papilliform, sharp spinelets. Paxillre have the adult character, but are much
smaller. Inferomarginal spinules have appeared in one specimen with R = 34 mm.

Anatomical notes: In this species the gonads extend out into the ray, and are arranged in a longi
tudinal series on either side of the median radial area, depending from their respective rachides like a
row of digitate glands. The largest of the genital tufts is near the interradial line, and they gradually
decrease in size distad, the series ending just beyond the middle of the arm (see text figure). This
arrangement of the gonads also obtains in D. eximius Fisher, a very distinct species from California,
and although not mentioned by the describer, I believe it will also be found to hold true for Dipsacosier
sladeni and D. pentaqonalis Alcock. Possibly the group to which sladeni, the present species, and that· .
from California belong may be subgenerically different from pentagonalis. Judging from the figures,
the adambulacral armature of the last species is considerably different from the present species.

The anal aperture opens directly from a single sac-like intestinal ccecum, which lies in the interra
dius to the left of that occupied by the madreporie body. This sac, the total length of which is
about two-thirds the minor radius, has a single small pocket-like branch at one side. A short
intestine joins the larger sac with the dorsal stomach. The aperture of the intestine into the sac is
very nearly beneath the anus, but is separated from the latter by a broad fold of the wall. Mr. Alcock,
in describing Dipeacaster sladeni (Ann. N. H., ser. 6, vol. XI, p. 87, pl. v ), states that the anal pore is
not in connection with the intestine, and includes this as a character of the genus. Inasmuch as the
present species is very closely related to sladeni, and consequently undoubtedly a Dipsacaeter, that
character can not be regarded as of generic importance.

Superambulacral plates are feebly developed, and do not extend far along the ray. They are
apparently absent from the first few ambulacral plates.

Localities: Type (no. 21151, U. S. National Museum) from station 3916, south coast of Oahu
Island,299-330 Ims., gray sand and mud; bottom temp., 44°. Taken also at the following stations,
in all, 13 specimens:

Station. Locality. Depth. Nature of bottom.

Fathoms.
3866...... Northeast af,proaCh to Pailolo Channel, between Maui and 283-:l84 Gray mud, fine sand.

Molokalls ands.
3867...... .....do ........................................................... 284-290 Fine sand, mud,
3884 ...... ..... do ........................................................... 284-290 Globigerina mud,
3908...... South CORSt of Oahu Island ..................................... 304-308 Fine white sand and mud,
3910...... .....do ......................................................... :. . ......... Fine gray sand and mud.

This species is most nearly related to Dipsacasier sladeni Alcock. It differs in the marginal plates,
which do not correspond on the outer third of the ray, but alternate; in the armature of the infero-
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marginals; in the arrangement of spinelets on the actinal surface of the adambulacral plates, and
especially in the actinal interradial plates, which are not strongly carinated, as in sladeni. The dorsal
stomach in nesiotes is connected with the intestinal ocecum by a short intestine, but is not in sladeni.
Dipeacaster sladeni was dredged in the Andaman Sea, 250 fathoms.

Genus PATAGIASTER, new.

Type Palagiaster nultingi, new species.

General form, character of rays, and disk as in Dipsacaster, Marginal plates also similar except
that in the interbrachial arcs and on the basal portion of rays the inferomarginal spines form a trans
verse series instead of being mostly crowded at the abactinal end.

Abactinal surface very compact, the paxillie much larger than in Dipsacaster,·more crowded. They
are flat-topped and have a central group of about 15 to 40 granules surrounded by a very numerous
and regular marginal series of elongated granules, the whole resembling a composite flower. In
Dipsacasier the paxillre consist of many capillary spinelets in glomerular tufts on a slender pedicel,
and have a quite different facies.

Papular pores absent from median radial portion of rays, and from center of disk.' They do not
extend beyond the madreporic body any distance toward center 0'£ disk. In Dipsacaster the papules
are very numerous and generally distributed.

Actinal interradial areas large. Actinal intermediate plates, adambulacral plates, mouth plates,
and their armature essentially as in Dipsacaeier.

Superambulacral plates present, 'reduced to the basal half of ray. Anal opening present; connec
tion as in Dipsacaster nesiotes. Gonads confined to interradial areas, not forming a longitudinal series
along either side of the dorsal integument of ray.

Madreporic body large; hidden by paxilhe as in Dipsacaster. No pedicellarise.
This genus is erected on the strength of the following characters: Distribution of gonads; distri

bution of papulre; character of abactinalpaxillse. In these respects it differs from Dipsacaster. From
Plutonasier it differs in respect to the form and armature of the marginal plates, and from Parastro
pecten in the same characters, and in possessing an anal aperture. The last character is of little
importance generically. Parastropecten is very close to Leptychaster.

Patagiaster nuttingi, new species.

PI. IX, figs. 2. 2u; pI. XII, fig. 3; pl. XVII, fig. 1.

Rays 5. R=42 mm.: r=14.5 mm, R=2.9r. Breadth of ray at base (between first and second
superomarginals) 15 mm.

Disk large; rays stout, tapering from a broad base evenly to a pointed but not attenuate extremity.
Interbrachial arcs wide and rounded, in some specimens with a slight tendency to become angular.
General form depressed and flat, the abactinal area as a rule a trifle inflated; actinal surface plane.

Abactinal paxillar area is very compact and uniform in character, and is covered with close-set
paxillre which are largest along the margin of area and in the interradii, where they are arranged in
oblique transverse rows. The median radial portion of each arm, and the center of disk, is more or
less conspicuously marked off from the above areas, being covered with more crowded paxillre scarcely
more than half as large as those just described. Paxillre of the central portion of disk are usually
slightly smaller than those of the median radial area of rays. Each paxilla consists of a stout pedicel,
with a slightly flaring, circular, nearly flat summit, bearing a crown of granuliform spinelets, the
centrally situated ones being stouter than the peripheral. The larger paxilhe bear a central group of'
upwards of 30 or 35, surrounded by a peripheral series of about 25 to 30. The smaller paxilhe of the
arms have about 10 granules in the central group, and 15 to 20 in the peripheral series. In specimens
from other localities (e. g., station 3836) the paxillse do not average so large, having 20 to 25 as the
maximum number for the central group of spinelets, In these specimens the summit of the pedicel
is slightly convex, The bases' of all the pedicels are expanded into roundish, irregular, or stellate
plates, the last being more prevalent in interbrachial arcs. Papular pores are confined to the area of
large paxillse, i. e., the margin of the abactinal area. They are absent from the median radial portion
of rays, and from central portion of disk. Papulre large, single.
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Marginal plates are prominent, forming an angulated margin to ray. Superomarginals, 25 in num
ber from interradial line to the extremity of ray, are confined, to the abactinal surface beyond the
interradial are, the inferomarginals defining the contour of ray. They are subquadrate in the outer
half of arm, but oblong in interbrachial are, and form a low, slightly arched bevel to abactinal area.
They are uniformly covered with papilliform granules which are very regular and resemble the cen
tral granules of papulre, but are larger. Deep and narrow fasciolar grooves separate the exposed surfaces
of consecutive plates, the granules covering them being slightly slenderer than the others.

Inferomarginal plates correspond with the superomarginals, and extend laterally beyond them,
all this portion being the specialized ridge of the plate. The fasciolar grooves are therefore, as in
Dipsacasier, very deep and narrow. Outer end of each plate is slightly tumid, the appearance being
accentuated by the tufts of spinules, The first 4 to 6 plates bear a transverse series of 301'4 short.etout,
tapering, flattened, sharp spinules. The other plates usually bear 2 such spinules in an oblique series
on the abactinal end of the plate, but laterally. Considerable variation exists as to the number of
these spinules. They are sometimes reduced in size and crowded toward the upper end of the plate
(i. e., on first 4 or 6 plates) and the inner spinule is often spaced from the other 2 or 3. The general
surface of the inferomarginals is covered with pointed squamiform granules which are enlarged in the
neighborhood of the spinules to form a small tuft. On the abactinal surface of the plate the granules are
similar to those of the superomarginals, and in the fasciolar grooves they are slender or spinuliform
or capillary.

Adambulacral plates are slightly longer than wide on the rays, shortening near the mouth plates.
Furrow margin convex. Armature as follows: (1) A fnrrow series of 7, 8, or 9 long, slender, com
pressed, bluntly pointed spinelets, radiating only slightly. The tips form a convex edge to the comb.
The lateral spinelets are often conspicuously shorter than the others. (2) On the ray the actinal sur
face of each plate bears 8 or 9 shorter tapering spinelets, disposed usually in 2 semicircular rows, those
of the series nearest furrow series the longer. There are besides 3 to 5 still smaller spinelets along
both adoral and aboral edge of plate, extending' over the grooves which separate the plates. These
grooves are continuous with those passing between the actinal intermediate plates, which in turn
communicate with the much deeper furrows between the exposed surfaces of marginals. The spinelets
are not webbed, however. The first 3 or 4 adambulacrals possess fewer furrow spinelets (6 or 7)
because the plate is shorter. The actinal spines are less crowded (15 to 23) and are arranged in a
rather definite series along both adoral and aboral margins, with 2 intermediate transverse or obliquely
transverse series. The first longitudinal actinal series is sometimes well defined on the plates. Many
variations in arrangement occur.

Mouth plates are prominent actinally, fairly large, the exposed surface curving strongly dorsad
toward the mouth. Armature consists of a furrow series ~f 8 tapering, long, slender spinelets, bluntly
pointed and increasing in length toward the inner angle. The inner spinelets are slightly flattened
and are usually turned away from the mouth, but the onter members of the series extend about half
way to the outer end of plate, to which the series is con tinned along the margin adjacent to first adam
bulacral as a row of much smaller, slenderer, spinelets (8 to 10 in number). Actinal or exposed sur
face bears a series of slender, tapering, bluntly pointed spinelets along margin of suture. On the
mouth angle these are about as long as adjacent marginals, but rapidly decrease in length as they
proceed outward, becoming short and round-tipped. On outer half of each plate an intermediate,
subparallel, and similarseries is present, often, however, arranged irregularly, so as to give the appear
ance of 2 intermediate series. Spinelets of mouth angle usually appear crowded or bunched together.

Actinal interradial areas fairly large, paved with close-set roundish plates, which extend nearly
halfway to tip of ray (to ninth inferomarginal plate). These plates are arranged in series extending
from inferomarginals to adambulacrals, and those plates adjacent to the latter are larger than the
others. 'When viewed from the surface toward body cavity, the plates are seen to be imbricated, the
outer end of each being slightly elongated and overlying the inner rounded end of the adjacent plate.
Regarded from the actinal surface, it is the inner end which overlies the outer. On the rays this inner
end is somewhat elongated, and the series adjacent to the adambulacrals slightly overlaps the outer
margin of the latter. Central portion of each plate is raised into a regular paxillar tabulum with a
convex summit, surmounted by a radiating central group of 6 to 10 short, rounded, subconical, pointed
or blunt-tipped, granuliform spinelets, with a peripheral series of about the same number of slender,
slightly longer apinelets placed at a lower level on the pedicel or tabulum. Often the central and
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peripheral series are nearly alike and form a coordinate group. Fairly well defined channels run
between the series of keels or pedicels, interradially from inferornarginals to adambulacrals.

Superambulacral plates are feebly developed, scarcely more than rudiments, the series extending
about one-half length of ray, and absent from innermost 4 to 6 adambulacrals. They appear to be
better developed in medium-sized than in fully adult specimens.

In this species the gonads are clustered oneither side of the interradial line and do not extend as
a longitudinal series along either side of the medio-radialline far into the ray, as in Dipeacaster ne.siotes.

Madreporic body is fairly large, nearly hidden by paxillre; irregular in outline; striations radiating.
Situated slightly nearer to margin than midway between margin and center of disk.

Color in life: Abactinal paxillar area coral red over area occupied by small paxillre, becoming
duller or grayish coral red at the sides; aetinal surface creamy white; marginal plates the same, tinged
with pink. Color in alcohol, brownish yellow to ashy white.

Young: The smallest specimen taken measures R 12 mm., and r 5 mm., and in general appear
ance is very like the adult. The difference is a lack of enlarged spiuules on inferomarginal plates.
The interradial areas are already well developed, and paxillar area is compact as in adult. Another
specimen of nearly the same size possesses a single enlarged spinule on the edge of the ray.

Localities: Type (no. 21152, U. S: National Museum) from station40lH, north coast of Maui, 202-220
fathoms, gray sand and foraminifera; bottom temperature, 51.70

; abundant. Taken also at the
following stations, in all 414 specimens.

Record of localities.

Station. Locality. Depth. Nature of bottom.

3836 South coast of Molokai Island ..
3919 South coast of Oahnlsland ..
4U44...... Wcst coast of Hawaii Island ..
4082 North coast of Manl Island .
4083 do .
4115 _. Northwest coast of Oahu Inland ..
4116 do · .
3472 _. South coast of Oahu Island ..

Fathoms.
238-255
257-220
233-198
220-238
238-253
195--241
2-11-282

295

Brownish gray mud and sand.
Gray sand.
Fine gray sand.
Gray sand.

Do.
Coral sand, foraminifera.

Do.
Fine white sand.

This species is found, therefore, at a depth of about 250 fathoms and apparently does not range
much over 30 fathoms either side of this average. It was taken on a special line of dredgings north
of Maui which were made for the purpose of determining vertical distribution.

The chief differences between this and the foregoing species have already been pointed out. The
present form is in some respects intermediate between the Astropectinidre and Plutonasteridre.

The species is named for Prof. Charles Cleveland Nutting.

Family LUIDIID£ Verrill, i899.

Luidlldoo Vcrrill, revision of certain genera and spccies of starfishes, with description of new forms. <Trans. Conn.
Acad., vol. x, 1899, p. 201. Equivalent to Luidilnoo Sladen, Challenger Asteroidea, 1889, p, 244.

Genus LUIDIA Forbes

Luiiiia Forbes. Mem, Wern. soe., vol, VIII, 1839, p. 123.

Key to Hawaiian species of Luidia.

a. Rays more than 5, mottled with brown.
b. Pedicellarise very few; abactinal paxillai rounded, with one or two prominent spinules; adam-

bulacral spines 4. No inferomarginal pedicellarlrc. _ _•.... . _. '" _ hystrix.
bb. Pedlcellarise numerous, conspicuous, 2 to 4 between inferomarginal and adambulaeral spines;

the latter 3 in number. Inferomarginal plates, with 2 to 4 pedicellarire roo oo magnifica.
aa. Rays constantly 5.

b. Prominent lateral spines to ray .. _. __ •... _" _••• _ _ _. __ .. _. __ • . __ . L1lidia sp.
bb. No prominent spines on ray __ _ oo _ •• brevispina.
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Luidia hystrix, new species.

PI. XIII, figs. 1, 2; pI. XIV, figs. 1, 2; pl. XVI, figs. 2, za.

Rays 8. R = 195 mm. (longest ray, the shortest R being 178 mm.) r = 19 mm. R = 10.2 r.
Breadth at widest part near base 20 mm,

Rays very elongate in proportion to disk, slightly swollen above base, and thence very gradually
tapering up to the bluntly pointed extremity; robust, depressed, with well-rounded sides. Abactinal
surface more or less flattened on disk; convex on rays, but flattened or even slightly concave along
median radial line. In young specimens rays are always strongly convex above. Actinal surface
rounded, the ambulacral furrow broad and tube feet very large, with conical sucking disks.

Paxillse of abactinal area large, crowded on disk, and there without definite arrangement. They
are arranged in definite, spaced, longitudinal rows along rays, except in a narrow median radial area,
where they are m.ore crowded and not so regular. On either side of this median radial area one can
count 6 regular longitudinal series of paxillre on the basal portion of ray and 5 over the remainder.
Paxillze are rotund to slightly subquadrate at the margins of area. Nearly all paxillre of rays except
the series adjacent to inferomarginal plates and those of distal portion of median radial area bear a
robust, upright, tapering sharp thorn or spinule, about 2 to 2.4 mm, in length, placed in center of
tabulum; those of the median radial area (proximal portion) are shorter (1.5 mm.), This spinule is
surrounded by 5 to 8 or 10 robust, cylindrical or clavate, obtusely tipped, papilliform spinelets,

. placed also on the tabulum. External to these on the periphery of tabulum are 15 to 25 (usually
about 17 or 18) slender papilliform spinelcts, usually somewhat irregular in thickness. Paxillre of
the series adjacent to marginal plates are very slightly smaller than the others and lack the central
spinule, Not infrequently paxillre of the regular spinulated series also lack the spinule, but in other
respects they resemble the. spinopaxillse. Occasionally paxillai of disk bear a short conical spinelet,
but most of them have instead 8 or 9 cylindrical flat-topped grsnuliform spinelets in the center of
tabulum, surrounded by a peripheral series of 20 to 25 much slenderer ones. '

Inferomarginal plates are very numerous, short, and wide, each with a special raised ridge,
between which are deep fasciolar grooves. Plates bear, along the median line, a transverse series of
4 or 5 (rarely 6) long, slightly curved, very sharp, rather delicate spines. These increase in size
toward outer edge of plate, the inner 2 being usually much smaller than the outer 3, the median
spine of which is longest. Toward base of ray there is less difference between the inner and outer
spines, although the inner 2 are always much smaller. The elevation or keel of the plate, upon
which the spines are borne, is bordered by long, slender spinelets, a few standing on the exposed
surface, between the spines. Sides of fasciolar grooves are covered with capillary spinelets.

Adambulacral plates are wide, but short, as seen on the actinal surface, and are united by broad
bands of integument. The armature, which is borne on a sort of keel, consists of 4 spines, of which
3 form a regular transverse row, the median being longest and furrow spine shortest. The fourth
spine is situated between the outer two, but adorally and out of line with the series. Near. base of
ray a fifth spine is added to outer end of regular series, and sometimes a smaller spinule stands in line
with the odd spine, which is about the length of the furrow spine or shorter. Furrow spine is
slightly curved, compressed, and saber-like. The outer spines are faintly curved at the base, are
tapering, bluntly pointed, and usually directed away from the furrow. External to the outermost
spine, about midway between it and the innermost inferomarginal spine, is a radiating group of 8 or 9
ciliary spinelets of different sizes. In the midst of these there is sometimes an inconspicuous
3-jawed pedicellaria, fairly wide at base, but with tapering, bluntly pointed jaws, scarcely one-third
the length of adjacent adambulacral spine. These pedicellarise, of which there is never more than
one to a segment, are not numerous, being present on about half the adambulacrals of some arms and
almost absent from others.

Mouth plates are long and narrow. Along the margin are about' 8 long, slender, pointed spines,
which increase in length toward the inner end of the plate, the innermost spine being longest, flattened,
and directed toward center of actinostome, The adjacent spine is also frequently flattened. Parallel
with this series, and close to it. on actinal surface, is another series of 4 similar spines. Frequently
this second series is more or less irregularly grouped in with the first. True marginal spines are
found on side of plate, one near base of the big inner spine, and 3 or 4 in a cluster, considerably higher
up, about midway between the first and the roof of the furrow.
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Actinal interradial areas small; there are apparently about 4 plates, each bearing a tuft of long
slender spinelets surrounding a central spine;

Madreporic body hidden by paxillee,
Color in life: Above, cream color, mottled with burnt sienna and chocolate; below, white. Spines

white. Ambulacral feet whitish, with sucking disks of orange yellow. In young individuals the
chocolate color tends to form 3 cross bands on arms, a broad one near tip, one about the middle of

. ray, and the third at base; the last connects with an indefinite ring of mottling about disk. Center of
disk brown.

Young: In very young individuals the abactinal spinules are entirely absent, as might be expected.
The smallest specimen has R=15 mm., and 1'=6.5 mm.; 10 rays. Another young specimen, slightly
larger, has a smaller disk and 8 rays. In the young the inferomarginal and adambulacral spines are
relatively smaller than in the adult, the outermost spine of the former series being the largest, the
remainder quite insignificant. Pedicellarise are entirely absent. In a specimen with R=73 mm., the
abactinal spinules have appeared on all the series of paxillre, upon which they are present in the
adult; but the spinules are much smaller than in the fully adult. Judging from a slightly smaller
specimen than this, the spinules appear first on the innermost regular series of paxillre, and thence
spread over the rest, never appearing on the marginal row. Most of the regular series have subquad
rate paxillee, which become more and more rounded toward median radial line. The inferomarginal
spines are practically like those of the adult, the innermost 2 being a little weaker. On these inter
mediate specimens the adambulacral armature is as in the adult, except that pedicellariee are very
much less numerous.

Localities: Type (no. 21153, U. S. National Museum) from station 3876, Auau Channel, between
Maui and Lanai islands, 28 to 43 fathoms, sand and gravel; bottom temperature, 74°. Taken also at
the following stations, 11 specimens in all:

Record of localities.

Station. Locallty. Depth. Nature of bottom.

Fathom s,
3861. ..... Pailolo Channel ................................................ 30-52 Fine sand, small pebbles, coral.
3987...... Southeast of Kaual Island ............... _...............- ....... 5f>-50 Coral fragments, coarse coral sand.
4031.. .... .:.~~§~~~l.~~~~:.~~~~~~~.f. ?_~~~ ~~~l~~l.~::::::::::::::::::::::::::: 27-28 Coral, fine coral Band, foraminifera.
4032...... 27-29 Do.
~034 ...... ...•.do ........................................................••. 28--14 Do.
4168...... Vicinity of Bird Island ......................................... 20-21 Coral sand, foraminifera.

This species is most nearly related to Luidia aspera Sladen, taken by the Challenger Expedition off
Samboagan, and Tablas Island, Philippine Group, and north of Admiralty Island, the vertical range
being 10 to 150 fathoms. Both species are related to Luidia maculata Miiller and Troschel, as well as
to the following species, Luidia magnifica. Luidia hystrix differs from aspera in the character of the
adambulacral armature and abactinal paxillre. In aspera only 3 inner rows of paxillse are spiniferous.
Our species has an extra spine to the adambulacral armature, and fewer pedicellariee, there being
never 2 between the inferomarginal and adambulacral spines as in aspera.

A young specimen was found to have engulfed a young sea-urchin and a small colony of polyzoa.

Luidia magnifica, new species.

PI. xv, figs. 1-3; pI. XVI, figs. 1, 1a.

Rays 10. R=330 mm.; 1'=41 mm.; R=8r. Breadth of ray at widest part, near base, 37 mm.
The outer third of the two unbroken arms has been regenerated, and although they are nearly the
diameter of basal portion, they are probably considerably shorter than in life.

Rays very elongate in proportion to disk; considerably wider about 30 mm. from base than
directly at junction with disk. They taper very gradually to a bluntly pointed ~xtremity, and are
robust, depressed, with well rounded sides. Abactinal surface capable of inflation, but flattened on
disk; convex on rays, but flattened or even slightly concave along median radial area. Actinal sur
face with rounded borders. Ambulacral furrow wide, the tube feet very long, with comparatively
small, ovoid sucking disks. Pedicellarire very numerous on aetinal surface.
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Luidia magnijica. Inferomarglnnl and udambnlacral
plates, removed to show uctinal intermediate ossi
cles (c., bo, e.) , ad., Adambulacral plate; ad. 8po,
adambulacral spines; imf., inferomarginal plate;
8upra-amo, supraambulaeral plate (end only), X 4.

Paxillre of abactinal area are large, roundish on disk, and very crowded; on rays arranged in 6
regular longitudinal series at either side, becoming reduced to 5 on outer part of ray. In these regu
lar series the paxilhe are very sharply quadrate, but over a fairly wide median radial area they are
rounded in outline, considerably smaller than those of the regular series, are crowded, and have no
definite arrangement. At base of ray paxillrc of all 6 longitudinal rows bear a tapering, sharp, stout,
often slightly curved spinule or thornlet, those on innermost series longest (2 to 4 mm.}, thence
decreasing in size toward margin, being usually quite short on outer 2 rows. On outermost of mar
ginal series (corresponding to the aborted superomarginal plates) there is now and then a central
spinule as long as any of the innermost series. On outer part of ray beyond middle there are about 3
definite longitudinal rows of spinules. The spinule is borne usually near inner edge of quadrate
tabulum, or near the aboral inner corner, seldom in the center. Exposed surface of tabulum is only
slightly convex, and bears 20 to 25 stout, subclavate, papilliform spinelets, which become much
heavier, rather fiat-topped, and granuliform toward the center, where they often have the appearance
of being bent the same way that the spinule is directed-namely, diagonally toward inner aboral cor
ner of plate. Periphery of tabulum bears a series of numerous, blunt, much slenderer spinelets.
Paxillre of median radial areas and disk lack enlarged spinule, are roundish, and smaller. The cen
tral group of spinelets is also more regular, increasing in size toward the center, where they are rather

fiat-topped, clavate, and granuliform, resembling the
large end of an apothecary's pestle in miniature.

Inferomarginal plates very numerous, short, and
comparatively wide, each with a special ridge, sepa
rated from that adjacent by an unusually deep and
wide fasciolar groove. Armature consists of a trans
verse, regular series of 5 or 6 spines, of which the outer
2 or 3 are longer than the inner. The former are long,

° slender, tapering, very sharp, and slightly curved.
Three is the most frequent number; the longest (7 to
9 mm.) is sometimes the outer (when there are but 2
enlarged lateral spines), sometimes the median, but
there is little difference in the length of the three.
The inner 2 or 3 of the group of 6 are often augmented
by several auxiliary spinules. This group is less
regular than the outer spines, the spines being much
smaller, tapering, with usually an expanded, fiat,
chisel-like tip. The plate is fringed by stout pointed
spinelets, of considerable size, which are also scattered
over surface of plate between the large spines. Here

they are unequal in size, and irregular in distribution. In addition there is 1 (or rarely 2) 3-jawed
pedicellaria between the large lateral spines, making 2 Or 3 for each plate. These pedicellarire, which
are not to be confused with the larger ones, found in the interval between the adambulacral and inner
most inferomarginal spines, are sessile, with a fairly broad base and blunt tip, being roughly conical.

Armature of adambulacral plates, which is borne on a transverse keel, consists of 3 spines, placed
one behind the other, the median longest. Furrow spine fiat, saber-like, and bluntly pointed. The
next two are close together, ann separated from furrow spine by an interval. They are long, straight,
tapering, round tipped, and usually bent away from furrow. An inconspicuous, short, blunt, Hat
papilla is situated on adoral side of base of outermost spine. External to the latter, between it and
inferomarginal spines, is a row of 3 (occasionally 4, or at end of ray 2) large 3-jawed pedicellariee,
which increase in size outward, the outermost being situated on a slightly greater prominence than
the others. The innermost is situated just external to the outermost adambulacral spine, and reaches
nearly halfway to top of this. Each pedicellaria is perched on the top of a discrete ossicle shaped
very much like the shaft of a paxilla, The inner 2 (b, c, see fig.) rest ori the surface of the adambu
lacral plate, but the bottom of the outermost and largest is bent, and is wedged between the adambu
lacral and inferomarginal, representing the usual aetinal intermediate plate, evidently. These ossicles
are immersed in muscle, and are not readily comprehended unless treated with hot caustic potash.
They represent really 3 longitudinal series of aetinal intermediate plates, something very unusual for this
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genus. Each pedicellaria, perched on the knob-like tip of its ossicle, is surrounded by a circle of 5-10
papilliform spinelets of unequal lengths, the longest often reaching nearly to tip of pedicellaria. The
latter has a rather broad base, with bluntly tipped jaws, which are about 1~ to 2 times as long as the
extreme width of base. These jaws are often slightly twisted at tips, like the opening bud of a flower,
which indeed the pedicellaria somewhat resembles, the similaritybeing increased by the calyx-like
circlet of spinelets already mentioned. The outermost pedicellaria of this group is always largest,
being usually, exclusive of its pedicel-like base, 1.5 to 2 mm. long.

Mouth plates long and narrow. The 2 inner angle spines are long, flat, round-tipped or subtrun
cate, much stouter than any others of the plate, and directed toward center of actinostome. The true
furrow-series is continued toward the end of first ambulacral plate, in about 3 groups, each of 2 papil
liform spinelets. One of these spinelets, adjacent to the tooth, is enlarged, flattened, about half as
long as tooth. Extending along margin of aetinal surface of plate is an irregular series of long spines,
tapering and slender, and often slightly flattened at tip. They decrease in size toward outer end of
plate, where there is also a marginal fringe of spinelets, extending inward along side of groove adja
cent to first adambulacral. The superficial series might be regarded as 2 irregular series on the outer
part of plate. Actinostome large.

Actinal interradial areas practically absent, the adambulacrals of adjacent rays with their large
pedicellariee touching each other.

Madreporic body entirely hidden by paxillre.
Color in alcohol, yellowish brown, mottled with darker; in life probably similar to the foregoing

species.
Locality: Type (no. 21154, U. S. National Museum) from station 3849, south coast of Molokai

Island, 73 to 43 fathoms, coarse sand, broken shells, coral; 1 specimen.
This very distinct species is related to Luidia maculata and Luidia aspcra, as well as to the fore

going species. From the last 2 it differs particularly in the character of the adambulacral armature
and in the presence of 3 longitudinal series of actinal intermediate ossicles, and probably also from
maculata in these respects. I have been obliged to rely upon the original description of maculata
(System del' Asteriden, p. 77), which is none too satisfactory, and upon the critical remarks of Perrier
(Revision des Stellerides, p. 338). So far as I am aware, no one has figured maculata, the type of
which came from Japan. Neither Muller and Troschel nor Perrier mention abaetina! spines or the,
pedicellarise of the inferomarginal plates, so I am forced to conclude that these are not present on
maculata. Nor is it clear from the original description whether the large aetinal pedicellarise follow
the adambulacral spines or are among them. Perrier says they follow the spines, while Muller and
Troschel state that they are among or between [zwischen] them. While magnifica differs from aspera
in the same respects as from hystrix, it may not be amiss to detail some of the differences which sepa
rate it sharply from maculata.

Luidia macula/a.

N0 enlarge., splnules on ubactinal paxlllre.

Adambulncral armature consisting of one furrow and 8 or
4 aetinal spines. •

Pedlcellarlro slender, 3-4 times as long as broad.

A single series of actlnallntermediate ossicles.

Inferomarglnal spines 2-8, the Innermost longest.

No pedleellarire on Inferomarginal plates.

Luidia magnijlca.

Four to 6 lateral series of nbaetinal pnxlllre with enlarged
spinules.

Adumbulaeral armature of 1 furrow and 2 actlnal spines.

Pedleellarlro H to 2 times as long as broad, 8 In number,
In a definite series external to adambulaeral spines.

Two to 4series of actlnallntermediate ossicles, each ossicle
bearing a pedicellaria.

Inferomarglnal spines about 5, the outermost longest; the
Inner 2 with fiattened chisel-shaped tips.

Three or sometimes 2 or 4 pedicellarlro on inferomarglnal
plates between the large lateral spines.

The inferomarginal plates of this form are relatively rather small. The actinal intermediate
ossicles are aberrant also. The interval between successive segments of the ray is comparatively very
large, and filled with muscle. This fact, combined with the arrangement of actinal plates, gives a
great degree of flexibility. Professor Verrill, to whom I sent a portion of an arjn for inspection,
writes that he believes this species can swim rapidly, using its large ambulacral feet as paddles, as he
has seen Luidia clathrata do. The tube feet are very large.
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This is a remarkably large species. The type, if perfect, would measure over 2 feet in diameter.
It is thus nearly as large as a specimen of L. savignyi, with 9 arms, recorded from Mauritius, the shortest
ray of which was 350 mm., the longest 370. Prof. F. J. Bell has referred to this specimen as the
largest starfish on record. a

Luidia sp.

In the collection there is a single specimen of a young Luidia, which can not be positively
determined on account of its small size. R=20 mm.: r=4 mm. R=5r. Rays 5, very gently tapering;
abactinal area convex. Paxillai are arranged in 4 regular rows at either side of arm. These would
apparently have become subquadrate. Those of median portion of arm are round and likewise rather
regularly arranged. Inferomarginal plates with a single, prominent, slender, slightly flattened spine,
about as long as width of plate, forming a series along margin of ray. Actinal surface of plate with
numerous slender spinelets, but none large enough to form a companion spine. Adambulacral
armature consists of a long, slender, flattened, slightly carved furrow spinelet, and 2 actinal spinelets
in a regular transverse series, besides 1 or 2 shorter spinelets situated adorally to the latter. Occasion
ally a long 2-bladed pedicellaria takes the place of one of these latter spinelets, but as yet pedicellariee
are rare. The dredge-station record is missing, but the specimen was probably taken from Penguin
Bank, south of Oahu, in a depth of about 25 fathoms.

This specimen appears to belong to an undescribed species very closely allied to Luidiaforficifer
Bladen, from Torres Strait, 6 fathoms, and the Arafura Sea near entrance to Torres Strait, 28 fathoms.
(Bladen, Challenger Asteroidea, p. 260.)

Luidia brevispina Liitken.

Luidia brevispina Liltken, Fortsatte kritiske og beskrivende Bidrag til Kundskab on Sostjernerne, <Videnskabelige
lIIeddelelser, 1871, p. 288. Perrier, Revision des Stel lerides, 1875, p. 337.

This species is recorded by Perrier (I. c.) from the Sandwich Islands, where 9 specimens were
collected by Mr. Ballieu, and received by the Museum d'Histoire Naturelle de Paris in 1876. No
examples were secured by the Albatross Expedition.

Family PSEUDARCHASTERID£ Fisher, 1905.

Pseudarchasterlnee Sladen, Challenger Asteroidea, 1889,p. 109; emended. Verrlll, Trans. Conn. Acad., vol. x, 1899,p. 187.
Astrogoniinee Perrier, Exped. Scientif. TravaiIleur et du Talisman, Echinodermes, 1894,pp. 337, 338.
Pseudarchasteridre Fisher, Bull. Bureau of Fisheries, vol. XXIV, 1904 (1905), p. 303.

Genus PBEUDARCHABTER Bladen.

Pseudarellaster Sladen, in Narr. Challenger Exped., vol. I, 1885, p. 617.
Astroptmium b Perrier (non Muller and Troschel) Exped, Scientif. 'I'ravailleur et du Talisman, Echinodermes, 1894, p. 388.

Key to Hawaiian species of Pseudarchasier.

a. Rays shorter; no enlarged spinules on the actinal intermediate plates.. __ __ myobrachius
aa. Rays longer; enlarged spinules on the actinal intermediate plates. __ •.•. •• •.•• _. jordani

a Bell, Ann. N. H., ser. 6, vol. III, 1889, p, 222.
bThe substitution of the name Astrogonium for Pseudarchaster Sladen is wholly unnecessary and unwarranted. Astro

gonill1" was first proposedby Millier and Troschel (System der Asteriden, 1842, p. 52) and in eluded 4 genera-HippaBteria
Gray, Goniaster Agassiz, Pentagonaster Gray, and TOBia Gray-all of which are now recognized and in current use. The
genus was thus a composite group without a definite type. In 1847 and 1866 Gray used the name in a more restricted
sense, ineluding forms now referred to To8ia (or to Pentaoonaeter, according to the point of view), such as Tosia granularis
(Retzius), and to the Odoniasteridse, as Aeodontaster miliaris (Gray) Verrill. If it were used at all it would be applied, with
very. questionable propriety, to the group containing the ABtaias granularia of Retzius, which belongs to the previously
described Tosia. But as Astrogoniu7ll was an artificial group, a synonym of, say, Hippasteria, or of anyone of the other 3
above-mentioned genera, the name should be discarded for all time, on the ground of "once a synonym, always a
synonym."

However, in 1889Sladen ineorreetly restrfcted Astrogonium to Gray's genus Pentaoonaetcr.
Perrier in 1894 transferred the name to an entirely different group, One unknown to either Mtilter and Trosehel

or Gray, namely, to Pseudarchaster-i-Aphrodiiiasier Sladen. Both of these names are perfectly tenable, and the eourse
of Perrier is wholly contrary to the most widely accepted laws of nomenclature. Astrogonium has been used by
several authors sinee 1894 in place of Peeudarctuuter, the eorreet name of the group. (See Verrill, Trans. Conn. Acad,
xx, 1899,p, 149.)
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Pseudarchaster myobrachius, new species.

PI, x, figs. 6, 68; pl. XIX, 1, ta-o,

'1037

Rays 5. R = 34 mm.; I' = 13 mm, R = 2.611'. Breadth of ray at base, between second and third
snperornarglnal, 12 mm.; halfway to tip, 7 mrn.

Rays rather narrow and short, slightly tapering after the basal expansion to a pointed extremity.
Interbrachial arcs wide and well rounded, so that base of rays is broad. Margin of rays evenly
rounded, more beveled on disk.

Abactinal paxillar area compact and uniform; very narrow on rays, consisting of only three rows
of plates on outer half, where it is less than half as wide as a superomarginal. Paxillse roundish to
sub polygonal, close-set, and no~ arranged with any great regularity. The pedicel is surmounted by
12 to 18 coordinated, short, truncate, 3- or 4-sided spinelets, prismatic in appearance. A few of the
peripheral spinelcts are usually noticeably smaller than others. Paxillre decrease in size toward
marginand on rays, where there is usually only 1 central spinelet with 7 to 9 surrounding it. A well
defined groove is present between the paxillar area and marginal plates. Papulre absent from distal
half of ray.

Superornarginal plates,23 in number from median interradial line to extremity of 'ray, form a
broad, conspicuous margin to abactinal area. Length in interbrachial arc less than on ray (except
outer fourth). Plates are covered with a close polygonal granulation, the granules increasing in size
and becoming less crowded toward outer end of plate. A marginal series of much smaller granules
surrounding each plate is dearly distinguishable. Plates of outer half of arm have an oval naked spot
on middle of dorsal aspect. This area begins 011 ninth or tenth superornarginal and is present on 9 or
10 plates. The last (distal) few plates, being very small, are completely covered with granules.

Inferomarginal plates correspond in number to superomarginals, and encroach rather more upon
actinal area than do the latter upon abactinal. Plates in interbrachial arc are conspicuously shorter
than those on ray. They are covered with numerous granules, which increase conspicuously in size
toward outer margin of plate. Most of the granules are flat-topped, roundish, or polygonal, but many
show a tendency to become squamiform. Plates of interbrachial arc bear a median transverse series
of 4 flattened, tapering, sharp spinelets which have a swollen base and are closely appressed to the
plate. These are reduced in number to 3 and 2 on ray, and finally to one on outer part. The series is
well spaced.

Adambulacral plates have an angular furrow margin, the apex of which is nearer adoral than
aboral side. The armature consists of a furrow series of 6 or 7 short, roundly truncate, flattened
spinelets, 4 of which are on that side of the angular margin turned away from mouth, the longest
spinelet at apex, and the other 2 on the adoral side of the margin. They thus form a palmate series
and are graduated in length. Furrow series is continued along adoral margin in 2 to 5 gradually
shortening spinelets, and similarly along the aboral margin in 2 or 3 spinelets, In middle of actinal
surface there is an erect tapering spinule, more prominent than any others of plate, and clustered
around it are numerous small, papilliform spinelets, especially toward the outer side of plate. On
first few plates the prominent spinule is not present. The spinelets which are found along the adoral
and aboral margins of each plate are opposed over a sort of fasciolar furrow between the plates,

Actinal intermediate plates are subquadrate or roundish, large, and do not extend beyond the
third inferomarginal. They are arranged in about 3 series parallel to the adambulacrals, and increase
in size toward disk. They are covered with round papilliform granules, which are truncate, well
spaced, and often arranged in more or less definite rows. No fasciolar grooves are present between
the plates, or if present can not be regarded as in any manner specialized. -

Mouth plates are large, ovoid, and prominent actinally, with an extensive furrow margin. The
armature consists of a furrow series of 7 blunt flattened spinelets, similar to but larger than the adam
bulacral furrow spinelets, increasing in length toward inner end of plate. These inner spinelets are
slightly compressed in an interradial plane, and likewise taper a trifle. A superficial series of 10 is
present along the margin of the median suture, decreasing in length toward the outer end of plate, the
outermost being scarcely more than flat-topped granules. Furrow series is continued along margin
adjacent to first adambulacrals in about 6 short, graduated, very flat spinelets, opposed to those of the
adjacent edge of adarnbulacral. Between these and superficial series is a row of 3 or 4 small papilliform
granules, similar to the adjacent superficial series.
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Breadth of ray at base, between first and second

Madreporic body is very small, situated halfway between center of disk and inner edge of supero
marginals; entirely hidden by paxillre.

Color in alcohol, dull brown.
Young: Two young, apparently of this species, were taken at station 4028. R=8.5 mm.; 1'=5 mm.

(smaller specimen). They differ much from the adult in general form, having short, stout rays. Each
of the broad superomarginal plates (8 in number from median interradial line) has a naked area on the
abactinal surface, similar to that of the adult except that in the young these extend around the
interbrachial arc. Enlarged spinules d inferomarginals are present (absent on other specimen, how
ever), but much reduced. Actinal intermediate plates are very few, and the aetinal spinule of adam
bulacrals is not yet larger than the others. Furrow spinelets of adambulacrals 4 to 6.

Locality: Type (no. 21158, U. S. National Museum) from station 3995, vicinity of Kauai, 427-6it.i
fathoms, fine gray sand and rocks; bottom temperature, 40.6°. Two young specimens were taken
also at 4028, southwest coast of Kauai, 444-478 fathoms, on gray sand and globigerina.

This species is distinguished by its short rays, broad marginal plates, very narrow abactinal
paxillar area on rays, small actinal intermediate area, the plates of which are devoid of spines and
of specialized fascioles between them, and by the enlarged spinule on the adambulacral plates. The
madreporic body is entirely hidden. The species is thus very distinct from any Pacific form, and
would seem to approach nearest to Ps. tessellatus Sladen from Cape of Good Hope, from which, how
ever, it is readily distinguishable by the shorter rays, broader marginal plates, with naked areas on
superior series, by the hidden madreporic body, and by the absence of spinules from aetinal interme
diate areas, where the granulation appears also much less compact.

Pseudarchaster jordani, new species.

PI. x, figs. 7, 7a; pl. XIX, figs. 2, 2a.

Rays 5. R=52mm.; r=16.5mm. R=3.15 r.
superomarginals, 18 mm. .

Rays moderately long, robust, tapering continuously from a fairly wide base to a pointed extremity.
Interbrachial arcs not so wide as in preceding species; rounded. Abactinal surface a trifle inflated
over radial areas, and slightly sunken along interradial lines.

Abactinal paxillar area is compact, not so narrow on rays as in preceding species. In the middle
of R there are 5 longitudinal rows, the area here equalling in width one of the adjacent superomarginal
plates. The paxillee are relatively larger than in Ps. muobracliius, and are arranged with beautiful
regularity in a radial and numerous parallel series, the plates decreasing in size toward margin. They
are also smaller in an apical area, inside the primary radials. A radial paxilia consists of about 10 to
12 hexagonal or prismatic, granuliform spinelets placed on the convex summit of the pedicel, sur
rounded by a peripheral series of 15 to 18 smaller, unequal, slightly flattened ones which are consider
ably slenderer and do not form a regular series. The smaller paxillee differ only in having fewer
spinelets. Papules arranged in sixes about paxillse, lacking from distal three-fifths of arm, as beyond
eighth superomarginal.

Superomarginal plates, 30 in number from median interradial line to extremity of ray, form a
slightly arched bevel to margin of ray, but do not encroach so conspicuously upon the abactinal area
as in the preceding species. They are uniformly covered with polygonal, flat-topped granules which
increase in size toward the lower edge of plates. The thirteenth to twenty-third plates have a rudi
mentary bare spot near the abactinal end, but this appears to be lacking in a second specimen.

Inferomarginals correspond plate for plate with superomarginals. 0):1 disk they encroach more
upon the actinal area than do superomarginals upon abactinal. Excepting a regular peripheral series,
the granulation is coarse and more. irregular than that of superomarginals, The granules tend to
become squamiform, and thereis a very irregular transverse series of sharp, squamiform spinelets 'on
each plate. These are more numerous ininterbrachial arcs, and do not form a straight linear series.

Adambulacral plates have an angular furrow margin. Armature as follows: (1) A palmate
furrow series of 7 or 8 slightly curved, stout, round-tipped, compressed spinelets. The series is con
tinued along the aboral and adoral margins as 2 or 3 shorter, slenderer spinelets, the inner ones often
standing on furrow margin in such a way as to form a portion of the palmate series. (2) On the
general surface of plate, 2 (rarely 3, often only 1) lanceolate, slightly flattened sharp spinules similar
to those of the actinal intermediate plates. Surrounding these are 6 or 7 blunt, papilliform' spinelets,
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those on the outer edge-of the plate being much slenderer and smaller than those adjacent to the fur
row series. The former sometimes form an irregular longitudinal series. The enlarged spinules
usually stand in an obliquely longitudinal or even transverse series.

Actinal intermediate plates extend as far as fifth inferomarginaI. The series adjacent to adambu
lacrals is much the largest. Each -plate bears near the center 1 (occasionally 2) lanceolate, sharp,
flattened, appressed spinule surrounded by well spaced, small spinelets which increase in size from
the edge toward center of each plate. The peripheral series is slender, but the more centrally situated
spinelets are clavate with flattened, subsquamiform tips. There appear to be rudimentary fascioles
between the plates, especially those adjacent to adambulacral series. The granules become more
flat-topped and subsquamiform near the. inferomarginals.

The armature of the mouth plates is robust, consisting of a furrow series of stout, curved, round
tipped spinelets, slightly compressed, which are subequal in size, or a trifle smaller at the inner third
of the series, and a trifle larger than the corresponding spinelets of the first adambulacral plate. There
is an odd spine at the inner end of the combined pair, in addition to the regular marginals. There is
a regular series of about 9 along the margin of the median suture, the inner 2 or 3 spinelets round
tipped and of about the same size as the adjacent furrow spinelets, the outer graduated and bluntly
pointed, clavate or papilliform. The furrow series is continued along the margin adjacent to the first
adambulacral, in 5 or 6 smaller spinelets, which increase in thickness toward the outer end of the
plate.

Superambulacral plates present, feebly developed; lacking beyond eighth inferomarginal.
Madreporic body small, nearly hidden by paxillse, situated very nearly midway between center

of disk and inner edge of superomarginal plates.
Color in alcohol, bleached yellowish.
Locality: Type (no. 21159, U. S. National Museum) from station 3474, south coast of Oahu Island,

cruise of 1891, 375 fathoms, fine white sand, 2 specimens.
This species differs from the foregoing in having larger rays, more prominent paxillre, which are

very regularly arranged, one or two enlarged spinules on each actinal intermediate plate, and either
one or two enlarged spinules on all the adambulaeral plates. It bears closest resemblance to Pseudar
chastertessellatu» Sladen, from Simons Bay, Cape of Good Hope. , From this species it differs in having
shorter and wider mouth plates, which appear, in addition, to be relatively smaller. The 2 lineal
series of spinelets are not subparallel, but outline a triangle, the base of which is the superficial series
adjacent to the median suture. The marginal plates encroach more upon the dorsal and ventral areas, .
especially in the case of the inferomarginals. The granulation of the latter is coarser than that of
superomarginals, instead of being of uniform size, as in tcssellatue. The furrow series of spinelets is
coarser, and there are usually 2 aetinal spinules, instead of 1 on each adambulaoral plate. The
abactinal paxillm contain more spinelets, and appear to be slightly larger, and the madreporic body
is much smaller or at least less exposed. This form is also related to Ps. mozaicus Alcock from the
'Indian Ocean, but differs in having shorter rays, which are broader at the base, less numerous marginal
plates, and actinal interradial plates which extend to the fifth, instead of tenth, inferomarginal.
Minor differences are apparent in the armature of the mouth and adambulacral plates.

A second specimen has the following measurements: R=59 mm.; 1'=15 mm. R=3.9 r, Thus the
rays are a trifle longer than those of tessellatu», and judging from the figure in the Challenger report
(Asteroidea, pI. XVII, figs. 3 and 4) are also more robust' and more gradually and evenly tapered
from the interbrachial arc. a

Family BENTHOPECTlNID£ Verrill, J899.

Benthopectinidm Verrlll, Revision of certain genera and species of starfishes with descriptions of new forms. <TrailS.
Conn. Aead. ScI., vol. x, 1899,p. 217. = Parnrehasterfnre Siaden.

Subfamily PONTASTERINlE b Verrill, 1B94,
Pontasterinse Verrill, Deseriptlons of new speeios of starfishes and ophiurans, etc.• <I'roc. U. S. Nat. Mus., XVII, J894, p.

2411.

a After this report was completed and had left my hands three species, Pe. pectinifer, Pe, pulcher, and Ps, verrilli, were
described by Ludwig (Mem. Mus. Compo Zool., Vol. XXXII, JUiy17.1905, p.l06-120). Ps, jordan'iresemb1esthe1irst two forms.
but lacks any structures that might be considered pedlcellurlre. From pulcher, 'jordani differs, also, in havtng aetuul
intermediate spines, and a much more extended papular areu, reaching to supermarginal plates and interradial line.
P8. peciinifer Is from Gulf of Panama, and p"lc!wr from southwest of Acapulco, and vicinity of Galapagos Islands,

,. Classified by Verrlll under his Plutonasteridre, 'I'he present classification is that advocated by Sladcn in "Chal
lenger Asteroidea."

F. C. B. HlOH, PI. a-lH
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Genus CHEIRASTERa Studer.

Cheiraster Studer, Sitzungsber, naturforsch. Freunde Berlin, 16 Oct., 1883, p. 130; Anhangz. d. Abhandl. d. k, preuss, Akad,
d. Wiss, Berlin, vom Jahre 1884, p.49, Taf. IV, figs. 8, a, b, c; Taf, V, figs. 9, a b, e, d, c. Type, CheiraBter gazellre or
possibly pedicetlaris Studer.

Poniaster (partlm) Sladen, Narr. Chall. Exp., I, 1885, p. 610.

Key to Hawaiian speciesof Cheiraster.

a. Pectinate pedicellarire on actinal surface _ .. _. _ . _.. snyder
aa. No pectinate pedicellarise.

b. Abactinal paxillar area bristling with erect spinules. Rays rather short. .. ••. horridusi
bb. No erect, abactinal spinules. Rays long and slender __ inops

Cheiraster snyderi, new species.

PI. x, fig, 3; pl, XVIII, figs. 1 and 3.

Rays 5. R = 51. mm.; r = 9 mm. R = 5.6r. b Breadth of ray at base (between first and second
superomarginals) 8.5 mm.

Rays long and slender, tapering gradually to an elongate pointed extremity. Disk rather small.
Interbrachial arcs wide and rounded. Lateral wall vertical. The marginal plates fortn a narrow,
slightly raised border to abactinal paxillar area, which is subplane. Pectinate pedicellarise on actinal
surface.

Abactinal paxillar area is not uniform, the paxillte being of various sizes, spaced, and rather small,
decreasing in size toward tip of rays. Larger paxilhe of disk bear 6 to 9 short, papilliform spinelets
surrounding a central group of 2 or 3, or sometimes only 1. Scattered among these are smaller
paxillre of all sizes, some with only a single little spinelet, others with. 3, 4, 5, or 6, and so on up to
the largest. Paxillee on rays bear 4 to 6 spinelets, usually widely radiating, and on outer half of
arm a few along median radial area may have a single, central, delicate, conspicuous spinule standing
erect. Those paxillre on papularium are different from the others, being. more' ornate, with longer
spinelets, which radiate to form rosettes. Midway between center of disk and margin, on each inter
radial line, is a single enlarged paxilla with 20 to 25 spinelets. One of these is sitnated adcentrally to
the madreporic body. Papulee are large and confined to an oval area at base of rays (papularium),
there being about 25 to 30 of them, distributed in 4 irregular longitudinal rows, the 2 medium series
longest.

Marginal plates form a slightly raised border to disk and rays, which have vertical sides. Plates
of lower series alternate with those of upper, except on outer third of ray, where they very nearly
correspond. Superomarginal plates, 33 in number (in cotype) from median interradial line to
extremity of ray, are about as high as broad, except in interbrachial are, where the height is much the
greater. They are slightly tumid, form a rounded margin. and the prominent transverse sutures follow
an oblique course, trending from within outward and orad. First superomarginal smaller than suc
ceeding ones. Each superomarginal bears 1 short, sharp, cylindrical, tapering spine, at about the
center of plate. These diminish in length as they proceed outward and are usually absent from the
first superomarginal and reduced in size on second. General surface of plates is covered with small,
rather widely spaced papilliform spinelets. There is a small abnormal, odd interradial superomarginal
in one iuterradius.

Inferomarginals form a rounded and conspicuous border to the actinal area, on which their
breadth exceeds their length, on inner half of ray, while the reverse is true for outer half. Each plate
bears a lateral, cylindrical, tapering, sharp' spine, 3.75 mm. long, situated near outer or upper margin
and pointing horizontally out from ray. These spines diminish in length as they proceed outward,
and are reduced to about half usual size on first 2 inferomarginals, Below each spine, in a rude semi
eircle, is a group of 3 or 4 spinules similar to but smaller than the lateral spine. One of these is larger

«Ludwig (Mem. Mus. Compo ZooJ., vol, XXXII, 19n5, p. 1) has united Otieiraster Studer and Pontaster Sladen (as
restricted by Perrier). Pectinate pcdiccllarire can not bc used as a generic Character, for they may be lacking in species
normally having them. I have followed Ludwig. ChciraBter tiorridus and Clicirasier inop« would belong to the restrtoted
genus Pontasier, according to those authors who prefer to recognize Poniasier as distinct.

b In the description the proportions have been taken from the cotype, since tip has been broken from all the lLrlJll! 01
the type, which is a considerably larger specimen, r = 11.25 mm.
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than the others, and forms a companion -spine on all but first 4 or 5 plates. Sometimes a second
spinule nearly equals it. General surface of plates is covered with spaced, sharp spinelets or thornlets,
which are longest and stoutest along median transverse line, especially in vicinity of spines and api
nules, A narrow area at inner end of plates, adjacent to adambulacrals, is usually free from spines,
except on about 5 plates beyond the second to fourth. These have 3 or 4 sharp, short spinelets set
close together in a comb, and pointed over the suture between interomarginals and adambulacral
plates, sometimes meeting 1 or 2 smaller spinelets on the latter, or arranged in a semicircle without
opposing spinelets, These are rudiments of the peculiar pectinate pedicellarire characteristic of the
genus, and which in this species are better developed on the actinal intermediate plates.

Adambulacra] plates have an acute angular projection into furrow, the spiniferous rim appearing
semicircular. Greatest breadth is greater than length; successive plates rather widely separated. Anna
ture as follows: (1) A furrow series of 8 (occasionally 6 or 7) slightly flattened, blunt spinelets, The
4 or 5 median spinelets form a nearly straight series, are untapered and round-tipped. One or 2 spine
lets at either end of series are shorter than the central group of 4, and the Iateralmost are shortest.
(2) On actinal surface a tapering, stout, erect, pointed spine, a third longer than those of furrow
series, stands in the middle of plate, and on an oblique line toward outer adoral corner is a companion
spinule, much shorter and slenderer. A second slightly shorter spinule, near the aboral margin of
plate, is in a longitudinal series with the last, while a similar third spinelot is sometimes found just
aborally from the prominent spine. These 3 spinules are usually all present (but not always) and
near base of ray either the first or second may be considerably enlarged. A row of 2 or 3 short, slender
spinelets continues the furrow series along adoral margin of plate.

Mouth plates prominent, broad, and the united pair strongly convex, with a wide free margin.
Width of united pair exceeds interradial dimension. Each plate bears a marginal series of 7 flattened,
tapering, blunt spines and spinules, disposed in a radiating horizontal series. The innermost spine is
longest, the second slightly shorter, and the combined 4 stand out horizontally over peristome forming
"teeth." The remaining 5 spinelets are either graduated in length, or form an independent fan
shaped series at sides of the margin. On actinal surface a row of 5 or 6 prominent pointed spinules
extends along margin of interradial suture, decreasing in length as they proceed outward. About 3
widely spaced spinules are scattered between the above series and the marginals, often forming an
intermediate series.

Actinal intermediate plates are few and do not extend beyond fourth adambulacral. There are 8'
or 9 pectinate pedicellarire to each of the 5 interradial areas. These pedicellariee are situated over a
suture between 2 plates, the 4 or 5 spinelets (making up comb) of one plate opposing an equal number
of the adjacent plate, the suture running between them. The largest pedicellaria is that on inter
radial line. The others are smaller. There is considerable variation in the number of these pedicel
larire, the smaller specimen possessing but 2 to 4 to each interradial area, and lacking entirely the
largest. Numerous delicate thornlets are scattered over intermediate plates.

Anal aperture subcentral, small, but easily seen.
Madreporic body of medium size, broadly elliptical, situated midway between center of disk and

margin. Striations coarse, very irregular.
Color in life unknown; in alcohol ashy white.
Young: The smallest specimen (station 4007) has R=ll mm., and r=3 mm., and a considerably

different facies from the adult. The marginal plates are very broad and massive, and encroach upon
the abactinal paxillar area. Paxillte relatively large, especially on disk. Adjacent to the margin in
each interradius is a large, round paxilla, evidently the same as that which in the adult is situated
about midway between margin and center of disk (basal plate of apical series). There is another
smaller plate situated at the base of the ray, in the median line, which probably represents the radial
plate. There is only 1 papular pore to each ray, just distad from the radial plate. Madreporic body
minute. Spines of marginal plates small. No actinal interradial plates; no pedicellarire. Adambu
lacral plates widely separated. Furrow series of spinelets only 3 or 4; actinal adambulacral spinelet
1, with an aborally situated companion. Mouth plates like adult, characteristic. A larger specimen
with R=28 mm. has 4 or 5 actinal intermediate plates and a couple of pedicellarire to each area.
There are scattered spinules on abactinal surface of disk, as well as on rays.

Localities: Type (no. 21155, U. S. National Museum) from station 3997, southwest of Kauai
Island, 418-429 fathoms, fine gray sand and brown mud; bottom temperature 41°. Seven specimens
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taken also at the following stations: 3981, southeast of Kauai, 636-414 fathoms, globigerina ooze;
3995, north of Kauai, 427-676 fathoms, fine gray sand and rocks; 3998 southwest of Kanai, 235-228
fathoms, coarse brown coral sand, shells, rocks (very young, probably this species); 4007, vicinity of
Kauai, 508-557 fathoms, gray sand, foraminifera (very young). All but types are immature
specimens.

Cheiraster horridus, new species.

PI. x, fig. 5, 5a; pI. XVII, fig. 3; pI. XVIII, fig. 2.

Rays 5. R=35 mm.: 1'=7 mm, R=5r. Breadth of ray at base (between first and second supero
marginals) 7 mm,

Rays rather short for genus, tapering very gradually from a narrow base to pointed extremity,
which is reflexed. The ray tapers more perceptibly in outer than inner half, giving a stout appear
ance. Disk small. Interbrachial arcs regular but well rounded. Lateral walls vertical. Marginal
plates form a broad, but not raised, border to abactinal area. Abactinal surface of disk and rays
subplane; aetinal areas subplane; margins of rays well rounded. No pedicellarlse whatsoever.

Abactinal paxillai are fairly large and distinctly spaced, the plates varying in size and having no
definite order. They are irregularly hexagonal, or polygonal, and the convex, spine-bearing surface
is only slightly raised above level of sutures. Larger paxillee of disk bear 15 to 20 small cylindrical
spinelets, surrounding in 1 or 2 irregular series a long, slender cylindrical spine (3 to 4 mrn.) which
stands erect. These spines are numerous on disk, and about 10 scattered, very large paxillee bear
from 2 to 4 accessory spinules about half as long as the spine. On a few of the paxillse a rosette of
enlarged spinelets surrounds base of spine. On rays the spines are numerous, but reduced to one
third or one-fourth the size of those on disk; deciduous and usually not more than 1 to a paxilla,
Scattered among the larger paxillse of disk are numerous small ones, consisting of a central spinelet
and 4 to 9 in a rosette surrounding it. Very small paxillse bear a group of 3 or 4 spinelets, Papular
are few, very inconspicuous, and are confined to the basal portion of each ray. No specialized
papularium is evident.

Marginal plates form a conspicuous border to disk and rays. Plates of the two series are not
exactly opposite (except the first pair), but alternate, so that the sutural line between the 2 series is
regularly zigzag. Superomarginal plates, about 20 in number from median interradial line to
extremity of ray, are about as wide as high, except in interbrachial are, where height is greatest.
They form a conspicuous margin to paxillar area, which on arms is equal to twice the width of 1 series
of plates. First plate much smaller than succeeding. Each superomarginal on outer or marginal
angle bears a conspicuous slender, tapering, sharp spine, 2 to 3 mm. in length, which stands out at
right angles to side of ray. They decrease in size toward tip of ray, and are surrounded each by 2 to
6 smaller splnules of different lengths, the longest being about one-half length of spine. Rest of
plate is covered with tiny, spaced spinelets, There are prominent but shallow furrows between
the plates.

Inferomarginals are distinctly tumid, and form a rounded and elevated border to the aetinal
surface. Eacli plate bears from 5 to 8 slender, tapering, bristling spines and spinules, either disposed
in an oblique transverse group, or (on outer half of ray) forming a more compact group on lateral
surface of plate. The spines are of different lengths, the longest being equal to superomarglnal spine.
There are usually 3 nearly as long, while the remainder vary from one-third to one-half the length of
longest. Scarcely 2 plates have the armature arranged exactly alike. General surface of plates is
covered with small, slender, sharp spinelets, rather widely spaced. A number in the vicinity of
spines are enlarged.

Adambulacral plates have a prominent angular projection toward furrow, the furrow margin being
rounded or semicircular in outline. Armature as follows: (1) A palmate furrow series of 5 or 6 slender,
untapered (or but very slightly tapering), flattened, round-tipped spinelets, the median longest and
all slightly radiating. Along adoral margin of plate there are 2 to 4 tiny, slender spinelets, simulating
a continuation of the furrow series. (2) On actinal surface of plate are 2 robust, tapering, acute
spinules forming an oblique series, the axis of which would extend diagonally across the plate from
outer adoral to inner aboral corner. The outer spine is longest (2 mm, ou inner half of ray), the
inner about equaling .longest of furrow spinelets. One or 2 of the delicate adoral thornlets are some
times found in close proximity to the larger spine.
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Mouth plates are broad and convex, the combined width of 2 plates equaling the interradial
dimension. Marginal spinelets 7, increasing in length toward inner angle, the innermost being long,
tapering, and blunt, the next not quite so long. The 4 spines of companion plates form prominent
teeth. The most aborally situated spinelet of furrow series (i. e., the seventh) is about one-third the
length of the third spinelet from inner angle, the third spinelet two-thirds length of median teeth.
Actinal surface bears 10 or 11 small, scattered spinelets, of which about 3 on each plate are enlarged
into spinules.

Actinal interradial areas are very small, with 6 plates, the 2 innermost (opposite mouth plates.
much the largest, tumid, and surmounted by 1 or 2 central spinules and 6 or 8 tiny thornlets, like
those of inferomarginals, The other plates bear a few thornlets.

Anal aperture nearly central, very small.
Madreporic body small, circular, with coarse striations; situated about its own diameter distant

from marginal plates.
Color in life: Abactinal surface vermilion, the tip of arm, and a broad V-shaped transverse band

about midway along ray whitish. Actinal surface white. Color in alcohol, ashy white.
Locality: Type (no. 21156, U. S. National Museum) from station 4079, north coast of Maui Island,

143-178 fathoms, gray sand and foraminifera; bottom temperature 60.8°.
This species shows no signs of pectinate pedicellariro. It is quite different from any described

species; the numerous spines on the abactinal surface and bristling armature of both series of marginal
plates at once distinguish it. Poniaster hispidus Wood-Mason and Alcock, and Pontaster pila8UsAlcock
from the Indian Ocean evidently have pectinate pedieellarize, The only Pacific forms of '<Pontaster"
(s. s.) are subtuberculaiu« from east of Australia and plane/a from west of South America, near Straits
of Magellan. Both of these forms are widely different from horridus. On account of its bristling
armature and the absence of a specialized papularium, harridu,~ resembles the young of Acantharchoster
Verrill, which lack pectinate pedicellariro. In the present form, however, the papulse seem to be
lacking from disk except adjacent to base of rays.

Cheiraster inops, new species.

Pl. x, fig. 4; pI. XVII, fig. 2.

Rays 5. R=50 mm.; r=7.25 mm, R=6.9r. Breadth of ray at base (between first and second
superomarginal plates) 8.5 mm.

Rays long, slender, tapering gradually from a narrow base to an elongated pointed extremity.
Disk small. Interbrachial arcs angular, but rounded. Lateral walls vertical. Marginal plates form
a rather narrow, slightly raised border to abactinal area, which is subplane. No pedicellarise.

Abactinal paxillre smaller than in preceding species; well spaced; abactinal integument rather
flexible. The paxillte, which conspicuously decrease in size toward tip of ray, consist on disk of 9 or
10 very short papilliform spinelets, in a circle, surrounding a central group of from 1 to 4 spinelets,
Along median radial area of arm and center of disk numerous scattered paxillre bear a single, central,
short, sharp, tapering spinule. On rays there are usually 5 or6 very short spinelets surrounding a
single central one to each plate. In each interbrachial arc, about midway between center of disk and
margin, is 1 paxilla much larger than any other, bearing a coordinated group of about 25 spinelets.
Scattered among the larger paxillre of disk are numerous very small ones. Papules are large, confined
to an elliptical area at base of rays (papularium), there being 4 longitudinal rows, the 2 median
nearly twice as long as the lateral, and their papulre also larger. Papularium is more prominent in a
mutilated specimen than in type, there being 5 to 8 papulee in the lateral series and 8 or 9 more widely
spaced in the median.

Marginal plates of lower series alternate with those of upper, as in foregoing species, the first
inferomarginal being opposite first and second superomarginals, the sutural line between the 2 series

\ following a regular angular zigzag course throughout ray. Superomarginal plates, 30 in number from
median interradial line to extremity of ray, are higher than broad, except on outer half of ray, where
the 2 dimensions are about equal. The plates are tumid and form a rounded, slightly elevated border
to paxillar area, the sutures between the plates being set obliquely, as is usually the case in this genus.
First superomarginal is conspicuously smaller than the succeeding. Each plate bears a short
(1. 75 to 2 mm.}, tapering, pointed spinule, rather nearer the outer than inner margin of plate. These
spinules are borne on the angle where lateral and dorsal superficies meet, and are usually bent upward.
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On outer attenuate part of ray they become much reduced in size. First superomarginal either lacks
the spinule or bears a very small one. General surface of plates is covered with scattered, small,
papilliform spinelets,

Inferomarginals form a rounded and conspicuous border to actinal area, on which their length is
greater than their breadth. They are slightly higher than the superior series. Each plate, on lateral
face and near upper angle, bears a prominent, cylindrical, tapering, sharp spine, which stands out
horizontally from ray. These spines are about 3 mm, long, and decrease in length at tip of ray.
Below this are grouped 3 to 5 shorter and more delicate spinules, often in a rude semicircle, the longest
being one-half to two-thirds the length of spine. On the inner plates of ray these accessory spinules
are usually placed in an irregular transverse series, accompanied by numerous enlarged spinelets.
Surface of plates is covered with spaced, usually sharp, papilliform spinelets,

Adambulacral plates have an angular projection into furrow, the spiniferous rim being rounded to
subangular. Greatest breadth is greater than length. Armature as follows: (1) A palmate furrow
series of 7 slender, tapering, blunt spinelets, the 3 or 4 median subequal, or the median slightly the
longest. (2) On actinal surface 1 conical, erect, pointed spine stands in center of plate. On outer part
of ray a second smaller spinule is present in an oblique line toward inner aboral corner of plate.
This spinule seems to be represented throughout rest of ray by a slender spinelet on the aboral border
of plate. First 2 adambulacrals have a second smaller spine toward the furrow angle, but this does
not appear to hold for all the rays of the type specimen. Three or 4 small spinelets stand in a row
along adoral margin of plate, forming a continuation of furrow series. One or 2 similar spinelets are
also occasionally found on outer end of plate near inferomarginals.

Mouth plates prominent, broad, and the united pair strongly convex, with a wide semicircular
free margin. Their interradial length about equals width of united pair. Each plate bears a marginal
series of 8 spinelets, the 2 innermost enlarged into flattened, slender, slightly tapering spines, which
project horizontally over the mouth and with those of the companion plate form 4 "te<;th," the 2
median of which are a trifle the longest. The other marginal spines are about half the length of
teeth, and diminish in size as they recede from them. On actinal surface of each plate is a linear
series of numerous spinelets, running parallel to median suture, which decrease in size as they proceed
outward. Between this series and lateral margin, and much nearer inner than outer end of plate,
stands a single prominent spine similar to that which is found on the actinal surface of each adambula
cral. Numerous small miliary spinelets are found on outer half of each plate.

Actinal interradial areas small. Intermediate plates 10 to 12, convex, armed with small, widely
spaced, spinelets. Intermediate plates extend only as far as the fourth adambulaeral, and usually not
beyond third.

Anal aperture nearly central, easily detected.
Madreporic body small, subcircular, situated about midway between center of disk and margin,

marked with coarse radiating striations. There IS a large paxilla on its adcentral side.
Color in life unknown; in alcohol ashy white, yellowish on arms.
Variations: In a large mutilated specimen which appears to belong to this species the disk is rela

tively slightly larger, and interbrachial arcs more rounded. The papularium is more prominent also.
Each adambulacral plate bears a second smaller spinule in an oblique line toward the outer adoral
corner of plate. The inferomarginal plates are slightly broader on actinal surface than in type. It is
barely possible this may represent another closely related species, but with the material at hand it is
impossible to determine this. The species of Cheiraster are as a rule very variable.

Localities: Type (no. 21157, U. S.National Museum) from station 3865, Pailolo Channel, between
Molokai and Mauai, 256-283 fathoms, fine volcanic sand and rocks; bottom temperature 44.8°. Station
3868, same locality, 294-684 fathoms, fine gray sand and rocks. Cruise of 1891, 3474, south coast of
Oahu, 375 fathoms, fine white sand; 8 specimens.

This species can readily be distinguished from the preceding by the longer, slenderer rays, very
much less spiny dorsal integument (the spinules being inconspicuous), and less spiny marginal plates.

. It is apparently more nearly related to Cit. planeta, taken by the Challenger Expedition in 245 fathoms
off the western coast of South America (near the entrance to the Straits of Magellan, opposite Port
Churruca) than to any other known form. From planeta, inops would be readily distinguished by its
relatively smaller disk, more attenuate, longer rays, more numerous papulre in the papularium, and
by the considerably larger abaetinal paxillre, The armature of the inferomarginal and adambulacra:
plates also presents points of difference.
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Family ARCHASTERlD£ Viguier, 1878 (emend).

1045

Archasterldre Vlguier, Anntomie Comparee du Squellette des Stellerides.<Arch. Zoo1. Expcr. et Gener., t. VII, 1878, p. 23"
(separate). Verrill, Trans. Coun. Acad., vol. x, 1899, p. 201; restricted to genus Arcluisier,

Genus ARCHASTER Mullsr & Troschel.

Archaster MUlier and Troschel, Monatsber, d. k. Akad. d. Wiss., Berlin, 1840, p. -104; System der Asteriden, 1842, p. 65.
Emended by Bladen, Challenger Asteroidea, 1889, p. 120. Type Arehaster iypieus l\Iiiller and Trosche1.

Archaster typicus Muller & Troschel.

Arcluistcr iypieus MUlier and Trosehel, Monatsber. d. k. Akad. d. Wiss. Berlin, April, 1840, p. 104. J. E. Ives, Proc, Philad.
Acad. Sci. 1889, p. 175.

This well known and widely distributed species was not taken by the naturalists of the Albal1'oss,
although considerable work was done on reefs and dredging was carried on in shallow water. A
specimen collected by W. H. Pease is recorded by J. E. Ives (op, cit., p.175) from the "Sandwich
Islands". He says: "The specimen from the Sandwich Islands differs from the others by its narrower
arms' and greater number of arm plates, having about 40 to each side of an arm, whereas others have
only about 35. It differs also in color, being of a very light cream color instead of light or dark
umber. This however may be due to fading of the original tint".«

An examination of several Samoan specimens reveals the fact that there is some variation in the
length and breadth of the rays, while the number of superomarginal plates may be as great as 52.

This species has a certain resemblance to some forms of Astropecten, but may be readily distin
guished from any member of that group by the absence of superambulacral plates, and by the presence
of a very well defined median radial series of paxillro.

Family GONIASTERID£ Forbes, 1840 (pars).

Goniasteridro (pars) Forbes,.A History of British Starfishes, etc.. 1841. Verrill, Trans. Conn. Aead., vol. I, 1867, p. 343.
Perrier, Revision des Stellerldes, 1875, p. 185.

Pentagonasteridro Perrier, Mem. sur Ies Etoiles de Mer, ete., 1884, p. 231. Sladen, Challenger Asteroidea, 1889, p.260.

Key to Hawaiian genem of Goniasteridse.

a. Whole test not overlaid with a fairly thick skin or membrane, obscuring the plates.
,b. Abactinal area with tabulate paxillifonn plates, either rounded or stellate on the papular area.

e. Abactinal plates round, on the radial papular areas connected by internal, slender, very regular,
radiating ossicles which are independent of the plates MEDIASTER

cc, Abactinal plates strongly stellate, 4 to 5 lohed, imbricating by the tips of the processes, which
are stout. __ ... .. .. . " _..... __ .. . .. .. NEREIDASTER

bb. Abactinal area paved with rounded or polygonal plates which may be smooth and bordered by
a single series of granules, or their surface may be covered with granules. They may bear
isolated spines and short tubercles, or may be covered with short spines and granules
invested in pulpy sheaths. Plates not tabulate nor papilliform.

c. Form pentagonal to stellate. Superomarginal plates separated on ray by at least one series of
abactinal plates; or occasionally 1 or 2 distal superomarginals are in contact medially.

d. No prominent spines or tubercles on any of the plates. No enlarged actinal adambulacral
spines. Abactinal plates smooth or granuliferous.

e. Granules more or less bead-like. No large bivalved pedicellariee.
f. Marginal plates very large and few, the second superomarginal conspicuously larger than

either the first or third. Abactinal area granuloso ••.. . __ . _.. PENTAGONASTEH
ff. Marginalplates few to many, evenly graduated in size, neither the second nor any sub

terminal superomarginal conspicuously larger than the preceding plates .. __ .. TosrA

(l After this paper was ready for the press I received from Dr. H. A. Pilsbry, of the Philadelphia Academy of Sciences,
the above specimen. I have nothing to add to Mr. Ives's observutions, except that very few of the superomarginals bear
a small upright tubercular spinelet, III one of the Samoan specimens these arc conspicuous. The number of superomar
ginals is not great for the size (R=60 mm., r=10.5 mm.), since a specimen from Samoa, with R=65 mm., has 48 supero
margiuals, The armature of the adambulacrul plates is the same in Hawaihm and SlllUoan examples.
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ee. Abactinal plates covered with flat granules of considerable size, and irregular, often gro,
tesque shapes. Numerous large bivalved pedicellarioo on both surfaces, but not on
marginal plates. Marginal and actinal plates covered with polygonal or irregular
granules _ _. _.....•. GILIlERTASTER

dd. Marginal plates with rigid tubercular spines, or tubercles.
e. Distalmost 2 or 3 superomarginal plates in contact medially. Abactinal plates smooth,

having a central tubercle on the radial series _ ' CALLIASTEH
ee. Marginal plates separated throughout the ray. Abactinal , marginal, and actinal plates

bearing conical spines surrounded by granules sheathed in a thick, pulpy, investment.
EVOPLOSOllIA

ee. Form stellate; many of the distal superomarginal plates in contact medially. Rays slender,
at least in outer part; disk well developed.

d. Abactinal plates smooth, bordered by small, oblong, roundish, or quadrate granules.
Actinal plates bearing a few central, tubercular granules, and bordered by bead-like
granules. Inferomarginal plates without spines _. _ _. ASTROCEHAlIIUS

dd. Abactinal plates granuliferous, bearing erect sharp spines on radial areas. Infero
marginal and actinal intermediate plates bear prominent, mobile, sharp, appressed
spines _ _ _ _.. _.. _ CALLIDEHlIIA

aa. The whole test covered by a membrane or skin obscuring the outlines and surface of the plates.
b. Papulse single, medium-sized, not in areas. Abactinal membrane smooth. All granules of test

are beneath the membrane. Plates polygonal or roundish, elose-fitting. Pedicellarioo
elevated, spatulate, pincer-shaped _• . __ . _...• _ _ ANTHENIASTEH

bb. Papulre very small; in areas. Integument or skin closely beset with small superficial granules.
Plates strongly stellate. Pedieellarire small, low, slit-like, as in Pentaceros•. •GONIODISCIDES

Subfamily MEDIASTERINlE Verrill, 1899.

Mediasterinro Verrill, Revision of Certain Genera and Species of Starfishes, with Description of New Forms. <Trans.
Conn. Acad., vol. x, Aug. 1899, p. 177.

Genus MEDIASTER Stimpson.

)[ediaster Stimpson, Journ. Bost. Soc. Nat. Hlst., vol. VI, 1857, p. 490, pI. 23, IIgs. 7-11. Type Medias/er I£q1!aUs Stimpson.
Ieaster Verrill, Proc. U. S. Nat. Museum, vol. XVII, 1894,p. 257. Type Archaster bairdii Verrill.

The following. species of Mediaster differs from ],[. «qualis, the type of the genus, in several important
respects. The internal connecting ossicles a of the abactinal plates are absent from a very definite
triangular interradial area, the roundish or somewhat irregular plates being there in close contact, and
the papulse consequently absent. In Mediasier tequalis, however, both the papular pores and the radi
ating connecting ossicles are present right up to the interradial septum, there being only a narrow
area, where the septum attaches to the abactinal integument, free from papular and ossicles. The
appearance, when prepared specimens of the two forms are viewed from the internal side, is quite differ
ent. In Mediaster ornatus the pedicellarire are more pincer-like, especially on the actinal surface,
instead of being low as is the case with requalis. In the Hawaiian species the granules of the abactinal
paxilloo are more delicate, ornate, and are not so closely crowded on top of the tabulum as in tcqualis.
In ornaius the furrow. spines are 6 or 7 in number, delicate and compressed, and disposed in very
regular combs. In tequalis they are 3 to 5, stout, unequal, subprismatic, not different in thickness from
the 2 aetinal series.

Mediaster ornatus, new species.

PI. XVI, IIgs. 3, su-b: pI. xx, figs. 1, 2.

Rays 5. R=52 mm.: r=21.5 mm.; R=2.42 r, Breadth of rays at base, 21 mm.
Regularly stellate, with a broad disk, usually inflated over radial areas, and with symmetrical,

regularly tapering rays, which have a broad base. Rays bluntly pointed. Interbrachial arcs wide and
rounded. Sides of body well rounded, actinal surface plane.

Abactinal paxillar area covered with medium-sized, ornate, tabulate paxillie, arranged in regular
series parallel with the median radial. Paxillre of radial regions and center of disk are more widely

aLudwig (Mem. Mus. Compo Zool., vol. XXXII, 1905, p.12G) has described )[ediaster eleoan« (west of Cocos Island), in
which therc are no internal connecting ossicies.
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spaced and are larger than those of the triangular interradial areas. Paxilloo of median radial series
largest, thence decreasing in size toward tip of ray and sides of body. In the radial areas where paxilloo
are spaced, the papules (1 to a pore) occur in sixes about each plate, emerging between the internal con
necting ossicles. 'Over a triangular interradial area, however, the papulre are wanting and the paxillre
are closely crowded. Similarly on outer third of arm the plates lose their special tabulate character, the
papules disappear, and the plates become subhexagonal, closely united, and covered with a coordinate
granulation identical with that of adjacent marginal plates. Median radial series extends to terminal
plates. As already pointed out, the plates of radial 'papular area are well spaced, are round, and con
nected by very regular slender radiating ossicles, there being 6 ossicles radiating from each plate, and
each ossicle common to 2 plates. The ossioles terminate abruptly at border of the triangular interra
dial area, being coextensive with the paxillre. The tabulum of each plate is roundish, or in the
median radial series elongated transversely. It is crowned by a central group of 4 to 6 small, thimble
shaped granules (in radial series) surrounded by about 15 to 17 longer pinched granules on the
periphery. Paxillse at sides of radial areas have only about 3 granules in the central group, and 12 to
15 in the peripheral series; while on the interradial areas they are still smaller. There is considerable
variation in the number of granules, there being in some specimens a greater number than above
indicated. A few small 2-jawed upright pedicellarire, each jaw about the size of a granule, "are scat
tered over the paxillee of disk. They may occur either in the center of tabulum or on the edge.
These pedicellarias are very simple in construction, being but slightly modified granules. Each jaw
curves toward its companion, the opposing faces being flat. Anal opening distinct, surrounded by
about a dozen granules.

Superomarginal plates, 23 in number from median interradial line to extremity of ray, are broader
than high in the interbrachial arc, and about as broad as high on the rays, forming a well-rounded
margin to the abactinal area. They are not massive or tumid, nor do they encroach conspicuously
upon the paxillar area. On ray they are nearly quadrate, but shorten considerably in the interbrachial
arc, and are covered with small, uniform, roundish granules, low thimble-shaped in general form, a
peripheral series of slightly longer ones being in evidence. In the center of a few plates of the inter-
brachial arc is a small pedicellaria, similar to those of the abactinal paxillee. ,

Inferomarginal plates correspond in number with superomarginals, but are not opposite to them,
being nearly alternate on the rays. Like the superomarginals they form a rounded margin, and are
covered with a similar granulation. As a rule there are no pedicellarioo on the inferomarginals.

Adambulacral plates are subquadrate with a nearly straight margin to furrow. Armature as
follows: (1) A furrow series of 7 untapered, truncate, subequal spines, strongly compressed and rather
delicate, which form a regular comb, their tips conforming to a slightly curved line, and their bases
united by a delicate web. (2) On the actinaI surface, well spaced from the furrow series, a longitudi
nal, regular, slightly curved series of 5 to 6 stout, subprismatic (3-ar 4-sided) bluntly pointed spinelets
about two-thirds the length.of those of furrow series and rather more robust, but like them decreasing
in length toward tip of ray. Well spaced from the first actinal series, near outer margin of plate, is a
longitudinal row of 5 or 6 long, flat-topped or pointed quadrate granules, larger than those of adjacent
actinal intermediate plates, between which and the adambulacral granules a bare furrow is present.
Near the adoral edge of plate, between the first and second actinal series, a subprismatio spinule or
granule may be present which is a constituent of the second series out of line. A tapering spinelet is
sometimes similarly present between the furrow and first actinal series.

Mouth plates have a long furrow margin, the companion plates forming a regular angle over
hanging mouth and nearly closing the actinostome, Armature as follows: (1) A furrow series of 11,
flattened spines, similar to those of the adambulacral plates, which increase in size toward inner angle,
the inner 3 being conspicuously larger and broader than the others, and round-tipped, or subtruncate.
(2) On the actinal surface a superficial row of spinelets extending along the median suture margin,
decreasing in length to mere granules on outer end of plate. The inner members of this series are
chisel-shaped. A series of 3 or 4 spinelets runs parallel with the furrow series, and, turning abruptly,
is continued along margin adjacent to the first adambulacral in about 4 graduated, prismatic granules.
Space between superficial (suture) series of companion plates is conspicuous, elliptical.

. Actinal intermediate areas are large, paved with irregularly quadrate or roundish plates which
bear subacute or round-tipped prismatic or thimble-shaped granules in II central group and a regular
peripheral series, the former being a trifle smaller than the latter. These granules have a pinched
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appearance, as if distinctly spaced, and are not so crowded as are those of Mediasier tequalis. The
plates extend along ray to fifteenth inferomarginal, the outer plates being very small and isolated one
from another. A few plates bear a low, upright, 2-or 3-jawed pedicellaria, similar to those of the
abactinal surface. In some specimens the pedicellarire consist of little more than 2 or 3 but slightly
differentiated granules in a group. On plates adjacent to adambulacrals the pedicellarioo are usually
higher, more differentiated, and have rather narrow subspatulate jaws. In one specimen most of the
actinal pedlcellarire have 3 jaws, and one has as many as 5. These are higher than the abactinal
pedicellarire, the latter having jaws no larger than the granules.

Madreporie body situated one-third the distance from center; rather small. Striations coarse and
characteristic of genus-namely, irregularly radiating but with the furrows interrupted at the central
end. Adcentrally to madreporic body is a large paxilla.

Color in alcohol, bleached yellowish or pinkish.
Variations: After the foregoing description was written, and the figures made, 26 additional

specimens, most of them adult, were received from the U. S. National Museum. These were taken
by the Albatross in 1891 off the south coast of Oahu Island. In these specimens the abaetinal paxillre
are relatively larger than in the type and fit closer together over the radial papular areas. The
abactinal pedicellarhe are larger than those of type, and much more numerous. They are more like
the pedicelliarise of tcqualis. They appear almost identical with pedicellarire of Mediaster bairdii,
possibly a trifle higher. In some specimens they are very thickly scattered over both radial and
interradial areas, there being often 2 pedicellarire on the radial paxilhe. The actinal granules are
strongly prismatic.

Considering the specimens collectively, both those from Kauai and Oahu, the chief variations
appear to be, in addition' to the pedicellarize, in the number and character of the granules on paxillre,
In some specimens these are more thimble-shaped or roundish, while in others they are distinctly
prismatic. .

Localities: Type (no. 21160, U. S. National Museum ) from station 4022, east coast ofKauai Island,
399-374 fathoms, coral Hand, foraminifera, rocks; bottom temperature 41°. Taken also at the following
stations, in all 35 specimens.

Record of localities.

Station. Locality. Depth. Nature of bottom.

Fathoms.
3997...... Southwest of Kauai Island ..................................... 418-429 Fine gray sand. brown mud.
4019...... East of Kauai Island ........................................... 550-409 Gray sand, foraminifera.
4021.. .... .....do ........................................................... 286-399 Coral sand, foraminifera.
4028..... Southwest of Kauni Island...................................... 444-478 Gray sand, globigerinn.
4123...... Southwest coast of Oahu Island ................................ 352-357 Fine gray sand and mud.
4141...... East of Kaual ................................................... 437-632 Volcanic sand, foraminifera.

Cruise of 1901:

Station. Locality. Depth. Nature of bottom.

Fathoms.
3474...... South coast of Oahu Island ..................................... 375 Fine white sand.
:H75...... •....do .............................•............................. 351 Do.
3476...... .•••.do •.............••.••....••.........................•••...... 298 Do.

This species appears to be most nearly related, so far as appearance is concerned, to " Nymphuster"
jiorifer Alcock, from the Andaman Sea, 130-250 fathoms, which is probably not a Nymphaster, but a
Mediasier.

Genus NEREIDASTER Verrill.

Nereidaster Verrill, Trans. Conn. Aead., vol. x, 1899, p. 186. 'I'ype Nymphaster symboliel!s Sladcn.

The genus Nereidaster was erected for the reception of Nirmphaster symbolicus Sladen, and Nym
phaster bipuncius Sladen. "In this group the pedicellarire are high and spatulate, as in Goniasier
[Plwneraster Perrier] and the adambulacral spines are in very regular parallel rows." (Verrill, 1. c.)
There 'is also a single median row of abactinal plates between the superomarginals, which mayor
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may not attain the tip of the ray. In bipunctus most of the superomarginals of the ray are in contact,
but in sumbolicus the abactinal plates extend to the tip of the arm.

I have entertained some doubts as to the propriety of ranking the following species under this
genus, but it appears to be closer to Nereidastcr than to any other known genus. The stellate character
of the abactinal plates is not mentioned by Sladen in the descriptions of 8ymboliCH.~ and bipunclu8, as
dissection is necessary to determine this point, but the abactinal paxillre and adambulacral armature,
as well as the nature of the pedicellarire, are essentially the same in the three forms. The condition
of the rays, whether long or short, and the degree to which the distal superomarginals are in contact
in the median line is apparently not a matter of generic importance.

Nereidaster bowersi, new species.

PI. XVI. figs. 4. 4n; pl. XVII. fig. 4; pl. XXI. fig. 1.

Rays 5. R=68 mm.; 1'=32 mm. R=2.15 r. Breadth of ray near base (between fifth and sixth
inferomarginals) 23 mm.

Disk very broad, somewhat inflated; rays rather short, stout, tapering to a bluntly pointed
extremity. Sides of body rounded, the marginal plates well developed but not massive. Inter
brachial arcs very wide and well rounded.

Abactinal paxillar area paved with large, low, tabulate paxillre, arranged in longitudinal series
parallel with the median radial. Paxilhe of latter series are largest, and all decrease in size toward
extremity of ray and laterally toward the edge of disk. Paxillte of the central portion of disk are
slightly smaller than at about the middle of each radius. Those of radial areas are hexagonal as to
the tabulum, and are considerably elongated transversely in the radial and eachadradial series. They
become more roundish toward the sides of rays. The triangular interradial area is set off more or less
sharply from the radial (the paxillro being smaller, quadrate or subrhomboid, close-set) and is devoid
of papulre, The papulre are absent likewise from the outer third of the arm, where paxillro become
suddenly close-set, lose their tabulate character, and are reduced to simple hexagonal plates. Between
the distal 8 or 9 superomarginal plates these are reduced to a simple series (the plates often quadrate),
which dies out near the tip of ray, the last 2 01' 3 superomarginals being medially in contact. In
the cotype none of the superomarginals are in contact. Each paxilia springs from a very strongly
stellate base, each plate having ordinarily 5 lobes except in the interradial series, where the plates are
likelyto be rather irregular and with only 3 or 4 lobes. The plates imbricate by the tips of these
lobes, between which, in the radial areas, issue the papulre, The latter are small and single. The
tabulum of each paxilla is very low and is surmounted by numerous granules, the number of which
varies through wide limits, according to the size of the plate. Over the papular area the granules of
peripheral series are slightly pinched, low, square-tipped, more delicate, and often longer than the
central granules, which are cylindrical, thimble-shaped. often flat-topped, and on the broader paxilhe
of radial area are arranged in 2 or 3 more or less regular transverse series. A large radial paxilia has
'about 30 to 35 marginal granules and 25 central; while the smaller interradial have 14 or 15 peripheral
and 5 or 6 central. In the latter the difference between the central and peripheral granules is hardly
noticeable. In the type most of the paxillso or proximal portion of radial areas and central portion of
disk bear in the center a small pedicellaria with 2 (occasionally 3) slender jaws, which are chisel
shaped or spatulate and only slightly longer than the granules.

Superomarginal plates, 25 in number from median interradial line to extremity of ray, are confined
almost entirely to side wall in interbrachial arc, but on outer part of ray encroach upon paxillar area,
there forming a rounded margin. In interbrachial arc they may be described as forming a very steep
bevel. On rays they are much larger, but are not so broad. General surface is novered with numerous
low, fiat-topped, thimble-shaped-granules, there being a very regular peripheral series slightly larger
and a trifle more widely spaced. A few pedicellarire similar to those of the abactinal plates occur at the
base of the ray. Distal 2 or 3 plates are in contact medially in type.

Inferomarginals correspond in number with superomarginals, but are not always exactly opposite
to them at base of ray. They are much wider than high in interbrachial arc, there conspicuously

. encroaching upon the actinal interradial area. Outer edges of plates in the middle of interbrachial arc
are shorter than the inner ends, like the stones of an arch. Throughout most of the ray the plates are
quadrate, but in the interradial arc. and toward tip of ray, they become more and more oblong. Cov
ering of plates is similar to that of the superomarginals, Pedicellarire rarely present.
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Adambulacral plates are subquadrate with a slightly convex margin to furrow. Armature as
follows: (1) A furrow series of 7 or 8 slender, parallel, round-tipped or truncate spines, strongly flat
tened in a plane crosswise to furrow. The central spine is longest, the series being graduated toward
either end and forming an elegant and regular comb with a strongly convex edge. The lateral spines
are somewhat tapered, and all are united for a short distance above the base by a thin web. (2) On
the actinal surface, well spaced from furrow series, a longitudinal row of robust, 4-sided, round-tipped,
or truncate spines, either tapered or not. They are stouter, but scarcely so long as the longest furrow
spine. Proximal plates have 5 spines, the laterals being very short, scarcely more than granules.
Throughout the greater part of the disk there are 3 subequal spines, with a granule at the adoral
end of the series and sometimes a smaller spine to the aboral. These become reduced to 2 more
tapering and roundish spines on the outer part of the ray. Along the outer margin of plate is a regular
series of 4 to 6 irregularly prismatic granules, with 1 or 2 continued along the transverse margins for a
short distance. An odd spinelet is sometimes present on proximal plates of the series, on the adoral
margin, between the furrow and first actinal series.

Mouth plates of fair size but not prominent, with a truncate outer end, and a long narrow margin.
Actinal surface is slightly convex, rising toward the medium suture. Armature: (1) A furrow series
of 13 (to 15) round-tipped, strongly compressed spines, which increase in size toward the inner end of
plate. The series is not evenly graduated, the inner 3 or 4 spines becoming suddenly longer than the
others, which are snbequal in length with the furrow spines of the first adambulacral. (2) Parallel
with the furrow series is a row of 6 to 8 spines similar to the actinal spines of adambulacrals, and
forming a linear series with them. The outer portion of the plate is covered with flat-topped, polygonal
granules, a superficial series along the margin of the median suture being usually evident.

Actinal interradial areas are large and paved with irregularly polygonal, quadrate, or roundish
plates which decrease in size toward the margin and extend along the ray to sixteenth inferomarginal,
or to within ]5 mm. of the tip. Beyond the eighth inferomarginal there is but a single series. The
plates are covered with numerous low, spaced, thimble-shaped granules, some of which, on the periph
ery, tend to become quadrate. The granules do not quite attain the edge of the plate, so that a
conspicuous shallow furrow surrounds each group of them. On many of the plates of the series
adjacent to adambulacrals is a small, 2-jawed pedicellaria similar to but larger than those of the
abactinal surface. They have narrow spatulate blades. A few are scattered over the remainder of
aetinal intermediate area.

Madreporic body of medium size, larger than the surrounding paxillre, situated nearer center than
midway between it and margin of disk. Striations irregular.

Color in alcohol, pinkish gray to pinkish brown.
Variations: The cotype differs from type principally in having the superomarginals separated

throughout the ray, the distal 5 to 7 by only a single series of abactinal plates. The paxilloo crowns
are slightly more convex, and fewer of them bear entrenched pedicellarlre.

Localities: Type (no. 21161, U. S. National Museum) from station 4134, west coast of Kauai Island,
324-225 fathoms, fine coral and volcanic sand; bottom temperature 43.3°. Taken also at 4132, same
locality, 257-312 fathoms, fine gray sand and mud.

Judging solely by external appearances, the Pentaqonasier urcuatueoi Sladen (Challenger Asteroidea,
p. 277, pl. LII, figs. 1 and 2, pI. XVIII, figs. 5 and 6) appears to be related to the present form, although
the former may be a Mediaster. It is not possible to tell exactly until the structure of the abactinal
plates is known. Arcuatus is not a Pentaqonaster in the restricted sense.

Named for Hon. George M. Bowers.

Subfamily GONIASTERINl£ Verrill, 1899.
Gonlasterlnre Verrill, Revision of Certain Genera and Species of Starfishes, with Description of New Forms. <Trans.

Conn. Aead., x, 1899, p. 200.
Genus PENTAGONASTER Gray.

Peniaqonaster Gray, Ann. ·N. H., vol. VI, 1840, p. 280. Type, P. pulchellus Gray.
Astrogonlwn (pars) MiHler and Troschel, System der Asteriden, 1~42, p. 55.
Stephanaster Ayres, Proc. Boston Soc. Nat. Hist., vol. IV, 1851, p, 118. Type, S. elegans Ayres = P. pulche!llls Gray.
Pentaaonaster (Sect. A, a, pars), Perrier, Revision des Stellertdes, 1875, p. 12.
Astrogonium, Sladen, Challenger Asteroidea, 1889,Pl'. 263, 285.
Steplumasier, Perrier, Exp, Trav. and Talisman, 1894, p . .402. (This is antedated 11 years by Pcnuujonaster.i
Penlagonaster, Verrill, Trans. Conn. Acad., vol. x, 1899, pp, 147, 157.
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Penuiqonaster as here used includes the old species, P. pulchellu« Gray, P. abn01'male Gray, P bour
geti (Perrier), P. gunni Perrier, and P. dubeni Gray. It is thus employed exactly as emended by
Verrill (1899, p. 157). The following species is nearer to the genus Tosia, apparently, than are any of
the above-mentioned forms.

Pentagonaster ammophi1us, new species.

Pl. XVI, figs. Ii, lin; pl. XXII, figs. 1, 2.

Pentagonal, flat, with nearly straight sides, or in some specimens faintly incurved; not produced
into rays. R=24 mm.; 1'=20 mm, R=1.2 r.

Marginal plates are large, subquadrate, but widerthan long, slightly convex, the upper and lower
series corresponding except at corners of disk, where there are ~ inferomarginals to 1 superomarginal.
There are in the type 6 upper and 8 lower plates on each side of the pentagon. The superomarginal
plates form a broad, slightly raised bevel to margin of body, the edge of the pentagon being abruptly
rounded. Four plates take up the greater part of each side, the plate nearest the ocular being small.
Of these 4 plates the 2 median are smaller than either penultimate plate. The 2 distal plates at each
angle are in contact medially. The distalmost plate varies much in size, sometimes being very small,
and usually is of widely different size from the opposite companion. Terminal plate is small.
General surface of superomarginals is beset with widely scattered, round, inconspicuous granules set
in shallow pits, except in the outer (lateral) edge, which is covered with similar, larger, crowded
granules. The line of demarcation between the 2 zones is abrupt but irregular, the crowded granules
being confined to the vertical side of the disk. On inner margin there are usually 2 or 3 irregular
longitudinal series of granules. Surrounding each plate there is, besides all of the above, a very
distinct and regular series of bead-like granules.

Inferomarginals are similar to superomarginals in shape, but form a slightly raised border without
a bevel. They are similarly beset with granules, there being rather more along the inner and along
the transverse margins.

Abactinal surface is plane or very slightly convex. Plates are flat, closely set, regularly hexa
gonal, in 5 longitudinal rows along the radii, the median radial row easily distinguished and most
regular. They are irregularly 5- or 6-sided, on interradii and center of disk, and much larger in latter
area, the (apparent) basal. and radial plates of the apical system being easily distinguishable. All
abactinal plates are covered with close-set, bead-like granules, microscopically pitted or roughened:
A peripheral series, more regular and often slightly elongated, especially on plates of radial areas,
incloses a central group, which are either coordinated or else arranged in concentric rows. A typical
plate from interradial area has 40 granules in the peripheral series, and 75 to 80 in the central group.
The larger plates nearly double this number. On 3 or 4 of the regular plates in each radius, and
usually on 1 or 2 in an interradius, set in a little pit, is a small 2-jawed, slender, subspatulate pedicel
laria. These jaws are ordinarily widely gaping; and rest in special depressions. Base of each jaw is
much wider than the distal end.

Adambulacral plates are about twice as wide as long, conspicuously smaller than aetinal interme
diate plates, and form a very regular series on either side of the narrow furrow. Armature as follows:
(1) A furrow series of 4 short, untapered spinelets, strongly compressed, edgewise to furrow. They
have round tips and interlock with those of the opposite side of furrow. Either lateral spinelet is
somew hat weaker than the 2 central members of the series. (2) On aetinal surface 3 (sometimes 4)
longitudinal series, each with 2 short, blunt, slightly flattened spinelets, which decrease in size as they
recede from furrow. They are not very regularly arranged, and sometimes a fourth row of 2 or 3
spinelets is added, especially along outer half of furrow. There are thus from 6 to 11 spinelets OIl the
actinal surface of each plate-usually about 8.
., Actinal intermediate plates are large, mostly rhombic, arranged in fairly definite rows parallel to
the furrow, the plates decreasing in size as they recede from furrow. They are covered with coarse,
cylindrical, round-tipped granules, larger, longer, and less crowded than those of abactinal surface.
The special pits of these pedicellariee are usually surrounded by 4 or 5 more pointed granules, a
cleared space being present immediately around the group.

Mouth plates are not raised above the general actinal surface. Companion plates are closely
united, their combined width equalling interradial dimension. Free margin of each plate straight,
the combined plates forming a rather sharp angle. Furrow series of spinelets is 10, similar to but
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slightly shorter than those of adambulacrals, though larger at the inner angle, and tending to become
prismatic. The actinal surface is beset with 10 or 11 spinelets, 6 of which are a continuation of the
inner, actinal series of adambulacrals and resemble them. A series of 4 or 5 smaller spinelets runs
along the suture margin from outer corner of plate, and meets the first series about halfway to the
inner end. In the angle thus formed 1 or 2 spinelets may be present in large specimens.

Madreporic body is very small, with a few irregular coarse striations. It is situated at one-fourth
the distance from center to margin of disk.

Color in life: Abactinal surface, cora) red; actinal surface, whitish. In alcohol, bleached yellow
ish, both sides.

Variations: The chief variation in this species is probably due to age. At any rate the smaller
specimens have more acute angles to the pentagon, the sides of which show a tendency to become
incurved very slightly. The number' of marginal plates is fairly constantly *. Occasionally 1 or 2
of the marginals is abnormally divided obliquely or longitudinally. Young specimens show more
irregularity in the number of marginal plates, since the small distal plate may be absent. One speci
men (R=18 mm.) has the following formulas for the 5 sides: ~, t, ~) t, H; another (R=l1 mm.):
5 5 6 f, 6 .
~, '8", 8) '8", S·

Localities: Type (no. 21162, U. S. National Museum) from station 3919, south coast of Oahu
Island, 257-220 fathoms, gray sand; bottom temperature, 45.6°. Taken also at following stations:
4081, north coast of Maui, 202-220 fathoms; 4082, same locality, 220-238 fathoms; 4083, same locality,
238-253 fathoms; all on gray sand.

This species may be readily disflnguished by its strictly pentagonal form, by the very massive
marginal plates, which are few in number (only 3 to a "ray" in the upper series) and especially by
the fact that the distalmost but one of the superomarginals is conspicuously larger than the rest.
Also the actinal and abactinal plates are granular and bear pedicellarire. Peniaqonasier ammophilus
is very distinct from any other species of the genus, none of which are so regularly pentagonal. In
the relative sizes of its marginal plates it resembles most nearly P. bourqeti Perrier, although the latter
has 4 superomarginals to a ray instead of 3, and 2 small plates between the terminal and enlarged
superomarginal instead of 1, as in ammophilus. ~

Genus TOSIA Gray.

Tosia Gray, Ann. N. R., vol. VI, 1840, p. 281. Type T. australis Gray.
Astrogonium (pars) Miiller and TroseheJ, System <:er Asteriden, 1842, p. 55.
Tosia, Gray, Synopsis, 1866, p, 11, pis. III and XVI.

Penuujonaster (Sec. A, b, pars) Perrier, Revision des Stel ler'Ides, 1875, pp. 200, 204.
Pentagonaster (pars), Siaden, Challenger Asteroidea, 1889, p. 264. Perrier, Exped. Trav. and Talisman, 1894, pp, 389, 390.
Tosia, Verrill, Trans. Conn. Acad., vol. x, 1899, pp. 148, 158.

Key to Hawaiian species of Tosia.

a. Abactinal plates naked, bordered by a series of small spaced granules. Pedicellarire conspicuous.
ceramoidea

aa. Substellate; abactinal plates small and numerous, covered with granules ....•.•••. _.•micropeltata

Subgenus PLINTHASTER Verrill.

Section B. Plinthastcr, Verrill, Trans. Conn. Acad., vol. x, 1899, p, 161.

Tosia (Plinthaster) ceramoidea, new species.

PI. XVI, figs. 6, 6a; pl. XXII, figs. 3, 4.

Form pentagonal, fiat, slightly prolonged at the angles, where 2 of the marginal plates are in
contact mediall~. Sides are fairly straight in fully grown specimen, but in young are decidedly
incurved, R=36 mm.; r=25 mrn. R=1.44 r.

Marginal plates are large, but relatively much smaller than in P. ammophilus, and do not encroach
so conspicuously upon dorsal and ventral areas. Sides of body perpendicular or superomarginal plates
slight!y overhanging inferomarginals. The dorsal and ventral series of marginal plates correspond in
position-i. e., do not tend to alternate, the suture between the 2 series being nearly straight. There
are, in type specimen. 14 superomarginals and 16 inferomarginals. Superomarginal plates are slightly
tumid, about as broad as high, forming a rounded, slightly overhanging edge to the disk. The cord
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of the height of each plate exceeds the length. Two distal superomarginals are in contact medially at
each disk angle. The general surface is smooth, though microscopically roughened with regular pits
and bosses, but on it are about 30 scattered, low, round granules set in shallow depressions. These
are usually absent from a narrow zone around the margin. A regular series of flat, roundish, bead-like
granules surrounds each plate, and on the dorsal surface there are lor 2 small, 2-valved spatulate
pedicellarise on a few of the plates nearest interradial line. Terminal plate is small, armed with a
short, blunt spinelet,

lnferomarginal plates encroach upon actinal area more than superomarglnals upon abactinal;
slightly tumid; twice as broad as high, forming a slightly raised, rounded border to the actinal surface.
Width slightly exceeds the length. The surface is beset with scattered granules, similar to those of
superomarginals but more numerous, and each plate is surrounded by a regular series of bead-like
granules. A narrow zone along upper or lateral face of plate is usually free from scattered granules,
and 1 or 2 spatulate pedicellarire usually take their place. Distal inferomarginal is diminutive.

Abactinal surface is very slightly convex to plane, often depressed in interradial areas. On radial
areas plates are regularly circular, or faintly hexagonal, fairly large, close-set, the spaces between
them being occupied by papulre. The latter are absent from interradial areas, where the plates are
less regular, usually hexagonal, sometimes quadrate or pentagonal in outline, and of less uniform size.
All plates decrease in size toward the margin, and toward center of disk. The general surface of a
plate is nearly flat, destitute of deciduous granules, but roughened by numerous minute bosses or low
protuberances. Surrounding each plate, and occupying space between adjacent plates, is a peripheral
series of flattened bead-like granules, with rounded or flattened tips. Numerous pedicellarire, similar
to those of marginal plates, are present on abactinal surface.

Adambulacral plates are about as wide as long, with straight furrow margin, but often with an
angular outer margin. They are conspicuously smaller than the adjacent seriesof actinal intermediate
plates. Armature as follows: (1) A furrow series of 7 (sometimes 6 in smaller specimens) stout, blunt
spinelets, compressed, placed edgewise to furrow. They stand subparallel, and usually perpendicu
larly to actinal surface. (2) Following these, on the actinal surface, a longitudinal series of 3 short,
blunt apinelets about two-thirds the length of furrow spinelets. Then comes another longitudinal
irregular row of 3 or 4 blunt, conical granules, and on outer edge of the plate a series of slightly smaller
granules 4 to 7 in number. The ambulacral furrow is very narrow, the furrow spines of the 2 sides
interlocking. .

Actinal interradial areas paved with rather large plates, mostly irregularly 4-, 5-, and 6-sided.
They are arranged in fairly definite series parallel to adambulacrals, and the plates diminish in size
toward the margin, the largest plate being in the angle adjacent to mouth plates. All are covered
with numerous, coarse, but not crowded, rounded or subconical granules, and a more or less definite
peripheral series is distinguishable on each plate. A few plates toward the mouth angle bear 1 or 2
two-jawed spatulate pedicellarire, similar to those on the marginal and abactinal plates.

Mouth plates are plane, each with a straight free margin. Marginal spinelets, 7 or 8, are blunt,
stout, and about as long as furrow spinelets of adambulacrals, of which series they are a simple,
straight continuation. Most of the spinelets are 3- or 4-sided, and increase slightly in size as they
approach the inner angle. On the aetinal surface there is a row of 3 to 5 smaller, irregular, often
pointed, thick spiuelets parallel to furrow series, and a row of several low, rounded, or subconical
granules along margin of medium suture and 3 or 4 along that edge of plate adjacent to first adam
bulacral plate. The outer end of the united pair of mouth plates is broadly truncate. Granules are
conspicuously larger than those of the aetinal intermediate plates.

Madreporic body relatively larger than that of P. ammophilus, about the size of surrounding
plates; subcircular: striations of medium coarseness, irregularly radiating. The body is surrounded
by small flat granules, like rest of abactinal plates.

Color in life, buff pink; in alcohol bleached yellowish to whitish.
Variations: A small specimen (R=21mm.; 1'=12 mm.) has the sides of the disk decidedly arcuate,

the relation of the major to minor radius being as 1.75 to 1, instead of 1.44 to 1, as in the "type,
Superomarginals of young specimen encroach more upon abactinal area than do those of the adult.

Localities: Type (no. 21163, U. S. National Museum) from station 3883, Pailolo Channel, between
Maui and Molokai Islands, 277-284 fathoms, globigerina ooze; bottom temperature 45.2°. Taken also
at the following stations: 3865, same locality, 256-283 fathoms, fine volcanic sand, rocks; 4082, north
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of Maui, 220--238 fathoms, gray sand; 4096, northeast approach to Pailolo Channel, 272-286 fathoms,
fine gray sand.

This Tosiaappears to belong to Verrill's "Section B. Plinihasier " (op. cit., p. 161), which prob
ably deserves recognition as a subgenus. The subgenus is thus characterized: "Pedicellarire with
narrow blades are present.iof small size, about equal to the granules or but little larger. Adambulacral
plates are wider, about as large as the actinal plates, and bear many crowded spinules; usually 4 to 6
in the furrow series. Marginal and abactinal plates usually naked in the middle and often areolated.
Three to five of the dorsal marginal plates are usually in contact medially" (op. cit., p. 161). The
only modifications to this diagnosis which our species would necessitate is that the pedicellariee are
'decidedly larger than the granules, and adambulacral plates are smaller. than adjacent intermediate
plates. The present species would line up with T. compta Verrill and T. niiida Verrill from the West
Indies, in which pedicellarire occur in both series of the marginal, and on the abactinal plates, and are
set in special bilobed pits. Upper marginal and abactinal plates are granulated around the edges.
In our species there are scattered granules on the upper marginal series of plates in addition to those
around the edges, while there are also pedicellarire on actinal intermediate plates. The special bilobed
pits are shallow.

This species is the first of the subgenus to be recognized from the Pacific, the others being Atlantic.
A fair figure of the general form and appearance of Tosia (Plinthaster)' perrieri (Sladen) is to be

found in Perrier, Expeditions Scientifiques du Travailleur et du Talisman, pt. 1, Echinodermes (pI. 25,
figs. la, Ib). Probably Professor Verrill considers this the type of the subgenus.

Subgenus CERAMASTER Verrill.

Section C. Cerama8terVerrlll, Trans. Conn. Acad., vol. x, 1899, p, 161. Type TOBia granulari. (Retztus), I. e., Aeterias
granulariB Retz:

Tosia micropelta, new species.

PI. XXI, fig. 2; pl. XXVI, figs. 4, 4a.

Stellate; rays 5. R=56 mm.: 1'=29 mm.; R=1.93r. Breadth of ray between first and second
superomarginals, 28 mm.

General form fiat, with a large disk, produced into 5 short rays, which taper evenly from a broad
base to a bluntly-pointed extremity. Interbrachial arcs very wide and rounded. Abactinal surface
slightly inflated. Actinal surface subplane. Marginal plates conspicuous but not tumid, forming an
even border to body. Rays and disk perfectly rigid. Pedicellarire present only on actinal surface.

The 2 series of marginal plates are not precisely opposite, plate to plate, on ray, but very
nearly so. The superomarginals, ]3 in number from median interradial line to extremity of ray. are
much broader than high on disk and inner two-thirds of ray, but on outer third of ray the height
and width become more nearly equal. The abactinal surface of the plates slopes gently off in a sort
of bevel and meets the low lateral face, which is perpendicular. In the interbrachial arc the plates
are only slightly wider than long, the length very gradually diminishing as they approach extremity
of ray. Abactinal surface of each superomarginal has a large roundish bare space, the lateral face of
plate being covered with low roundish granules, which decrease in size toward the margin and likewise
surround the abactinal naked area in 1 or 2 peripheral series. On outer half of ray the bare space
encroaches more and more upon lateral face, until the last 6 plates have only a marginal series of bead
like granules. The granules are low and sunk into a very thin membrane, and those of the peripheral
series are slightly smaller than the others. A small, spatulate, two-jawed pedicellaria is present
.between 2 of the proximal plates.

Inferomarginals equal the superomarginals in number, but are slightly larger. They are much
broader than high, encroaching more upon aetinal area than db the dorsal marginals upon the
abactinal. Plates are covered with granules similar to those of superomarginals, there being a small
round naked .area in the center of the actinal face of each, smallerin size than the corresponding
areas on dorsal series. The outer 3 or 4 plates have only a single series of peripheral granules, the
general surface being naked. Terminal plate large, short, and armed with a heavy thimble-shaped
tubercle.

Abactinal area paved with small, roundish plates compactly placed, small papules issuing between
them, except on a lirnited..area in interradial region, where they are absent. Papulse are single, and 4



THE ST ARFISHES OF THE HA W AllAN ISLANDS. 1055

or 5 are grouped about each plate, any papula being common to 3 or 4 plates. Secondary plates, of
somewhat smaller but not uniform size, are scattered without order among the other plates, being
most numerous on interradial areas, and on disk; not so common on rays. Each of the larger
(primary) plates bears 1 to 4 (usually 2 or 3) subglobose low granules in the center, surrounded by a
peripheral series of 7 to 10 similar, but usually somewhat larger ones. The smaller plates bear
usually 3 to 6 granules, according to their size. The granules appear as if immersed in a very thin
membrane, which, however, does not extend from plate to plate. Over a narrow interradial area
(the radial papular areas being wide) the plates are often quite irregular. They are usually roundish
to subquadrate. Many of them bear on the margin a small, upright, two-jawed spoon-shaped
pedicellaria about the size of the granules. The jaws are often curved like bull-dog forceps. They are
less common on the basal portion of the radial areas.

Adambulacral plates have a straight furrow margin, and are nearly as wide as long, the outer
margin being often irregularly angular. Armature as follows: (1) A furrow series of 6 (5 on first few
plates) short, stout, blunt, nearly untapered, cylindrical to faintly. 4-sided, and not very uniform
spinelets, The adoral spinelet is slightly the heaviest. The 6 are subequal in length or slightly
graduated toward the aboral end of series. Occasionally the central 4 are a trifle weaker than the
laterals, which may also be rarely a trifle shorter. (2) On the actinal surface 2 longitudinal series of
granules immersed- in a delicate membrane, which makes them appear shorter, in the undried state,
than they actually are. The first series is well spaced from furrow spinelets, and consists of 3 or 4
subconical granules in a fairly straight series. On onter third of ray one of these enlarges into an
upright, thick, cylindrical, tapering, sharp spinule, increasing in size toward extremity of ray. The
granules of the outermost series are a trifle smaller, 5 or 6 in number, and follow the border of plates.
'\Then the latter is angular, an intermediate granule is often present between the 2 series. On the
outer, spiniferous plates there are usually 3 rows of granules, irregular.

Mouth plates are large, with truncate outer ends, and a long furrow margin. The combined pair
are prominent actinally, with a broad median suture. Furrow margin very nearly equals length of
median suture. Armature as follows: (1) 10 short, stout, spinelets, 3- or 4-sided, blunt, shorter than
adambulacral furrow spinelets, and not uniform as to form and length. Innermost spinelet is abruptly
enlarged into a tooth; sometimes flattened, or slightly tapering, stout. (2) On actinal surface are
numerous granules similar to those of adambulacral plates, a rather definite series being present along
the margin of median suture, the innermost member of which is abruptly enlarged into a stout taper
ing prismatic spinelet. A row parallel with the furrow series, well spaced from it, is continued along
the margin adjacent to first adambulacral, to meet the superficial series at its outer end. On the
triangular area thus enclosed are 2 or ::l granules. All are invested by a very thin membrane which is
hardly noticeable.

Actinal interradial areas are large, paved with large, irregular, quadrate to hexagonal plates, which
decrease in size toward the margin. These plates extend two-thirds the length of the ray 01' to seventh
inferomarginal. The plates adjacent to adambulaorals are largest and most regular. All are cov
ered with low subglobular granules, a peripheral series being apparent by their more regular arrange-
ment and slightly smaller size, .

Madreporic body is large, subcircular, and is situated a trifle more than one-third the distance
irom the center to margin. Furrows or striations are narrow, irregular, inconspicuous, and inter
rupted,

Anal opening is subcentral, prominent.
Ambulacral furrow is very narrow, the tube feet with large sucking disks.
Color in life, pinkish buff; in alcohol, a bleached yellowish white.
Locality: Station 4151, vicinity of Bird Island, 800 to 313 fathoms, fine coral sand, foraminifera, .

stones; bottom temperature, 37.8°. Estimated that the trawl took bottom at about 800 fathoms depth,
and was dragged up steep slope. Type no. 21164, U. S. National Museum.

'I'his species appears to belong to that section of 7osia, called Ceramastcr by Professor Verrill,
characterized by having "all the plates above and below usually granulated nearly or quite all over,
unless rubbed; in some species the marginal plates may often have a small, naked, central area.
Adambulacral plates with 4 to 6 furrow spines." (Op, cit., p, 161.) This subgenus is mainly Atlantic
in distribution.

F. C. B.1903, Pt. 3-19
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Genus ASTROCERAMUS, new.

Type ABtroceramuB callimorphuB, new species.

Resembles Iconaster Sladen (type Astrogonium longimanum Mobius) in general form, but differs
in the following respects: Marginal plates centrally beset with rather coarse deciduous granules; third
superomarginal (at base of ray) conspicuously larger than rest of series; abactinal plates bordered by
'small, simple granules, not by "very peculiar valve-like plates" (Sladen) ; aetinal intermediate plates
bear numerous tubercular granules; adambulacral plates of fair size, the furrow armature consisting
of 5 rather stout, untapered, somewhat compressed, roundly truncate spines which are about as long
as the furrow margin of the plate. The 2 median spines are slightly the larger, or 4 are subequal and
nearly parallel. The adoral spine is nearly always conspicuously shorter than the others. On aetinal
surface of plate is a series of 2 stout, blunt, erect, cylindrical, or swollen spines more robust and
slightly shorter than the furrow series, while on the outer portion of the plate are 7 to 11, stout,
irregular or thimble-shaped granules, often angular in drying, simulating 2 longitudinal series,
those nearest the aetinal spines largest. Rarely a plate bears a large, two-jawed, spatulate, serrate
pedicellaria. Similar pedicellariee occur on the actinal intermediate areas.

It will be seen that this adambulacral armature is considerably different from that of Iconaster,
whose adambulacral plates are small, the furrow spinelets being small and squamous, and the aetinal
of about the same size and disposed in several series (I. longimanus, Dujardin and Hupe, Hist. Nat.
des Zooph. Echin., 1862, p. 317, under A.~trogonium souleyetii). In Iconasier pentaphyllus (Alcock)
also the adambulacral plates are small, with a semicircular furrow series of 10 or 11 small foliaceous
spinelets in the basal half of ray and 8 to 6 in apical half, of which those at ends of series are
thickened; while actinally there are 3 irregular longitudinal rows of depressed granules.

The character of the superomarginal plates is, I believe, one of importance. The granules
surrounding the abactinal plates of A stroceramus can not be construed into "very peculiar val vular
plates," since they are not plates at all. In Astroceramus the marginal and actinal plates are granular,
not smooth as in Iconasier,

Astroceramus callimorphus, new species.

PI. XXIII, figs. 1-3; pl. XXVII, fig. 3.

Rays 5. 11,=82 mm.; r=24.5 mm. 11,=3.35 r. Breadth of ray between second and third aupero
marginal 15.5-18 mm.; between third and fourth 12.5-15 mm,

Rays long and tapering, rigid, fairly slender after the basal expansion is passed; extremities
pointed. Interbrachial arcs widely rounded. Lateral walls thick and massive, nearly vertical, but
distinctly concave along the sutural line between upper and lower series of plates. Abactinal area
plane; actinal subplane.

Abactinal area covered with large, flat, naked plates, irregularly polygonal. Those of radial and
either adradial series are subcircular or hexagonal in outline, and are more regular than the others.
Those plates of the interradial triangles are usually. irregularly 5- to 6-sided. All decrease in size as
they recede from the center, the largest plates being those of the primary apical system. All these
plates are confined to the disk, except 4 or 5 small quadrate plates isolated between superomarginals
near base of ray. These small plates are separated from one another and alternate with the supero
marginals. Abactinal plates are surrounded by a series of small, oblong or quadrate granules,
flat-topped and set flush with the general surface. The outer free edge of the granules is sometimes
rounded. The general surface of plates is plane, or very slightly convex, free from granules, but
roughened by minute bosses. In spaces between the plates small papules may be seen, although
they are absent from a small triangular interradial area (the outer side of which is bounded by the
interradial pair of superomarginal plates).

Marginal plates are massive and tumid, the upper and lower series not exactly corresponding on
the ray. The superomarginals, 19 in number from median interradial line to extremity of arm, are
much broader than high, and form a wide margin to body. Their outer free angle is abruptly
rounded, and the length of each plate is about two-thirds to three-fourths the greatest width when
the animal is viewed from above, but on the outer part of ray the 2 dimensions are nearly equal.
The plates decrease in size both ways from third superomarginal. Tumid portion' of both dorsal and
lateral surfaces is covered with scattered, low, round granules, which leave a wide, perfectly free area
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about the periphery of the plate. On outer part of ray these granules are fewer in number and are
confined to the rounded edge of the ray. Margin of each plate is bordered by a series of small .
bead-like granules, smaller than those of the dorsal plates.

Inferomarginal plates correspond in number to superomarginals, and have about the same general
dimensions, except that first and second inferomarginals are the largest of series. Ornamentation is
the same as that of superior series, but the peripheral granules are larger. At inner edge of 3 or 4
plates near base of ray (about fourth to seventh inclusive) is a 2-jawed spatulate pedicellaria, like
those of the actinal intermediate plates (q. v.),

Adambulacral plates are wider than long, with a faintly convex margin to furrow. Armature
as follows: (1) A furrow series of 5 rather stout, untapered, somewhat compressed, roundly truncate
spines which are about as long as the furrow margin of plate. These spines are not so obviously
compressed on outer portion of ray and are there somewhat tapering. The 2 median spines are
slightly the longer, or 4 are subequal and nearly parallel. The adoral spine is nearly always conspicu- .
ously shorter than the others, rarely tapering, and set at an angle with the rest of the series. (2) On
the actinal surface, spaced a little from the furrow series, a longitudinal row of 2 short, blunt, erect,
cylindrical or swollen spines, more robust, and slightly shorter than the furrow spines. This series
decreases to a single spine, on the outer third of ray. Occasionally 3 spines are present in the series.
On the outer portion of the plate are 7 to 11 stout, irregular or thimble-shaped granules, often angular
in drying, irregularly placed or simulating 2 longitudinal series. Rarely a plate bears a large 2-jawed
spatulate pedicellaria like those of actinal intermediate plates. One or 2 small, robust spinelets
usually stand on the adoral margin near the furrow, forming a sort of continuation of the furrow
series. The short adoral furrow spine appears to be one of these moved to the furrow margin. On
the aboral edge there is sometimes a similar spine near the furrow.

Mouth plates are rather large but not especially prominent. Each plate forms a wide isosceles
triangle, the base toward median suture. Free margin extensive. Actinostome very small. Arma
ture as follows: (1) A furrow series of 7 stout, flat, truncate, or roundly tipped spines, increasing in
length toward the inner angle. Some of the spines show a tendency to become prismatic. The plane
of flattening is transverse to furrow. The inner spines are conspicuously enlarged and vary somewhat
in shape. They are compressed to a thin blade with a truncate tip, which is bro~der than the base,
so that the spine resembles a long hatchet-blade. At one mouth angle, however, the 2 teeth are not
conspicuously widened. (2) On actinal surface, a superficial row of tubercles and spines present
along the margin of median suture. The inner 2 are heavy, subprismatic, blunt. Rest of series
(4 to 5) are blunt, irregular, subprismatic tubercles, or large granules, similar to those of adarnbulacrals.
One inner spine and 2 or 3 tubercles form a similar series along the margin adjacent to first adambu
lacral. All are rather widely spaced.

Actinal interradial areas are large, and extend to fourth inferomarginal (in 1 ray to sixth).
Small, isolated, intermediate plates extend on 1 ray as far as seventh inferomarginal. Intermediate
plates are large, irregularly 4- to 5-sided (rarely hexagonal). The series adjacent to adambulacral is
largest; all decrease in size toward margin. Each plate is surrounded by a series of unequal, bead
like granules, and on the general surface there are 1 t05 larger, thimble-shaped granules, scattered
irregularly and widely spaced. Many of the plates adjacent to the adambulacrals, as well as 1 to 3
others in the interbrachial region, bear a single, large, 2-jawed, spatulate, tongs-like pedicellaria.
Each jaw has a distal expanded portion with a curved, serrate edge, and a narrower pedicel which
again expands at the base to be inserted into a special slit. The special depressions for the jaws when
opened are shallow. Five pedicellarire have 3 jaws each.

Madreporic body is inconspicuous, irregularly hexagonal (shield-shaped), surrounded by 3 large'
plates. It is situated one-third distance from center of disk to extreme margin. Striations are of
medium size, irregularly radiating.

Anus subcentral, small, surrounded by enlarged granules.
Tube feet with large sucking disks. Ambulacral furrow harrow and arched over by the armature

of adamulacral plates.
Color in life not taken; in alcohol, bleached yellowish, with a pinkish cast on superomarginals,
Locality: Station 3857, Pailolo Channel, between Molokai and Maui islands, 127-128 fathoms, fine

sand, yellow mud; bottom temperature 62.5°. One specimen, type no. 21165, U. S. National Museum.
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Genns CALLIDERMA Gray.

Oalliderma Gray, Proc. Zool. Soc., 1847, p. 76. Type, C. emma Gray, P. Z. S., 1847, p. 77; Ann. N. B., vol. XX, 1847, p.198.

Calliderma spectabilis, new species.

PI. XXIV, figs. 1,2; pl. XXV, figs. 1-3; pI. XXVI, fig. 3.

Size large; form pentagonal, the angles prolonged into rays, the outer attenuate portion of which
is formed by marginal plates only. General form depressed, flattened, abactinal surface subplane to
slightly convex. Interbrachial arcs are very wide, the interradial portion of the margin of disk being
straight and passing gradually into the rays, which have thus a broad base and taper rapidly into the
elongated slender outer portion, the distal 20-26 superomarginal plates of adjacent sides being in con
tact medially. Disk is very large in proportion to rays. R=202 mm.; r=85 mm. R=2.37r.

Marginal plates are well developed, forming a stout border to disk, but relatively not so large as
in C. emma. Plates of upper and lower series do not exactly correspond in number, nor are they
exactly opposite, except sometimes for a short distance on either side of the interradial line. Through
out most of the ray they are usually alternate, the suture between them having a zigzag course. Edge
of disk is square-cut on both surfaces, the lateral surface of the plates sloping in ward toward the suture
between the 2 series, so-that the lateral face of disk and rays is concave or like a shallow-V-shaped
trough.

$uperomarginal plates are broader than high and about as high as long. In interbrachial arc the
outer margin of each plate is often slightly shorter than the inner, but the plates are irregular in this
respect. Surface of plates subplane to slightly convex. There are 90 to 94 to each side of the body
(more numerous in the largest specimen; 77 in a medium small speciinen). General surface is cov
ered with numerous, crowded, low, round, flat-topped granules, a marginal series being usually
distinguishable. Granules of the latter become subconical along the margin adjacent to inferomar
ginals, and those of the lateral face of plate are 'more rounded than on dorsal surface. On the angular
margin, where lateral and dorsal superficies meet, each plate bears 2 to 4 stout, short, tapering, very
sharp spinules in a longitudinal series, and they extend along the ray to within 4 or 5 plates of where
the 2 series of superomarginals meet medially. Throughout rest of ray they are absent.

Inferomarginals are slightly larger than the superomarginals, and also a little higher, their width
on the aetinal surface being greater than that of the superomarginals on the abactinal. They form a
raised border to the ventral surface. The free margin is rounded on the outer part of ray. General
surface is covered with flattened granules, similar to those of the dorsal marginals, but on the actinal
surface these are rather more squamiform and subacute. The actinal surface is beset with prominent,
tapering, occasionally slightly flattened, sharp, mobile spines, about 5 mm, in length, there being 12
to 20 to each plate. They are smaller and fewer in number on the outer part of the ray.

Abactinal surface is capable of some expansion. Plates are flat, hexagonal, and regular on
the radial areas, a papular pore being situated at each angle of the hexagon. The papular area is
widest in the basal radial area, constricting on the ray and toward center of disk, where, there is a
narrow circular papular area (bounded externally by the madreporic, body) surrounding the anus.
The large triangular interradial area is devoid of papulre, and is paved with mostly 4-sided plates,
which, like those of the radii, decrease in size as they recede from the center. They are covered with
crowded, round, flat-topped or only slightly convex granules, larger than those of superomarginals.
These granules increase in size toward the center of disk, and the centrally situated granules of each
plate are slightly larger and usually more convex than are those at the sides. The plates of the radial
papular areas are armed with larger, globular granules, one much enlarged, and often subconical, with
3 or 4 similar granules nearly as large grouped around it. Along the proximal portion of each papular
area the plates of the 3 to 6 median longitudinal series bear each an erect, central, conical spine, as
long or longer than the inferomarginal spines (5 mm.). In the type this spiniferous area is 50 mrn.
long by 15 to 20 wide. There are, besides, 5 stout spines around the anal opening. These abactinal
spines are very characteristic and are more conspicuous in the medium-sized specimens than in the
"giants," such as the type. The radial and either adradial row of spines are the longest and subequal;
while a varying number of lateral shorter series is added at either side. Granules are often arranged
in circles about the base of a spine, and the enlarged central grannIe of the other plates of radii is
graduated in size in such a manner as to become smaller as it recedes from the spines. On the ray 3
to 6 granules larger than the others replace this central granule.
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Adambulacral plates have a straight margin to furrow. The width of each plate is about two
thirds the length. The armed portion of actina! surface has the appearance of being more or less
elevated above the level of the furrow margin. Armature as follows: (1) A furrow comb of 12 to 15
straight, un tapered, slightly flattened, roundly tipped spinules, standing parallel. The proximal
plates bear. usually 12 spinules; those more distautly situated 14 or 15, while the plates at the tip of
the ray only about 9. The lateralmost spinelets are shortest. A very characteristic feature of these
spinules is that their .tlps do not conform to a straight or a regularly curved line, but rather to a
compound curve. That is, the adoral half of the series is longer than the aboral, the exact relations
showing better by figure than description. (2) The actinal surface of proximal plates bears about 6
erect, stout, tapering, sharp, movable spines disposed in 2 regular, or irregular, longitudinal series, or
else without very definite arrangement. They average from 5 to 7 mm. in length. One of them is
usually longer than all the rest, while frequently 1 or 2 others are not more than half as long as the
longest. These actinal spines are reduced to 3 or 4 at about the middle of the radius, and to 2 on the
outer attenuate portion of the ray. They are then arranged in an oblique transverse series, on the
aboral half of the plate, the axis of the series running from the inner aboral corner to the middle of
the outer edge. Proximal adambulacrals bear fewer actinal spines in medium sized and small
individuals, Numerous large, irregularly subprismatic or squamiform granules are grouped about the
border of each plate, except, of course, on the furrow margin.

Actinal interradial areas are very large, the intermediate plates extending along ray to nineteenth
inferomarginal (from median interradial line) or to within 2 plates of the point where superomarginals
of adjacent sides join medially. The plates are large, distinct, fiat or slightly convex, irregularly 4 or
5 sided (occasionally hexagonal), those adjacent to the adambulacrals largest and most regular. All
plates decrease in size as they approach the margin. They are covered with coarse, roundish, or sub
squamiforrn granules, a peripheral series of smaller, closer ones being usually distinguishable. Each
plate bears a central, sharp tapering prominent spine about 5 mm. in length. The plates adjacent to
adambulacrals usually bear 2 or 3 in a transverse series, these being longer than the spines over
remainder of interradial area. Likewise the proximal plates of the next 2 longitudinal series bear
each 2 spines.

Mouth plates are small and narrow, the width of the united pair being equal to one-half the inter
radial dimension. Companion plates together form a sharp mouth angle with a long free margin.
Marginal spinules 14, like those of adambulacrals, the innermost being somewhat 'enldrged and sub
prismatic. Actinal surface of each plate bears 8 robust, erect, shnrp spines (like those of the adam
bulacral plates) in an irregular interradial row, with 1 or 2 odd spines in the corner adjacent to first
adambulacral, There is great variation in the arrangement of these colnes. Often there is a series
of 4 parallel with the furrow margin, and a row of 3 to 5 extending thence :'0 outer end of plate, decreas
ing in size outward. Margin of plate (excepting toward furrow) is lined with an irregular series of
large, robust, subprlamatic, or often subspinose granules. The odd actinal interradial plate adjacent
to the outer end of the combined mouth plates bears 6 to 9 spines.

Madreporic body is circular, convex, with irregular striations. It is situated near the center of
disk, about 12 mm. from anal opening (one-seventh distance from center to edge of disk).

In a medium-sized specimen examined the abaetinal plates of the radial and either adradial series
are distinctly 6-lobed. The other plates of the papular area, on either side of these, rapidly lose the
lobed character. Near the primary radial plates the lobes become detached and form internal short
radiating ossicles (4 to a plate) joining neighboring plates. The lobed plates touch each other by the
lobes, usually only 4 lobes (2 on either side of plate) being sufficiently enlarged to impinge regularly
on those of laterally situated plates, Each radial plate is thus joined to 2 adradials on each side. ,
There are 5 large polian vesicles, and 5 conspicuous, distally bifid intestinal cceea. Interradial septa
.single, uncalcified.

Color in life: Abactinal surface bright cadmium yellow except the radial papular areas, and a
circular area about the anus (bounded externally by the madreporic body), which are bright madder
pink. The erect spines are whitish. Dorsal surface of superomarginal plates, except on outer third
of ray, madder pink. The abactinal area of pink Is lanceolate in shape, and about the border grades
into the yellow area. The enlarged granules here are pink, while the rest of the plate is yellow.
Many of the granules are deeper colored than the general tint. Actinal surface whitish.

Variation and young: This species is subject to a certain amount of variation which appears to be
mainly due to age. There is represented in the collection every gradation in size from the smallest,



1060 BULLETIN OF THE UNITED STATES FISH COMMISSIO:N.

with a major radius of 32 mm., to a giant with major radius 217 mm. The p,rincipal difference in
general shape is a more rounded interbrachial arc in the young, which gives a greater prominence to
the ray. The adults have a large, heavy disk and relatively less prominent though not shorter rays.
The spinulation of superomarginals is weak or lacking in the small individuals, but the e1:ect spines on
the abactinal plates are often rather more conspicuous, though not necessarilyso numerous. These
abactinal spines are well developed in all specimens, and are thoroughly characteristic of the species.
On account of the more reduced disk in small specimens, the radial papular areas with their special
armature and larger granules are rather more extended than in medium-sized and adult specimens.
Young examples also have fewer adambulacral spines, both furrow and actiual, Inferomarginal
spines are much fewer in young. The following table records a few of the more important differences
due to age. Not all specimens are here noted.

'Tableshowing variation of specimens.

Adambulaeral
..

Number Number
of supero- of supero- armature.

Station. Major Minor marginal marginal Abactinal spines to Inferomargi- Superomarginal
radius. radius. plates to plates In each radial area. Furrow Actina! nal spines. spines.

side. contact spines. spines.on ray.
---------- ---

mm. m'ln.
4077a .... 32 13.5 31 11 Well developed ...... 7- 8 2-3 3-4, short ...... Absent.
4077b .... 47 16.5 45 18 .. ...do ................ 8-10 2-3 3-5 ............ A few tubercular

28-30 to each radius;
granules.

4077c .... 51 18 48 18 8-10 2-3 3-5 ............ Do.
2-2.5 mm.In length.

4077d .... 56 19 50 18-19 .....do ................ 8-10 2-3 4-6 ............ Nearly absent.
4077e .... 59 20 50 18 .....do ................ 8-11 2-3 4-6 ............ Scattered conical

tubercles.
4077f.. ... 66 23 54 19 .....do ................ 9-12 2-4 5-10........... 2-3 conical tubercles.
4077g .... 68 22 54 20 .....do ................ 7-11 2-3 &-10........... Do.
4098...... 74 24 64 24 Very weJldeveloped, 8-12 2-4 &-10........... 2-4 conical tubercles.

50-55 in each radius.
4077h .... 83 ~7 64 24 18-20.................. 9-12 2-4 5-10........... 2-tJ'~~r~rc~eveloped

40771 .... 87 SO 60+ 22 30-35.................. 9-12 2-4 &-10........... 2-3 spinules.
4077j 90 30 68 24 3&-88.................. 9-12 2-4 &-11 ........... Do.
4098a .... 103 37 74 24 2&-38, large ........... 8-13 2-4 5-11. .......... Do.
4077k .... 133 45 92 31 20-22.•.....••••••....• 9-14 2-4 &-13........... Do.
40771 143 55 96 31.5 45-55••••.••.•...••.•.. 8-13 2-D Maximum 15. 2-4 S~illules.
4077m.... ........ 65 .. ...;23.. · 5O,average ........... 9-15 2-5 Maximum 15. Most )'4.
3938,type 202 84 90-94 43,average ........... 9-15 2-7 Average 12-20. 2-4 larger splnules,
4102...... 217 95 106 b29 25-40.................. Max.15 2-8 Average 1&-30. Do.

-
a Arm tip Injured. b Arm tip gone.

Localities: Type (no. 21166, U. S. National Museum) from station 3938, vicinity of Laysan Island,
148-163 fathoms, white sand and broken shells; bottom temperature, 60.3°. Taken also at the Iol
lowing stations, in all, 20 specimens:

Record of localities.

Station. Locality. Depth. Nature of bottom.

Fathoms.
3838 South coast of Molokal Island .................................. 92-212 Fine grayish-brown sand.
4074 North coast of Maul Island ..................................... 78- 85 Coral sand, foraminifera.
4077 ..•..do ..... : ..................................................... 99-106 Fine coral sand.
4079 ....•do ....•••...••..•••...•.•••....•••.••....••••••..••....•••••• 143-178 Gray sand foraminifera.
4098 .....do ........................................................... 95-152 Coral sand, foraminifera, rocks.
4102 ••...do ........................................................... 122-132 Fine gray sand, foraminifera .

This is the most striking species taken by the expedition, and is remarkable alike for its beautiful
coloring and the large size of mature individuals. It is apparently rather common on sandy bottom
between 78 and 178 fathoms.

Calliderma may be distinguished from other genera of the Goniasterinse by the prominent, mobile
spines on the ventral plates, as well as by the broad disk, and attenuated rays, composed only, on
the distal part, of the marginal plates. From its only known living congener, Calliderma emma Gray,
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the present species is distinguished principally by the erect and prominent spines of the radial series
of the abactinal surface of disk.. The following differences mayor may not be constant: C. epectabiiie
has rather narrower and more numerous superomarginal plates, more prominent adambulacral spines
(both series), and the superomarginal, inferomarginal, and aetinal intermediate spines appear rather
large. Spectabilis is undoubtedly closely related to emma, which hails from Japan. When described
by Gray the locality of this species was unknown, but a specimen was subsequently found in a bottle
of insects from Japan. (Perrier, Rev. Stell., p. 226.)

Genus CALLIASTER Gray.

GallilUlter Gray, Ann. N. H., vol. VI, 1840, p, 280. Type, Gallinstt'r chitdreni Gray.

Calliaster pedicellaris, new species.

PI. XXVII, fig. 1; pl. XXVIII, figs. 1, 2; pl. XXXI, fig. 1.

Rays 5. R=75 mm.; 1'=25 mm. R=3 r. Breadth of ray between second and third superomar-
ginal plates, 18 mm.; between fourth and fifth, 13 mm. .

Rays rather long and narrow, very gently tapering to a blunt extremity, the distal superomarginals
.being in contact medially. The rays appear of nearly uniform width after the somewhat abrupt basal
expansion is passed, although they taper slightly. Interbrachial arcs widely rounded. Lateral walls
thick, vertical, abactinal surface slightly convex on disk. Disk and rays very rigid and hard.

Abactinal area is narrow on rays, being narrower beyond the fourth superomarginal than the
width of a single superomarginal plate. On outer part of rayabactinal platesare reduced to a single
series, the plates being separated one from another by the superomarginals, which meet in the median
radial Iine. Abactinal plates are large, irregularly circular, those of median radial series being slightly
the largest and somewhat lengthened transversely on basal portion of radial area. The plates of inter
brachial angle are not so regular. On central portion of disk there are numerous small plates scattered
among the larger. These are arranged in more or less of a definite circle around each "radial" plate
of the primary apical system, and also partially encircle a few neighboring plates. Each primary
"radial" plate bears a thimble-shaped tubercle, which is repeated on 3 succeeding plates of the median
radial series, thus making a longitudinal row of 4 tubercles on the proximal portion of each radial
area. Unfortunately, with the exception of a single tubercle, these are all broken from the unique
specimen. The scar seems to indicate that they decrease in size outward. The other abactinal plates,
with the exception of a few in interradial area which are flat, have exposed surface slightly concave,
and bear in the center a low round granule often set in a special shallow pit with slightly tumid edges.
Margin of all plates is surrounded by an irregular series of small, poorly defined, low, flat topped
granules, either roundish' or elongated. They lie flush with the level of plates and are more or less
sunk in membrane, which is visible between the plates. Occasionally there are 2 or 3 series of gran
ules, always irregular. In interspaces between the plates small papules may be seen.

Marginal plates are massive, forming a broad, solid border to disk and rays. Each plate is dis
tinct and tumid. The superomarginals, 15 to 16 in number from. median interradial line to extremity
of ray, are broader than high, and the length is about four-fifths of the chord of extreme width. They
very gradually decrease in size toward extremity of ray. The 4 or 5 distal plates of each ray are in
contact medially, while 4 to 6 plates centrally from these may touch by their inner edges, segregating
1 to 4 quadrate, abactinal plates. Each plate bears in the center, on the exposed tumid portion, a rigid,
blunt, tubercular spine or elongated thimble-shaped tubercle which decreases in size toward tip ofray,
and en the last 4 or 5 plates is reduced to a small granule (or may occasionally be wanting). The
general surface of plates is smooth, except for a group of 2 to 6 small granules, just under the spine,'
on plates of interbrachial arc; and the margin is surrounded by an irregular, usually double, series of
small, elongate, flattened granules similar to those encircling the abactinal plates. Terminal plate is
large, with 3 spinules.

Inferomarginal plates are usually opposite superomarginals, to which they correspond in number.
They are similar in character to the superomarginals, are tumid, and bear, each, a short, robust, blunt
spine on the ventra-lateral face. On the first 3 plates there is also a similar spine on the lateral face,
in a transverse series with the first. The first 4 or 5 plates have a few scattered granules ;T) an irregular
group on the lateral face, above the spines, and,a similar group on the first 2 plates below the inferior
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spine. The plates are also surrounded by a series of granules, similar to but larger than those of the
superomarginals. Occasionally this series is incompletely double, especially along the lower margin.

Adambulacral plates are considerably broader than long, and the actinal surface is slightly raised
above the level furrow margin (i. e., when animal is viewed from below). Armature as follows:
(1) A furrow comb of 9 (or 8) spines, the lateral members of which are usually shorter than the other
7, which are subequal, parallel, about as long as the plate, round-tipped, slightly compressed, and
untapered. The adoral end of each series overlies the aboral end of the adjacent series toward mouth.
(2) On the aetinal surface 2 thick, robust, cylindrical, blunt or truncate spines disposed in a transverse
row. These may be very slightly tapering, and are about as long as the width of a plate. Margin of
plate is surrounded by a single series of large, bead-like granules, and there are also 2 or 3 granules on
the general surface of the plate.

Mouth plates are not prominent, but of fair size, elongate. The united pair form a regular pro
jecting angle, with a long free furrow edge. Each plate is a low isosceles triangle in shape, the base
to the median suture. Armature as follows: (1) A furrow series of 9 spines, the outer 6 of which are
like those of the adambulacral plates and increase slightly in length toward the inner angle. The 3
inner spines are much larger and heavier, and increase in size toward the' inner angle, the innermost
tooth being blunt, heavy, and flattened on the actinal surface. There are thus 6 teeth at each
mouth angle. (2) On the actinal surface one heavy spine, like the corresponding spine of adambu
lacrals, situated at about the center of plate; and a much smaller spine standing in line with it, toward
the inner angle. The latter varies in size. Several large flattened granules occur near this spine.
Along the edge adjacent to first adambulacral, and on outer half of median suture margin (i. e., behind
the big spine) are numerous (12 to 14) large irregular granules in an irregular series.

The aetinal interradial areas extend as far as the fourth inferomarginal. They are paved with
large 4 to 5 sided plates, which are bordered by a row of prominent bead-like granules. Those plates
adjacent to the adambulacrals are slightly convex, and as far as the third inferomarginal each bears a
large 2-jawed pedicellaria, set in a special depression. Each jaw is broadly spatulate and rounded at
the tip and when the pedicellaria is open fits into a special depression of the plate. Two or 3 other
plates in the interradial region also bear a single pedicellaria, so that there are 19 or 20 pedicellarire
to each actinal interradial area. The majority of other plates bear 1 to 6 bead-like granules on the.
surface, in addition to the peripheral series, and these are usually clustered to one side, leaving most
of the plate smooth.

Tube feet have large sucking disks. Ambulacral furrow is very narrow, entirely closed over by
the furrow armature. Anal aperture is subcentral, very small.

Madreporic body is flat, circular, larger than any abactinal plates; situated midway between
center of disk and inner edge of superomarginals.

Color in life: Abactinal area between chocolate color and Mars brown; superomarginal plates
chocolate; spaces between abactinal plates in central portion of disk much darker, showing the plates
in relief. Actinal surface buff pink, excepting large spines and adambulacral plates, which are cream
color. Color in alcohol, dull brown, lighter beneath.

Locality: Station 4100, Pailolo Channel, between Maui and Molokai Islands, 130 to 151 fathoms,
coral sand, shells, foraminifera; bottom temperature, 610

• One specimen, type no. 21167, U. S.
National Museum. .

This remarkably beautiful starfish evidently belongs to the genus Calliaster, although the other 2
known species are devoid of pedicellariee. This feature alone will serve to distinguish the present
form. It is also characterized by the following details of structure: The rays are longer and narrower
than in the other-species, with several distal superomarginals in contact medially; abactinal spines
are fewer; superomarginal spines fewer and larger; actinal adambulacral spines 2 and very large;
furrow comb of 8 or 9 spines; no enlarged tubercle on actinal intermediate plates as in baccatus.
There are numerous minor differences which are appreciated by a comparison of figures. Caltiaster
ch-ildreni comes from Japan, C. baccatusfrom Simon's bay, Cape of Good Hope, 5 to 18 fathoms.

Genus GILBERTASTER, new.

Type Gabertaster tmacanthus, new species.

Form stellate, with a broad, slightly convex disk and wide, rounded interbraehial arc. Marginal
plates prominent. No spines on abactinal, marginal, or actinal plates. Pedicellariee very large and
bivalved.,
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Abactinal plates flat, roundish, or not very regular polygonal in shape. A definite medio-radial
row can be distinguished, the other plates being arranged in more or less parallel series, decreasing in
size toward margin and tip of ray. Each plate is covered with large, close-set, flattish, very irregular
valve-like granules, those about the border being smaller than the centrally situated ones. Scattered
over disk and basal portion of rays are many large bivalved pedicellariro, which are oblong in shape
when viewed from above. Conspicuous papules emerge singly from sutures between the plates and
are generally distributed except at end of ray.

Marginal plates are conspicuous, numerous, devoid of either spines or pedicellariee, somewhat
convex. They are covered with rather large, flat, round, hexagonal or irregular granules.

Adambulacral plates massive, nearly quadrate, with a variable and irregular but not prominent
armature. Armature as follows: (1) A furrow series of about 2 or 3 short, stubby, very robust
spines, flattened in a horizontal plane, and with truncate or irregular tips. Middle spine is often
shorter than the 2 laterals; or occasionally a very large bivalved pedicellaria stands at the margin in
place of the spines. (2) On the actinal surface 8 to 12 large, irregular, depressed, spaced, quadrate
and polygonal granules of different sizes, and arranged without constant order. When a suggestion
of (;2 irregular longitudinal series can be seen, the inner has much larger granules. Bivalved
pedicellarire frequently replace some of the granules. No prominent spines on the actinal surface of
any of the adambulacrals.

. Mouth plates narrow, and slightly convex actinally., Armature consists of about 5 robust furrow
spines, the inner massive, blunt, and subprismatic, with flattened side to actinostome. The actinal
surface is covered with granules similar to those of the adambulacrals,

Actinal interradial areas well developed, paved with large actinal intermediate plates arranged in
not very regular series parallel to furrow. These plates are very irregularly subquadrate to polygonal,
and are covered with heavy, quadrate, oblong, or roundish granules, the exposed surfaces of which
are flat. The plates adjacent to the adambulacral are larger than the others, and each bears a large
bivalved pedicellaria surrounded by a single series of granules. Other smaller pedicellarire are scat
tered over the rest of the interradial area.

Madreporic body of medium size, subcircular, convex; situated one-third distance from center of
disk to extreme margin. It has no strire, but is perforated with irregular pores of conspicuous siz~.

Gilbertaster anacanthus, new species.

PI. XXVII, figs. 2, za-zc,

Rays 5. R=65 mm.; r=22 mm. R=3r. Breadth of ray at base (between second and third
superomarginals) 16 mm.; half way between base and extremity, 10 mrn.

Rays rather long and narrow, tapering abruptly at base, and then very slightly throughout rest
of distance to the blunt extremity. Disk of fair size and rays inflated. Marginal plates well rounded.
No spines of any description on general surface of body. Very large, low, sessile, bivalved pedicellarise,
on actinal and abactinal surfaces but not on marginal plates.

Abactinal area is paved with close-set, flat, roundish, or not very regular polygonal plates. A
definite medic-radial series can be distinguished, the other plates being arranged in more or less regular
rows parallel with it, decreasing in size toward the tip of ray and margin of body. Each plate is
covered with close-set, superficially flat, large, very irregular granules. Those about the border of
plate are smaller than the centrally situated. ones, and form a very irregular peripheral series. The
central granules, 2 to 6, are elongate, roundish, or rarely polygonal, while many have grotesque out"
lines quite impossible to describe. On small plates in the interradial areas, there is usually only a
single large central granule. The exposed surface of granules is usually very slightly rounded or convex. '
Scattered over the disk and basal portions of arms are many large bivalved sessile pedicellarize, which
are oblong in shape when viewed from above. They average 1.5 mm. in length and are most.
numerous in interradial areas, extending thence as a single series along either side of the ray, just
adjacent to superomarginals, They are absent from the median radial series of plates except rarely
near ceuter of disk. Each pedicellaria is so large tHat it extends quite across its plate, occupying the
greater part. An interrupted series of granules surrounds it. The jaws are faintly toothed or serrated
on opposing faces. Those pedicellarire half way between center of disk and margin are largest
(attaining 2 mm, in length); the smallest are adjacent to auperomarginals. Conspicuous papulas
emerge singly from sutures between plates, and are generally distributed except at the very tip of ray.
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Marginal plates are conspicuous, with a gently convex surface. Upper and lower series are not
precisely opposite on arms;' sometimes alternate. Superomarginals, 22 in number from median inter
radial line to extremity of ray, do not encroach much upon abactinal area, but form a rounded bevel.
They are nearly quadrate in the interbrachial are, but are longer than high on proximal two-thirds of
ray, gradually becoming higher than broad toward the tip. The edge of the plate toward the abactinal
area is curved. On one interradius there is a small, odd interradial plate, wedged between first supero
marginals at their upper ends, apparently quite abnormal. General surface of plates is covered with
rather large, flat, round, hexagonal, or irregular granules which increase in size from center toward
periphery. Although low, their general surface is very slightly convex, and is smooth. In inter
brachial arc the granules of the peripheral series are conspicuously smaller than the others, but on the
ray they may be large, owing to the fusion of granules of the first and second series, which thus form
long granules, extending from the periphery toward the center. Often long and short granules alter
nate. Terminal plate is prominent, subspherical, prolonged on the inner and abactinal side, covered
with scattered granules.

Inferomarginal plates are equal in number to superomarginals, and encroach rather more upon
aetinal area than do the superomarginals upon abactinal. The 4 median plates of interbrachial arc
are the largest, with a curved margin toward actinal area. Covering of plates very similar to thtt'f of
superomarginals. In one interradius there is a pedicellaria at outer and upper corner of the second
inferomarginal. No others are present on either series of marginals.

Adambulacral plates are massive, nearly quadrate, with a variable and irregular armature. Furrow
margin is nearly straight, but abruptly curved at either end of the plate. Armature as follows: (1) A
variable number of furrow spines-usually 2 or 3-short, stubby, very robust, and flattened (in hori
zontal plane) with truncate or irregular tips. Middle spine is sometimes much shorter than the 2
laterals, even becoming reduced to an enlarged granule. Less commonly there are 4 spines, subequal
or one much smaller. (2) First adambulacral plate has a giant pedicellaria (similar to those of abacti
nal surface) on the actinal surface but flush with the furrow margin, extending the whole length of
plate and entirely superceding the furrow spines. Four out of the 10 second adambulacrals possess it
also, but in this case a few additional furrow granules or irregular tubercles also are present. These
pedicellarire are also present on numerous other adambulacrals, but are not so large, and in all cases
where present the furrow armature is in consequence reduced in size, usually to flattened upright
granules or irregul;r spinules, Pedicellarise occasionally are set obliquely on plate. Rest of actinal
surface is covered with about 8 to 12 large irregular quadrate and polygonal granules of different sizes,
and arranged without constant order. When a suggestion of 2 irregular longitudinal series can be
seen, the inner has much larger granules. An enlarged granule with a swollen end is usually present
just aborad to the end of the pedicellaria.

Mouth plates slightly convex actinally, the united pair rather narrow, with an extensive, angular,
but rounded furrow margin. Armature stout, composed as follows: (1) Furrow spines 5, the inner
massive, blunt, subprismatic, with flattez{ed side to actinostome. The next two are shorter and
weaker, flattened or prismatic, with a rounded tip. The' 2 outermost are shorter still and thicker,
not constant as to shape, usually irregular. (2) Aetinal surface is covered with granules. A series
extends along margin of median suture. These are largest, are flat, subquadrate, or pentagonal,
irregular, and diminish in size abruptly at inner end of plate, the series terminating a 'short distance
from the teeth. Another series follows margin adjacent to first adambulacral, and is continued inward
parallel with .Iurrow series, the latter portion containing a few compressed, upright, round-tipped
granules, irregularly disposed, Several small granules are present between the inner ends of com
panion superficial series.

Actinal interradial areas well developed, paved with large actinal intermediate plates arranged in
series parallel 'to ambulacral furrow. Those adjacent to ad~mbulacrals are largest and most regular,
being subquadrate save for the outer margin, which is usually angular or rounded. They extend to
the fifteenth inferomarginal, or three-fourths length of ray, while other intermediate plates do not
extend beyond basal fourth of ray, being smaller and irregularly polygonal in shape. The outer por
tion of the series adjacent to adambulacrals is interrupted by the Inferomarginals toucliingthe latter,
thus separating the intermediate plates. On the ray these pedlcellarire are not present on every plate.
Each is surrounded by heavy, quadrate, oblong, or roundish granules in a single series, with indications
occasionally of an incomplete intermediate series of small granules between successive plates. 'I'here
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are 12 to 15 pedicellarire, about half the size of those already described, scattered over the remainder
of the interradial areas, the plates of which are covered with closely placed, flat, irregular granules
similar to those of abactinal plates. Granules surrounding pedicellarire are raised slightly above the
level of the others.

Madreporic body of medium size, subcircular, slightly convex, situated one-third distance from
center of disk to extreme margin. Perforated with coarse, irregular holes; no strire,

Color in life: Dull yellow on dorsal surface, brightest on marginal plates; central part of dorsal
area with a brownish cast. Actinal surface a pale Naples yellow with a brownish suggestion.

Locality: Station 4041, west coast of Hawaii Island, 382-253 fathoms, gray mud, foraminifera;
bottom temperature 41.6°. One specimen, type no, 21168, U. S. National Museum.

The peculiar large bivalved pedicellarire of this species remind one very strongly of Hippasteria,
but the absence of spines and the structure of the skeleton are more like ToBia. The very unusual
flat ossicle-like granules are unlike those of any goniasterid with which I am acquainted. Gilberlaslel'
appears to be allied to some of the Hippasterinee, particularly to Oryplopeltasler from off the California
coast. The latter genus is undoubtedly a member of the Hippasterinre. I am inclined to regard the
present form as intermediate between the Goniasterinre and Hippasterinee, and have consequently placed
it provisionally at the end of the former subfamily, It might be considered with almost equal
propriety an aberrent member of the Hippasterinre.

This genus is named for Dr. Charles Henry Gilbert.

Subfamily HIPPASTERINlE Verrill,1899.
Hlppasterlnoo Verrll1, Revision of Certain Genera and Species of Starfishes, with Descriptions of New Forms. <Trans.

Conn. Aead., vol. x, 1899,p. 174.

Genus EVOPLOSOMA, new,

T~'Pe El'oplo8omajorcipij'era, new species.

General form that of Hippasieria, which it resembles also in the ossicles and spines; but the whole
test (both ossicles and spines) is overlaid by soft fleshy membrane, which in life completely hides the
outlines of plates. Abactinal and actinal pedicellarire erect, with rounded spatulate denticulate blades.

Abactinalsurface paved with small roundish plates, interspersed with still smaller roundish second
ary plates, bearing smooth or rugose granules sheathed in pulpy membrane and erect rigid spines and
spinules, the former partially encased in membrane, the latter wholly. Spines and granules on mar
ginal and aetinal plates of the same character as the abactinal. Furrow spines remarkably thin and
compressed, especially adorally, 3 or 4 to the plate, and wi h expanded chisel-like tips. Actinal
adambulacral spines very robust, curiously expanded at the tip, and often gouge-shaped; usually
single with an accompanying large spatulate" sugar-tongs" pedicellaria.

While this genus is undoubtedly closely related to some species of lIippasteria, the persistent, and
in life soft pulpy membrane which covers the whole test will serve at once to distinguish it. This
membrane invests each granule individually; hiding the calcareous part and causing the granulation
to have a crowded, soft, warty appearance. From this surface the conical spines and pedicellarise
raise themselves in a short bristling armature. The whole animal, as in Hippasteria, is very rigid.
When the test is dried the membrane shrinks greatly, 'and the roughened granules are easily seen,
then appearing separated. But in life this is not the case because the membrane investment fills up
all the intervening space, causing the granules to appear very much larger. The high pedicellarire
are unlike those of typical Hippasteria, although easily derived from them by slight modification.

Prof. A. E. Verrill agrees with me that this species constitutes a new genus.

Evoplosoma forcipifera, new species.

PI. XXVI, IIgs. 5, 5n-c; pl. XXVII, IIgs. 4,4n-b: pl. XXIX, 111\". 3.

Rays 5. R=56 mm.; r=24 mm.; R=2.3 r. Breadth of ray at base, between third and fourth
superomarginals, Ll mm,

Disk large, pentagonal, inflated, narrowing abruply into slender, tapering rays, which end in a
blunt point. Body bristling all over with short, stout, conical spines. Disk very distinct from rays,
which appear as if attached to its corners. Integument stout; whole animal rigid. Marginal plates
not distinct. Interbrachial arc very wide, straight, not curved in median portion.

Abactinal area conspicuously inflated about border, and paved with rather small round plates,
among which are smaller secondary roundish plates. They are immersed in a tough membrane, and
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the whole of the abaetinal and, actinal surfaces and marginal plates are covered with variously sized
spiniform granules, each invested with a soft, thick, and pulpy membrane which completely hides the
granules, giving the appearance of a crowded, soft, warty, irregular, granulation. These fleshy
granules are round- or flat-topped, and so crowded that they press each other out of shape. They
completely hide the outline of the abactinal plates. Scattered over abactinal surface are many short,
stout, sharp, erect, conical spines, giving the whole surface a bristling appearance. The largest are
2 mm, long, and they decrease in size toward the margin. Scattered among them are many inter
mediate, sharp, conical tubercles of several sizes, evidently specializations of the immersed granules.
The pulpy membrane rises upon the base of the spines, but is not evident toward the tip. Spines are
arranged in 2 or 3 irregular rows on ray, and decrease very irregularly in .size toward its extremity.
Over all the disk except a very limited and narrow interradial region long, conspicuous papular emerge
from the reticulated covering, They are scattered around the plates; absent from rays. On interradial
areas of disk are a few large 2-jawed upright pedicellariie. These are sunken in special pits, have
broad, even, rounded, often notched, spatulate jaws, which, however, possess no especial depression
into which they fit when opened.

Marginal plates are large, bnt not conspicuous. The 2 series correspond in number and are
opposite. Superomarginals, 15 in number from median interradial line to extremity of ray, are
confined to side wall of body in interbrachial are, but encroach more and more upon abactinal areas
as they proceed along the ray. On outer part of ray their breadth very nearly equals height. In
interbrachial arc the length is a trifle greater than height (or width). Transverse sutures and that
separating the 2 series are easily seen. The line of demarkation between the marginal and abactinal
plates is not clearly evident. On disk the superomarginals bear 3 stout, rigid, sharp, conical spines,
stouter than those of the dorsal integument, disposed in a transverse series on a median tumid portion of
the plate. At base of ray these become reduced to 2, and on outer portion of ray to but one, which stands
on a sort of boss where the lateral and dorsal superficies of the plate meet. First superomarginal
usually has slightly shorter spines, and 3 or 4· of them are grouped in the center of plate, with a
number of subsidiary conical granules surrounding them. A marginal series of rather regular, 4-sided
to subcircular flattish, fleshy granules borders each plate-save the upper edge. Within this is a second
series of larger spherical to subconical granules, less regular, surrounding the base of the tumidity
which bears the spines. On outer portion of ray the transverse portions of second series of granules
are absent. First and second plate usually have a pedicellaria similar to those of abaetinal surface near
the middle of the lower side just above the peripheral row of granules.

On disk the inferomarginals are slightly larger than corresponding superomarginals, are quadrate,
about as broad as' high, and form an evenly curved margin to aetinal area, upon which they encroach.
They are tumid like. the superomarginals, the tumidity becoming more pronounced on ray, on the
proximal plates of which are 2 (usually 3 on innermost plate of ray proper) rigid spines, similar to
those of superomarginals, and similarly placed. On outer third or half of the ray these are reduced to
a single spine. On first 3 inferomarginals there are 7 shorter spines, with several enlarged granules,
scattered in an irregular quadrate group. Fleshy granules, like those of superomarginals, cover the
remaining surface of the plates. The inner or lower edge of the plates is not evident superficially,
the granules being continuous with those of actinal interradial areas. In one interradius there is a
small pedicellaria, like those described for superomarginals, situated near the upper border of each
of the 2 median inferomarginals. .

Ambulacral furrow rather narrow. Outlines of adambulacral plates not evident superficially on
account of the fleshy granules. Plates are slightly longer than wide, with a convex margin to furrow.
Furrow spines are 6 on first plate, 5 on second, and 4 or 3 on the rest. They are long, stout, strongly
compressed, with broad subtruncate or rounded tips. They resemble broad chisel or narrow hatchet
blades in shape, and become thinner toward the tip. Where there are 4 spines the aboral is shortest,
and varies much in shape, resembling usually a wedge. The other 3 are subequal, or the median
slightly the longest. Often a spine appears as if partially twisted on its long axis, or the broad spatulate
blade may be a trifle concave on one face like a scoop. The 2 lateral members are usually broader at
the tip than the median. In the middle of the actinal surface of plate stands a solitary, remarkably
heavy, rigid, upright spine, shorter than furrow spines. Its base is cylindrical, but the end flares
more or less, and the outer aboral face is concave like a gouge; the tip is rounded, subacute, or blunt.
Frequently the tip appears somewhat 3-sided, one side concave, and the others flat or slightly rounded.
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There is great variation in the details of this spine in the single specimen. On adoral side of plate,
close to furrow margin, is a very large, upright 2-jawed pedicellaria, the valves being broad and shaped
something like a pecten shell, only more irregular. Frequently the edge is notched, and one edge
slightly concave, the other correspondingly convex. On the ray the pedicellarite decrease in size, and
are very broadly spatulate with a more contracted base than have those of disks. Onter side of plate is
beset with 5 to 6 flesh-covered, irregular roundish or 4-sided granules, 1 or 2 of which, 011 the 4 to 5
proximal plates, are larger than the others.

Mouth plates large, but not prominent actinally. Plates are broad, the combined pair with an
extensive and angular rounded furrow margin. Armature as follows: (1) A furrow series of 8 much
flattened, abruptly round-tipped, spatulate spines, which become thinner toward the tip like a wedge.
Their bases are united by a delicate web. They are more regular than the adambulacral furrow spines
and a trifle smaller, except the inner 2, which are large, very broad, and hatchet-like. The innermost
tooth is largest of all. (2) Back of furrow spines the actinal surface is bare for a short distance,
the remainder of surface being covered with the characteristic granules, which are not crowded, and
which increase in size toward outer end of plate. In center of actinal surface is a single upright
pedicellaria, similar to, but smaller and slenderer than those of adambulacrals. First adambulacral is
larger than the rest, with 6 furrow spines, and its actinal spine reduced in size. Actinostome small,
entirely roofed over by the large spines.

Actinal interradial areas are large, forming a nearly equilateral triangle, bounded by the first 2
inferomarginals; a single series of intermediate plates extends, however, as far asthe fifth inferomargina1.
The plates are roundish and entirely obscured by the numerous compactly placed, ,round or irregularly
polygonal skin-covered granules which shrink up when dried and allow the plates 'to be seen (pI. XXIX,

fig. 3). From 30 to 45 stout, erect, rigid spines, smaller than those of the adambulacrals, and a trifle
heavier than those of the inferomarginals, are disposed in irregular chevrons over interradial area with
the exception of a small space immediately outside of mouth plates. These spines are short, conical,
with grooved, 3. or 4-sided tips, much resembling some sort of a drill. When the specimen is dried
they are seen to correspond, about 1 to a plate. The calcareous portion of the granules is rugose 01'

roughened. A pedicellaria, similar to those alreadv described, is situated near outer end of mouth
plates, and another about the middle of interradial area.

Madreporic body small, convex, with coarse, convoluted striations; situated a trifle. nearer center
than midway between latter and margin of disk.

Tube feet large, with large sucking disks.
Color in life, pinkish orange.
Locality: Station 4186, east of Kauai Island, 682-508 fathoms; gray sand, foraminifera; bottom

temperature 38.1°. One specimen, type no. 21169, U. S. National Museum.
This species is readily distinguished by the curious fleshy investment of all the granules of the

body, as well as of the base of the spines. The photographic figure of this species is from the dried
specimen, in which the membrane has greatly shrunken.

Subfamily LEPTOGONASTERINlE Perrier, 1894,
Leptogouasterlnre Perrier, Exp. Scientlf. du Trnvatlleur et du Tullsmnn, etc., Echinodermes, 1894, p. 252.

Genus ANTHENIAS':(ER Verrill.

Anlheniuster Verrill, Trans. Conn. Aead., vol. x, Aug., 1889, p. 173. Type, Anilumoidcs surissu Alcock.

Antheniaster epixanthus, new species.

PI. xx, fig. 3; pl. XXVI, figs. 1, la-c; pI. XXIX, figs. 1,2; pl. XLIX, fig. 1.

Rays 5. R=90 mm.; r=47 111m. R=1.92 r. Breadth of ray, between first and second supero
marginals, 47 mrn.: between fifth and sixth, 25 mm,

General form is fiat and depressed. Disk large, pentagonal, slightly inflated in most specimens.
Rays short, broad, tapering, flat, acute, but not narrow-pointed.' In smaller specimens the rays are
much longer, Interbrachial arcs very wide, rounded or occasionally a trifle angular. Lateral wall,
or margin, rounded-vertical in large specimens; rather angular in the interbrachial arcs of smaller
specimens, but becoming vertical on outer part of ray, which is then quadrate in section. The whole
animal is covered with a moderately thick, tough but soft membrane or skin, which obscures the out-
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lines of most of the plates in the living and alcoholic specimens. When dried, the membrane shrinks
very much, and on the dorsal surface reveals a sparse and very minute granulation. Granules of .
marginal and actinal plates are coarse and conspicuous in the dried state, but are not very conspicuous
in the living or alcoholic specimens on account of the pulpy consistency of the skin.

Abactinal surface is subplane to slightly convex, covered with a wrinkled, rather thick membrane
which reveals the plates beneath when dried. In each median interradial line there is a sharp crease
extending inward toward center of disk, while similar lines extend toward center of radial area from
each suture between superomarginals. Everywhere the skin is traversed by fine creases. Radial areas
are conspicuous by the black papules which have passage at corners of hexagonal plates, and thus
indistinctly mark out their form, Papulre wanting on median interradial region. Plates are further
revealed in fresh specimen hy creases which radiate from papular pores. The fine granulation is not
apparent in the undried state. Pedicellariro wanting on dorsal surface. If the skin is stripped off
(which is done with difficulty), the arrangement of plates is then easily seen; or 'the specimen may be
dried. Plates are polygonal and rather irregular. A fairly regular series extends along median radial
line, the remainder being arranged parallel to this. Median series does not reach tip of ray, the outer
6 or 7 superomarginals of either side being in contact medially. The other series do not extend so far
as the median, but end one after another in conformity with the taper of the ray. External to median
radial series on each side is an irregular series of much smaller plates which extend but a very short
distance beyond the base of the ray, where they die out gradually. The plates of next series external
to this are large as the median radial, and are adjacent to them after the disappearance of the smaller
intermediate series. The third longitudinal series consists of even smaller and more irregular plates
than the first or intermediate series. (This series is not apparent in largest specimens, and when
present it does not extend so far distad as the other intermediate plates.) Fourth series as large as
second. Opposite the fourth superomarginal one can count 6 or 7 longitudinal rows at either side of
the median radial series. Occasionally the smaller intermediate plates form a partial series around
the larger plates, but in this case they are smaller than the longitudinal series of intermediates. No
definite arrangement over center of disk, which is paved with rounded or subpolygonal, large and
'small plates mixed together. Interradial plates are regular in type-hexagonal to quadrate-but may
be irregular in smaller specimens. If abactinal area is treated with caustic potash and viewed from
the internal (or coelomic) side, some of the smaller intermediate plates (not those of the longitudinal
intermediate series, but still smaller plates) are seen to form short, connecting, radiating ossicles
between larger plates of the median radial area at base of ray nearly to center of disk. Their
arrangement is irregular, however, and some of the smaller plates of the disk are rudely substellate,
This point is, however, not at all evident when the plate is viewed from the dorsal side. The
so-called connecting ossicles appear merely as irregular small plates between the larger polygonal
ones. I~ large specimens these smallest intermediate plates are scarce; and they are by no means
constant in number or position in the medium-sized and small specimens. But the presence of an
intermediate incomplete series of secondary plates at either side of the median radial series is constant.

Marginal plates are well developed. Superomarginals, 20 in number from median interradial
line to extremity of ray, are wider than lcug, and form an arched border to body. In a few smaller
specimens the inferomarginals extend laterally slightly beyond superior series on disk. In this case
the superomarginals form more of an arched bevel. They are covered with tough membrane, in
which are embedded 8 to 20 subspherical granules spaced over the central portion of plate. These
are absent from outer half of ray. The first superomarginal is slightly shorter than succeeding 4 or 5.

Inferomarginals correspond in number to superomarginals, but are not always exactly opposite
to them at base of rays. They are much broader than high, and encroach conspicuously upon actinal
area, being covered with numerous scattered granules imbedded in membrane. These increase in
size toward outer edge of plate, and are largest on the lateral face of ray, where they are as large or
slightly larger than the granules of superomarginals and decidedly more numerous and close-set.
Terminal plate prominent, pentagonal, armed with 3 terminal, thimble-shaped granules.

Adambulacral plates longer than wide, with a faintly convex furrow margin. Armature consists
of 7 (occasionally varying to 6 or 8) short, blunt, slightly compressed spinelets, which form a radiat
ing palmate series and are covered with membrane, which as a sort of web, unites them for a short
distance above the base. Usually the end spinelets are much shorter than the median, the whole
forming a rather regular graduated series. Actinal surface of plate, like remainder of body, is covered
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with membrane, so that outlines of plates are wholly obscured except when in a dry state. (Com
pare figs. la and lb, pl. XXVI.) A definite crease or line in the membrane runs from the furrow
obliquely outward toward the margin of body. These wrinkles separate each adambulacral plate,
and every second or third line is confluent with the suture between 2 inferomarginals, while the
intermediate lines end between the furrow and margin. Actinal surface of adarnbulacrals bears 6 to 8
subspherical granules of unequal size, disposed in an irregular longitudinal -series along the middle of
plate. They are covered by thick membrane and are, not very conspicuous until animal is dry.
(PI. XXVI, fig. lb.) On outer half or third of ray these are replaced by a single, stout, short, taper
ing spine, exceeding in length the furrow splnelets, which are here quite short. A few plates bear,
near the adoral margin, between the furrow series.and granules, a single rather long 2-jawed pedicel
laria, about as long as the nearest furrow spinelet, Each jaw is narrow spatulate and curves slightly,
like a pair of tongs, to meet its companion, .

Mouth plates are large and prominent actinally, with a very extensive furrow margin. Furrow
spinelets Ll', stout, the outer ones similar to the adambulacral furrow splnelets, but the 2 or 3 inner
larger and heavier. Actinal surface is armed with prominent granules, subspherical to thimble
shaped, arranged in an irregular series parallel to median suture, and another continuing the linear
series of adambulacrals. Numerous much smaller granules are scattered here and there.

Actinal interradial areas are covered with membrane, which is lined with fine creases or wrinkles,
as already noted. The plates are irregularly polygonal or roundish, and are arranged in chevrons,
decreasing in size toward the margin. They bear a central group of subepherical or low thimble
shaped granules, the rest of exposed surface being beset with smaller, widely spaced granules. The
series adjacent to adambulacrals usually bears 3 to 10 larger granules, the next series 3 to 6, and the
other plates 1 or 2 such.

Madreporic body is large, hexagonal to subcircular, .situated about one-third distance from center
to extreme margin. Its exposed surface is flat and sunken a trifle below the level of the surrounding
membrane except in the dried state. Striations fine, radiating.

Anal opening subcentral, surrounded by 5 plates larger than their neighbors. The aperture is
guarded by about 8 tooth-like granules. Tube feet with large sucking disks.

Color in life: Dorsal surface deep cadmium yellow to cadmium orange; lower surface cream color
to cadmium. In alcohol, dull light brownish to deep brown.

Variations: There appears to be a dimorphism in this species. Some specimens (in the majority)
have longer, slenderer rays than others. Superficially they would be taken for a different species,
but I am unable to find any other correlative character by which to separate them. The type
specimen is neither the one extreme nor the other, but is rather short-rayed, however. The following
table of measurements (in millimeters) will give an idea of the difference:

Measurements of specimens of Antheniaster epixanthus.

IM"l"

Width
of ray

Supero- between
Minor secondStation. radius. Ratio. margi- and thirdIrad US. nals. super\,-

margr-
nal.

I
------------

mm. fnm. no. mm.
3R13 93 50 1.9- 17 43

4080 (type) 90 47 1.92+ 20 40
4lH' 69. 40 1.74 15 34
4080 96 42 2.3 19 35
4080 77 32 2.4 20 28
4081 90 35 2.[>7 22 29
4081 65 24 2.7 I 18 20

I

The presence of pedicellarite on adambulacral plates is also subject to great variation. In the type
there are only a few scattered along the base of ray, and on the largest specimen none are to be found.
On the other hand, a medium-sized specimen of'the long-rayed phase has 4 to 12 on each adambulacral
series of disk. At first this might appear of specific value, but pedicellariso are either very few or
absent from .all the other long-rayed specimens, except one which is intermediate between the
extremes.
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Localities: Type (no. 21170, U. S. National Museum) from station 4080, north coast of Maui
Island, 178-202 fathoms, gray sand and foraminifera; bottom temperature 56.4°. Taken also at the
following localities, a total of 18 specimens.

Record of localities.

Station. Locality. Depth. Nature of bottom.

-------- ----1·------------_·_---

3813 South coast of Oahu Island .
4081...... North coast of Maul Island ..
4082 do .
4084 do .
4115 Northwest coast of Oahu Island .

Fathoms,
264-183
202-220
220-238
2il3-267
195-241

Cornl sand, lava specks, shells.
Gray sand, foraminifera.

Do.
Fiue gray sand.
Coral sund, fo'ruminiIera.

____._-'--__---' .. .n_

Anthenoides, Leptoqonasier, and Antheniaster are very closely related. The arrangement of the
dorsal plates appears to be essentially the same in the three genera, which are likewise characterized by
a granulous membrane. The type of adambulacral armature of Leptoqonaster is essentially that of the
distal portion of the ray of Antheniaster epixunihun, and the pedicellarite are strikingly similar, these
being reduced to the elongate variety in Antheniaster. The dorsal membrane of the latter is not so
granulous as in Leptogonaster, but is thicker, at least in the Hawaiian species. The mouth plates
are prominent, but more heavily covered with membrane than in Leptoqonastcr, and likewise bear
more granules. These three genera do not appear to belong under the Goniodiscidinre, which are
probably more nearly related (so far as Goniodiscides is concerned) to the Pentacerotidm than to the
typical goniasterids. I have accordingly placed Antheniaster in Perrier's Leptogonasterhue. This
subfamily, is of course, closely related to the Goniasterinse, and not, as its author believed, to the
Mimasterinre or Odontasteridre, I am indebted to Prof. A. E. Verrill for the generic determination
of this species. '

Subfamily GONIODISOIDINlE, new name.
Goniodiscinoo Sladen, Challenger Asteroidea, 1889, p. 321. (LeptogonaBter is excluded.)

Genus GONIODISCIDES, new name.

GoniodiBCUB MUller and Troschel, System der Asteriden, 1842, p. 57. Emended by Perrier, Revision des Stellerldes, 1875,
p.229. Type, sens, nov., Goniodiscides Beb",.

This genus is equi valent to that long known as Goniodiscue. Under existing rules of nomenclature
Goniodiscue is untenable because it was proposed by Muller and Troschel to include previously
described genera of Gray (Anthenea, Nectria, Tosia), as well as species unknown to Gray. If this
group had really constituted a genus the oldest name, Anthenea, should have been used. Likewise the
type (first species) of Goniodiscus is the same specie', under a different name, as the type of Gray's
Anthenea. Muller and Troschel included the following species under their Goniodiscus: Peniaqonulus
[Anthenea] , sebm, placenta [Tosia], reoularie [unknown], pleyadella, ocelliferus [Nectria], cuspidaius,
mammillatus [Tosia], capella [since made the type of Ognwster v. Martens]. This left selue, reqularis (?),
pleyadella, and cuspidaius. Goniodiscus has subsequently been used for these species, but since the
name was originally applied to a composite group and was a synonym as soon as made, it should be
discarded for all time. As there appears to be no subsequent name a available, I propose Goniodiscidee,
with Gtmiodiscides selue as type. .

Goniodiscides sebre (Muller and' Troschel).

PI. XIX, fig. a.
Goniodiscu» Bcb", ~liiller and 'I'roschel, System der Asteridcn, 1842, p. 58.

An example of this curious species, the first from the Hawaiian Islands, was taken by Mr. H. W.
Henshaw at Hilo, on the windward side of the island of Hawaii. (Accession no. 42800, U. S. Nat.
Mus.) No specimens were secured by the expedition of 1902.

aMetopaster Siaden (Monog. on Brit. Fossil Echinod. from Cretaceous, II, Asteroidea, pt. II. <Pal. Soc. Monog.1893,
p. 13) is near this genus, but is hurdly Iden ticn.l, I1S hus been claimed. (Valette, Note sur quelques Stellcrides de la Crute
senonteune du Dep. de l' Yonne. <Bull. Soc. I' Yonne, LVI, 1902, p, 7.)
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Concerning the capture of this specimen, Mr. Henshaw has sent me the following notes: "They
are by no means rare in a small inlet some three miles south of Cocoanut Island. If I remember
rightly, all I found were under stones in shallow water, two or three feet deep. In other words, so far
as I observed it, it was a littoral, shallow water species." This is the only species of starfish, so far
as I am aware, that may be collected along shore in the islands, unless Ophidiasier lorioli be excepted.

This specimen agrees very well with the original description of Muller and Troschel, and with the
notes given by de Loriol (Mem, de Societe Phys, et d' Hist, Nat. Geneve, XXI\', ]885, p. 48). De Loriol
also gives n good figure (op. cit, pl. xv, fig. 6) with which our example shows a few unimportant
points of difference.

Form pentagonal, the sides of disk only very slightly curved inward. R=29 mm.; 1'=23.5 mm.
R =1.23 r. As noted by de Loriol there are 14 superomarginals to a side, or 7 to the" ray", instead of
G, as stated by Muller and Troschel. The ultimate plate of each series is very small, and is wedged
between the penultimate and ocular plates. There are 9 inferomarginals to the ray, the last plate
being very small indeed.

The superomarginals are somewhat tumid, and are broader than high. Besides the even, fine
granulation, each bears from 2 to 10 conspicuous, low, hemispherical, or subconical, tubercnlar gran
ules, unevenly disposed. Inferomarginals are similarly armed. There are no pedicellarire on any of the
marginal plates. Between the 2 series of marginal plates, on the lateral wall of the body, is a row of
5 to 7 pits, each of which occurs at the junction of a dorso-ventral with the horizonal snture.

Abactinal surface is covered with a much finer granulation than the actinal, and each plate is sur
rounded by Gto 8 papular areas which appear in many cases practically confluent. These areas contain
8 to 20 pores, and a cuneiform area containing about 15 to 18 pores occurs between the dorsal ends of
the superomarginal plates (excepting between 5 and Gand 6 and 7). Each abactinal plate bears near
the center 1 to 3 of the tubercular granules, a few of which occur also, here and there, over the papu
lar areas. A number of plates toward center of disk bear small bivalved pedicellarire similar to those
of Peniaceros and flush with the general level of the granulation. These are not very numerous and
are irregularly scattered,never more than 2 to a plate. The madreporic body is raised above the
general surface and is sitnated about one-third the distance from the center to margin. About its bor
der are several tubercular granules. The plates toward the end of ray and adjacent to superomar
ginals appear to be a trifle convex, the tumidity being surmounted by the granule, or granules.

• The actinal intermediate plates are arranged in chevrons and decrease in size toward the margin.
They are polygonal, and covered with a coarser granulation than the dorsal plates-a granulation
which increases somewhat in coarseness toward the center of each slightly convex plate, which is sur
mounted by 1 to 5 enlarged granules, usually of unequal size. Scattered here and there are bivalved
pedicellarise, 0.25 to 0.75 min. in length.

The furrow spinelets are 4 to 5 in number, robust, short, truncate, slightly flattened, the adoral
spinelet shorter than the others. On the actinal surface of the plate stands a longitudinal series of 2
or 3 shorter, thicker, granuliferous spinelets, with often 1 or 2 smaller granules standing in line at
eith91' end of the series. Occasionally a very small bi val ved pedicellaria stands at the adoral end of the
series out of line. Behind the actinal series the fine granulation of the general surface begins, decreas
ing in size toward outer end of plate. The furrow spinelets appear a trifle shorter and heavier than
those figured by de Lorio!. A few of the proximal adambulacral plates have Gfurrow spinelets,

This species has a wide range, being found in following localities: Red Sea, Moluccas, New Guinea
[Muller and Troschel ], Mauritius, Macassar (Celebes), Fiji Islands [de Loriol], Ceylon, Madagascar,
"Eastern Archipelago" [Bladen]. Its capture in the Hawaiian Islands considerably extends its
known range.

Family PENTACEROTID.tE (Gray) Perrier, emend. 1884.

Pentaeerotldru Gray, Synopslx of the Genera and Species of the Class Hypostoma, <Ann. N. H., ScI'. 1, vol, Vr.1840, p. 275.
Perrier. Mem, sur les Etoile" de Mer Reeuell lies dans III Mer dus Antilles et Ie Golfe du Mexlque, 1884, PJl. 165, 168.

Key to Hauiaiian genera of Peniocerotidtc.

a. Marginal plates fairly distinct, defining the contour of body.
b. Disk high; rays carinated. Large immovable spines or tubercles on the dorsal surface. Mar-

ginal plates not conspicuous. __ -- .. __ -- __ •... __ __ PEN'rACERos
, F. C. B.1903, Pt. 3-20
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bb. Disk not so high; form nearly pentagonal; marginal plates conspicuous. Erect conical tubercles
on both surfaces .. __ __ __ .. __ . __ . __ .. __ .. '. __ __ '.' __ . NmoRELLIA

aa. Marginal plates hidden or inconspicuous; not visibly defining the contour of body. The abactinal
plates are not superficially distinguishable in the adult. Form thick.

b. A pair of large marginal plates at the end of the ray. Form substellate to stellate. Test covered
with globose or acorn-shaped tubercles. Papulre evenly distributed, not in definite areas.

ASTERODISCUS
bb. Form pentagonal,biscuit-like; no large plates at end of ray. Papules distributed in large,

definite areas , '" CULCITA

Genus PENTACEROS Schulze.

Pentaceros Schulzc, Betrachtung der verstelnerten Seesternc u. ihrcr Theile, Warshau u. Dresden, 1760, p. 50. Gray, Ann.
N. H., ser. 1, vol. VI, 1840, p. 276. .

Goniasier (pars) Agassiz, Mem. Soc. Sci. Nat. Neuchiltel, 1. I, 1835, p. 191.
Oreaster Muller and Troschcl, System der Asteriden, 1842, p. 44. Bell, Proc. Zool. Soc London, 1884, p. 57.

The specimens of Peniaceros from the Hawaiian Islands have given considerable trouble, as might
naturally be expected. Relying chiefly upon Prof. F. Jeffrey Bell's useful and valuable revision of
the genus, "The Species of Oreaster" (Proc. Zool. Soc. Lond., 1884, p. 57), I have separated the form
as a distinct species, whose affinities appear to be with the Pentaceros orientalis section. Among the
species of this group it most resembles orienialis and troscheli. On the other hand, there are certain
points of similarity with P. occidetualis. One of the difficulties lies in the faet that some specimens
have the adambulacral armature disposed in 3 longitudinal series (triplacanthicl), while others have
but 2 series (diplacanthid). Just this state of affairs exists in P. occidentalis (from Mazatlan, Mexico).
Bell places oecidenialis in the diplacanthid section, but implies that occasionally a third furrow series
is present. But hawaiiensis differs from occidentalis in a most important respect-that is, in its growth
stages. In occidentalis, as pointed out by Bell and as exemplified by specimens' at hand, the young
are more spiny than the adult, while in hanoaiiensi« exactly the reverse is the case. In this species, if
any spines are present in the young they are inconspicuous, and are confined to the median-radial line.
Hauxiiiensis, then, is probably not derived from the American form, but from the Asiatic group. In
the following diagnosis a description of the type is given, but under each category of characters. the
more important variations are indicated.

Pentaceros hawaiiensis, new species.

PI. XXXII, figs. 1, 2, 3; 1'1. XXXIII, fig. 1; pl, XXXIV, fig. 3.

Rays 5. R = 125 mrn.; I' = 50 mm. R=2.5 r. Dimensions measured on ventral side. (In 2
larger specimens the rays are relatively shorter. R equaling 160 mm, and I' about 78. In still another
specimen, the largest of all, R = 188 mm., and R = 2.35 r.) •

. Disk large, elevated, and regularly convex; about 55-58 mm. high, measured from aetinal plane.
This dimension varies considerably according to the inflation of disk, several specimens being much
depressed. Rays well produced, rather broad at base. Actinal area plane on rays, sloping upward
toward actinostome on disk.

The whole abactinal surface is marked off by trabeculso into large triangular, or on the ray often
rectangular papular areas. On disk they are fairly regular, but on ray are irregular. At each lingle
is a large conical tubercle, there being a definite medio-radial series extending to tip of ray, and on
either side 2 parallel longitudinal series, the first extending about half the length of rays, and the
second not so far as the first. In interradial angle formed by the outer series of adjacent rays are 3 to
6 tubercles. The pentagon marked off by the conspicuously enlarged primary radial tubercles (apical
area) is also divided into triangles, often very regularly into 10, but again irregularly. There is a
variable number of smaller tubercles in this area (7 in type). All tubercles decrease in size toward tip
of ray and margin of disk. Granulation consists of variously sized polygonal granules crowded
together, often increasing in size as they ascend the tubercles, the spinous tip of the latter being always
free from granules and the line of demarcation well define.d.- Granulation is finer than in either
P. reticulatus or P. occidentulis, the only species with which I have been able to make direct compari
sons. Numerous small slit-like pedieellarioe, flush with the general surface, are thickly scattered over

I
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the whole abactinal surface, being present frequently on the bases of the tubercles, but most numerous
in the papular areas.

Superomarginal plates, 23 in number from median interradial line to extremity of ray, are rather
indistinct and are wholly without spines or tubercles of any description. Besides the granulation,
which is coarser than that of the abactinal surface, and which increases in size toward the actinal
surface, each plate hears 1 or 2 long slit-like pedicellarise, larger than those of the dorsal surface but
otherwise similar. Superomarginals define border of ray.

Inferomarginals, 20 in number, are confined almost wholly to actinal surface. Four or 5 on each
side of media;l interradial line bear a small thimble-shaped tubercle, on a slight tumidity, near outer
edge of plate. (This is absent from the largest and from the 2 smallest specimens.) The granules are
very irregular as to size; and on each plate there are 1 to 5 slit-like pedicellarire scattered among them.
These have jaws slightly raised above the general level, and are narrowly elliptical in shape, with
truncate ends. In the interbrachial arc there are 5 or 6 roundish plates intercalated between the 2
series of marginals. (These are absent from the 2 young specimens, and much more numerous in the
largest. They are present also in P. occidentniin but do not appear so early. In a giant specimen of
reticulatus I find lIO trace of them.)

Armature of adambulacral plates is in 2 or 3 series. (1) Furrow series of 8, less often 7, flattened,
round-tipped spines, the central ones much longer than thq laterals and their tips broader than' base.
Lateral-most spines scarcely equal one-half the length of longest spines; often mere elongated granules.
This furrow series forms a regular comb, with a much rounded, often angular margin. Spines are
united for some distance above their bases by a delicate web. A large forceps-like pedicellaria stands
at adoral end of each series, slightly actinad. Furrow series is situated much higher (ahactinad) on
the side of furrow than the second series, the tips of the former only reaching or extending slightly
beyond the base of the latter. (2) Second series, situated more nearly on true edge of furrow,
consists of 2 to.4 spines, often only 2, this latter number predominating on the outer part of ray.
They are of unequal size, very irregular, but the central spine (or 2 spines. if there are 4) is largest,
with the tip usually broader than the base, and rounded or truncate. Lateral spines vary much, but
are shorter than the median and are either oblong or leaf-like, with a straight edge to' the adjacent
median spine. Toward the end of ray the second series is reduced to pinched granules. (3) Third
series when present consists of 2 or 3, often 4, enlarged pinched granules, with rounded tips, in an
irregular longitudinal row at outer edge of plate. In one large specimen the third series is present' on
nearly every plate, and is well developed, but in the majority of specimens, including type, it is
poorly developed, being represented by granules of rather small size. Tips of second and third series
of spines crinkled.

Actinal plates covered with granules, large and small, with many bivalved pedicellarire scattered
among them. The granules increase in size-toward ambulacral furrows, becoming subtubercular or
subapinose in the largest specimens. These tubercles are always mobile, however.

Actinal surface of mouth plates covered by the heavy granular integument, which has to be
removed before the plates themselves can he seen. These are large, and when the integument is
removed, a large convexity or tumid area is seen near the aboral furrow corner, which is surmounted
by 2 to 5 heavy spines, corresponding to the second series. Furrow spines 10 or 11, increasing
greatly in size toward the inner mouth angle, where they are large and heavy, and many times larger
than at outer end of the series, where they are similar to those of the adjacent adambulacrals, (The
actinal spines already mentioned vary in number, but there are never less than 2 nor more than 5.)
Actinal surface (of integument) coarsely granular, with often very many pedicellarire.

Madreporic body oval, either narrow or broad, situated outside the apical pentagonal area at, a
distance equal to one-half the distance from center to interradial edge of apical area. Anus eccentric,
prominent.

Color in life: Upper surface maroon, orange on the tubercles. Actinal surface light Naples yellow
in the center, shading into maroon toward the periphery.

Variations: The principal variations have already been noticed. One specimen, about the size of
the type, has fewer and smaller spines on the dorsal surface, the median radial line extending only
about one-half the length of ray. A larger specimen has the tubercles more acorn-shaped, and
covered with granules except a bare blunt point at the tip. The 'connecting trabeculre are likewise
more prominent. The rays are longer and slenderer than in the type, but this character has no sta-
bility in this species. .
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Young: The smallest specimen examined (R=65 mm.; r=28 mm.; measured on actinal side) is
destitute of all dorsal spines or tubercles, there being, along the median radial line, a series of bosses, or
rounded elevations, where the tubercles later appear. No tubercles are present on the inferomargi
nals, Slit-like pediccllarire are numerous on the dorsal surface, but the larger bivalved kind are not
so numerous as in the adult on the ventral area. Third series of adambulacral granules is developed
on most plates, the second series consisting of 2 or 3 stout elongated granules. In a specimen in
which R equals 70 mm. a few conical tubercles have begun to appear along the median radial line,
and 2 in the apical area. In this specimen the third adambulacral series is fairly well developed on
all plates. In young specimens the papular areas are relatively smaller than in the adult, and the
trabeculre broader. The former are irregular, oval, or oblong, not triangular. In these-two speci
mens the marginal plates are quite regular and there is no intermediate series 'intercalated between
them in the interbrachial are, as in the adult. All the granulation is more regular. In the largest of
these immature specimens the actinal intermediate plates, roundish in shape, can quite clearly be
seen, arranged in regular chevrons.

Localities: TYP3 (no. 21171, U. S. National Museum) from station 3850, south coast of Molokui
Island, 43-66 fathoms, coarse sand and broken shells, coral; bottom temperature 71.7°. Taken also at
the following stations, in all, 14 specimens examined:

Record oj localities.

StatiOJ_~I I..oeality.

3849 - .. 1 South coast of Molokai Island .
3872 1 AUl1U Channel, between Maul and Lanai islands .
4072 1 North coast of MImi Island ..
4~75· T .. ··dO _ ..

Depth.

Fathoms.
73--43
43-32
56-59
49-57

Naturo of bottom.

Coarse sand, broken shells\ coral.
Yellow sand, pebbles, cora .
Coarse coral sand, foraminifera.
Fine gray sand, foraminifera.

Genus NIDORELLIA Gray.

Nidorellia Gray, Ann. N. II., ser, 1, vol. VI, 1840, p. 277. Type, Nidorcllia a1'11tata Gray.

Nidorellia armata, (Gray).

Peniaceros (Nidorellia) armatu8 Gray, Ann. N. II., VI, 1840, p. 277: Synopsis Starfishes, p. 7, pl. XIV, fig. 1-3, 1866.
Nidorellia aJ'mata Verrill, Trans. Conn. Acad., vol. I (2d pt.), 1867, p. 251. Perrier, Revision des Stelleridcs, p. 251, 1875.
Oreastcr ar",atus Bell, Proc. Zool. Soc. Lond., 1884, p, 81.

Prof. F. Jeffrey Bell in his paper" The Species of Oreaster " records Nidorellia from the Sandwich
Islands. This form was not found by the Albatross Expedition.

Genus ASTERODISCUS Gray.

Asterodiseus Gray, Proc. Zool. Soc. London, part XV, 1847, p. 75. Type, ABwl'odisc1l8 elegans Gray. See also Ann. N. II.,
1847, p. 196; Synop. Spec. Starfish, British MUS., 1866, p. 5, pl. XII, figs. 1 and 2.

This peculiar genus may be readily distinguished from others of the Hawaiian region by its thick
body, short rays, and tough test covered all over with tubercles, large and small , among which are
many granules, ranging down to the most minute. The general form is depressed, while the rays are
blunt, and bear at the tip 2 large convex, oval ossicles, between which is set the tubercular terrninal
plate. Culcita, the only other genus closely resembling this, entirely lacks the 2 enlarged plates.

The specimen at hand differs in several important respects from both Gray's figures and descrip
tion of Asterodiscus eleguns (Synopsis, P- 5, pI. 12, figs. 1 and 2). The body is not so pentagonal, for
there are distinct rays present which are more marked in this adult individual than in the young speci
men of elegans which Gray has figured (op, cit., fig. 2). There is no distinct medioradial line of
tubercles larger than the rest. Gray's description states that the tubercles of elegans are" fiat-topped",
and again, "truncate", which in nowise applies to our specimen, for here the tubercles are roundish
subconicle, or acorn-shaped with a blunt point. Gray further says: The young specimens have indis
tinct marginal ossicula". One specimen, which is clearly adult, has both series of marginal plates
quite distinct, the inferomarginals the more numerous; while in 2 young specimens (R=lO mm.) the
.marginal plates are as distinct as in any goniasterid, the animal resembling, at first glance, a starfish



THE STARFISHES OF THE HAWAIIAN ISLANDS. 1075

of the Pentagonaster pulchellus type. There is, however, a single series of plates between the upper
and lower marginal series.

On the whole our specimen appears to belong to a different species. Astel'odiscus elegans comes
from off 8amboagan, Philippine group (Ohallenger), and from northeast coast of China (Perrier, Rev.
Stell. ).

Asterodiscus tuberculosus, new species.

1'1. XXVI, figs. 2, 2a; pl. xxvrrr, fig. 3; pl. xxxrr, figs. 3, 4; pI. XXXIII, fig. 2; pl. XXXIV,1, 2.

Rays 5. R=69 mm.; r=about 40 mm. (r being variable). R=l. 7r. Breadth of ray at base,
about 45 mrn, Rays short and broad, tapering to a blunt extremity; rather unequal as to width and
length. Disk large, somewhat inflated. Iriterbraohial arcs widely rounded. Side of body fairly high,
but well rouneled.

Abactinal surface is covered with numerous large tubercles shaped something like a miniature
acorn, or like a pointed egg standing on its blunt end. A fairly regular median radial line of them is
present with an adradial series, but beyond these the tubercles are too irregular to form definite series.
Each tubercle stands on a slight prominence of the test, and its base is surrounded by a circle of small,
regular, bead-like granules, very ornate in appearance. These tubercles are largest near the extremity
of rays and in center of disk. Scattered thickly among the tubercles, forming indefinite rows on the
arms, are large spherical granules, from one-fourth to one-half the size of the smaller tubercles, their
bases also encircled by minute granules. In addition to these larger granules, there are many others,
grading down to very minute ones which thickly cover the whole test.

Marginal plates are not conspicuous, in fact can be seen only as separated ossicles. Corresponding
to the superornarginal plates are 3 ossicles (from interradial line), omitting the large plate at the
extremity. of the ray. The innermost ossicle is near the interradial line not far from its companion of
the adjacent ray. The second plate is about 5 111m. from the first, and the third 8 mm, from the
second. I The third is 15 to 18 111m. from the large plate at tip. Each plate is convex, circular, about
3 mm. in diameter, and encircled by a row of regular, subquadrate, bead-like granules. Each plate
bears 1 or 2 large spherical granules or small tubercles on its edge. The large plate at the end of the
ray (7 mm. in length) is very convex, oval, and is surrounded by a regular series of small, bead-like
granules.

Inferomarginal plates, 9 or 10 to each ray, are smaller than the superomarginals, and are separated
from them by about 5 mm, of test, thickly covered with tubercles and granules. On the upper side of
each ossicle is a large subconical tubercle, the series increasing in length toward tip of ray. Clustered
about the base of each tubercle are numerous close-set granules of various shapes, which continue as a
single row around the inferomarginal ossicle, and, at tip of ray, completely cover the exposed surface
of distal 2 or 3 plates. The last are more tumid than the others, and are wedged in between the big
terminal superomarginal and adambulacral plates. In addition, 2 or 3 pincer-shaped pedicellarini,
with curved jaws, occur on the ventral side of the inferomarginal ossicles.

Actinal area is very knobby, 'with many spherical tubercles, much smaller than those of dorsal
surface and more regularly arranged. Each plate bears 1 or 2 tubercles, surrounded by large, irregu
lar granules, often subprismatic, i.-sided, or at least with a flattened side next to tubercle. An indefi
nite series of small granules often occurs outside of these, and near the furrow replaces them to some
extent. Many actinal plates of ray have delicate pincer-shaped pedicellarire, with elongate jaws often
curiously curved. They are smaller than those found on inferomarginals, and are. presentin interra
dial region.

Adambulacral armature similar to that of elegans. Composed as follows; (1) A nearly straight
furrow series of 6 (often 5) spines, subequal except the adoral, which is smaller and hidden. Spines fit
closely together, have blunt tips, and are flattened somewhat. 'I'hey are united by a thin web for about
half their length. (2) On first 6 to 9 plates 2 series of heavy blunt tubercular spines, the inner slightly
longer 'than the furrow series. The inner series has 2 spines, the adoral the smaller. External to
these stands the third spine, shorter than the inner, composing the outer series. On aetinal surface
of the other plates there are but 2 spines, standing in a transverse series; while near tip of ray only
the inner spine persists, and is slender and pointed. Actinal spines are surrounded by a number of
unequal irregular granules, 1 or 2 on the outer adoral corner being larger than others. No pedicella
rim such as Sladen found in the Challenger specimen of elcqan» (Challenger Asteroidea, p, 353) are
present on any of the adambulacral plates..
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Mouth plates narrow, small, inconspicuous, with a furrow series of 11 spines like those of the
adambulacrals except the inner 2, which are heavier, blunter, and form with the corresponding spines
of the companion plate 4 teeth at each mouth angle. A row of 3 or 4 robust blunt spines are present
on the aetinal surface of the plate, parallel with the furrow series. A series of small pinched granules
extends around the margin of each plate, except, of course, that part adjacent to the furrow.

Madreporic body small, convex, raised above general surface of integument, It is situated about
one-third distance from center to margin, and lies off the exact interradial line. Striations convoluted.
Anal opening eccentric, surrounded by large globular granules.

Color in alcohol, ashy.
Young: There appears to be no description of a young Asterodiscus beyond the few words of Gray.

'The young of the present species seems considerably different trom that of eleqans. Rays are well
marked, regular, short, tapering from a broad base. Disk, large; interbraehial arcs widely angular.
R=10 mm.: r=6.5 mm. R=l.54 r, Marginal plates well developed, conspicuous, separated by an
.intercalated series of very much smaller ossicles, each bearing a globular granule nearly as large as
the exposed surface of the plate. Superomarginals are 4 in number from median interradial line to
e-xtremity of ray, the last plate being very large and swollen as in the adult, and separated from that
adjacent by a transverse series of 2 abactinal plates. Eaeh plate with the exception of the last is
slightly convex, is surrounded by a series of bead-like granules, and bears 2 or 3 granules on its
surface, one being usually larger than the rest. The large plate has a smooth surface. It will be seen
that superomarginals do not increase in number beyond this stage, the ray growing by the interpola
tion of abactinal plates between the superomarginals, principally between the third and fourth.
Inferomarginals 8 from median interradial line, subcircular, surrounded by many small elongated
granules in a definite series, each plate resembling a composi te flower with short peripheral florets. A
tubercle stands at the upper edge of each plate, and increases in size toward the end of ray. In the :
adult, which has but 10 inferomarginals, the growth of intermediate plates is principally between the
third to seventh plates. The single intermediate series of plates between the dorsal and ventral
marginals is readily distinguishable in the adult, and is situated rather nearer the inferomarginals,
with which the intermediate plates alternate.

Abactinal plates are large, circular, arranged in very regular series parallel with the median radial
row; or, in other words, they fohn chevrons, the axis of which is interradial. Plates decrease in size
toward the periphery and each is surrounded by a circle of small bead-like granules and bears a large
rounded, depressed tubercle which occupies the whole surfaee of the plate. Primary apical series
very large, especially the "basals", which bear a much smaller convex granule in the center, instead
of the enlarged tuberele. A single series of plates between adjacent basals, Within the apical area
bounded by the basals are 5 regular plates (radial in position) and a definite" eentral ". Primary
"radials" are situated just outside of the basals: larger than others of the radial series. Papulie are .
distributed all over the abactinal surface, Madreporie body just outside of a "basal" plate.

Aetinal intermediate plates are arranged in regular ehevrons, and are not distinct superficially.
Each is armed with a globular or obovoid tubercle surrounded by a semicircle of 2 to 5 pinched
granules. Adambulacral plates have 3 spinelets in furrow series, and one actinal spine instead of 2
or 3. Several granules stand on the outer edge of the plate, one usually larger than the others. No
pedicellarire are present.

The eolor of the young in life is cadmium orange; in alcohol bleaehed ashy or whitish.
Localities: Type (no, 21172, U. S. National Museum) from station 3940, vicinity of Laysan Island,

59-70 fathoms, white sand and broken shells; bottom temperature, 70°. Two young specimens from
1128, southeast of Kauai Island, probably about 68 fathoms, eoarse brown coral sand, foraminifera.

Genus CULCITA Agassiz.

Cuicita Agassiz, Mem. Soc. Sci. Nat Neucllatel, t. I, 1835, p. 192.

Culcita arenosa Perrier.

Ouicita aren08a Perrier, Recherches sur les Pedieellaires, 1869, p, 66; Revision des Stellerides, 1S75, p. 264. 81adpn, Chal
lenger Asteroidea, 1888, p. 352.

OILIGita nottonunco: var, areno8a, Docderlein, Derieht ii. d. v. Herrn Prof. Semon bel Arnboina ges, Asteroidea, in Semon,
ZooJ. Forsch. in Australien u. d. Malay. ArehipeJ. <Jenaisehe Denkschrift, bd, VIII, 1896, p. 315, tnf, XIX, fig. 5and 6.

This species was not taken by the Albatross expedition. The specimen which Perrier described
was eollected by the expedition of Eydoux and Souleyet in the Bonite in 1837, "des iles Sandwich."



THE STARFISHES OF THE HAWAIIAN ISLANDS.

Family LINCI{lIDA~ Perrier, 1875, emend.

Lincklidm Perrier, Revision de 111 Collection de Stellerldcs dn Museum d'Histoire Naturelle de Paris, 1875, p. 117.
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Key to Ihuoaiiom. genera of Linckiid«,

a. Plates in regular longitudinal series, between which are regular series of papular areas. Adambu
lacral armature in 2 (rarely 3) unequal series, the outer heavier than the inner and more dis
tinctly spaced.

b. All the plates granular. .. ... __ . . . __ .. ...'__ • . . .OPHIDIASTER

bb. 'Whole test covered with a thick membraneous investment devoid of granules .. _" _.. _LEIASTEH
aa. Abactinal plates not forming regular longitudinal series.

b. A.haetinal plates comparatively small. No papulre on actinal surface. Papular in areas distrib
uted among the abactinal plates. Adambulacral armature granuliform superficially, in 2 or
3 series, , . __ .... .... _... __ .. _.... .. _.... _.. _.. __ .. , . __ .. _. __ . _. •.....LINCKIA

bb, Abaetinal plates comparatively large. Papuhe in areas; sometimes present on the actinal surface.
Adambulacral armature papilliform or spiniform superficially, usually in 3 series.. _NARDOA

Genus OPHIDIASTER Agassiz.

Ophidiaster Agassiz, Prod. Monogr, d. Radiares. <Mem. Soc. Sci. Nut. Neuchatel, t. I, 1835, p. 191. Type, Asterias ophidiaua
Lamnrck.

Key to Hawaiian .species of Ophidiasier,

a. Papular areas in 8 longitudinal series. Papules on actinal surface. One or 3 series of actinal inter
mediate plates.

b. A.single series of actinal intermediate plates.
c. Well developed pedicellarire present. Madreporic bodies 2, small .• .. __ .. __ ., .lorioli«
cc. No pedicellarire. A single moderately large madreporic body __ . _. __ . __ '" __ squameus

bb. Three series of actinal intermediate plates proximally, 2 distally. Actinal series of papular areas
not reaching base of ray __ .. __ ...... . _. . __ ... . __ .... __ . __ ... __ .rluibdotus

aa. Papular areas in 6 longitudinal series. No papulre ou actinal surface. Two or 3 series of actinal
intermediate plates.

b. A bactinal and marginal plates neither nodose nor with conspicuous central naked area. Adambn
lacral spinelets in 2 series.

c. Rays less than 4 times as long as diameter at base. Papular pores 9-15. Disk relatively
large _ .. _ __ . __ . _.. _...........• _ _. . scleroder111118

ce. Rays more than 5 times as long as diameter at base. Papular pores 1 or 2. Disk small, rays
slender _ _.. _.. __ .. _ _ __ ._ .tcnellus

bb. Abactinal and marginal plates conspicuously tumid or nodose with naked central area. Adam-
bulacral splnelets in 3 series, _ __ • '" _ _.triseriatu«

Ophidiaeter lorioli, new species.

PI. XXXI, figs. 4, 411-d; pI. XXXIX, fig. 3.

Rays 5. R=31 mm.; 1'=4.5 I11llI. R=7r. Breadth of ray at base, 4.75 nnn., at middle of ray
4-5 mm. Height of ray at base, 4.5 mm,

Rays long, nearly cylindrical, or, in one case, distinctly depressed, tapering gradually on the
outer part to a blunt extremity. Abactinal surface of disk slightly convex, a very slight constriction
being present on dorsal surface between ray and disk. Papular areas regular, in 8 longitudinal series,
3 pores to the area except in the actinal series and on the outer third of ray, where there are usually 2.
On disk there are but 7 or 8 areas, with 2 pores to each. The single series of actinal intermediate
plates is not externally visible. The plates are much smaller than the inferomarginals, 3 or 4 of the
former corresponding to 2 of the latter. The other plates of ray, "namely, the radial, adradiul, supcro
and inferomarginals, form 7 longitudinal series, the plates being cordate, the .narrower or adoral

aJ. E. Ives has recorded (Proe. Ph ilad. Acud. Sci., ~889, 1'.172) 5 specimens of OjJhid;a.~te/' pusillas Miil ler and 'I'rosehel
from Oahu. It is barely possible thn.t these specimens are O. lorioli, Opludiasicr IJllSU!US hus pedleellurfre something like
those of lorioli, but there nrc only Glongitudinal series of papular areas. The species has been tuken nt Flores, Arr.boina,
Philippine Islands, New Culedonla.
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end overlapping the broader or aboral end of the preceding plate. The marginal plates are a trifle
larger than the abactinal, and all are moderately convex, the transverse as well as the longitudinal
furrows between the plates being well marked. The skin which covers the plates bears relatively
large flat granules which are very much larger in the center of the plate than about the borders and
smallest immediately surrounding the papulre, The small granules are very irregular in shape, and
not at all uniform in size. The larger are more roundish and very slightly imbricating. In one
specimen they imbricate more noticeably and appear remarkably scale-like, the outer or free edges
being subangular or obtusely pointed in many cases. Extending along the papular furrow between
the superomarginal and ad radial series of plates on either side of the ray is a row of peculiar and
conspicuous 2-jawed pedicellarire, about 10 to 12 in number, sometimes less. There is but 1 pedicellaria
to an area and it is large enough to be readily seen without magnification. Each consists of a double,
broadly spatulate, specialized depression with a denticulate margin, into which fit, when open, the
broad fan-shaped jaws, which bear 5 teeth or serrations at the edge, fitting nicely into 5 notches in
the edge of the specialized depression. The figure will give the exact appearance of these. There
are also 3 to 5 of the pedicellarire scattered on disk (abactinal) and usually 1 in each actinal inter
radial area, although this is occasionally absent in 1 or 2 interradii. One or 2 pedicellarire may be
found at base of ray adjacent to that in the interradius,

Adam bulacral armature consists of 2 series of spinelets. Furrow series consists of small spinelets,
the tips of which extend but a slight distance above the general granulation, and these tips are
alternately larger and smaller although the difference is slight. When a portion of one side of the very
narrow furrow is removed the spinelets are seen to be about twice as high as broad, with a rounded
truncate tip. The adoral is a shade narrower than the aboral member, but it is the latter that
appears smaller (or more compressed) when viewed from the actinal surface. The difference in size
is not constant, however, and is of little importance. Between 2 plates there is frequently a small
granule fastened to the adoral edge of the adoral spinelet. On the actinal surface, spaced from the
furrow spinelets a distance something less than their length, is a longitudinal series of larger ovoid
tubercles which are not equidistantly placed, 3 to 6 of the furrowspinelets corresponding to 2 of the
actinal. Small, rather scale-like granules are packed in the space between the 2 series of spinelets.
The outer spinelets are bent away from the furrow.

Madreporic bodies 2, small, situated rather nearer the margin than midway to center of disk.
They are situated in neighboring interradii, but one is somewhat off the median interradial line. The
bodies are flush with the general surface and the striations are few and coarse, either a smaller sinuous
line, or V-, U-, and Y-shaped, Anal apertures apparently 2, surrounded by larger granules.

Color in alcohol a bleached yellowish.
Locality, station 3834, south coast of Molokai Island, on reefs; shore (4 specimens). Type no.

21173, U. S. National Museum.
This species is closely related to O. robillardi a P. de Loriol, and more remotely to O. germani b

Perrier and O. cribrarius c Liitken.
From robillardi it differs in having a coarser granulation, often scale-like, on the median portion of

the plates, while that about the edges is finer; tire pedicellarire are broader, with more dentioulations,
and the outer surface of each jaw is grooved near the free edge. , The pedicellariie are single to a plate
as in robillardi, but are situated in a papular area rather than on the plate. There is a -slight inequality
in the furrow spinelets, and the accessory granule, instead of being between the 2 spinelets of a plate
as in rolnllardi is always found between 2 plates. The following synopsis will serve to indicate the
chief differences between the 4 related species.
a. Papular pores 3 (2-4); plates more prominent.

b. Arms usually flattened, granulation uniform, pedicellarire narrower, 3 or 4 denticulations on free
edge; outer surfaces of jaw not grooved; pedicellarireon plates; furrow spinelets equal; acces-
sory granules between. the 2 spinelets of a plate .. _. . . __ ..... __ .... robillardi

bb. Arms usually cylindrical, granulation conspicuously larger in center of plate; jaws of pedicellarim
nearly or quite twice as broad as high; 5 denticulations on free edge; pedicellarhe on edge of
papular areas, one to an area; furrow spinelets rather unequal; accessory granules between
the adjacent spinelets of 2 adjacent plates, .. _. . _ __ _ : _.lorioli

o Cutalogue Ratsonnc des Eehinodermes recueilles pur M. V. de Robillard a I'Lle Maurice. <Mcm. Soc. Physique et
d'Hist. Nut. Geneve, t. XXIX, no. 4, 1885, p. 24, pl, xv, figs. 1-5.

bRcvisioll des stcllertdes, 18i5, p. 130.
c Vidensk , Medelel., 18n, p. 2i7.
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aa. Papular pores 10-12; plates less prominent.
b. Furrow spinelets equal. . . . . . . .. . _.. .. _. _. . .. _. ..'..... _.germani
bb. Furrow spinelets uneq ual , __ . . _.. _ cribrarius

Ophidiaster robillardl is found at Mauritius, an interesting fact when considered in connection with
Valvaster striatus, a species from Mauritius also occurring in the Hawaiian Islands. Germani is found
at New Caledonia and O. cribrarius at the Tonga Islands and Samoa.

Named in honor of Prof. P. de Loriol, author of a classical series of papers on living and fossil
echinoderms.

Ophidiaster squameus, new species.

PI. XXXI, Jlg. 6, 6u:'b; pl. XXXVII, fig. 4.

Rays 5. R=19 mm.; 1'=3 mm. R=6.3r. Breadth of ray at basel 3.25-3.75 mm. ;ilt middle of
ray 3.75 mm,

Rays unequal, cylindrical, scarcely tapering at all until the outer third isreached,and then only
slightly. Tip blunt; terminal plate large, conspicuous, smooth, several small tubercles being present
at the outer end. No pedicellarim whatever. Papular pores in 8 longitudinal series, 2 or 3 'conspicu
ous pores to each area, but only one at the tip of ray and on disk. The plates are markedly convex,
and the longitudinal series are very regular and separated by very evident papular furrows which
extend the lengh of the ray. In a transverse direction the plates are marked off by a trifle shallower
furrows, at the bottom of each of which is 'a narrow groove bordered by fairly regular globular gran
ules. The plates are cordate and arranged in a radial series on either side of which is an ad radial ,
supero-and inferomarginal, and an actinal intermediate series bordering the adambulacrals. There
are 2 actiual intermediate plates to each inferomarginal. The plates are covered with relatively very
coarse granules for the genus, and these are subcircular to oval, convex, and much larger in the convex
central portion of the plate than at its edges. Along the aboral and adoral edges they frequently form
a border to a narrow groove as already indicated. From 2 to 6 or 7 granules in the center, especially
on the marginal plates, are conspicuously larger than the others and imbricate slightly, but slight spaces
are frequently seen where the circular granules touch and do not overlap. On the inferomarginal
plates 1 or 2 of the granules, especially on the outer part of the ray, are subtubercular.

Furrow spinelets are not so large, 2 to the plate, equal, slightly over twice as long as wide, round
tipped and flattened. As they are placed on the plate the adoral appears outwardly a trifle longer
than the other. Each spinelet has a small elliptical granule fastened to the furrow side and lying
over the crack between adjacent spinelets. The lower end of this granule reaches about to the middle

- of the spinelet, and its upper end falls considerably short of the tip. Spaced from the furrow series,
on the actinal surface, is a longitudinal row of much stouter, broadly ovoid or subconical granules or
tubercles, of which 2 correspond to 3 furrow spinelets, The space between the 2 series is filled in with
small, compressed subsquamiform granules, abont 1 series of which pass between the aetinal spinelets.
The actinal intermediate plates have 1 or 2 central granules larger than the rest, bnt the general gran
ulation of these plates is intermediate between that of the adambulacrals and the inferomarginals.

Madreporic body fairly large, regularly circular, situated about midway between center and edge,
About the edge of the plate, which is perfectly flat, is a smooth unstriated border. Striations coarse,
irregular. On the adcentral side are 5 or 6 granules larger than the others. Anal opening guarded
by 4 triangular granules much larger than any others nearby.

Color in life, vermilion; in alcohol, pinkish with pale yellowish spots here and there.
Localities: Station 4100, Pailolo Channel, between Maul and Molokai islands, 180-151 fathoms,

coral sand, shells, foraminifera; bottom temperature 61°; 1 specimen. 4023, Vicinity of Kauai Island
18-41 fathoms, gray sand foraminifera, coral, rocks; 1 specimen, very young. Type no. 21174, U. S.'
National Museum.

The nearest related species to this appears to be Ophitlioster purpureus Perrier a from which
squamcus differs in having a still coarser granulation, in being devoid of pedicellarire, and in ha ving
thicker actinal adambulacral spinelets, which are also situated closer together, so that 1, or at most 2,
series of small granules separate them. The terminal plate is apparently larger than in purpureus,
and the arms relatively shorter. It differs in the same respects, practically, from O. pustulatu« (v,

a Recherches sur les Pedicelluires, etc., 1869, p. 61. Revision des Stellerldes, 1875, p. 127.
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Martens)« with which Doederlein e has recently united purpureus, the 2 having been taken at
Mauritius; and the former is recorded also from Amboina and Flores, and the latter from the Seychelles.
The name refers to the large granules which have the appearance of scales.

Ophidiaster triseriatus, new species.

PI. xxx, fig'. 3; pl. XXXI. figs. 7. 7a.

Rays 5. R=18.5 mm.; 1'=4 mm. R=4.6 r. Breadth of ray at base, 4.75-5 mm.; ray about 5.2
times as long, measured on side, as width at base. .

Disk rather large for genus, rays stout; slightly tapering to a blunt extremity which is capped by
a tumid terminal plate bearing 3 or 4 low tubercular knobs. Rays well arched above, slightly flattened
actinally, yet rounded. Interbrachial arcs acute, fairly wide. Abaetinal and marginal plates very
tumid, forming 7 fairly regular series separated by conspicuous furrows containing papular areas.
Medioradial and superomarginal plates largest and most convex, some of them appearing almost hem
ispherical. Proximal plate of each radial series largest of all, forming a regular pentagon on disk.
Between inferomarginals (which are smaller than superomarginals) and the adarnbulacrals are 2 rows
of actinal intermediate plates proximally, becoming Ion distal two-thirds of ray. The granulation is
of medium coarseness. Granules are roundish or roundish polygonal, and are a trifle larger in the
center of those plates which are wholly covered than in the papular furrows. Transverse, fairly regu
lar, fine cracks between larger plates are bordered by slightly enlarged granules. The cracks are
usually conspicuous between marginal plates, and on proximal portion of ray. Most of the plates of
median radial series (including the large primary radial) and of superomarginal have the exposed
rounded surface either partially or wholly free from granules. A number of the adradial and infero
marginal plates, which are not so tumid as the others, have a naked central area. This exposed por
tion of the plate is quite smooth and on the distal half of the ray is rather more hemispherical and
prominent than elsewhere (excepting the 5 primary radials). A number of adradial and superomar
ginal plates possess a 2-Jawed spatulate narrow pedicellaria with curved spectacle-shaped (pince-ne»)
fossre very similar to those of O. sclerodermu». The Iossre are surrounded by a small naked area. Papu
lar areas in 6 longitudinal rows, 3 to 5 small pores to each area. On distal portion of ray, owing to the
crowding of the ad radial series of plates by enlarged radial and superomarginal plates, the adradial
series of papulre is absent and the superomarginal is reduced to a single pore to an area, or, at very tip,
where the superomarginal and radial plates touch, both series of papuhe may be wanting. Inside
apical area of disk there is but 1 pore to a papular area.

Adambulacral furrow spinelets 2 to each plate, oblong, equal, round-tipped "to truncate. Separated
from these by a distance equal to one-half to three-fourths their length is a flat ohovate squamifortn
spinelet or tubercle, on actinal surface of plate. These form a very regular series and are directed away
from furrow. Touching the base of each of these spines on the aboral side is a round-tipped slightly
compressed granule, larger than the other granules of actinal surface, the series of which is quite regu
lar and is intermediate between furrow and actinal spines. Granulation of actiual surface is very
slightly coarser than that of abactinal, but surrouuding the adambulacral spines is a trifle finer than
on actinal intermediate plates. On one ray there is a single pedicellaria on 1 of inner plates of latter
series.

Madreporic hody subcircular, situated between 2 large convex radial plates. Striations irregular,
branching, centrifugal. Six or 7 enlarged granules surround subcentral anal aperture.

Variations: Another much smaller specimen from the same station (R=7 mm) agrees very well
with the type except that the plates, especially the primary radials, arc not so prominent, and all of
the latter but one are covered with granules. The intermediate series of adumbulucral granules is
much more prominent than in the type, nearly or quite equaling the furrow granules or spinelets in
size, As would be expected" papulre are fewer, there being but 1 to each area, Pedicellarire are as
yet undeveloped. Many of the plates of ray, as in the type, are naked, but this portion is not quite
so prominent, although already very convex.

Locality: Station 4128, vicinity of Kauai Island, 68-90 fathoms, coarse brown coral sand, Ioram
inifera, 2 specimens. Type no. 21176, U. S. National Museum.

a Ostaslat. Echinod.x Arch. f. Naturg., B:l. 32, 1866, p. 62.
b Bericht. (1. d. v. Il errn Prof. Semon bei Amboina ges, Asteroidea, in Semon, Zool. Forsell, in Australien n. d. lIfnJay

Archtpel.xJcnurscne Denkschrttt, Bd. VIII. 1896, p. 317.
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This species is characterized especially by the very prominent ubactinal plates, many of which are
naked centrally and form well-rounded bosses along the rays; also by the form of the pedicellarire
and the character of the adambulacral armature, which is disposed in 3 series, the median being
smaller than either the outer or inner. In the latter feature this species bears a certain resemblance
to O. iuberifer Siaden, but is otherwise quite different, as may be seen by comparing figures. Although
the type is still probably young, the characters appear to be sufficiently well marked to merit descrip-
tion. The name refers to the 3 series of adambulacral granules. .

Ophidiaster sclerodermus, new species.

Pl. xxx, figs. 4,4u; pl. XXXI, ngs.2,2t1.

Rays 5. R=63 mm.: 1'= 13 mm. R=4.8 r. Breadth of ray at base, 15-16mm.; at middle of lay,
10 mm, Height of ray at base, 10 mm.

Disk decidedly large for genus; rays only moderately long, tapering from a fairly broad base (for
the genus) very gradually to a blunt extremity, which is tipped by a prominent terminal plate. The
rays are decidedly broader at base than elsewhere, and measured along its side each ray is 3~ times
longer. than broad. The interbrachial angles, about 75° to 85°, are not sharp. Abactinal surface
convex, but only slightly so in middle of disk; actinal surface nearly plane, the inferomarginal plates
forming a well-rounded border to the area. No papulre on ventral surface.

The plates are prominent on abactinal and lateral surfaces, the longitudinal series being separated
by prominent but shallow papular furrows. The transverse divisions between the plates are not nearly
so evident, the plates themselves being entirely hidden by the finely granular, thick skin. One can
distinguish readily a radial series, and on either side an ad radial, a supero, and in feromarginal , the
superomarginal defining border of ray when viewed from above. Between the inferomarginal and
adambulacral series there are, at base of ray, 3 series of smaller intermediate plates, which are reduced
to 2 beyond the proximal third of ray and to 1 on distal third. There are no papular pores between
these plates. Whole body is covered with a remarkably tough, thick skin, which is closely covered
with a uniform, very fine granulation. Although this specimen is many times larger than the type
of O. lorioli, the granules are actually much smaller. On the outer third of the ray the plates are
frequently irregular in disposition, and on 1 ray of the type the plates are all irregular, as if from some
sort of injury. Papular areas form 6 longitudinal series; 9 to 14 pores to an area on proximal two
thirds of ray, but on the distal portion fewer; and frequently there many papular areas are absent.
The pores are many times larger than the granules, which arc here a trifle larger than on the plates.
The pores form irregular stenciled lines, resembling letters or simple hieroglyphics. There are few
papular areas in the central portion of disk. Small 2-jawed entrenched pedicellarire are abundant.
Each consists of 2 narrow, spatulate, smooth blades, set in a little pit and lying each in a specialized
depression with a smooth, rounded border. The whole apparatus is 1.5 mm. long, and the [aws are
usually curved, making it crescent-shaped. On the proximal part of ray a series of a to 12 of these
pedicellariai are present just external to the outer ndambulacral spinelets, and they are widely scat
tered on the marginal and abactinal plates, 1 to a plate, but are most numerous in the proximal
regions. Occasionally a pedicellaria has 3 jaws.

Furrow spiuelets, 2 to a plate, arc much flattened, rounded-truncate, subequal, or the adoral is a
shade narrower at the base. They are about twice as long as broad and the adoral is usually a little
broader at the tip than at the base. ·The furrow face is flat or a trifle concave near base. Exterual to
these spinelets, at a distance equal to one-third or one-half their length, is a regular series of equidis
tant, somewhat flattened, broadly ovoid tubercles, the exposed portion of which is about two thirds
the length of the furrow spinelets, of which about a correspond to 2 tubercles. Packed closely about
the tubercles and filling the space between them and the furrow are many roundish or compressed
granules, a trifle larger than the rest of actinal granules. Here and there one can distinguish lines,
bordered by slightly larger bead-like granules, running out from the furrow toward the marginal
plates, and similar fainter lines can be distinguished, with the aid of a glass, between many of the
plates themselves. The month spinelets are like the adambulacral but a trifle larger.

Madreporic body inconspicuous, but fairly large, cordifornr 01' shield-shaped. Striations fine,
interrupted, branching, centrifugal. The plate is perfectly flat and "is situated nearer margin than
center. Anal aperture is surrounded by a number of considerably enlarged granules.
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R=52 mm.; 1'=7.5 mm. R=7 r. Breadth of ray at base, 9 mm.: at middle of ray,
Height of ray at base, 6 mm. Rays 5il times as long as diameter at base measured

Color in life: Above, orange yellow with maroon blotches; below, light yellow. In alcohol,
bleached grayish yellow or ashy.

Locality: Station 40ii, north coast of Maui Island, 99-106 fathoms, fine coral sand, foraminifera,
bottom temperature 70°; 2 specimens. Type no. 21175, U. S. National Museum,

Ophidiaster tenellus, new species.

PI. XXX[, figs, 5, 50..

Rays 5.
5 to 5.5 mm.
along side.

In general features resembling the preceding species, but with much longer and slenderer rays, a
relati vcly coarser but uniform granulation, a very mnch thinner skin, 1 or 2 pores to each papular
area, and fewer pedicellarhe. The third or outer series of aetinal intermediate plates is rudimentary.

The plates are a trifle less prominent than in preceding species, but there is a perfectly evident
though extremely fine transverse crack traversing the granulation between the plates. The longi
tudinal papular furrows are well marked but shallow. There are 6 rows of papulre, which are solitary
or in twos (rarely 3). No papuhe on actinal surface. The granulation .is fine and uniform but
increases in coarseness on the actinal surface near the furrow, where the granules occasionalJy appear
seale-like. As in the last species the plates on one ray are somewhat irregular in disposition near the
extremity. Two- or oceasionally 3-jawed pedicellarire form a series on the proximal third of ray at
either side of the furrow just external to the outer adambulacral spinelets, and a similar series is
present on the outer row of actinal intermediate plates and fewer on the 2 series of marginals. On
abactinal surface pedicellarhe are rare.

The furrow spinelets are about equal in size, 2 to a plate, and slightly spaced. They are much flat
tened, truncate, a trifle broader at the tip than. base, and the inner or furrow face has a very shallow
groove running from end to end. The spinelets project a considerable portion of their length beyond
the general level of the actinal surface of the plates. The actinal adambulacral tubercles are flattened,
ovoid or obovoid, granuliform, bent away from furrow, and form a series just external to the furrow
spinelets, so that only 1 series of granules intervenes between the 2. There is 1 of these tubereles
to every third or fourth furrow spinelet, and they are not nearly so long as the latter. The granules
of the adambulacral plates are larger than those of the aetinal intermediate plates, into which they grade
imperceptibly.

Madreporic body cireular, of moderate size, situated midway between center and interbrachial
angle. Striations deep, irregular, branching, centrifugal.

Color in life: Buff above, deeper ochraceous in the papular are~; below, cream color. In alcohol,

ashy.
Locality: Station 4100, Pailolo Channel, between Molokai and Maui Islands, 130-151 fathoms, coral

sand, shells, foraminifera; bottom temperature 61°. 1 specimen, type no. 21177, U. S. National
Museum.

Ophidiaster rhabdotus, new species.

PI. xxx, fig. 2; pl. XXXI, fig. 8.

Rays 5. R=80 mm.; 1'=11 mm. R=7.3 r. Breadth of ray at base, 11 mm.: at middle of ray,
8.5 mm. Height of ray at base, 8 mm. Ray 5 to 6 times as long as diameter at base, measured along
side. Interbrachial arcs not very acute. Rays appear conspicuously fluted.

In general form resembling the preceding species, but differing in having more regular and more.
convex abactinal and marginal plates, 8 instead of 6 rows of papular areas, and 4 pores (3 to 5) instead
ofI to the area; outer or third row of actinal intermediate plates reaching one-third length of ray, and
granulation a trifle coarser.

Marginal and abactinal plates form 7 regular convex series separated by 6 equally regular furrows
containing the papular areas. At tip of some of the rays this regularity is completely interrupted.
There is also a slight transverse fnrrow between consecutive plates, but this is not nearly so conspicu
ous as the longitudinal s~lcus. In the granulation between consecutive plates there is likewise a fine'
transverse crack, which is sometimes bordered by slightly larger granules. The marginal plates are
slightly larger than the abactinal, and very regular except at end of ray. Between the inferomarginal
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and adambulacral plates are 3 series of regular actinal intermediate plates, but beyond the twelfth
inferomarginal or basal third of ray there are but 2 such. There are 8 rows of papular areas, the
actinal row (between inferomarginal and outer actina! intermediate plates) ending within ]0 to ]5
mm, of the interbrachial arc. This series contains. but 2 or 3 pores to the area, and is not sunken in a
furrow, as the marginal and dorsal areas, which comprise 4 or 5 pores, usually 4. The plates are
covered, as in the 2 preceding species, with a membrane closely beset with fine granules. This skin
is thinner than in sclerodermus and the granules are relatively considerably larger, yet fine, being
coarsest on the convexity of the plates and only one-fourth or one-third as coarse in the bottom of the
papular furrows. The granulation becomes very gradually coarser on actinal intermediate plates, yet
is relatively (to the size of the spinelets) finer immediately adjacent to furrow than in tenellus, since
the granules again grow smaller as they surround the actinal furrow spinelets. Here and there on the
abaetinal plates, and on the papular areas of intramargiual series, as well as on the actinal intermediate
plates of proximal portion of ray, are small" spectacle-shaped" pedicellarin-, occurring singly, similar
to but smaller than those of sclerodermus. The figures will sufficiently show the form. On proximal
portion of the ray a short series of them occurs just exterior to the actinal furrow spinelets. The jaws
rest in similarly shaped specialized.fossre, as in the 2 preceding species.

The .furrow spinelets are similar to those of the 2 preceding species. There are 2 to a plate, and
the tip is rounded or subtruncate, projecting well above the general surface. The actinal adambula
oral spinelets are also flattened and obovate in outline, bent away from the furrow. They very nearly,
or quite, touch the furrow spinelets, only 1 series, if any, of fine granules intervening. (Compare
figure with sclerodermus.) These actinal spinelets are relatively larger than in either of the 2
preceding forms and lie closer together, only 1 or at most 3 series of very fine granules separating
them. As noted above, the adambulacral granules are smaller than those of the actinal intermediate
plates, while in the 2 preceding species the reverse is the case.

Madreporio body subcordiform or shield-shaped. Striations centrifugal, but very irregular and
interrupted. The plate is perfectly flat, and is situated nearer the .margin than the center. Anal
aperture is surrounded by a number of much enlarged granules. .

Color in alcohol, dull dark brown; in life unknown; evidently darker than either of the preceding
Iorms.

Locality: Station 3982, vicinity of Kauai Island, 233-40 fathoms, coarse brown coral sand, shells;
bottom temperature, 48.5°; 1 specimen, type no. 21178, U. S. National Museum.

This is a more typical Ophidiusicr than either of the 2 preceding species, on account of the 8 rows
of papular pores. The submarginal series of either side is ventrolateral rather than actina!' But this
form nevertheless has 3 rows of actinal intermediate plates, and the actinal surface is rather flat, not
arched, as in lorioli. The name refers to the fluted character of the rays.

Genus LEIA8TER Peters.

Leiaster (subgen.) Peters, Monatsber. d. k, preuss, Akad. d. Wiss. Berlin, April, 1852, p. 177.

Leiaster callipeplus, new species.

1'1. xxx, figs. I, Ill; 1'1. XXXI, fig. 3.

Rays 5. 1~=52 mrn.: 1'=8 mm.; R=6.5 to 6 r. Rays not all equal; shortest 47 mm, Breadth
of ray at base, 8 111m.; at widest part of ray, 9. mm ..

Rays subcylindrical, slightly constricted at base; of a nearly uniform caliber throughout; slightly
broader than high, abruptly tapering to a blunt point. Hays fairly short for genus. Abaetinal
surface of disk slightly convex; interbrachial angle acutely rounded. No pedicellarire of any
description.

The whole test is covered by a thick, tough, s11100th skin, which in the living state very effectively
hides the plates, but in a dried state shrinks and allows the plates to be clearly seen. The papular
areas, which are large, form 8 longitudinal series along the arms, but are irregularly scattered and
much smaller on disk. Of these 8 series 1 is situated on either side of the ambulacral furrow, another
on either side between the 2 marginal rows of plates, while the remaining 4 are on the convex ubactinal
surface, The actinal areas have 6 to 10 papular pores, the abactinal about 15, and all the pores are
very small in alcoholic specimens. In many of the papular areas of dried specimens what appear to
be 2 or 3 granules can be seen imbedded in the integument. The skeleton is composed of longitudinal,
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usually regular, series of 4·sided plates with rounded corners and slightly excavated sides. These
small plates imbricate in the longitudinal direction, and each is joined to its neighbor of the adjacent
series by a transverse, much smaller ossicle, ·the series being separated from each other by about
one-half the width of a plate. There are 7 rows of these larger plates; namely, a radial, an adradial, a
superomarginal, and an infcromargiual. Adjacent to adambulacral plates is a row of small plates, of'
which 2 correspond to each inferomarginal plate, to which every pair of intermediate plates is joined
by the usual transverse ossicle. The papular areas between the actinal and inferomarginal plates are
smaller than the others. (PI. xxx, fig. la.)

Adambulacral plates are much smaller than the actinal plates, and are set obliquely as regards their
dorsoventral direction, the outer end of the proximal plate underlying t.he adoral end of the succeeding
plate. The actinal surface of each plate is wider than long, and between the plates are conspicuous
sutnres, all being hidden by the thick skin. Armature consists of a furrow series of 3 short, equal,
spinelets, flattened and with rounded tips. The spinelets stand nearly parallel, and are invested by a
continuous membrane extending from the inner mouth spines to tip of ray. The edge of this mem
brane or skin is serrated by the tips of the spinelets. Surface of spinelets is plane, not grooved, on
the inner side. On actinal surface of about every other plate is an upright, robust, slightly compressed
spinelet about 1 mm. in length. It is invested, also, in membrane, except the rounded roughened tip.
On actinal surface of mouth plates these spinelets are slightly larger (1.5 mm.).

Terminal plate of arm tubercular, armed with 3 or 4 minute granules or spinelets. Madreporic
body circular, perfectly plane, situated rather nearer margin than midway between it and center of
disk; marked by fine radiating striations. Anal aperture very inconspicuous except in dried speci
mens. It is surrounded by a number of minute spinelets, wholly obscured by the integument in
alcoholic specimens.

Color in life: Abactinal surface and sides a deep maroon purple, with a decided magenta tint at
the eiJds of arms. The purple tends somewhat to pansy purple, but is hardly so blue. Actinal
surface maroon purple, the series of actinafudambulacral spinelets phlox purple. Tube feet deep
cadmium yellow. In alcohol all the color is lost, and the specimen becomes a dirty faded yellow.

Localities: Type (no. 21179, U. S. National Museum) from station 4149, vicinity of Bird Island,
33-71 fathoms, coral and coralline; bottom temperature 77.7° (surface temperature 78°). Taken also
at the following stations, in all, 8 specimens:

Record of localities.

----------------------..,----;-----------
Station. Locality. Depth. Nature of bottom.

-------------------1------------------
Fathoms.

3872...... Auau Channcl, between Maul and Lana! islands...... . 43-32
3875 do _....... 65-34
4128 Vicinity of Kauui Island About 68

4164...... Vicin ity of Bird Island..... 40-56

Yellow sand. pebbles, coral.
Ftne gray sand.
Coarse brown coral sand, forami

nifera.
Coral sand, pebbles, shells.

This strikingly colored starfish is a shallow-water form. The genus contains 5 other species:
L. coriaceus (Peters), Querimba Island, Mauritius; L. glaber (Peters), Querimba Island; L. leaclii
(Gray), Mauritius; L. spccioeu» von Martens, off Flores and Fiji islands; L. teres (Verrill), La Paz,
Lower California. The present species is apparently nearest L. glaber from Querimba Island, but the
original description of Peters is too incomplete to lend much aid in determiuing the specific differences.

Genus LINCKIA Nardo.

Liuckia Nnrdo, Dc Astcrils, Oken's'Isls, 1834, p. 717. Type, Linckia typus Nardo=Linckia lxviyata (Gmelrn) 1788.
Cribrella Agassiz, Mern. Soc. Sci. Nat. Ncnchlitel, t. I, 1835, p. 191.

Key tu IIawaiian species of Linckia.

a.. Spinelets .bordering ambulacral furrow alternately larger and smaller. Occasionally a third aboral
granule is present. in these adambulacral series; 2 madreporic bodies dlpla»

aa. Spinelets bordering ambulacral furrow about equal, but separated by a perpendicular series of 4
or 5 granules; 2 madreporic bodies .. __ multifora
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Linckia dip1ax (Muller and Troschel),

1085

PI. XXIX, fig, 4; pI. XXXI, fig. 7,

Ophidiastcr dip/ax Miiller and Troschel, System der Asterlden, 1842, p. 40.
Liuckia diplax, Liitken, Vldenskabelige Meddclelser, 1871, p. 268.
Linckia pacifica var, dip/ax, Sluden, Challenger Asteroidea, 1889, p. 410.

A large specimen of this species was taken at station 3848, off the south coast of Molokai, to which
may be added a small specimen from 3872, although the identity of the latter is not so certain. The
large example has 4 arms and 2 madreporic bodies, and its dimensions are as follows: R=138-140 mm.:
1'=10-11.5 mm.; R=12-14 r. Breadth of ray at base about 14 to 15 mm.; at widest part, in middle,
17.5 mm, Ray about O times as long as breadth at base measured along one side of ray. Rays are
considerably flattened in the central portion, narrower at the base and gradually tapering to a blunt
extremity which is slightly upturned. Papular areas numerous, rather larger than individual plates
but smaller on the disk. Pores 15 to 25, small. On the lateral face of the arm 3 more or less distinct
regular longitudinal rows of plates can be distinguished. Between the lowermost of these series and
the adambulacral plates are 3 longitudinal series of actinal intermediate plates, those of the innermost
series largest. Granules of the abactinal area very tine, much larger on the convexity of the plate
than in vicinity of papular pores. On the ventral surface the granules are much larger, polygonal, and
increase in size toward the furrow. The adambulacral armature is in 2 regular contiguous series.
The inner series is composed of rather flat, broad, usually spatulate spinelots, with heavy rounded' tips,
separated by a much narrower spinelet about two-thirds the length of the larger. The smaller alter
nates more or less regularly with the large spinelet, There may be also a third spinelet, very small,
almost a granule, in fact, on the aboral end of the plate. This is not ccmmon, however. Frequently
the "smaller" spinelet nearly equals the larger in length but is always narrower and not spatulate.
The spinelets of the external series are contiguous with those of the inner and are less numerous,
there being 1 to about every 2 of the furrow spinelets. They are slightly larger than the latter, are
not greatly flattened, and their tips are thick and rounded. Outside of these there are indications of a
third rather irregular series which may be easily confused with the general granulation of the actinal
surface, except that the latter is polygonal, while the larger granules are more rounded. Though
polygonal at times, they rise slightly above the general surface.

In the small specimen 3 of the 5 arms are regenerating and the second madreporic plate is almost'
rudimentary. R=33 mm.; 1'=4 mm.; R=8 r. Breadth of ray at base 4.5 mm. The arms are more
cylindrical than in the large specimen. Papular areas are much smaller than the surrounding plates;
pores about 6 to each area. The 3 lateral longitudinal series of plates are distinct. Adambulacral
armature is as in the large specimen, but the outer or third series is quite distinct. The granulation
is relatively coarser than in the larger example, and less crowded, especially on the actinal surface,
so that the granules are globose rather than polygonal. In size this specimen is more nearly like
Linckia ehrenbergi (Muller and Troschel ), to which the papular areas, smaller than the plates, also
would refer it, but it is probably to be looked upon simply as a young diplax,

The species which is nearest to L. diplax is L. pacifica, which differs in having but one madreporic
body. L. ehrenberqi is also very similar, but the arms are shorter (R=7.5r); also the spinelets of the
aetinal adambulacral series are said by P. de Loriol (Mem. Soc. Phys. et d' Hist. Nat. Geneve, t. ·XXIX, 1885,
p. 34) to be slightly larger than those of the furrow and equal in diplax, But in the Hawaiian specimen,
which is out of proportion for ehrenbergi, the actinal spinelets or granules are slightly larger, or at least
the exposed tip heavier, so that this character is hardly to be relied upon. Linckia multi/ora differs in
the disposition of the adambulacral furrow spinelets, which are separated by a perpendicular series of
4 or 5 granules. The actinal spinelets are not contiguous with the furrow series, and are of about the
same size as the latter. The general appearance of the 2 forms is very similar.

Perrier (Rev. Stoll., p. 145) notes that diplax occasionally has 3 madreporic bodies.
Localities: Station 3848, south coast of Molokai Island, 44 to 73 fathoms, sand and gravel; 3872,

Auan Channel, between Maui and Lanai islands, 43 to 32 fathoms, yellow sand, pebbles, coral,

Linckia mu1tifora (Lamarck).

ASlcrias uiuliifora Latnarck, Anlmaux sans vertebres; t, II, 1816, p. 565.
, uueu« tYl'ltS Gray, Ann. N. R., ser, I, vol. v, 1840, p. 284.
, Liucklu lcartrii Gray, ibid.. p, 285.
Ophi,liasle,' multifori«. Mu ller and Troscln-l , System der Astcrhlen , 1842, p. 31.
Linckiamullijol'as, Grey, S)'IIOp. of the species of Stltrfishes, 1866, p. J.I. (A 1,'0 L.I!i]J1lsltnfl Eo lcachii.)
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Linckia multi/oris, von Martens, Ueber Ostaslat, Eehinod. <Arehiv. Iiir Naturgeseh., jahrg. XXXII, 1866, bd, 1, p. 65.
Opliidiastcr multi/oris, Edm. Perrier, Pcdioellalres, 1869,p. 59.
Linckia multifora, Lutken, Videnskabelige Meddelelser, 1871, p. 267, and authors generally since then.

This species is recorded from the Sandwich Islands by Perrier (Revision des Stellerides, p. 150).
No specimens were taken by the Hawaiian expedition.

It is not unlikely that with further search in shallow water other forms of Liuckia may he brought
to light. The genus is a rather difficult one. Most of the species look very much alike, so that it is
not easy adequately to characterize them without the use of figures. Three well-known forms have
not yet been figured (or at least not where the average student can find them). Since other species may
subsequently be found in the Hawaiian Islands, I have ventured to compile from descriptions the
following synoptical table of the common species of the genus. Linckia muliifora, ehrenbergi, and
marmorate are figured in P. de Loriol's "Catalogue Raisonne des Echinodermes de I'Isle de Maurice"
(Mem. Soc. Phys, et d'Hist. Nat. Geneve, t. XXIX, 1885), and L. guildingi (L. ornithopus of Muller and
Troschel), an Atlantic form, in Agassiz's" North American Starfishes" (Mem. Mus. Compo Zool.,
vol. v, no. 1, 1877).

(Mauritius, Nicobar Islands, Andaman Islands, Tahiti, Samoan Islands.)
cc, The 2 series of adambulacral spinelets separated by a granular area __ marmoraia

(Mauritius, Prince of Wales Channel, Port Molle, Fitzroy Island.)
bb, Two or occasionally 3 madreporic bodies.

e. R=13 r. Length of ray=12 times width , u ............. • diplax
(Mauritius, Madagascar, Isle of Bourbon, Christmas Island, New Caledonia, Fiji, and Tonga

islands, Hawaiian Islands.)
ee. R=7.5 r. Length of ray=7 times width _ : ehrenbergi

(Red Sea, Mozambique, Mauritius.)

Key to the commoner Pacific species of Linckia.

a. Furrow spinelets separated by several granules in a perpendicular series.
b. R=1O-12 r. Arms 9 times as long as wide. Papular areas numerous, small, about the size of the

plates, 6 to 12 pores. There is no median radial area free from papular areas. Two or 3
madreporic bodies _ __ _'U u •••• __ __ ••••••• _' _" .multifora

(Red Sea, Mozambique, Mauritius, Ceylon, Larentuka, Celebes, Amboina, New Caledonia, Fiji,
Samoa, and Hawaiian Islands.)

bb. R=6 r. Rays 5 times as long as wide. Papular areas rather large, superficially larger than the
plates. There is a median radial area free of papular areas. One madreporic body.

, ltevigata (L. miliaris)
(Red Sea, Mozambique, Mauritius, Zanzibar, Ceylon, Madras, Andaman Islands, Flores, Timor,

Celebes, Batjan, Philippines, No Australia, Claremont Island, New Caledonia, Caroline, Fiji,
and Samoan islands.

aa. Furrow spinelets not separated by several granules in a perpendicular series.
b. Only 1 madreporic body.

c. Two series of adambulacral spinelets contiguous.
d. R=8.3 r. Abactinal plates in 3 irregular series. A certain number of these plates, more

prominent and generally rounded, form bosses or "nodosities" irregularly disposed.
Papular areas small, with 8 pores, sunken. Furrow spinelets alternately large and
small; the small are cylindrical, the larger broader at tip. The external series is com
posed of granules or spinelets contiguous with the furrow series, each situated opposite
a smaller spinelet. They are slightly larger than the larger furrow spinelets, A third
series is also present, larger than the other actinal granules and separated from the
external adambulacral spinelets by a space covered with smaller granules nodose

(Tortugas, Arafura Sea, Torres Strait,jide Bell.)
dd. R=10.6-12.5 r, Abactinal plates numerous and irregular, equal, not especially prominent,

about the same dimensions as the papular areas. Adambulacral spinelets in 2 contigu
ous series, the inner consisting of alternately large and small spinelets, Those of
external series are equal; slightly larger and less numerous than the inner series.

pacifica
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Genus NARDOA Gray.

1087

Linckia (pars) Muller and Troschel, Monatsber. d. k. preuss. Akad. d. Wlss., Berlin, 1840, April, p. 103.
Nardoa Gray, Ann. N. H" ser, I, vol. V, Dec., 1840, p. 286.
Gomopliia Gray, ibid.
Scylasler (pars) Muller and Troschel, System del' Asteriden, 1842, p. 34. Liitken, Videnskabelige Meddelelser, 1864, p. ]63.

Perrier, Revision des Stellerides, 1875, p. 156.
Ophidiastcr (pars) Muller and Troschcl, System del' Asteriden, 1842, p. 28.
Nartloa Siaden, Challenger Asteroidea, 1889, p. 411. Type Aslcrias variolala Retzins (the Asteriae variolala of Lamarck, und

Linckia variolala of Nardo and of Agassiz).

Nardoa m~.ptiaca (Gray).

Gomopbia regyptiaca Gray, Ann. N. H., ser, I, vol. VI, 1840, p. 286.
Seylasler xgyptiaclts Perrier, Revision des Stellerldes, 1875, p. 164.
Nartioa regyptiaca Siaden, Challenger Asteroidea, 1889, p. 788.

Recorded by Sladen (I. c.), from the Sandwich Islands. I have been unable to find the original
record. This species was not taken by the Albatross expedition. .

Family GYMNASTERIlD£ Perrier, 1884, emended.

Gymnasteriidre Perrier, Memolre sur les Etoiles de Mer, etc. <Nonv. Archives Mus. Hist, Nat., 2- scr., t, VI, 1884, p. 165.

Genus GYMNASTE.RIA Gray.

Gymnasleria Gray, Ann. N. R., ser, 1, vol. VI, 1840, p, 278. Type, Asteria» carinifer« Lamarck.
Aeteropete (pars) Miiller and Troschel, System der Asteriden, 1S42, p. 62.

Gymnasteria carinifera (Lamarck).

Asterias carinifera Lamarck, Animaux sans Vertebres, t. rr, 1816, p. 556.
Gymnaslcrias carinifera v, Martens, Arehlv. f. Natnrg., Jahrg. XXXII, Bd, I, 1866, p. 74.

This species is recorded from the Sandwich Islands by Perrier (Revision des Stellerides, p. 286),'
the specimens being in the British Museum. Sladen likewise records it in the report on the starfishes
collected by the Challenger expedition (p. 357), very likely from the same specimens. No examples
were secured 'by the Albatross expedition.

Order SPINULOSA Perrier emended.

Family ASTERINID£ Gray, 1840 (emended).

Asterinidre Gray, Synopsis of the Genera and Species of the Class lfypos{oma (Aslcrias Linn.). <Ann. N. II., Her. I, vol, VI,
1840, p. 288. Emended by Perrier, Revislon des Btellerldes, 1875, p, 289; and in Mission Seientif. du Cnp Horn, Echlno
derrnes, 1891, 1'. 107.

=Asterininoo Sluden, Challenger Asteroidea, 1889, pp. 376, 384, or the Astcrluid:e. less Ganeriinm nnd Palmlpedlnee,

Genus ASTERINA Nardo.

Asleriutl Nardo, De Asteriis, Oken's Isis, 1834, p. 7lfi. Type ('I) Aslerilla (Jibbosa (Pennant). Aslerilla minllla (Olivi)
Nardo=Aslerias gibbosa Pennant.

Asterina granulosa Perrier.

Aslcl'iua wanlllosa Perrier, Revlstcn des Stellcrtdes, 1875, p. 312. J. E. Ives, Proc, Phil. Acad. Sciences, 1889, p.173.

The specimens upon which the species is based were collected by M, Ballien in the Sandwich
Islands in ]874. The only other direct reference which I have been able to find is that of J. E. Ives ,
(I. c.), who records one specimen from Oahu, collected by Dr. \V. H. Jones. No examples were
secured by the Albatross expedition.

Family ANSEROPODID£ a, new.

= Subfamily Pulmipedtnte Siaden, Challenger Asteroidea, 1889, p. 394.

n By those who do not believe that this group constitutes a family the name Anseropodinre must be used, instead of
Palmipedmre, Palmipes being a synonym of Anseropoda.

F. C. B.I903, Pt. 3-21
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Genus ANSEROPODAa Nardo.

Anscl'opo([a Nardo, De Asterfis, Oken's Isis, 1834, p. 716. Type Anscropoda mcmbranacca = Asteria~ placenta Pennant.
Palmipes L. Agassiz, Mem. Soc. Sci. N. Nouchutel , t. I, 1835, 192.

Anseropoda insignis, new species.

PI. XXXVIII, figs. I-In:

Rays 6. R = 121 mm.: r = 100 mm. R = 1.2 r. A larger but less perfect specimen measures
R, 127 mm.: 1', 97 mm. R, 1.3 r.

The rays are thus very short, but have a well-rounded, leaf-like contour, the interbrachial arcs
being also rounded. Tip of ray more or less indented. Body very thin and flat, slightly convex in
center of disk, there being au abrupt, slightly elevated, rounded ridge along each medio-radial line.

Abactinal plates of interradial areas bear 1 fairly large tuft of very delicate, sharp spinelets, with
usually 1 to 3 or more tufts of smaller size around it. On interradial areas of outer half of disk there
is usually but one tuft of about 7 to 10 spinelets, situated rather nearer the inner edge of plate than
the center of exposed surface. Then, regarding toward radial areas and center of disk, there are
added at either side first 1 and then 2 additional smaller tufts, which have 4 or 5 spinelets, while the
large tuft has 7 to 10 or more. Occasionally the 3 merge and form a larger irregular tuft. Toward
central portion of disk there are often 4 tufts of nearly equal size, with about 8 to 10 spinelets in each, .
'situated on the four corners of a plate, with several groups of 1 to 3 spinelets scattered between.
Other plates are irregular as to their armature, and the larger plates of the central or slightly elevated
portion of disk have as many as 15 to 20 tufts of various sizes, mostly well spaced, and easily counted,
but very irregular as to position. All spinelets are very delicate, sharp, and small, and are usually
directed away from center of disk. On either side of median radial line there is a single series of
numerous papulie, which do not quite reach to tip of ray nor to center of disk. The 2 series of a ray
are separated by 2 longitudinal series of plates, larger than those immediately adjacent. They also
bear more tufts of spinelets, usually 5 to 6.

Adambulacral plates are rather short, with a convex margin to furrow. Armature as follows:
(1) A furrow series of 5 or 6 (rarely 4) delicate spinelets, united for over half their length by athin
web. They form a fan-shaped series, the median spinelet being slightly longer than the laterals. Some
times the adoral spinelet, or less commonly, the aboral, is about two-thirds the length of the others,
which are nearly equal. (:!) On actinal surface of the plate a group of about 10 spinelets, united by a
web and disposed in a curvilinear series, which is more easily understood form the accompanying figure
(pl. XXXVIII, fig. 1) than from description. A portion of this series-that nearest furrow-is usually
directed backward, covering the outer spinelets of the group.

Mouth plates are fairly large, rather narrow outwardly. The armature consists of a marginal row
of about 8 flattened, blunt spinelets, the basal half constricted and uuited by a thin web. They increase
in size toward the inner angle, the innermost 3 to 4 spinelets being fairly stout, compressed and trun
cate. On actinal surface there is a double series of about 12 to 30 slenderer spinelets, extending
lengthwise of the plate, or in a group of 5 or 6 parallel with furrow spinelets, the remainder, somewhat
smaller and more delicate, being on the outer part of plate. There is much irregularity in the
disposition of these spinelets,

Actinal plates bear a regular and ornate comb of delicate spinelets, connected for two-thirds or
three-fourths their length by a thin but resistant web, The plates, and consequently the spines,
decrease toward margin, and from the ambulacral furrow toward median interradial line. The inner
most plates bear a series of 10 to ]4 spines. Midway to extremity of ray, adjacant to furrow, there are
about 9, but midway on the interradial line there are but 7 or 8, considerably shorter. Near margin
the number is further reduced to 5 or 6. The median spinelets are longest and all radiate, forming
plamate series.

a This genus has usually been called Palmipes, Polmipcs, however, was not used uy a post-Linnrean writer until a
year nfter A useropoiia Nardo. It seems somewhat discouraging in the first years of the twentieth century to be obliged to
call attention to thc fad that Linck (1733), who first used Palmipe« nnd who was quoted in the last extensive pnper on
Europenn starfishes us the authorltv for the name, was in no way a lJinominl writer, and thnt consequently his so-culled
genera (I) have no place even if 1758 had not been agreedupon as the starting point of zoologtcal nomenelaturc. For a
statement of the facts in the present case see Prof. F. Jeffrey Bell in Annals of Natural History, ser. 6, vol. VII, 1891, p. 283.
The Rev. Canon A. M. Norman (op, cit., p. 382) admits that Anseropoaa has priority, but objects to its use because it
happens to be ctymologically a hybrid. What would happen if all generic names which confess this fault were thrown
out for the same reason?
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Marginal plates are very small. The plates which probably represent the superomarginals are
larger than adjacent abactinal plates, and are placed without reference to the regular rows of the latter.
They bear a tuft of minute spinelets, The inferomarginals are larger than superomarginals, and like
wise bear a glomerular tuft of minute spinelets. Both series resem ble tiny paxilhe,

Madreporic body small, situated near center of disk. Striations coarse, irregular, radiating. Anal
opening subcentral 8 to \) mm. from madreporic body. Ambulacralfeet with small sucking disks.

Color in life: Upper surface bright vermilion, with a madder-pink cast, the G radial ridges intense
scarlet vermilion. Actinal surface scarlet vermilion, a large area in central part of disk cream color,
slightly spotted with vermilion. Edge of ambulacral furrow slightly more yellowish than rest of light
patch. Ambulacral feet translucent yellowish brown (raw sienna).

Variations: A small specimen (R=35 mm.) is essentially like the large individuals. Most of the
plates of the abactinal interradial area bear but 1 tuft of spinelets, 7 to 10 in number, and widely
radiating. The larger plates of central portion of disk bear 4 to 8 tufts. Mouth plates shorter than in
adult, and the furrow spinelets much slenderer, 5 to 6 in number, and united by a web. Actinal
mouth spines fewer. Adambulacral furrow spines 5 or 6 at base of furrow, 3 or 4 on outer part.

Localities: Type (no. 21180, U. S.: National Museum) from 4101, Pailolo Channel, between Mauai
and Molokai islands, 143-122 fathoms, coral sand, shells, foraminifera; bottom temperature 59.7°; 3
specimens. Taken also at 3835, south coast of Molokai, 169-182 fathoms, fine brown sand and mud;
1 specimen.

This remarkable starfish, which is a true Anseropoda., is perhaps the oddest species in the Hawaiian
collection. Like its congeners, it is literally flatter than a pancake, which character, added to its
brilliant coloring, gives it a truly bizarre appearance. The animal is very delicate 011 account of its
extreme thinness. All the specimens are more or less injured, but the type is entire. Anseropoda
insignis is probably nearest A. placenta of the Mediterranean region. It differs, however, in having
constantly 6 rays, and in details of adambulacral and abactinal armature. A. rosacea, from Japan
and the Bay of Bengal, is a fifteen-rayed form, which likewise differs in its armature. A. diaphnea
(Sladen) and A. pellucida lAlcock) are apparently widely different forms.

This species evidently feeds largely upon shrimps, for the stomachs of 2 individuals are crammed
with these small crustaceans ranging from 5 to 25 mm, in length. It would be interesting to learn
in what manner the prey is secured.

Family ECHINASTERID£ Verrill, ]87], emended.

Eehinasteridro VerriJI, Trans. Conn. Acud.• vol. I. 1867. part 2. p, 343.

Key to Hiuoaiian. genera of Echinosterid»:

a. Disk small. Spinulation small. Spinelets isolated or grouped. No pedicellariro.
b. Abactinal plates bearing small spinelets in more or less compact groups .. u __ . u .. HENJUCIA
bb. Abactinal plates bearing simple isolated spines .. u . _. _.. _.. _... u __ u u u. u. __ uECHlNASTER

aa. Disk moderately developed. Rays 5. Abactinal plates plates regularly disposed, having small
isolated spinelets, Marginal plates with large valvate pedicellarire. Aetinal intermediate
plates bearing one or more large flattened spinelets __ ..... __ .... _.. __ .. __ .. __ • __ . VALVASTEH

Subfamily EOHINASTERINlE VIGUIER, 1878.

Eehtnasterinre Vlguter, Anatomic Comparee du Squelette des Stcllerldes. <Archiv. Zool. Exper. et Gener., t. VII. 1~78.

p. 123 (separate).

Genus HENRICIA Gray.

IIenriciaGray. Ann. N. H .• ser, 1. vol. VI. 1840. p, 184. Type Asterlas sanguinolent'l O. F. MUller.
Ldnckia Forbes. nee Nardo. Mem. Wern .• vol. VIIl, 1839, p. 120.·
Oribretta Forbes. nee Agassiz. British Starfishes. 18<11. p, 106.
Oribrclla, Lutken, Griinl. Echinod., 1857. p. 30: and most other authors up to present day.
Echinastcr, MUlier und Troschel, System del' Asterlden, 1842, p. 22 (pars).
Hcnricia, Bell, Ann. N. H., ser, 6, vol. VI, 1890.p. 472.

Prof. F. J. Bell (op, cit.) has explained why the name Oribl'ella cannot be used for this genus.
Since few writers have cared to follow the ordinary rules of nomenclature in this case, however, it
may be well to state again why Cribrella has no status in nomenclature.
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L. Agassiz (Prodrome d'une Monographie des Radiares ou Echinodermes, Mcm, Soc. Sci. Nat.
Neuchatel, t. 1, 1835, p. 191) wrote as follows:

LINCKIA Nurdo.-Oribrella Ag. Msc.-Corps etoile; ruyonstuberculeux et al longes: peau poreuse dans les intervalles.
L. uariolata N. (Asterius vurioJ. Lum.)-L. Typus N.-L. Franciscus N. Les especes dec rites pur Goldf. sous les noms

• d'Aslerias arenicola et abtusa, semblent devoir former un genre a part que l'on pourrait nommer PLEURASTER. Je IlC
les cormais ccpendent pas assez pour en decider.

It is very evident that Linckia and Cribrella were the same in Agassiz's mind. In other words,
Cribrella must be treated as a substitute name for Linckia Nardo, and since Cribrella is based on
Linckia the type of Linckia is the type of Cribrella. If Linckia should become invalidated, Cribrella
could replace it; otherwise Cribrella can never have any standing other than as a synonym of Linckia.
Even if none of the species g-iven above were congeneric with Linckia of Nardo [but L. tiwus is the
type of Linckia], or even if it could be proved that Agassiz never saw a specimen of true Linckia, the
case would not be altered. If a writer bases one genus upon another intentionally or unintentionally,
the type of the old genus becomes ipso facto the type of the new one.

It appears, therefore, that Forbes's appropriation of the name Cribrella for the group previously
named Henricia by Gray has no justification. Oribrella, as a matter of fact, has nothing to do with
this group. It is simply a synonym of Linckia. Canon Norman (Ann. N. H., ser. 6, val. VII, p. 382)
contends that "Agassiz first used the name; that Forbes more accurately defined the genus." Agassiz
left no doubt as to what he meant by Cribrella, so that Forbes did not better matters by transferring
the !lame to another and previously named genus.

Key to Hawaiian species of Ilenricia.

a. Rays short and thick .. _ __ . _ __ : .', robusui
b. Rays long and slender _ _'" __ ., _ _ .... •pauperrima

Henricia robusta, new species.

})L x x x v, .flgs. 1, 2; pI. XXXVIII, figs, 2, 2n..

Rays 5. R=31 mm.; r=6 mm. R=5 r. Breadth of ray at widest part, near base, 8-9 mm.
Rays unequal, the shortest with R=26 mm.

Rays short and stout, swollen at base, and thence tapering to a blunt extremity which is recurved.
The whole animal is slightly depressed, so that the rays are not cylindrical except near tip, but are
rather elliptical in section, and are constricted next to disk, a shallow sulcus running part way toward
center of disk from each interradial angle. The disk appears rather small in consequence.

Plates of the abactinal surface are very small, and are so arranged as to form an open network,
inclosing fairly large, irregular papular areas. These plates are crowded with groups of 3-8 minute,
delicate, slender, short, cylindrical, often slightly tapering, spiculiforrn spinelets, There is no constant
arrangement of these spinelets, although occasionally a biserial grouping is discoverable. Often they
form an irregular circular group. The papular areas, which are sunken considerably, are often broken
up by isolated plates, or 2 or 3 plates together, bearing tufts of spicules.

Low on the lateral wall, which is rounded, is a narrow, rather irregular longitudinal line, which
rises toward interbraehial angle. This is composed of longitudinally disposed plates a trifle larger
than the others, each crowned with 14 or 15 of the slender spinelets. Below this series is a similar
line of smaller, transversely disposed plates, which is succeeded by still another longitudinal series,
with long axis of plates likewise transverse. These bear about 15 spinelets disposed in 2 or 3 irregular
transverse rows. The first series, which has been considered the superomarginal, is slightly more
conspicuous than the lower (inferomarginal) because its plates are nearer together, being placed end
to end. Between superomarginals and adambulacrals the plates are arranged in definite transverse
series, except at very base of the ray, where there is irregularity. Between the inferomarginals and
adambulacrals one can count 5 or 6 plates to each transverse series at base of ray. These are reduced
to 2 at the end of the proximal third of ray, and to 1 at about the middle. The single longitudinal
series of intermediate plates continues for two-thirds to three-fourths the length of the ray. These
aetinal plates are beset with slender spinelets like those of the dorsal plates. In some cases a delicate
web can be distinguished uniting the basal half of several adjacent spinelets.

Armature of adambulacral plates as follows: (I) A short compressed s[linelet placed high up on
side of furrow. (2) On actinal surface of plates at base of ray, 3 or 4 larger, cylindrical, slightly taper-
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ing spinelets, arranged with 1 on furrow margin and 2 behind in an oblique or longitudinal series; or
when there are 4, 1 on margin, followed by 1 directly behind it, and the two outer in an oblique
series. Occasionally the 4 are grouped on the inner half of plate, without definite order. On outer
part of plate there is a gI'OUp of 7 to 10 much smaller, subclavate spinelets, slightly larger than those
of adjacent actinal intermediate plates. They are well spaced, and increase in length toward furrow.
Further along ray the arrangement is usually 1 spinelet on the furrow edge and behind it, 2, a trifle
shorter, in a longitudinal series. A fourth spinelet is sometimes present, external to these. On the
outer side of plate are 5 or 6 unequal, smaller spinelets, their bases united by membrane.

Madreporic body of medium size, circular, situated at the summit of an interradial sulcus. Stria
tions few, coarse, radiating, with wide sulcuses 'between the ridges. The latter are studded with
numerous spinelets, like those of neighboring plates. Anal opening eccentric, prominent.

00101' in life, a soiled cream color.
Locality: Type (no. 21181, U. S. National Museum) from station 4115, northwest coast of Oahu

Island, 195-241 fathoms, coral sand, foraminifera; bottom temperature 55.10. •

This species is characterized by its thick, short rays, and generally robust form, by the uncrowded
condition of the plates which form a network, by the numerous delicate spicules forming groups on
these plates, and by the adambulacral armature. The species is most nearly related to Ilenricia obesa
(Sladen) from the Falkland Islands and Straits of Magellan, from which it differs in details of its
spinulation and in the armature of the adambulacral plates. The spines of the body are much more
delicate in robusia than in obesa, and are more numerous.

.Henricia pauperrima, new species.

PI, xxxv, figs. 3, 4; 1'1, XXXVIII, fig. 3, sa-b.

'Rays 5. R=61 mm.; 1'=9 mm. R=6.7 r. Breadth of ray at base, 9 mm.; at 10 mm. from base,
6 rnm, Rays unequal, the shortest (possibly mutilated) 40 mm.

Ray's long and very slender, cylindrical, tapering continually from a narrow base to a prolonged,
bluntly pointed extremity. Disk fair sized, somewhat inflated. Interbrachial angles obtuse or
rounded.

Plates are larger and more crowded than in the foregoing species. They are small and form a
close network which is very irregular. Abactinal surface, however, appears quite porous, the plates
being in nowise so crowded as in leviuscnla or sarujuinolentu, Papulre are large and isolated, sur
rounded by small plates, which bear 8 to 12 minute, very delicate and sharp, well-spaced spinelets.
These are much more delicate than those of last species and can not be distinguished without a glass.
Smaller plates may bear only 4 or 5 spicules, which, however, are always spaced, not in compact
groups.

Adjacent to the adambulacral plates is a series of plates slightly larger than the lateral and
abactinal plates, and like them bearing delicate splnelets. On the outer two-thirds of the ray a con
tinuous series of. smaller (superomarginal?) plates is present, and between the 2 is a very definite line'
of papuhe which extends to mouth angle. Actinal interradial plates are rather larger than abactinals,

Adambulacral plates are rather large, only a trifle broader than long. Armature as follows:
(1) 2 delicate, slender spinelets, placed one above the other high on furrow wall, the upper being at
apex of plate. (2) On actinaI surface 3 rather long, slender spinelets, spaced on edge of furrow, 1 in
the center being longest. Just behind these, at the base of ray, 2 to 4 additional spinelets often stand
in a longitudinal row, and occasionally farther along the ray there will be I or 2 much smaller spine
lets. The outer two-thirds of the plate is covered with 10 to 15 delicate, minute, well-spaced spinelets
or spicules, similar to those arming other plates of the body. '

Madreporie body fairly large, with a few coarse, irregular, narrow ridges separated by deep sulcuses.
Ridges bear minute spinelets. Body is situated nearly mid way between center of disk and margin
when the specimen is viewed directly from above.

00101' in life, very pale greenish-gray or dirty white; ambulacral furrows darker greenish-gray.
Localities: Type (no. 21182, U. S. National Museum) from station 4166, vicinity of Bird Island,

293 to 800 fathoms, coral sand, foraminifera, rocks; bottom temperature 45.6°. A young' specimen
probably belonging to this species was taken from 4044, west coast of Hawaii, 233 to 198 fathoms,
fine gray sand.
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This species is remarkable for its very slender rays, and curiously formed disk. It is probably
most closely related to Henricia compacta (Sladen), from the west coast of New Zealand (275 fathoms),
but differs from this' form principally in the adambulacral armature. II. pauperrima may be readily
distinguished by the 2 small spines placed on the side of the ambulacral furrow (pI. XXXYIII, fig. 3b),
there being in this genus usually only 1.

Genus ECHINASTER Muller and Troschel.

Echinaster Miiller and Troschel, Monatsber. d. k. preuss, Akad. d. Wiss. Berlin, April, 1840, p. 102. Type (?) Echinaster
scpositus (Lamarck).

Echinaster, sp.

Of the 2 species of Echinaster in the collection, 1 is represented by 2 specimens, the other by but 1.
The first species is too young for specific determination. One of the examples was taken at station
3872, Auau Channel, 43 to 32 fathoms, yellow sand, pebbles, coral; the other at station 4162, Bird Island,
21 to 24 fathoms. R = 13 mm., I' = 2.75 mm. The plates are relatively large, cordate, and arranged on
rays in a radial, adradial, supero- and inferomarginal and 1 actinal intermediate series. The primary
apical system is conspicuous. In the smaller of the two specimens most of the plates have a short
stubby spinelet. Furrow adambulacral spinelets 2, short, the aboral slightly the shorter; arranged in
a linear' series, the whole of which from end to end of the ray is invested in a very delicate membrane.
On the aetinal surface of every adambulacral plate is a robust, short, stubby, lanceolate spine directed
away from furrow. On outer part of ray alternate plates are often without actinal spines. Actinal
intermediate plates much smaller than inferomarginals, oval in shape, and about as large as adal~bu
lacral plates. Single madreporic body. Rays 5.

Color in life: Light buff, yellow at tips of rays, which are mottled above with burnt sienna. The
rays are also marked with transverse scalloped lines of the same color, which follow the adoral over
lapping edges of the plates and give a very scaly. appearance to the creature.

The other species is larger and is almost undonbtedly new, but is in rather too poor condition to
constitute a type. It is closely related to Ectiinaster sladeni de Loriol, from Mauritius.e Rays 5.
R=32 mm.; 1'=5 mm. R=6,4 r. Rays considerably flattened, somewhat constricted at base, tapering to
a blunt point; practically the same shape as E .•sladeni, There are 7 longitudinal series of 4-lobed
plates, of which the marginal 'series is constantly most regular. Each plate, with few exceptions,
bears a robust, sharp spinelet only very microscopically striated. Between adambulacral and infero
marginal series are 2 rows of small rounded plates, the outer series corresponding plate to plate wi th the
inferomarginals, while there are 2 plates of inner series to each of the outer. Papular areas about size
of plates, containing only 1 or 2 papulie. Adambulacral plates short, band-like. Furrow spinelets 2,
rather delicate, slender, blunt, tapering very slightly. They are united for most of their length by a
very delicate membrane which is continuous throughout ray. On actinal surface is a robust, slightly
flattened, tapering, bluntly pointed spine, somewhat larger than those of inferomarginals. Occasion
ally a plate is missed, and on the outer part of ray usually only alternate plates possess an aetinal spine.
Madre poric body single.

Locality: Station 4046, west coast of Hawaii, 147 to 71 fathoms, coral sand, foraminifera.
It is possible that the preceding species is the very young of this form. The present species differs

from sladeni in having a thicker skin, stouter spinelets which do not appear to be striated as in the
Mauritius species; very much heavier actina! adambulacral spines, and more cylindrical, blunter fur
row spinelets, which are, moreover, webbed. The 2 series of adambulacral spines will distinguish this
species from E. gracilis, E. eridanella, and the other Indian and Pacific forms, if taken in connection
with the thinnish skin and regular rows of plates.

Subfamily VALVASTERINlE Viguier, 1878.

Valvasterinre Viguier, Anatomie Comparee du Squelette des Stellerides. <Arch. Zoo!. Exper, et Gener., t. VII, 1878, p. 131
(separate).

Genus VALVASTER Perrier.

Valvaster Perrier, Revision des Stellerides, 1875, p. 112. Type, Asteria» strwta Lamarck.
._------------------

a Mem. Soc. Phys, et d'Hist. Nat. Geneve, t, XXXII, pt. 1, 1894,p. 61, pl.
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Valvaster striatus (Lamarck).
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PI: XXXVIII, figs. 4, 4a.

Aslerias striata Lamarck, Animals sans Vetrebrcs, t. III, 1816, p. 253.
Valllasier'sirialus, Pcrrier, Revision des Stel lcrides, p. 112, q. v. for complete synonomy.

This species was not taken by the Albatross in 1902, but a specimen was secured in 1891 at station
3469, south coast of Oahu Island, in 14 fathoms, on sand and coral.

A very good figure, with critical and descriptive notes, is given by P. de Loriol in "Catalogue
Ralsonne des Echinodermes recueillis It I'Isie de Maurice "(11. Stellerides) , published in Memoirs
de la Societe Physique et d'Histoire Naturelle de Geneve, t. XXIX, 1885, p. 11, pl. VIII.

Rays 5. R=50 mm.; 1'=18.5 mm. R=2.8 r, Breadth of ray at base about 22.5 mm. General
form depressed and flattened. Interbrachial arcs angular. The whole surface of the body is covered
with short robust spines and spinelets, which are sharp on the abactinal surface but more blunt and
often rounded, truncate, and flattened on the actinal. The characteristic feature of the species is a
series of very large superomarginal, valvate pedicellarire, surrounded by acicular spinelets, bordering
the abactinal area.

Abactinal surface slightly inflated and the plates, which are arranged in regular network, leaving
triangular, rather small, papular spaces, are not superficially evident in the alcoholic specimen. They
are covered with sharp, conical spinelets, each of which is enveloped in a pulpy membraneous invest
ment, so that neighboring spinelets appear to touch, and do not appear isolated as in the dried spec
imen figured by de Loriol. A median radial and 2 parallel series of spinlets on either side are slightly
more prominent than the others. The small papular areas have fewer pores than de Loriol's speci
men, only about 3 to 5. The abactinal membrane is granulous,

The superomarginal plates visibly define the border of the ray. Nearly all of them bear a long
bivalved pedicellaria which occupies the whole length of plate and is surrounded by small, sharp,
slightly curved acicular spinelets invested by a pulpy membrane which obscures entirely the encased
spinelets. In interbrachial angle and at extremity of ray, a few plates lack the pedicellaria and bear
an enlarged spinelet surrounded by granules and small, sharp spinelets,

Actinal plates bear each a flattened, stout, sharp, blunt, or truncate spine, much larger than the
dorsal spinules, These spines, which are encased in membrane, are surrounded by 2 to 5 unequal,
much smaller' acicular spinelets, which are so sheathed in membrane as to appear broadly conical. The
smallest of these spinelets is one-third the size of the largest, and there are likewise still smaller

, granules, especially in the interradial region. There are 5 longitudinal rows of the spines at base of
ray, then 4 and 3, and on the outer third of ray 2. Inferomarginal plates each bear a stout" tapering,
flattened spine, larger than the actinal spines, surrounded by a number of membrane-invested small
acicular spinelets, 1 or 2 of which are usually larger than the others. Rarely a second spine stands on
the same plate with the first. In de Loriol's specimen from Mauritius 2 spines were usual, and
occasionally 3. Each adambulacral plate, clearly distinct from its neighbor, bears a furrow series of
5 spinelets at base of ray, becoming reduced to 3 on the outer portion. They form a fan, the aboral
spinelet being equal to the third and the spinelet between them a trifle longer, while the fourth and
fifth are decreasingly shorter than third. They are united by membrane for one-half to two-thirds
their length, and are slender, the longest being about 1. 75 mm., the shortest 0.25 mm. On the aetinal
surface of plate stands a truncate, flattened, slightly tapering, much stouter, and longer (2.5 mm.)
spine similar to those of actinal intermediate plates. Two or 3 granules and a small, sharp spinelet
stand close to its base ill the outer end of plate. On a number of the proximal plates of series a small,
upright, blunt forficiform pedicellaria takes the place of the shortest spinelet. A very few plates have
a sixth spinelet or granule added to the adoral end of the series.

Madreporic body small, and situated nearer the center of disk than midway to margin. ' Stria
tions very fine.

The specimen was partially dried after the characters had been noted in the alcoholic condition.
In this way the granules of the abaetinal surface became at once evident, and likewise a very few
small Iorficiform pedicellariie. The character of the abactinal surface agrees very well with de Loriol's
figures, except that the spines are a trifle stouter than in the Mauritius specimen, and, since our
specimen is smaller, the papular pores, as already noted, are fewer. The aetinal spinel! of the
Hawaiian example are not so broadly truncate, but are frequently slightly tapering and even bluntly
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pointed. The accompanying spinelets appear a trifle larger and stouter in proportion to spine. The
furrow spinelets are slightly stouter than in de Loriol's specimen, and there is usually hut 1 acicular
spinelet accompanying the actinal adambulacral spine. De Loriol does not mention the furrow
pedicellariai, which are present in the Hawaiian specimen. Some of these differences, all of which
are slight, may be due to age, but more likely to the widely separated localities.

YalvWltcr striaiu» in another widely distributed form. It is found at Mauritius, but there is a great
scarcity of records for points intermediate between that island and the Hawaiian group, for I have been
unable to find any.

Family MITHRODIIDJE Perrier, 1894.

Mithrodidma Perrier, Exped, Travailleur et Talisman, Eehinodermes, 1894, p. 4.
= Mlthrodiinm Viguier, Anatomic du Squelette des Btellerides. <Areh. Zool. Exper, et Gener., t. VII, 1878 (1879), p. 128.

Genus MITHRODIA Gray.

,lfithrodia Gray, Ann. N. II., ser, l,vol. VI, 1840, p. 287. Type, Jlfithrodia spinulosa (=ABteriaB elavi{]era Lamarck),

Ilcrcsaster Michelin, Revue Zoologlque, 1844, p. 173.

Mithrodia bradleyi Verrill.

PI. XXXVI, figs. I, 2; pl. XXXVII, figs. 1, 2, 3.

Jfithrodia brtullcui Verrill, Trans. Conn. Acad., vol. I, 1869, p. 28S.
Mithrodia clauiqera Perrier, Revision des Stellerides, 1875, p. 817; sec also p. 337. J. E. Ives, Proc. Phllud. Aead, ScI., 1889,

p. 171.

This peculiar type is a rather common inhabitant of coral sand and rocks in shallow water, but so
far as our experience goes is not found on exposed reefs anywhere in the Hawaiian group. Nearly
all the specimens.were taken with hempen tangles from bottom too rough for dredging nets. On
account of the stout, rough spines with which the sides of the body are beset this method of collecting
proved very successful, a considerable uumber of perfect specimens having been secured. These
exhibit some variation not altogether due to difference of age.

The largest example has a major radius of 230 mm., or a diameter of about 450 mm. Not all the
rays are of equal length, one being larger than all the rest. The shortest ray is about 198 mm.
Inequality of rays seems to be a characteristic of the species. There are generally 5 rays, but one
small specimen has 4 and another 6.

Rays subcylindrieal, broader than high, except in young spedmens where dimensions are nearly
equal; distinctly narrowed at base and constricted next to the very small disk. R=about 14 r, but in
one large specimen the ratio is as low as 1 to 8.5 or 9. The whole animal is covered with a tough
integument beset with rather sharp granules, beneath which are the plates, so arranged that the
surface of the body is marked off by coarse ridges forming a sort of network, which isolates triangular,
roundish, or irregular areas containing the papuhe and covered with tiny scattered granules. The
ridges are thrown into little knobs or prominences which vary considerably in number and
proportions. As a rule they are more numerous in large specimens, often so much so as to destroy
the mesh-like appearance of the ridges, which are covered with low, conical, crowded granules that
give a very rough, rasp-like texture to surface. There are no prominent spines on the dorsal surface
except in young specimens and very rarely in medium-sized specimens. In the former there is
usually a median radial series of 6 or 8 widely spaced, rigid, subconical, or elongate thimble-shaped
spines covered with sharp, seale-like granules. The granules or asperities on summits of the 'lower
knob-like eminences, as well as those of the spine-tips, are larger and sharper than the others.
There are regularly in old and young 3 longitudinal roil's of cylindrical rigid spines, like those just
described, on either side of the body, 1 on the marginor lateral face of ray, and the other 2 on the
actinal surface. In adults the spines of the lateral series are least numerous, while those of the
innermost ventral series are most numerous as well as slightly the smallest. In small and medium
sized examples there is not much difference between the middle (or outer ventral) and inner series,
while in some adults there is considerable difference. These spines are slightly tapering and the
membranous integument covering them is invested, like that of remainder of body, with squamiform,

a Although Perrier considered this an Independent family III 1884 (Mern. sur Ies Etoiles de Mer, p. 164), hewrote the
name "Mithrodillm."
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Record of localities.

pointed granules, larger and more crowded at tip than at base. In 1 specimen a secondary row of
enlarged tubercles intervenes between the 2 actinal rows of spines.

Each adambulacral plate bears a prominent cylindrical, blunt, upright spine on the actinal
surface. These form a regular, close series at border of furrow, and are slenderer, slightly shorter
and much more numerous than the adjacent spines of inner actinal series. (In young specimens the
difference between the 2 series is very marked.) They taper very slightly, .have rounded tips, and
are covered with squamiforrn granules, which increase in size toward extremity of spine; but on side
toward furrow there are no granules except at the very tip, the surface being smooth. Furrow series
is placed directly at the base of the large aetinal spine and consists of 6 to 9 or 10 slender spinules,
united for their whole length by a fairly tongh membrane and forming thus a fan with a very convex
margin. The 3 or 4 central spinules are much the longest, the outermost of each series being very
short indeed, especially when there are 8 to ]0 spinelets to each fan.

Madreporic body is of medium size, with rather fine, interrupted striations. It is situated about
midway between center and margin of disk, and in the larger specimens is nearly completely obscured
by protuberances of the test.

The color of the live animal varies somewhat. One medium-sized individual was uniform
vermilion except ambulacral furrow, which is yellow ocher, A large specimen was colored as
follows: Papular areas dull brownish or reddish gray (a sort of pinkish sepia); abactinal surface of
arms with 6 or more dark, or brownish, cross bars; the tubercles of lighter bars light vermilion;
on the dark cross bars, deep vermilion. On actinal surface no barring visible, the tubercles and
spines being all bright vermilion. Suckers of tube feet, yellow:

Localities: Thirty-six specimens were taken at the following localities, station 4024 with 9 being
most prolific.

Btation. Localtty. Depth. Nature of bottom.
--- . --------------- -------1--- --------------

Fathoms.
3847...... South coast of Molokll!.......................................... 23-24
3871...... AUllUChannel between MllUI and Lanlli....................... 13-43
3872 , . .!lo... 43-32
3876, do........................................................... 28-43
3960 Vlcirrity of LllySllll........ 10---19
3970 Necker Island Shonl. 16-171
3978...... Vicinity of Bird Island......................................... 32-46
4024 Viclnltyof Klluni 24-43
4034 Pengum Buuk, south coast of Oahu............................ 28-14
4046 West coast of Hawnil.. ...... ...... ....... .... .... ...... ........ 147-71
4062 Northeast coast of Hawail...................................... 83-113
4146 Vicinity of Bird Islllnd......... 23-26
4159 do......................... 30-31

4160 no... 31-39
4162 do..................................................... 21-24
4163 do........................................................... 24-40

-4164 do _........................... 40---56

mg:::::: :::: :~~:::::::::::::::.::::::::::::::::::::::::::::::: :::: :::::: ::1 ~t~~
I

Sand, stones.
Fine white sand.
Yellow sand, pebbles, coral.
Sand, gravel.
Sand, shells, coral,
Ooarse sand, coral, shells.
Coral sand, fornminilern. rocks.
Coarse coral sand, fornminifem.
Fine coral sand, fomminifcrn.
Corn} sand, Ioramtnifern,
Corul, volcanie sand, shells.
Coarse coral sand.
Coarse eorul sand, broken shells, Iora

minifera.
Coral, corulllne.
Coral.

Do.
Coral sand, pebbles, shells.
Coral.
Coral sand, fornmlnlfera,

I have compared the Hawaiian specimens with 2 full grown examples of bradleyi from the Gulf of
California and a specimen of claciqera from the Fiji Islands. The latter, in the collection of· the Cali
fornia Academy of Sciences, was taken by A. Garrett, and is labeled Mithrodia spinulosa Gray. This
example is considerably different from any 'of the Hawaiian specimens. The rays are slenderer"
meshes of the skeleton wider, the trabecuhe slenderer, and the granulatlon of the integument much
finer. There is a median dorsal row of spines, which are widely placed beyond the middle of the
ray and are few in number. The other spines are all relatively longer than in Hawaiian specimens,
with the exception of the adambulacral armature. The trabecula, have numerous small, spaced,
tubercles which are not swollen and crowded as is often the case in the Hawaiian. specimens. On
the papular areas the granules are elongated into short spinelets of a rasp-like appearance. Furrow
spinelets are H, the central longest, and the 5 on either side graduated in length, the laterals being
quite short. These are rather more delicate than in the Hawaiian examples, and decidedly more so
than in those from the Gulf of California.
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In bradleyi from the last locality the furrow spinelets range from 6 to 10, the central spinelets
being slightly heavier and more clavate than in the Hawaiian examples. The number of spinelets is
of not so great importance, since the Fiji example of clariqer« has 11 (occasionally 10), while an
example from Mauritius figured by P. de Loriol has but 8 and 9. There are no medio-radial spines in
adult examples of bradleyi and all the spines appear shorter and stouter.

While the Hawaiian examples are not typical, they are certainly nearer bradltyi than clavigera.
In the character of the furrow spinelets the specimens are nearly intermediate. Perrier in his Revision
des Stellerides refers Hawaiian examples to clavigera, as noted in the synonymy, but later in the same
work, under Luidia brerisplna, says: "8i, comme j'ai quelques raisons de Ie croire les Mitlcrodia de
Panama et des Sandwich sont speeifiquement identique, nous aurions done deux especes d' Asteries
communes ala cote occidentale d' Amerique et aux Iles Sandwich" (p. 337). Evidently this authority
had some doubts concerning the identity of the Hawaiian .Jlithrodia, and changed his mind after pub
lishing the first part of his work.

To arrive at any satisfactory conclusions concerning the species of this interesting genus, one must
have specimens from very many localities throughout its range, and preferably many specimens from
each locality.

NOTES ON A PECULIAR SPECIM~:N 01" MITHRODIA.

PL XXXVII, fig,. 2, 3.

There is one specimen in the collection which differs so widely from any of the others that it has
not been included in the foregoing notes. H=140 to 145 mm.; 1'=33 to 37111111. H=3.8 to 4.4 r.
Disk rather large, rays stout, blunt, subcylindrical, heavy, not constricted at base, but on the contrary
widening a little. Breadth of ray at base 35 to 40 111111. Interbrachial angles distinctly rounded.
The ridges which are so conspicuous in the other specimens are scarcely perceptible in this, and are
very much smaller and more numerous, dividing the body into irregular, very much-smaller and more
numerous papular areas. While in ordinary examples these trabeculas are thrown into irregular and
frequent prominences, in this specimen the whole surface of the body is covered with scattered, low.
thimble-shaped tubercles. They arise abruptly from the inconspicuous trabeculre, and are covered
with small conical sharp granules very much larger than the tiny granules embedded in the rest of the
integument. On the aetinal surface there are 2 rows of these, larger than the rest, which correspond
to the 2 actinal series in typical specimens, but the lateral row is entirely wanting. The spines of t:~e

innermost actinal series-that adjacent to the actinal armature of the adam bulacral plates-are more
numerous and larger than those of the outer row, which are almost wanting on one ray. The inner
face of the actinal adambulacral spines is entirely covered with granules, is not naked as in, typical
specimens. There are 8 spinelets on the furrow series. Color in life, dull light cinnamon, pink and
maroon at ends of arms. The cinnamon in places is mottled with buff. Actinal surface is light
pinkish buff, or vinaceous, darkest on tubercles. Ambulacral feet raw sienna. The coloring is thus
considerably different from the other specimens.

Young: There is a young example which seems to be near the above and which agrees with it
very well {n most particulars. The innermost actinal row of spines is very regular and straight, the
spines themsel ves being shorter than those of the adambulacral series. There is also a second series of
less numerous ventro-Iateral, and a third series of lateral spines, all short, in addition to a few scattered
on the dorsal surface. Actinal adambulacral spines and dorsal tubercles as in adult. H=38 mm.: 1'=12
mm.; breadth of ray at· base, 14 mm.

Localities: Station 4147, Bird Island, 26 fathoms, coral and coralline; 4158, same locality, 20-30,
fathoms.

Whether this is a different species from the common form, or only a freak, I am unable to state.
If it is not a mere variation of bradleyi, it would apparently represent an undescribed species.

Family MYXASTERID£ Perrier, 1894.
Myxa,!;teridre Perrier, Expeditions Scientffiques du 'I'ravafl leu r er du Taflsrnurr, Echinoderme.s, 1894, p. 177.

Genus ASTHENACTIS, new.

Type Asihcnaetis papyraceus, new species.

Hays 7, long, flexible. Disk fairly large, capable of inflation. Actinostome very large and adam
bulacral furrows wide. Tube feet large, in 2 series, with sucking disks.
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The whole abactinal and lateral surfaces d body are paved with very thin, delicate, papery plates,
of a peculiar subcruciform or 4-1obed contour. They are immersed in thin, tough integument, and
imbricate strongly, especially on sides of body, where they are arranged in fairly regular transverse
rows. Individual plates are difficult to distinguish until the integument is dry. Each plate bears a
sheathed tuft of spicules. Papulte single.

Adambulacral plates are of curious shape, set somewhat obliquely, so that the outer aboral process
of each plate fits against the outer side of the succeeding plate. Armature consists of an oblique trans
verse series of long, slender spinules divided between 2 adjacent plates. That portion of the comb
nearest furrow is set on an oblique low ridge of one plate, and consists of 7 spinelets, while the outer
part of series stands on the aboral extension of the adjacent adoral plate and consists of 3 spinelets,
the entire 10 being united to their tips by a continuous web. The outermost spinelet of consecutive
series is further united by a longitudinal ventro-lateral membrane which is perforated between each
adambulacral series of spines.

Month plates are prominent actinally, of the Jfyxastertype, with a prominent beak aborally, and
a marginal armature united by membrane.

Madreporic body large, not multiple.
This genus differs from Jfyxaster in the following important particulars: In the peculiar arrange

ment of the adambulacral plates and their spines, each transverse series of the latter, although united
by membrane as in JfyxQster, being common to 2 adjacent plates; by the presence ofa sort of actino
lateral membrane uniting the successive adambulacral series, this membrane being perforated; abactinal
and lateral plates are thinner and more delicate than in lIfy:J;aster, are immersed in membrane, and are
not so regular along medic-radial region.

Asthenactis papyraceus, new species.

1'1. x L, figs. 3, 3a.

Rays 7. R=105 mm.: r=15 mm. R=7 r. Breadth of ray at base about 10-12 mm,
Rays long, and slender throughout, very flexible, tapering from a fairly narrow base to an attenuate

extremity. They are subcylindrical, depressed near base. Margin of ambulacral furrow rounded.
Disk fairly large and ambulacral furrows fairly wide. Ambulacral feet in 2 series, with prominent
sucking disks. Integument like parchment, rather thin and papery, with numerous imbricating
subcruciform plates.

Abactinal and lateral walls of body paved with very thin, delicate, papery plates of fair size, the
4 processes of each plate having rounded ends. Those at the sides of body are arranged in fairly
regular transverse rows, and are rather closely imbricated. Here one can count about 4 or 5 plates to
each transverse row. They imbricate in such a way that the upper edge of a plate overlies the lower
edge of that just above. Their form and arrangement are perhaps best shown by the figure (1'1. XL, fig.
3). Over abactinal area the plates may be described as stellate with 4 obtuse, often irregular lobes.
They are not nearly so crowded as in the lateral walls, and do not appear to be regularly arranged,
although they still imbricate by their lobes. Between these plates single small papulze emerge. They
are very inconspicuous, and are present also between some of the lateral plates. All plates are thin
and of an embryonic character, and their outlines are difficult to discern. When prepared and examined
under the microscope, they are seen to consist of an open calcareous meshwork of the most delicate
description. Each plate bears a tuft or brush of long, delicate spicules, 4 or more to each group, the
whole united by a delicate sheath. Spines of lateral plates are situated on the middle of upper border
of plate. Surrounding the conspicuous anal opening, at a slight distance, is a circle of 7 tufts, radially
situated, and larger than any of the others, The spinelets or spicules are very delicate in all these
groups. Each has a deep longitudinal sulcus running its whole length, in the bottom of which are
numerous perforations forming about 2 series. The disk is marked by a faint groove extending from
each interbrachial angle to the periproet. The whole surface of the body is covered with athin mem
brane which obscures the outlines of the plates. This is continued up over the groups of spines, forming
the sheath mentioned above.

Ambulacral plates form a rounded margin to furrow, and are of unusual shape. Each is rounded
on its exposed surface and sends a process aborally, external to the adjacent aboral plate. This pro
cess, which is wedged between the succeeding plate and the first row of actinal plates, is really only
the exposed surface of a more extensive aboral end, overlaid by the adoral end of the succeeding plate.
Its greatest peculiarity lies in the fact that it bears a group of spinelets which form a continuous series,
not with the furrow spinelets of their own plate, but with those of the succeeding plate, to which they
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stand just external. Armature, therefore, consists of 7 (becoming 6 at about middle of ray) long,
slender spinules, united by a delicate web, forming a slightly curved, transverse, oblique series, placed
on a tumid ridge on the rounded furrow margin, trending from the aboral furrow side outward and
adorad. Inasmuch as the plates are set obliquely the series is not far off the transverse axis. This
series is immediately continued on the aboral process of the adjacent adoral plate in 2 or 3 long slender
spinules, also placed obliquely. The spines of the two series are united from base to tip by a single,
continuous, delicate web. On the proximal portion of rays (the distal part being too injured to verify
the structure there) the outer groups of spines of successive plates are united by a delicate longitudinal
membrane, as shown in the figure (pI. XL, fig. 3a). This ;nembrane is perforated between successive
transverse series, and extends across interbrachial area just behind mouth plates, there being also a
perforation at the outer end of combined dentary plates. The spines of inner or marginal series
decrease in size toward aboral end of series, the last or inner spinelet being short (1 to 1.5 mm. ). The
longest spines are about 5 or 6 mm, in length. Outer series is subequal or slightly longer than longest
inner spines.

Mouth plates prominent actinally, and triangular in shape, something like a plowshare. Each
rises toward a perfectly straight, median suture to form a prominent keel. Edge of plate toward
actinostome is broad, faintly convex, and produced just a trifle at the median suture. The outer end
of the combined pair is also prolonged, so that it overhangs interbrachial area. Margin adjacent to
furrow very short, concave, and high in furrow. Distal (adambulacral ) margin concave, the suture
slightly raised, so that a broad furrow is present between the first adambulacral and the smooth aetinal
face of plate. Armature consists of a series of 6 spines and spinelets on margin toward actinostome.
The inner 3 or 4 are rather long, reaching nearly to outer end of plate, and are united by a web. The
outer 2 or 3 are very short. On th.e short margin adjacent to furrow, near the shorter marginal spine
Jets, are 2 upright spinelets about the same length as the latter. The general surface of the plates is
quite smooth, and the spines, as well as those of the adambulacral plates, are similar in structure to
the abactinal spines already described, although much larger and stouter. They are nevertheless
very delicate, and break almost at a touch.

Madrcporic body large, convex, subcircular, very fragile, situated rather nearer center of disk than
midway to margin. Striations are obscure and very irregular. Ambulacral plates are large, with
very broad ends, the upper ends especially flaring. The apertures between the plates are large.

Color in life, dull pinkish (" salmon pink").
Locality: Station 4157, vicinity Bird Island, 762-1,000 fathoms, white mud, foraminifera, rocks;

bottom temperature 38°. Type no. 21183, U. S. National Museum.

Family PTERASTERID£ Perrier, 1875.

Pterasterldre Perrier, Revision de Ill.Collection de Stel lerides du Museum d'Histoire Naturelle de Paris, 1875, p. 881.

Key to Hauaiian genera of Pterosieridtc.

a. Armature of adambulacral plates forming transverse combs, the spines being united by a web.
Actinolateral spines forming a free, independent lateral fringe; not merged in the actinaI floor;
supradorsal membrane with muscular fibrous bands PTERASTER

cur. Armature of adambulacral plates not forming transverse combs. Spines independent, not united
by a web.

b. Nidamental cavity spacious. Supradorsal membrane well developed; spinelets of paxillre not
protruding through, but supporting the membrane _ _ _. _ H YMENASTER

bl). Nidamental cavity small; supradorsal membrane exceedingly thin; muscle fibers absent or rudi
mentary. Spinelets of paxillre fascicular, protruding a great portion of their length naked
th rough the mem brane. Size small. BENTHAS'J'EH

Genus PTERASTER Miiller and Troschel.

Pteraster IoHillcl'and Troschel, System del' Asterldcn, 1812, p. 128. Type, Asteriae mliitaris O. F. Miiller.

Pteraster reticulatus, new species.

PI. XXXVIII, figs. 5, 5a; pl. XXXIX, figs. 1, 2.

Marginal contour stellate. Interbrachial arcs angular. R=39 mm.; 1'=23 mm, R=l. 7 r.
Breadth of ray at base about equal to r. Disk not high. Abactinal surface rounded, sloping gradually
to tip of ray. Sides of rays straight. Actinal surface sunken toward actinostome.
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Supradorsal membrane thin but muscular; whole surface densely beset with the tips of paxillre
spinelets, which are very prominent though slender. Pedicels of paxillre are rather longer than the
spinelets, of which there are about 10 widely radiating to each group. There are apparently no
spicules present in the membrane, which is marked off by a meshwork of muscular bands into polygo
nal or roundish areas. In the type these bands are not at all conspicuous; in fact, are rather indistinct,
but in a specimen from station 3472 they are very well marked. In this specimen each area is slightly
sunken, and is further broken up by the protruding tips of paxillre spinelets, from which radiate
numerous, much smaller, irregular fibers. On disk there are about a dozen large spiracula to each
area, but on rays they are much less numerous. Oscular orifice large, but not conspicuous; surrounded
by spines imbedded in membrane..

Ambulacral furrows narrow. Tube feet in 2 rows, with no tendency toward quadriserial arrange,
.ment. Armature of adambulacral plates consists of a transverse series of 6 or 7 spines. The innermost
spinule is short and slender, about one-half the length of the next, and is placed a little aborad to the
remainder of comb, which thus appears to curve slightly at furrow end. Each succeeding- spine is
considerably longer than the last, the outermost being about one-half the length of adjacent. actino
lateral spine, on the proximal portion of ray, but considerably more than one-half on distal portion.
All radiate and are joined by a thin, semitransparent membrane, with shallow emarginations between
the tips of the spines. The web, after passing the outermost spine, is joined to the actinolateral mem
brane (or the web of the actinolateral spines) somewhat aborad to that lateral spine corresponding to
the plate. The adambulacral web of the first plate is confluent, just external to mouth plates, with
web of first adambulacral of adjacent series. Segmental apertures are small. Aperture papilhe small,
"jawbone-shaped," articulated by broader end, and free on aboral margin.

Mouth plates, with a broad, free margin. Marginal spines 6 or 7, the innermost tapering, exceed
ing the interradial dimension of plate in length, and reaching beyond center of .actinostome. The next
spine is shorter and much slenderer, while the remainder of series rapidly decreases both in length
and caliber. The first 4 spines free, but membrane tipped; fifth and sixth usually united by a web.
Irregularity exists in that it is occasionally the second and third, or the third and fourth, which are
united by membrane. On actinal surface is a robust spine, slightly longer and much stouter than the
largest marginal, tapering and pointed, sheathed in membrane, free, and directed outward away from
actinostome. In a smaller specimen this spine is relatively larger, club-shaped, transparent, pinkish
in color and crystalline in luster. .

Actinolateral spines are very slender, rather long, the lateral fringe extending beyond the margin
of test. Actinolateral membrane plane, wide.

Color in alcohol, faded pinkish gray to yellowish gray.
Localities: Type (no. 21184; U. S. National Museum) from station 3867, Pailolo Channel, between

Maui and Molokai islands, 284-290 fathoms, fine sand and mud; bottom temperature, 43.8--44°; 2
specimens. Taken also by the Albatross in 1891,3472, south coast of Oahu, 295 fathoms, fine white
sand; 3476, same locality, 298 fathoms, same bottom; 1 specimen each haul,

This species is characterized by the reticulated supradorsal membrane, by the numerous and
prominent spinules of the abaotinal paxillte, which give a very roughened appearance to the surface of
the supradorsal membrane, and by the armature of the adambulacral plates and mouth plates. The
spines of tho mouth plates are not webbed, except 2 very small lateral murginals. The species appears
to resemble most nearly Pteraster semireticulalus Sladen, from which it differs in the (Jetails of the
adumbulacral spinulation, the armature of the mouth plates, and to a less extent in the details of the
dorsal surface.

Genus HYMENABTER Wyville Thomson.

JIymenasler Wrville Thomson, The Depths of the Sell, London, 1818, p. 120. Type, Hitmenueter l>ellucidtts Wyvil le Thomson.

~ymenasterpentagonalis, new species.

PI. XXXVlII, figs. G, Ga-b: pl. XI., fig. 2; pl. XI.I, fig. l.

Marginal contour nearly pentagonal. No interbrachial arcs in perfect specimen, the sides being
fairly straight. R=80 mm.; 1'=60 mill. R=1.33 r, Abactinal area nearly flat, or probably in life
slightly convex when the tissues are fully expanded. Actinal area plane. Margin rather thick and
fleshy, irregularly scalloped (probably due to unequal shrinkage).
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Supradorsal membrane thick, soft, fleshy, and nearly opaque in alcohol. It is irregularly
wrinkled, very probably due to shrinkage in alcohol, and in consistency resembles the bell of a tough
jellyfish. Scattered rather widely along the radial areas are a number of prominent, soft, pointed
papilhe, In the type these are almost wanting, or are at least very short, but in 2 other specimens,
which undoubtedly belong to this species, they attain the length of about 8 mm. Their size depends
somewhat upon the degree of contraction of the dorsal membrane surrounding them. There are
about 30 to 40 to each radius, in the specimen on which they are best developed, and 2 or 3 stand in
the interradius near the oscular valves. Each has a very slender paxilia spinelet running its whole
length. From the outside these paxilla spinelets are scarcely perceptible, as they are exceedingly
delicate. If the actinolateral membrane is carefully removed they may be seen springing from the
very rudimentary abactinal membrane or true body wall. Each paxilla consists of a slender, cylin
drical, basal portion, the summit of which is slightly enlarged to afford articulation for 4 extremely
delicate, long, bristle-like spinelets united by membrane, which enter the supradorsal membrane and
radiate widely apart, imbedded in the tissue. Occasionally there are 5 in the larger fascicles on the
lateral and proximal portions of the radial areas. It is one of these slender spinelets which is
imbedded in the papilla and extends to its tip. Not all the paxillar fascicles have papi llre corre
sponding to them. The paxilhe are well-spaced and extend in 2 irregular series along each side of the
median radial line, those of the outer series being largest. All diminish in size toward extremity of
area. No specialized bands of muscle in the supradorsal membrane. Spiracula microscopic, very
inconspicuous and impossible to detect without strong magnification; confined to small, elongated,
irregular, or substellate gl'OUpS, of 25 or even more, which are widely scattered among the papilhe.
Oscular orifice large. Valves broad, nearly truncate, fan-shaped, all united by a web. Spines slender,
numerous (18-19), about 10 or 11 rum. long, springing from a fan-shaped, triangular basal piece, with
a curved margin (about 6 mm, wide) for the attachment. of spines.

Ambulacral furrow wide (8-12 mm.), narrowing abruptly toward extremity; shallow. Armature
consists of 2 slender, tapering, sharp spinules close together in a longitudinal, often a trifle oblique
series, on tumid furrow margin. Adoral spinule is slightly the longer, although near base of ray it
may be shorter. Both are sheathed in membrane, which is not evident except at tip, where there is a
sort of fleshy thickening, extending slightly beyond extremity. Distal plates of series (usually
beyond middle) have only 1 spine. Rarely a few scattered plates in proximal portion of series have
but 1, also, and the first plate usually 3. Segmental apertures small; aperture papilla (the spinule
standing directly in front of each aperture and acting as a valve to close it) of fairly large size, rather
broadly suboval, invested with a pulpy membrane. Aperture papilla of the first adambulacral plate
is multifid, and is immersed in the actinolateral membrane, for which it acts as' a sort of support,
Immediately behind the combined mouth plates. .

Mouth plates large and broad, with a prominent keel at the interradial junction of the plates.
The outer end of the combined pair is most prominent, forming a sharp point which projects upward
when the specimen is laid on its back. The inner end also forms a beak pointed toward the actino
stome, Armature consists of a marginal series of 5 sharp, slender spinules on the lateral flange.
Rarely a sixth spinule is added adjacent to the first adamhulacral. A membrane-invested spinelet
similar to and homologous with the aperture papillse stands just external to the innermost of the
marginal spinelets, Rarely an acicular spinelet stands on the general surface of the lateral flange.

Actinolateral spines long, slender, and rather closely placed, about 40 to 50 in number.
Actinolateral membrane-translucent.

Madreporic body, as seen through the dorsal osculum, is large and very convex.
Color in life, light rose pink.
Localities: Type (no. 21185, U. S. National Museum) from station 4090, northeast approach to

Pailolo Channel, between Maul and Molokai islands, 304-308 fathoms, fine gray sand; bottom temp.
43.8°. Taken also at ::1911, south coast of Oahu, 337-334 fathoms, fine gray sand and mud; 3914,
289-292 fathoms, gray sand and mud, same locality (6 specimens).

This species is characterized by the shape of the disk, the generally fleshy character of the
supradorsal integument, by the miscroscopic spiracula, and by the armature of the adambulacral and
mouth plates. It most nearly resembles IIymenaster Carn08tl8 Sladen, from off the west coast of South
America (1,500 fathoms), from which it differs in the number and distribution of spiracula, character
of abactinal snrface, shape of disk, armature of adambulacral and mouth plates, and probably also in
having weaker paxillre spinelets.



THE STARFISHES OF THE HAWAIIAN ISLANDS:

Genus BENTHASTER Sladen.

1101

Bentliasicr Sladen, Journ, Linn. soc. London (Zool.), vol. XVI, 1882, p.242. Type Benihastcr wyville·llto»lsoni Sladen.

Benthaster eritimus, new species.

PI. XXXVIII, fig. 7; pI. XI" fig". 1, la-b.

Marginal contour substellate, interbrachial arcs wide, angular, and only moderately indented.
R=1O.5 mm.; r=6 mm. R=1. 75 r: Rays taper gradually from a broad base, tips upturned.
Abactinal surface slightly convex, rather depressed. Actinal surface slightly convex.

Supradorsal membrane is very delicate, transparent, appearing scarcely more than a film. It is,
however, remarkably resistant, and when examined' under the microscope by transmitted, or.even
reflected light, small muscle fibers can be distinguished meandering through the membrane, forming
an illy defined net work. There are, besides, small spiracula (?) scattered here and there. Each
appears to be surrounded by a thickening of the membrane, making the aperture well defined when
the membrane is examined by transmitted light. But on account of the small size of the animal, these
spiracula are quite microscopic, and are impossible to distinguish except in a strong light. It is barely
possible that they are apertures through which the spines of the paxillre protrude (the spines having
been broken), but this is in no wise probable from their numbers and position. Th"ere is not more
than 1 to an indefinite mesh of the muscular reticulum, but they do not occur in all the meshes. The
membrane can scarcely be called spongiform, the term used by Sladen in describing B. wyville-thom.~oni

and B. penicillaius, for it is thin and of uniform thickness throughout. Paxillre are fairly numerous
and are well spaced. Pedicels are long (for genus), slender, and delicate, springing from delicate
cruciform plates with long processes. Pedicels on disk (1. 75 mm, long) are about one-half the length
of spinelets, The latter are relatively long, delicate, glassy, about 8 to 10 to each paxilla of disk, and
about 5 on outer part of ray. They are swollen slightly at base for articulation to tip of pedicel, radiate
slightly apart, and protrude for the greater part of their length beyond the supradorsal membrane.
Each spinelet appears to be perforated along its entire length by minute holes, and to be made up of 3
rods coalesced, so that a cross-section would appear trilobate.

Cruciform plates, from which the pedicels spring, have remarkably long, slender processes, which
are usually unequal. There is no tendency for them to become rotund or squamiform. Oscular orifice
is large. The" valves" are large, radial in position, the pedicel much enlarged, and expanded at
the top as in Hqmenuster, A muscle band joins the crests of the pedicels as a sort of sphincter. Spine
lets many, arranged on the expanded top of the valve pedicel in about 3 series. Papular are large,
full, bilobate or trilobate, pulpy sacs, constricted at the base, few in number, and are situated on
either side of the ray near the base. Just external to one of the valve ossicles is the small, incon-
spicuous, madreporic body. Anal opening prominent. .

The "superomarginal" plates are reduced to 2, which form an arch over the terminal tentacle
and are armed with a tuft of numerous spinelets, They appear to be smaller, or at least to extend
not so far orad as in the other 2 species.

Adambulacral furrows are wide. Tube feet large, in ~ series. Armature of adambulaeral plates
consists of a series of 5, long, slender spinelets, which are invested by an exceedingly delicate mem
brane. They are placed along the furrow margin, often somewhat obliquely on account of the
obliquity of the plate itself. The longest spinelets reach across the furrow. They decrease in length
toward the aboral end of the series, the outermost being much shorter than the other 4, which are
not greatly different in length. Segmental apertures are apparently absent, but a flattened, short,
lanceolate-acuminate spinelet, devoid of any perceptible membrane, stands on the aotinal surface of
the plate, and is bent outward over the actinolateral membrane. This spinelet is enlarged on the first
adambulacral plate, is flat, thin, and irregularly multifid. It is lodged in the actinolateral membrane
just external to the mouth plates, and seems to serve as a support for the membrane.

The mouth plates are of the Humenaster type. They are prominent actinally and aborally.
Armature as follows: (1) 2 slender spinelets on actinal surface of plate near median suture, the outer
slightly farther from the suture than the inner. (2) On the margin near the suture, 2 slender spine
lets, the outer of which is about one-half the length of the inner, which stands in a linear series with,
and is exactly similar to the innermost aetinal spinelet. Two much smaller spinelets stand on a
slight lateral flange of the plate and are usually directed into the mouth of the ambulacral furrow.
All the spinelets are tapering- and sharp, and the larger, at least, are encased in a delicate membrane
which is only evident at the tip.
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Actinolateral spines rather widely spaced, the fifth or sixth from the mouth plates being longest.
They extend beyond edge of body, and there are 18 to each side of a ray. Actinolateral membrane
transparent, finely and irregularly marked by fibers, much after the manner of the supradorsal mem
brane. There is a lateral fringe, which extends a short distance beyond the margin of the body.

Color in alcohol, translucent yellowish gray.
Locality: Station 3824, south coast of Molokai Island, 222-498 fathoms, coral, broken shells;

bottom temperature, 49.5°; 1 specimen, type no. 21186, U. S. National Museum.
Benihaster is an exceedingly rare type, the other 2 species having been dredged by the Challenger.

Benihaster wyville-thomsoni was taken in 2,900 fathoms in the mid-north Pacific, between Yokohama
and San Francisco, near the meridian 170° E., from red day. B. penicillatuscame from off the north
coast- of New Guinea, southwest of the Admiralty Islands, 1,070 fathoms, blue mud. It is somewhat
remarkable, therefore, that the present form should have come from not nearly so great a depth.

Benthaeter eriiimus differs in several respects from the 2 other members of the genus. In the first
place the nidamental cavity is more spacious, and better developed, as the pedicels of the dorsal
paxillse are rather long, and thus support the supradorsal membrane well above the true abactinal
wall of the body. The membrane appears to be plentifully supplied with muscle fibers, which form
a sort of reticulum, although· they are rather simple in structure. Spiracula are present, especially
over the region of the bilobate or trilobate, fleshy" papul.e ". These spiracula are said to be absent
in the 2 other species. The spinelets of paxillse are rather fewer in number. Adambulacral armature
consists of 5 furrow spines and an aperture papilla. Lateral fringe is present. Marginal plates are
much reduced and are confined to the extreme tip of the ray.

Order FORUIPULATA Perrier.

Family ZOROASTERIDJE Sladen, 1889..

Zoroasteridre Sladen, R.eport on the Asteroidea collected during the Voyage of H. M. S. Challenger, ete., Zool., vol, xxx,
1889, p, 416.

Genus ZOROASTER Wyville Thomson.

Zoroaster Wyville Thomson, The Depths of the Sea, 1873, p. 154. Type Zoroaster fultten« Thomson.

Zoroaster spinulosus, new species.

PI. XXIV, fig. 3; pI. XLI, fig. 2; pI. XLII, flgx, 5, 6.

Rays 5. R=118 mm.; r=l1 mm. R=10.7 r. Breadth of ray at base, 12 mm. R=10.6 r to 14.3 r.
Rays very long and slender, subcylindrical, tapering gradually to a prolonged, finely pointed

extremity. Abactinal surface arched, with very evident lateral faces to rays. Edges of furrow tumid.
Disk small, slightly tumid, center rather higher than the median ridge of rays. Interbrachial angles
extremely acute.

The calcareous skeleton of whole test is composed of roughly diamond-shaped or slightly lobed
hexagonal plates, all with rounded corners, arranged in perfectly regular longitudinal and transverse
rows. Median radial series is composed of the largest plates of ray, while those of the disk are largest
of all. Their arrangement (which is to be regarded as of generic rather than specific importance) is as
follows: Surrounding a scalloped, dorsocentral plate are 5 radially situated infrabasals of about. the
same size. An odd plate may be present between 1 or 2 pairs of these. Outside of intrabasals are the
interradially placed, much larger, oblong basals, one of which has the madreporic body at its outer
edge. Outside of and alternating with these are 5 primary radials about the same size as the basals.
Proceeding outward from each primary radial, along the median line of ray, is a regular longitudinal
series of plates, tumid or tuberculated, hexagonal in general form, but with each edge of the hexagon,
especially that on either side, indented, giving a shield-shaped appearance. On each side of the radial
series is a parallel adradial row of smaller plates which is succeeded by another parallel, somewhat
larger series of plates, slightly tumid, and forming a faint ridge at junction of lateral and abactinal
faces of ray. The edges of these plates and those of the radial series overlie the adradials, Between
this marginal series and the adambulacral plates are 5 additional, perfectly regular, longitudinal series,
the plates of which likewise form regular transverse series with the marginals, there being thus 6 plates
to each transverse series beyond the adradials. The lower end of the plates of each lateral series,
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including the marginal, overlies the upper end of those of the next series below, while the aboral
edge of each plate underlies the adoral edge of the succeeding plate in a longitudinal series. At base
of ray most of the lateral series are confined to side of ray, only the lowermost taking any part in the
actinal surface, but toward the middle of the ray the latter series gradually diminishes in size and
ends, and the second series is adjacent to the adambulacrals. In outer third of ray second series dies
out, so that then only 3 series intervene between the marginals and adambulacrals. All of the plates
are very slightly convex, and the 2 lowermost series are slightly smaller than the' 3 upper, all of which
are a trifle smaller than the (supero-) marginal series. Papulre are in regular rows between successive
series of plates, single, except near base of ray, where there may be 2 or 3 to a pore. Surface of all
plates is covered with numerous, delicate, short, papilliform, spinelets, each invested by a thin mem
braneous sheath, which is frequently swollen to resemble a slender miniature barley-grain. These
spinelets are articulated to granular protuberances on the surface of plates, and, though numerous,
are distinctly spaced. They form a rather coarse nap all over the surface. The medioradial plates
are submammilated, and surmounted by a short, stumpy, conical spine. In extreme cases there is a
definite carinate ridge along the medioradial Iine, each plate being surm-ounted by 1 to 3 short, cylin
drical, blunt spines or tubercles. Superomarginal plates are not prominently mammilated as in the Z.
diomedm type. In neighborhood of papulre are small, very inconspicuous, forficiform pedicellariee
scattered among the spinelets, They are larger and more numerous at base of rays and on disk.

The superomarginals, and plates of all intermediate series between them and adambulacrals, each
bear a delicate central spinulo much longer than the surrounding miliary spinelets. These spinelets
dimish in size toward adambulacral furrow. They are usually bent upward, appressed to side of ray,
and are articulated to a granular boss on the plate, being surrounded by a number of miliary spineleta
and several small pedicellarise.

Each alternate adambulacral plate is developed into a prominent ridge, which extends ,into
furrow, and separates neighboring tube-feet. The other plates do not have such a ridge. Anna
ture consists of 4 rather long, cylindrical, tapering spines, 2 directed into furrow and 2 standing on
actinal surface. On distal half of ray the outer spine is much reduced or wanting. The series is
disposed in single file along the ridge, and the innermost spinule is rather the most delicate. This is
usually directed obliquely and adorally toward center of furrow, and bears at its tip a curious mem
branous expansion, sometimes subcircular in outline, around the periphery of which are arranged
5 to 8 small fortlciform pedicellarire, usually graduated in size. These frequently extend down the
side of the spinule, the largest pedicellariee being nearest the tip. The second spine is also directed
toward center o.f furrow, but aborally, and bears on its basal portion a giant forficiform pedicellaria,
often considerably longer than spine itself. Occasionally 2 pedicellaria; are borne on the second spine,
in which case both are smaller than when there is only one. Again, the third spine has a pedicellaria,
but this is not usually the case. On the outer part of each plate 1 or 2 miliary spinelets and a pedicel
laria are usually present. This extra spinelet is always much shorter than the 2 actinal spines. The
intermediate adarnbulacral plates bear a mobile, tapering spine on the edge of furrow, about equal in
length to the third spine of prominent plates. External to this is a much smaller spinule, which
stands in a longitudinal series with outer spinelets of prominent plates, and near its base is a small
pedicellaria. Well within the furrow is a small spinelet, just abactinad from the larger, which, except
at base of ray, usually bears 1 or 2 small pedicellarise, Occasionally the place of this spinelet may be
taken by a single pedicellaria.

Actinostome is deeply depressed, the mouth plates being entirely within the cavity. Their arma
ture consists of 3 or 4 robust, slender, slightly flattened spines at each angle. The innermost pedicel
Iarire are "ery prominent.

Madreporic body small, with few irregular coarse striations; situated just outside a large interradial
(basal) plate. Anal opening small, situated just to left of dorsocentral plate. The tube-feet form 4
close-set rows at base of ray; loss obviously 4 on distal half. A prominent plate of one side of the
furrow is opposite an intermediate of the opposite.

Variations: The most important variation from ·the type is that of a full-grown specimen which
has regularly 5 spines 011 the prominent adambulacral plates, the third in addition to the second car
rying a large pedicellaria. A small spinule in the type forms a fifth member to the series, but only
rarely does a pedicelJaria occur on the third or inner actinal spine. Another specimen has a very
prominent median radial series of mammilated plates, each of which is surrounded by 1 to 3 stumpy
spinelets. In this specimen the superomarginal plates are slightly more prominent than is usual, but

F.e. B.1903, Pt. 3-22
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each bears a slender spinule, as in the type. The principal dimensions of the 5 specimens are as
follows:

j{easurements oj specimens oj Zoroaster spinulosus.

Station. IRadius.
Minor Width of Proportionarm atradius. base. ofrtoR.

---'------
mm. mm. mfn.

3892.... 117 11 12 1:10.7
4oo7a .. 122 9 ]0 ]:]3.5
4007b .. 90 8.5 10 1:10.6
4112.... 150 10.5 12 1:14.3
4139.... 118 8.5 10 1:13.8

Color in life: Abactinal surface buff; actina! surface orange buff to orange within furrow.
Localities: Type (no. 21187, U. S. National Museum) from station 3892, north coast of Molokai

Island, 328-414 fathoms, fine gray sand; bottom temperature, 42.5 0
• Taken also at 4007, south coast of

Kauai Island,508-557 fathoms, gray sand and foraminifera;'4112, Kaiwi Channel, between Molokai
and Oahu islands, 447-433 fathoms, fine sand; 4139, southwest coast of Kauai, 512-339 fathoms, gray
sand and rocks; 5 specimens in all.

The rays of this form are much slenderer than in the Z. diomede group and also longer. The
species is particularly characterized by the armature of the adambulacral plates, by the absence of
tubercles from the superomarginals, by the presence of 1 slender spinule on each of the superomar
ginals and on each plate between the latter and the adambulacral series. There are besides numerous
pedicellariee on the general surface of the body, particularly in the neighborhood of the papular pores.

Family HELIASTERIDJE Viguier, 1878.
Heliasteridre Vlgouier, Anatomic du Squelette des Stellerldes. <Arch. Zool. Exper, et Gener, t. V,II, 1878, p.11l.

Genus HELIABTER Gray.

He/iaster Gray, Ann. N. B., ser, I, vol. VI, 1840, p.179. Type Asterias helianthus Lamarck.

Reliaster multiradiata (Gray).

Asterias (Helfaster) muUiradiata Gray, Ann. N. B., sez.L, vol. VI, 1840, p.180.

This species is reported from the Hawaiian Islands (Sladen, Challenger Asteroidea, p. 556), but
was not secured by the Albatross expedition. I seriously doubt the validity of this record, as the
habits of the species are such that it would not easily escape detection.

Family ASTERIIDJE Gray, 1840, emend.

Key to Hauxiiian species oj Asteriidre.

AsterUdre Gray, Synopsis of the Genera and Species of the Class Hypostoma (AsteriaB Ltnneeus).
vol. VI, 1840, p, 178.

<Ann. N. B., ser, 1,

a. Abactinal spines arranged in 3 definite longitudinal series, large and isolated, bearing thick wreaths
of pedicel1arire. Armature of adambulacral plates consisting of 2 spines.

Coscinasterias (Distolasterias) euplecta
aa. Abactinal platingforming a quadrate meshwork. The plates numerous, small, and imbricating by

their 4 lobes, leaving' open spaces through which protrude the single papulre. Each plate
bears 1 to 3 small spinelets 'of uniform size and several crossed pedicellarire. Armature of
adambulacral plates consisting of either 1 or 2 spines....•...•• , _•.Hydrasterias verriUi

Genus COSCINASTERIAS Verrill.

'Co8~ina8teriasVerril1, Trans. Conn. Acad. vol. I,Pt. 2, 1869, p.249v , Type, C. muricllta=Asterias calamaria Gray.
Stolasterias Bladen, Chal1enger Asteroidea, 1889, pp, 563,583 (subgenus).

The genus is here used not in the very restricted sense of Perrier (Exped. Travailleur et Talisman.
Echinod. 1894, p. 108), but as equivalent to the subgenus Stolasterias of Sladen (Challenger Asteroidea,
1889, pp. 563, 583). It thus includes-besides calamaria-tenuispina, gemmijera, volsellata, siichaniha,
eustyla, glaciali8, and other similar forms.

Stolauerias Sladen (type A8terias tenuiapina Lamarck) is antedated by C08cinasterias Verrill (type
ASierias calamaria Gray), and hence becomes a synonym of Coscinasterias as used in this broader sense.
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In 1894 Per;ier (op. cit.) divided this group into 3 genera: Coscinasterias Verrill (type, calamaria) ,
Polya.9terias Perrier (type, by inference, tenuispina) , Stolasierios Sladen, emended (type, glacial'is!).
In 1896a he added another genus, Distolosterias (type, stichamilu» Sladen), for the 5- or 6-rayed species,
with 2 adambulacral spines to a plate. Since .Asteriastenuispina had already been made the, type of a
subgenus, Poluasuria» is a synonym pure and simple of Stolasierias Sladen (s, s.): while glaciaUs,
having served as the typeof lIfarthasterias b Jullien, does not need another name. This renaming of
previously named genera has unnecessarily confused this group of species. Whether we have merely
a subgenus of .Asterias, a genus, or four genera is a matter of opinion. In this paper I have taken the
middle course, and have regarded Perrier's genera as subgenera of Coscinasterias. They will, in this
relation, stand as follows':

Genus Coscinasterias Verrill, 1869.
Subgenus Coscinasterias Verrill, 1869; type, .Asteriascalamaria Gray.
Subgenus Stolasierias Sladen 1889, restricted; type, .Asteriastenui.9pina Lamarck (= Poluasterius of

Perrier) .
Subgenus Marthasterias Jullien, 1878; type, Aster'iels glacialis O. F. Muller, subnomiue JlI. foliacea

(= Stolasterias Perrier nee Sladen).
Subgenus Distolasterias Perrier, 1896; type Asteria» (Stolasteria.Y) stiohaniha Sladen.

Subgenus DISTOLA8TERIAS Perrier.

Distolosterlas Perrier, Res. Campag, Sci. du Prlnee du Monaco, Iase, XI, 1896, p.34.

Coscinasterias (Distolasterias) euplecta, new species.

PI. XLI. figs. 4, 4a-c; PI. XI.II, figs. 1-4.

Rays 5. R = 88 mm.; r = 10 mrn. R = 8.8 r. Breadth of largest ray at base, 13 mm. Height of
ray near base, 14-15 mm.

Rays robust, fairly elongate, tapering to a bluntly pointed extremity; higher than broad, at least
in proximal two-thirds. In section each ray would be pentagonal, the broadest face being the actinaI.
Sides between ventrolateral and superomarginal spines perpendicular. Either side of the abactinal
surface slopes upward toward the median radial series of spines. Disk small, lower than the median
radial line of rays. Rays appear constricted at base, and are further marked off from the disk by a
sort of transverse sulcus. Abactinal surface of disk convex. Interbrachial arcs very acute.

The abactinal surface of rays is bounded 011 either side by a dorsal marginal series of plates, either
lateral sloping face of the abactinal area being of greater width than the perpendicular sides of the ray.
Every alternate plate of the superomarginal series bears a single robust, rigid, sharp, conical, fairly
slender spine, 3 to 4 mm, in length, which is encircled at the base with a prominent cushion or wreath
of closely packed pedicellarise covered with membrane. The median abactinal line of the ray is,
occupied by a precisely similar longitudinal series of subequal spinules which decrease gradually in
length toward the ti p of the ray, and are also surrounded at the base by a wreath of pedicellariie. On the
outer part of the ray the wreaths touch in alcoholic specimens, but on the proximal half they are
always separated by about 2 mm. In the interval between the median radial and superomarginal
series of spinelets there may be from 1 to 7 widely separated, exactly similar but smaller spinulos,
each with a basal wreath, disposed in a longitudinal series. On one large ray there are none whatever.
Papulre large, sac-like, delicate. They extend in a longitudinal series of groups (3 or 4 to 8 in each
group) on either side of the median radial series of spines, with another similar series just above each
superomarginal row of spines. A very irregular series occurs scattered between these two, but there
are but 2 series of papular" pores" to either side of the abactinal area. There is a central spinule 011

the disk, 2 radial spinules near base of ray, and 1 interradial spinule. There are also 5 irregular
groups of papulre between the central and basal plates, and among them are a number of large forfici
form ped icel larite. The lateral, perpendicular face of the ray is occupied by a series of papulze in
groups of 4 to 6. The general surface of the rays and disk is covered with a thin pulpy and slick but
tough membrane, marked by numerous irregular, crosswise anastomosing lines of darker color, which
appear to be very small furrows, possibly sensory in function.

«Contrlb, " I'Etnd<! des Ste1l6rides de i' Atlantlque Nord. <R6,. Campng, Sci, du Prince dn Monaco, Iase, XI, 1896,p. 84.
b.J/artltastel'iasjolia.eea Jnllien, Bull. Soc. Zool. France, 1878,p.141. Equivulerit to Asterias glaClalis, according to Slnden

and Ludwig. '
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The rather crowded inferomarginal plates form the border of the plane actinal surface. Each
plate bears 2 spines in a diagonal, crosswise series, the outer spine usually the longer. Both are
flattened, chisel-shaped, and radiate slightly apart. The outer is as long or a trifle longer than the
superomarginal spines, and bears, on the outer side of base, a thick, subglobular cushion of pedicel
larire, which do not in this case form a wreath. Each plate bears also I or 2 fairly large, forficiform
pedicellariee at the base of the spines; the inferomarginal plates form a ventrolateral carination to the
ray which extends further ventrad than the adambulacral plates. In a sort of shallow groove between
the 2 is a longitudinal series of large, solitary, bag-like pedicellarire, In the actinal interradial fur
row there are 8 to 10 large forficiform pedicellarise.

Adambulacral plates are small and crowded. Armature consists of 2 equal, flattened, very slightly
tapering, obtusely tipped spinules nearly as long as the inferomarginal spines but much slenderer.
The tip is often truncate. Ambulacral furrow crowded with quadriserially arranged tube feet.

Madreporic body large, 3 mm. in diameter, subcircular, situated near margin. Striations fine,
radiating.

Color in life, rather pale Naples yellow, the arms broadly barred, and the disk mottled, with rich
brown madder. A very young specimen is Naples yellow, cadmium at tips of arms.

Young: Small specimens (R=6 to 23 mm.) which I have considered the young of this species
. differ considerably from the adult in general appearance. The rays are not so high, and the abactinal
and superomarginal spines are reduced to tubercles on the plates. An intermediate series of abactinal
tubercles extends about one-third the length of the ray. The pedicellarire are few in number and are
scattered over the abactinal and lateral surfaces. The papules are still single. On the disk there is a
pentagonal series of tubercles, the primary radials being largest. Inside this apical area are numerous.
other thimble-shaped tubercles or spinelets. Inferomarginal spines 2, as in adult. Some specimens
with regenerating arms are 6-rayed.

Localities: Type (no. 21188, U. S. National Museum) from station 3885, adult and young, Pailolo
channel, between Maui and Molokai islands, '136-148 fathoms, sand and pebbles; bottom temperature
64.8°. Taken also at the following stations: .

Record of localities.

Station. Locality. Depth. Nature of bottom.

Fathoms.
3835...... South coast of Molokai Island ............. '" .................. 169-182 Fine brown sand, mud.
3859...... Pallolo channel. ................................................ 138-140 Fine sand and mud,
4045...... We~t coast of HawaJl Island .................................... 198-147 Coral sand, foraminifera.
4062...... Northeast coast of Hawaii Island ............................... 83-113 Coral, volcanic sand, shells.
4064...... .....do ......................................................•.... 63-107 Do.
4066...... Aleunihana channel, between Hawaii and Maul island....... 176-49 Rocky.
407!'....... North coast of Maui Island ..................................... 143-178 Gray sand. foraminifera.
4100...... Pailolo channol , ................................................ 130-151 Coral sand, shells, Iornminlfern.
4101...... ....•do .........•................................................. 143-122 Do.

All these specimens, 31 in number, are immature except those from station 4062.
This species is most nearly related to Slolasterias eustpla Sladen from the Tristran da Cunha Group,

100-150 fathoms, from which it differs in having 2 instead of 3 Inferomarginal spines, stouter and
longer adambulacral spines, and a very much less developed intermediate row of spinules between
the superomarginal and medio-radial series. Mr. Bladen states in his description of eusujla (Challenger
Asteroidea, p. 587) that each superomarginal and, by implication, each carinal plate bears a spine.
In the present species it is each alternate plate.

Genus HYDRABTERIAB Bladen. .

Hydras/erias (SUbgenus of Asterias) Bladen, Challenger Asteroidea, 1889,pp.563,581. Type Astcria« (HydrastcriaB) opMdion
Sladcn. Iluarasteria« Perrier, Exped. scienttr. du Travailleur et du Talisman, Ech inoderrnes, 1894, p.l09.

Hydrasterias verrilli, new species.

Rays 5. R=85 rnm.; r=l1 mm, R=7.7 r. Breadth of ray at base, 13 mm.: greatest breadth, a
little beyond the base 16.5 mm.; breadth about midway between base and extremity, 10 mm.

Rays elongate, rather narrow, inflated near base, thence tapering to. the pointed extremity;
depressed near base but distally subcylindrical. lnterbrachial arcs very acute, the series of adjacent
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rays being there pressed together. Disk not elevated above actinal surface of arms, from which it is
marked off by a slight constriction.

The abactinal plates are not very regular as to shape, but may be said to be cruciform with short
rounded processes, by the tips of which adjacent plates imbricate. The median radial series is most
regular, and can be easily distinguished. The other abactinal plates are often rather irregular, and
small intermediateossicles may be interpolated to complete the close mesh work, which forms roundish
or irregular papular areas, rather smaller than the plates, and containing each 1 or 2 papulre. The
plates themselves are convex and each bears 1 (less commonly 2 or 3) short, stout, subclavate, bluntly
pointed spinelet. The spinuJation of the disk and rays is the same. In addition, each plate bears
1-3 spaced, small, broad-tipped, crossed pedicellarire (see pl. XLI, fig. 3b). The jaws when viewed
from the broad side are quite spatulate, and broader than is usual in this type of pedicellarise.
Sometimes the pedicellarire appear to be attached to the membrane of the papular area.

Immediately external to the adambulacral plates is a series of much larger,. convex, su bcordiform
plates, possibly representing the inferomarginals. Each of these bears, in a transverse slightly oblique
series, 2 blunt, robust, tapering, often slightly curved spines, much larger than any of the abactinal or
lateral spinelets, and rather more robust, though not longer, than the adambulacral spines. Occasion
ally only one spine is present. At the base of the ray a few plates have an accompanying forficiform
pedicellaria, 4 or 5 times as large as the ordinary forficiform variety, and with rounded denticulate
tips to the jaws. The superomarginal plates are strongly cruciform, the longest axis being transverse
and somewhat oblique. In addition to the usual spaced pedicellarire each plate bears a single spinelet,
identical in shape, but sometimes a trifle larger than those of the abactinal plates. The whole test is
overlaid with a thin skin which invests plates, spines, and pedicellariee, The spinelets are quite easily
broken off. In alcoholic specimens they are movable. In general both spines and pedicellariso appear
numerous.

The adambulacral plates are small, short, and band-like, and each bears a cylindrical, untapered,
often subclavate, blunt spinelet, Relatively few of the plates have 2 subequal spinelets, but 1 is the
rule. Usually the spinelets are a trifle curved, and some have a curious elbow at the ·base. Like the
rest of the test the adambulacral plates and spinelets are invested with thin membrane. Each mouth
plate has a large forficiform pedicellaria on the actinostomal border adjacent to the enlarged,' clavate,
pointed mouth spine. Actinostome small, closed by the two mouth spines of each angle.

Madreporic body small, convex, situated nearer margin than center. Striations are in the form
of curved or irregular slits, not continuous lines. Along adcentral border of the body are 6 or 7 spines,
belonging to the adjacent (basal?) plate..

Locality: Station 3867, Pailolo Channel, between Molokai and Maui islands, 284 to 290 fathoms,
fine sand and mud; bottom temperature, 44°; 1 specimen, type no. 21189, U. S. National Museum.

This is avery distinct, and in one respect, aberrant species of HydraJ5ter'ias. Roth II. ophiduni and
H. richardi are diplacanthid, but H. verrilli usually has only 1 spine to each adambulacral plate. In
general form the present species resemble~ ophidion more than richardi (which is probably immature).
Verrilli differs from ophidioii in the following respects: Verl'iUi has usually but 1 terete, untapered,
adambulacral spine, ophidion 2, tapered; verrilli has no small forficiform pedicellariee 011 the furrow
margin, ophidion has; verrilli has 2 relatively large inferomarginal spines, ophidion 1 small one; verrilli
has a number of large proximal inferomarginal forficiform pedicellarire, together with 1 large one on
each mouth plate, ophidion lacks these. Other differences exist in the form of the abactinal plates,
spines, and pedicellarioo, as well as in the relative size of the spines of the disk and rays. The
madreporic bodies also are different. VerrUli is not especially closely related to richardi, from which
it differs considerably in general form and in details of armature. .

This species is named for Prof. A. E. Verrill, of Yale University.

Family BRISINGIDtE G. O. Sars, 1875.

BrMngltlm, G. O. Sars, On some Remarkable Forms of Animal Life from the Great Deeps off the Norwegian Coast.
II. -Researches on the Structure and Affinity of the Genus Brtslnga, 1875,p. 101.

Key to Hawaiian genera of Brisinqid»:

a. Abactinal membrane of disk and basal portion ofarms punctured by conspicuous papulse .•.OmNIA
00. No papulse present __ , BRISINGA
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Genus ODINIA Perrier.

Odinia Perrier. Ann. Sci. Nat. (Zoo!.). t. XIX, 1885, p. 9.

Odinia pacifica, new species.

P!. XLIII. fig. I: pI. XLVII, figs. 1, Ia-d,

Rays 17. R = 240 mm.; l' = 13.5 mm, R = 17.71', approximately. Breadth of ray at base, 7 mm.;
at widest part of genital expansion, from 8 to 16 mm.; midway along ray, about 6 mrn, Rays united
at base, by marginal plates, for a distance of 7 to 8 mm, from margin of disk.

Rays elongate, slender, fairly narrow at base; often swollen considerably just beyond the base
into a prominent ovarial inflation, the tumidity of which is greatest abactinally. In some cases the
swelling is nearly absent, but in others it is very prominent, resembling a big gall. The latter is
probably artificial, having been produced when the creature was' thrust into alcohol. Beyond this
portion the ray is very slender and gradually tapering, the ambulacral ridge being clearly visible
through the thin ahactinal membrane. Ray is roughly equilaterally triangular in section, the corners,
of course, being' well rounded.

Disk of fair size, circular, with rather high sides, so that abactinal surface, which is slightly con
cave, is raised above base of rays. Margin rounded. Abactinal surface and sides covered with rather
robust, irregular plates, close-set, in the integument. Plates scattered in central portion of disk.
Between the plates are large papular pores. Papulze single (one to a pore), large, vermiform, numerous.
Plates irregularly convex abactlnally, and surmounted by 1 to 3 short, round-tipped,. un tapered
spinelets (0.50':'1 mm. long). Scattered among these are numerous minute, crossed pedicellarise. The
spinelets are so small that they give scarcely more than a roughened appearance. They are longer on
the sides of the disk, but there do not exceed 1 mm. in length. Numerous spinelets bear several of
the microscopic pedicellarioo on their sides. Genital region, at base of ray, covered with thin mem
brane under which are various sized, very irregular, small, loosely imbricating' plates, which increase
in size as they recede from disk, the largest plates being in outer part of genital region. Between the
plates issue numerous single and generally distributed papulre. 'I'he.genitalregion is crossed by rather
irregular bands of small imbricating ossicles, which are more prominent than those just mentioned.
These cross ribs are about 5 mm. apart and there are about 6 or 7 of them. 'I'hey bear a few scattered
slender needle-like splnules. On proximal third of the inflatable portion of genital region the bands
are usually very irregular or interrupted; the plates are generally less prominent, and spines are few
and irregularly distributed, there being none on sides of ray. On the more prominent parts of each
rib, in the mid-genital region,are 5 very slender spinules on either side, and 2 or 3 others in the mid
dorsal region shorter than the rest. The 3 lateralmost spinules are much the longest (4 to 5 mm.},
All are covered with membrane beset with numerous minute, crossed pedicellarire. (Usually about
half the spinules have lost the membrane entirely.) Membrane between the spiniferous ribs closely
beset with minute pedicellarire like those of disk and spines: These, in fact, extend the ;whole length
of ray, and upon the adambulacral plates. Beyond, or distally from the genital region, the abactinal
surface of ray is covered with thin translucent membrane beset with very numerous, scattered micro
scopic, cross pedicellariai, which often show a tendency to collect in irregular clusters or bunches.
The transverse ribs of the genital region are here represented by prominent lateral keel-like ridges,
consisting of 5 plates fused together. The missing dorsal portion between two ridges of either side,
i. e., that portion which would complete the transverse rib, is reduced to an indistinct line of rudi
mentary plates, only visible when the membrane is quite dry. The lateral ridges are often not
exactly opposite on 2 sides of a ray. They are 5 or 6 mm. apart. Just beyond ovarial region, each
bears 5 lateral spines, which are quickly reduced to 4, and on outer half of ray there are but 3. The
outer spine, that next to adambulacral plate, is usually longest (8 to 9 mm.), the other two nearly as
long. The fourth or fifth when present is considerably shorter. These spines are thickly invested
with a membraneous sheath, the end 01' which is often expanded into a flap. Rays are united at
their base by lateral and adambulacral plates for about 7 or 8 mm. from disk. Beyond interbrachial
angle the lateral or marginal plates may be seen for 15 mm., beyond which point they are only
evident at the bases of the ribs and lateral ridges.

Adambulacral .plates fairly prominent, forming a rounded margin to the wide furrow. Viewed
from the actinal side they are broader than long (length 1 mrn.approximately). At base of ray
height of plate as seen from side is about 2 mm. Interspaces or sutures between plates broad. Arma-
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Brisinga panopla, new species.

ture consists of a single large, perpendicular spine, which at about the middle of the genital inflation
measures 4 to 4.5 mm. in length. Base of spine is cylindrical or very slightly tapering, but the distal
half is compressed and the tip truncate, often slightly flaring. Sometimes a groove runs along outer
part of spines; or two parallel grooves are present. Less commonly the tip is bifid for a millimeter.
Beyond genital inflation the spines rapidly become much slenderer and tapering, the chisel-like
character being lost; and on the outer half of ray they are quite delicate and about 2.25 to 2.5 mm.
long. The outer side of large spines is covered by membrane, beset with numerous microscopic pedi
cellarlse, which are also present on outer face of the adambulacral plates. Furrow side of both spines
and plates is devoid of pedicellariee. The smaller spines bear a flap of membrane beset with numerous
pedicellariee.

Actinostome wide, its diameter 15 to 18 mm, (diameter of disks 27 to 30 mm.), Peristomial
membrane thin, semitransparent. Mouth plates with lateral process extending across mouth of
ambulacral furrow and meeting a similar expansion from the opposite plate, thus roofing over the
proximal end of the radial nerve. The two processes, which are at the inner end of their respective
plates, sometimes, but not usually, ankylose. A small spinelet is borne on the end of this lateral
process. Three other subequal, short, round-tipped mouth spinelets are present ~n the free (actino
stomial) margin of each plate, the inner at a distance. nearly equal to its own length from the median
sutural line. All bear near the tip a small tuft of minute pedicellariee attached to an insignificant
membrane. On actinal surface at aboral end of plate is a single spinelet similar to but a trifle larger
than the marginal spinelets. The furrow margin of each mouth plate is deeply excavated to accom
modate the first pair of tube feet.

Madreporic body rather small, subtubercular, situated on the rounded marginofthe disk. Stri
ations few, coarse,radiating.

Color in life, yellowish pink.
Localities: Type (no. 21190, U. S. National Museum) from station 3828, south coast of Molokai

Island, 319 to 281 fathoms, broken shells and gravel; bottom temperature, 43.8° F. Taken also at
station 3992, vicinity of Kauai Island, 528 fathoms (approximately), fine gray sand and mud; bottom
temperature, 39.6° F.; 2 specimens in all.

There are four other known species of this genus,all from the Atlantic: Odinia elegans Perrier,
O. robusia Perrier, and O. semicoronata Perrier from off the coast of Morocco, and O. pandina Siaden
from the Faroe Channel. O. pacifica is thus the first member of the genus to be taken in the Pacific
Ocean. It approaches, most nearly, O. pandinaand O. robusta, but is less spiny than either. of these
forms, although quite as large. The skeleton of the basal portion of arms and disk is well developed.

The depth given for the second station at which this species was captured is probably too great.
The trawl encountered a soft, muddy bottom, and it was estimated that the net was dragged at depths
between 500 and 400 fathoms.

Uenus BRISINGA Asbjprnsen.

BriBinga Asbj0rnsen, Fauna Lltt. Norveghe, 1856, Andet Hefte, p. 95. Type Br{8inga endecacncmo8 AsbJ0rnsen.

Key 10 Hawaf:ian species oj Brisinqa..

a. Adambulacral armature prominent, crowded. Lateral spines stout and long.
b. Rays 14. Disk large; annular ridges very numerous, close together; 2 or 3 prominent actinal

adambulacral spines _.. __ . . _. _ panopla

bb. Rays 9. Disk small; annular ridges not so numerous, or close together ..........•.•.•• •alberti
aa. Adambulacral armature much less crowded. .

b. Rays 15. Size large; disk large; annular ridges not very numerous, nor close together'
....................... _•••• _ _• _........................... •evermanni

bb, Rays 10. Disk rather small, thin. Rays delicate, spines weak. Annular ridges rather close
together, numerous and prominent. Prickles absent from abactinal membrane of rays.

jragilis

Pl. XLIII, IIg. 3; pl.,XLIV; pl. XLV, IIg. 3; pl. XLVII, figs, 2, 2a-f.

Rays 14. R = 235 mm., approximately; r = 13 mm, R = 18 r approximately. Depth of disk,
7 mm.; breadth of ray at base, 7 mm.: breadth at widest part of genital inflation, about 10 mm.: at
middle of ray, 6 mm,
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Rays very long and rather narrow. Genital inflation extensive though not prominent. The
genital region extends to about two-fifths or one-half the length of ray. Ray subcylindrical at base,
very gradually and but slightly widening along the genital inflation; then even more gradually taper
ing to the long, very attenuate extremity.. Slightly to markedly depressed on basal region; subtrian
gular beyond genital region, with a broad median ambulacral ridge, due to the collapsing of this
abactinal membrane on the ambulacral ridge. Disk large. Lateral arm-spines long and rigid. Disk
rather large, subdepressed, but the abactinal surface raised above base of rays, the margin being
rounded. Abactinal membrane thin, closely beset with delicate, small, sharp, distinctly spaced
prickles about 0.5 mm, in length. Scattered among the prickles are comparatively few microscopic
pedicellarire, together with almost exactly similar but very much larger pedicellarise. The two dis
tinct sizes are very characteristic of this species, the larger not being found in the three following
forms. Interradial plates inconspicuous, with several small tubercles. The abactinal membrane of
rays is thin and translucent. The inner part of ray is crossed by numerous (35 to 49) transverse,
annular ridges, rather closely placed, which extend 10 to 20 mm, beyond the limits of gonads. These
ridges are flexuous and often very irregular. They are placed opposite, or correspond to each adambu
lacralplate (beyond the eighth), although occasionally a plate will be skipped. Frequently 2 or more
neighboring ridgesare joined near the radial line, and thence prolonged to the opposite side as a single
ridge, corresponding to what would ordinarily be the interspace. The ridges are narrow but promi
nent, and are composed of many elongated ossicles imbricated end to end, the sutures between which
are clearly distinguishable when a ray is dried. Along top of ridge are numerous small, spaced, sharp
prickles. The thin membrane investing the ridge is covered with microscopic pedicellarire. Between
the annular ridges the abactinal membrane bears illy defined, transverse bands of minute pedicellarire,
which conform to the course of the adjacent ridges. Among these minute pediccllarire (which do not
form prominent saccular bands) are numerous much larger pedicellarue, especially abundant on the
sides of ray. Near base of ray the integument bears numerous scattered prickles of small size.
Beyond genital region abactinal membrane is thickly sprinkled with pedicellarire, on some rays clus
tered into well-defined transverse bands. Only the smaller size is present on the outer attenuate
portion of the ray.

Ambulacral furrow fairly wide. Adambulacral plates short (2 mm, in middle of genital region,
1.25 rnm, at base of ray). They are higher than long in basal half of genital region, but gradually
become lower distad. Each ossicle is slightly concave toward the middle, so that the whole series
might be roughly likened to the vertebral column of a bony fish. Armature has appearance of being
crowded, and can be better understood from the figure than from description. At aboral end of each
plate is a slender, delicate spinelet 2 mm. in length, directed across furrow, reaching and often
touching its neighbor of opposite side. External to this, on aboral edge of plate, is an oblique trans
verse series of 2 01'·3 spines, 2 on some plates, 3 on others, these two numbers often but not always
alternating. When there arc 3 spines (4 counting the furrow spinelet) that next to the furrow spinelet
(near base of ray, at least) is delicate, about equal in length to the former and likewise directed across
furrow, but farther along the ray it becomes larger and upright, This spinule is absent from those
plates which have only 2 aetinal spines, The next two spines arc the same on all the plates. The inner
is about 4 to 4.5 mm, long, sharp, slender, and upright. The outermost is fully twice as long (9 mm,
in middle of genital region, even 10 mrn. on some arms) and the base occupies the greater part of
aetinal surface of its plate. This spine is sharp, slender, and tapering, and like the others, is invested
by a thin membrane extending beyond the tip in a short vermiform flap, the whole length of the spine
being closely beset with minute pedicellariee. The other 2 or 3 aetinal spines are crowded at the tips
and to a Jess extent along their length with the larger pedicellarire also. Near adoral margin of plate
in a longitudinal line with the innermost actinal spine (the one which is frequently absent) is a deli
cate spinelet, shorter than the furrow spinelet, directed upwards or backwards, and like it beset with
a cluster of the larger pedicellariro. Actinal and lateral faces of adambulacral plates covered with
scattered pedicellarire of the two sizes, all of them being very deciduous. As is usual in this family,
the spines are characterized by rather prominent longitudinal ridges or flutings, which are especially
marked in the largest actinal spines. The series of the latter gradually shortens toward the base of
the ray, and at fifteenth adambulacral plate they begin to become truncate. From here they rapidly
shorten, while the tip becomes broader and flaring, and is marked by numerous papillre, while the
lateral flutings of the stem end in similar peripheral papilla- on the crown. These spines are not
precisely square-tipped, but are cut obliquely so that the summit slopes toward the furrow.
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The lateral spines begin at about thirteenth or fourteenth adambulaeral plates, and are articulated
to lateral plates at the extreme ends of the transverse annular ridges. Consequently the lateral spines
are opposite nearly all of the adambulacral plates, to a dorso-lateral process of which they superficially
appear to be articulated. Beyond genital region and annular ridges the lateral spines continue as
closely spaced for a while, but on the outer third or fourth of ray they are opposite every alternate
adambulacral plate, with a few irregularities. Lateral spines are long throughout ray, but longest at
about the middle (11-12 mm.), They are covered with membrane beset with minute pedicellarire.
Between the first lateral spine and the disk are about 10 to 12 lateral plates, free from the adjacent
adambulacrals, and irregular as to position and shape.

Actinostome large, measuring 18 mm, across. Mouth plates inconspicuous, excavated on the
margin toward furrow, and with a lateral prolongation extending into mouth of arnbulacral furrow.
Armature consists of a delicate spinelet about 1.75 mm, in length situated on margin toward actinos
stome, and another similar but stouter spinelet on tip of the lateral prolongation and directed across
furrow. Both have a thin membranous investment expanded at end and covered with minute
pedicellarire (smaller size.), On actinal surface, near outer end of each plate, is a stout pointed spine
about 4 to 5 mm. in length, invested in a membranous sheath which is continued beyond the tip as
a long vermiform sacculus covered with microscopic pedicellarhe. The spines of companion plate
stand close together and are directed over actinostome. They are the representatives of the truncate
spines of the following adambulacral plates, the first 5 or 6 of these having long saccular prolongations
at the tips. At base of large actinal mouth spine are 2 slender spinelets, one (2 mill. in length) being
longer than the other. Both are directed across the furrow and bear pedicellarire.

Madreporic body small, sub-tubercular, situated on the margin of the disk.
Color in life, salmon pink, yellowish in tone; in alcohol, bleached ashy..
Variations: A specimen (one arm) from 4178 has quite definite abactinal saccular cross bands of

pedicellarire, more prominent than in type, beyond the genital region. A specimen from 3!:128 is
remarkable in having a dorso-Iateralline of ossicles, on either side of the ray about 4 or 5 mm, above
the upper margin of the adambulacral plates, which extends nearly to the extremity of the genital
region. This series of ossicles crosses and connects consecutive transverse annular ridges. O.none
ray these are absent. There is no disk preserved, and the specimen is otherwise badly mutilated, but.
appears fairly typical except in the character just cited.

Localities: Type (no. 21191, U. S. National Museum) from station 4177, vicinity of Niihau Island,
451-319 fathoms, gray sand and globigerina: bottom temperature 410

• Taken also at station 4178;
:U9-'-378 fathoms, coral sand" rocks, and pebbles (same locality); station 3828, south coast of Molokai
Island, 319-281 fathoms, broken shells and gravel; station 3992, vicinity of Kauai Island, 528 (approxi
mately) fathoms, fine gray sand and mud; 4 specimens in all.

This species is quite distinct from any other Hawaiian form, and is characterized by the numerous
annular ridges of the arms and by the almost entire absence of prickles from the abactinal membrane.
The armature of the adambulacral and mouth plates, figured in detail, will also furnish additional
characters. As compared with the following species, the disk is much larger, the rays more numerous,
the annular ridges more numerous, and practically every detail of armature different, as shown by the
accompanying figures. Brisinqa panopla shows relationship with B. muliicostaia Verrill, and B.
cricophora Sladen, both from the Atlantic, but differs from these species in the details of its structure.

Brisinga alberti, new species.

PI. XLV, fiKS,1,2; pI. XLVI, figs. 2, 8; pl. XLVII, fig. 4, 4a; pl, XLVIII,figs.1, ta-c.

Rays 9. R=230+mm.; r=l1 mm. R=about23 r, Breadth of ray at base, 6-7 mm.; at widest
part of genital inflation, 8.5 mm.: at middle of ray, 5.5 mm,

Rays long and rather narrow, depressed in genital region, which is only very slightly inflated, and
which extends about half .the total length of ray. Ray gently tapering to an elongate and extremely
attenuate extremity. Beyond genital region it is subtriangular in section, with a broad truncate
median carination, due to the collapsing of thin abactinal membrane on the ambulacral ridge. Disk
small. Lateral spines very long. Disk much smaller than that of B. panopla, depressed, the abactinal
surface being on a level with base ~f rays. Abactinal membrane rather thin and densely crowded
with small, sharp, tapering, delicate, skin-covered spinelets, 0.75 mm, in length. These are thickest
and stoutest in center of disk. Membrane covering plates and spinelets bears scattered microscopic
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crossed pedicellarire. Interradial plate is conspicuous, confined to lateral wall of disk. Abactinal
membrane of rays thin and translucent. Basal half of each ray crossed by 25 to 32 transverse,
annular ridges, equidistantly placed, and not nearly so close together as in B. panopla. These ridges,
wbich begin at the very base of ray, are narrow, prominent, and irregular. They are placed,
roughly speaking, opposite alternate adambulaeral plates, altbough there are irregularities in this
respect. .occasionally 2 or more neighboring ridges are joined irregularly in the median radial fine
and variously prolonged to opposite side as a single ridge or as 2 ridges. These annular ridges, as in
other members of the genus, are composed of slender ossicles, imbricated end to end, which bear
rather widely separated prickles and microscopic pedicellariee, Membrane between ridges is beset
with minute prickles, quite numerous at base of ray, but gradually disappearing until they are
practically absent beyond middle of genital region., Besides these, there are transverse bands of
microscopic pedicellarise, more or less interrupted on the median radial line. On outer part of ray,
beyond genital region, the pedicellariee may be scattered, or gathered into more or less definite
transverse bands.

'Ambulacral furrow fairly wide. Adambulacral plates short and low in genital region (about2mm.
long). They are longer than high, about as broad as long, and are sharply concave toward the cen
ter, as in other species of the genus. Armature recalls that of the preceding species in general features.
Furrow spinelets are 2, delicate, slender, the aboral situated, on the aboral margin of plate, well within
furrow; the adoral, very near but not exactly on the adoral edge, slightly more actinad than the aboral
spinelet. Aboral spinelet measures about 2 mm. in length, but on outer part of ray becomes slightly
longer. Near base of ray adoral spinelet equals the aboral in length, or is slightly longer (3 mm.),
but distad is somewhat shorter. Rarely a second and shorter spinelet is placed just above the adoral,
ill furrow. All these are sheathed in membrane, which sometimes extends beyond the tip and is
covered with microscopic pedicellarire. On alternate plates (or less often) the aboral furrow spinelet
is lacking. Actinal spines 2, in a slightly oblique transverse series along aboral margin of plate in a
line with the aboral furrow spinelet (when that is present). In basal portion of some rays there may
be 3 actinal adambulacral spines. The inner spine, which is much smaller than outer, measures about
5 mm, in length in mid-genital region. The outer spine, articulated to a slight boss on plate, is slender
and needle-like and attains a length of 15 or 16 mm, at outer part of genital region. Both spines are
invested in membrane, which is prolonged beyond the tip and is closely crowded with microscopic
pedicellariee. Beyond genital region the adambulacral plates are longer and slenderer. There are
usually 2 furrow spines, the aboral the longer, and but 1 actinal spine. On plates adjacent to which
there is a long lateral spine (usually alternate plates), this actinal spine (which represents the outer
long spine of the basal region of ray) is shorter (about 4-8 mm., according to position); but on alter
nate plates (between lateral spines) it is very long and slender (9-14 mm., according to position).
Eight or 9 of the outer actinal spines at base of rays are peculiarly modified, as in B. panopla, B. cH,.

cophora, and B. multicostata. These spines are short (4-8 mm.) and robust, with fluted sides and an
expanded, truncate, papillose summit, somewhat resembling a composite flower. They decrease in
length toward the actinostome, the first 1 or 2 spines being usually clavate, acute. In the other direc
tion. they pass insensibly into the slender pointed variety. Actinal and lateral surfaces of adambu-
lacral plates are covered with scattered 'pedicellarise. .

Lateral spines begin at about the eighth or tenth adambulacral plate and are articulated to lower
most plate of the annular ridges. These lateral plates are at first free from the adambulaerals, but on
the outer half of the rays appear to be firmly fused thereto. At base of ray the lateral spines are about
8 mm, long and gradually increase in length until, in the mid-genital region, they are 15 mm, long.
This length is kept up to very near the tip of ray, when they abruptly shorten. Lateral spines are
invested with a membranous sheath extending beyond tip in a short vermiform sacculus and closely
beset with microscopic pedicellarire. The rays are united at base by first lateral plate of either ray.
These are rather massive and are articulated also, in the direction the disk, to the interradial plate,
which forms an elbow projecting outward slightly in the interradial angle at a level with the lateral
plates. ,Lateral plates in basal part of genital region few and irregular as to form and arrangement.

Actinostome not so. large in proportion to disk as in the preceding species (about 11 mm.),
Mouth plates deeply excavated.on margin toward furrow (hour-grass shaped). There is the usual
prolongation, which is not so pronounced as in some specres, extending from inner furrow corner of
plate into the mouth of furrow, Spines numerous. Armature as follows: (1) A sbort, slender spinelet
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(1.5-2 mm. long) on margin toward actinostome and near median suture; a similar spinelet on the
lateral prolongation, pointed over furrow. Both bear numerous microscopic pedicellarire, (2) Along
actinal face of plate a curved longitudinal row of 4 tapering spines and spinules extending outward
from the inner marginal spine. The third from the outer end is longest (4 mm.), and thence they
diminish in length toward either end of series. All are invested with membrane and bear the usual
microscopic pedicellarire, Usually these spines stand erect, but occasionally the outermost is directed
over the furrow.

Madreporic body circular, subtubercular, 2 mm. in diameter, and situated at the edge of the disk
on curvature uniting lateral and abactinal surfaces. It is situated on the upper arm of the interradial
plate, which is more prominent than the others, and is covered densely with spinelets like those of
remainder of abactinal surface.

Color bleached ashy in alcohol; probably salmon pink or red in life. The writer does not
recollect any member of this family taken during the Hawaiian cruise which departed from this tint.
No color is recorded for this species, however. .

Variations: A specimen from 3992 has, at base of ray, a third furrow spinelet situated just aborally
to'the usual adoral spinelet, and less commonly there may be a group of 3 in this position. Similarly
there may be 2 aboral furrow spinelets, one situated above the other. The aboral spinelet, which is
often typically absent on alternate plates, seems very seldom lacking in this specimen. On the outer
part of ray the armature is arranged like that of type, although rarely 2 adoral furrowspinelets are
present. In other respects this specimen is fairly typical and does not appear to be a different species.

Localities: Type (no. 21192, U. S. National Museum) from station 4177, vicinity of Niihau Island,
451-319 fathoms, gray sand and globigerina; bottom temperature, 410;4 specimens. Taken also at
station 3992, vicinity of Kauai Island, between 400 and 500 fathoms; fragments. .

This species is characterized by its small disk, extensive genital region, with rather widely
separated genital eostre: by the very long lateral and actinal adambulacral spines,and by the armature
of the adambulacral and mouth plates. It is a constantly 9.rayed form, and presents some resem
blances to B. cricophora Sladen from 390 fathoms, northwest of St. Thomas; Virgin Islands. It is,
however, widely different from this form in its much smaller disk, fewer rays (11 in cricophora), and
in the details of its armature. While B. alberti resembles the preceding species in the more general
features of the adambulacral armature, it is at once separable on account of its smaller disk, fewer
rays, fewer and more widely separated genital costse, and numerous other details. shown in the
accompanying figures.

Named for my father, Dr. Albert K. Fisher.

Brisinga evermanni, new species.

PI. XLlll, fig', 2; pl. XLV, fig. 4: pl. XLVII, fig. 3: pl. XLVlll, figs, 2, 211-c.

Rays 15. R=at least 270 mm, (ray-tipgone); 1'=15 mm. R=about IS r. Breadth of ray at
•base, 6 mm.; at widest part of genital inflation (70 mm. from disk) 8 or 9 mrn.: at distal limit of
genital region (100 IllIU. from disk) 6 mm.

Rays long and slender and somewhat contracted at base. Thence they widen quickly hut evenly
into the slightly inflated genital region, which is depressed when the ray is straight. Genital region
maintains a fairly uniform width nearly to its distal limit, when ray gradually and evenly begins to
taper toward the long and attenuate extremity. Portion beyond genital region is more or less
depressed in its proximal fourth, but is marked by the usual truncate carination of ambulacral ridge
on its outer three-fourths. Disk large. Costal ridges of arms rather widely separated. Lateral spines.
long.

The disk, which is large, has been somewhat mutilated, but its essential characters remain intact.
Abactinal surface is raised but slightly above the bases of arms, and is beset with very short, sharp
prickles, distinctly spaced but closely set. Each prickle is invested with a thick membranous sheath,
80 that it appears papilliform. Around bases of prickles are numerous crossed pedicellarire. Each
spinelet is borne on a slight boss of its plate, and near-the border of disk where prickles are shorter
each of these slight tubercles may bear a group of 2 or 3 prickles. Surrounding anal opening is a com
pact group of stout, tapering, sharp spinules the longest 2 mm, in length and all membrane-invested.
Some of the papillar of general surface appear truncate, especially toward center of disk, but the
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invested prickle is always sharp. Interradial plates nearly naked, expanded and spatulate at upper
end. Below they narrow and bend outward in a slight elbow, expanding a bit on the interbrachial
angle to form 2 distinct condyles for the articulation of proximal marginal plate of each adjacent ray.
The interradial plate is marked by a shallow longitudinal sulcus or occasionally by two lateral sulcuses,
and a central low ridge. Abactinal membrane of rays thin and translucent. The basal two-fifths of
ray, occupied by genital region, is crossed by 32 to 38, usually about 35, transverse, calcareous annular
ridges or costal. These ridges begin very nearly at the base of the ray, where they are much closer
together (1-2 mm.) than over outer two-thirds of genital region (3-7 mrn.). Ridges are narrow and
prominent, composed of imbricating calcareous rods which appear very firmly ankylosed, although
sutures can usually be distinguished. These ossicles bear numerous microscopic pedicellarire, and a
longitudinal row of num.erous, distinctly spaced, sharp, prominent prickles, which are absent from
the lateral plates adjacent to each alternate adambulacral. A few of the ridges are incomplete and
extend only slightly beyond median radial line; but consecutive ridges appear never to join as is com
monly the case in the two foregoing species. While often sinuous in the median radial portion, the
ridges are fairly regular and spring from a lateral plate adjacent to each alternate adambulacral, which
plate bears the lateral spine, and on the outer two-thirds or three-fourths of the ray, appears flrrnly
ankylosed to its neighboring adambulacral plate. The membrane between ridges bears microscopic
pedicellarire, which are arranged in 1 to 4 narrow bands, according to width of interval. These bands
are inconspicuous, are parallel with the calcareous ridges, and on some rays are almost entirely absent.
Beyond genital region the pedicellarirc are grouped in transverse lateral bars, and in median radial
line are scattered. There are a few tegumentary prickles at base of ray, but these do not extend far'
beyond disk. Consequently, especially in a dried specimen, the integument of arms appears fairly
smooth.

Ambulacral groove has the appearance of being rather wide and shallow in the genital region.
Adambulacral plates form a rounded margin to furrow; short (2 mm. long) in genital region; about
as high as long; conspicuously longer than in' B. panopla. On distal portion of ray the plates, as is
usual, are longer and slenderer, and all are concave in the middle, especially toward furrow.
Armature as follows: (1) A slender furrow spinelet, 'invested with an inconspicuous membranous
sheath bearing microscopic pedicellarire, situated aborally on furrow margin. At base of genital
region this spinelet is about 1.5 to 2 mm. long, and seldom exceeds 2 mm. throughout the ray. (2) On .
the actinal surface of each plate a long slender spine articulated to a slight prominence or tubercle.
On alternate plates this spine is often slightly longer, and placed slightly more laterally, a second
shorter spinule (3-4 mm.) being present between it and the furrow spinelet. Sometimes this smaller
actinal spinule is absent, although the longer spine is nevertheless placed more to the outer side of the
plate. Frequently on plates with 2 actinal spines, the single furrow spinelet is absent. The larger
actinal spine measures 8 mm. near base of ray, increasing to 13 or 14 mm. at distal limit of the genital
region, whence it again gradually becomes shorter toward tip of ray. All spines are sheathed in
mem brane, covered with pedicellarite, but the latter do not appear so conspicuous or numerous as in
the 2 preceding species. Adambulacral plates of distal half of arm bear but one actinal spine. On a'
very few rays there is also but one actinal spine on most of the plates of the proximal half of the ray.
Some of the actinal spines at base of ray appear ,to bear a truncate, flaring tip, but these spines are
longer and slenderer than in either of the foregoing species. Most of them are broken so that it is
impossible to determine how many possess the enlarged tip.

The lateral spines are articulated to the lateral plates, adjacent to about every alternate adambu->
lacral plate or those which have 2 actinal spines. Lateral spines are present beyond tenth adambu
lacral plate, and thence very rapidly increase in length, so that in mid-genital region they attain 12 or
13 mm., which is increased occasionally to 15 mm, at the distal limit of the costal region. Membrane
and pedicellarire present.

Actinostome very large, 20-21 mm. in diameter. Mouth plates fairly large, deeply excavated on
side toward furrow for accommodation of first tube foot. Actinal surface of plate plane. Armature
as follows: (1) A short spinelet (1.5 mm. long) situated on the middle of the margin toward actino
stome, and a second slightly larger spinelet, on the tip of the lateral prolongation, directed across the
mouth of am bulaeral furrow. (2) On extreme outer end of plate is a stout tapering actinal spine about
4 or 5 mm, long. One of the spines of two companion plates is sometimes shorter than the other.
Except for this single spine the general surface of the mouth plate is smooth. All the spines bear
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microscopic pedicellarioo, which are attached to a thin membranous investment often expanded into
a flap at tip.

Madreporic body small and sub-tubercular, situated near margin of disk, at inner edge of
interradial plate.

Color in alcohol yellowish white; in life very probably salmon-red or pink.
Locality: Type (no. 21193, U. S. National Museum) from station 399~, vicinity of Kauai Island,

between 400 and 500 fathoms, fine gray sand and mud, bottom temperature 39.6° j I specimen.
This species is characterized by the large disk, 15 rays, well spaced and well developed genital

costre, which are fairly regular and about 35 in number; by the absence of prickles from the integu
ment, except at very base of arms; by the armature of the adambulacral nlates and of the mouth elates,

Named for Dr. Barton Warren Evermann,

Brisinga fragilis, new species.

Pl. XLVI, fig.!: pl. XLVIII, figs. 3, sa-c,

A constantly IO-rayed species, smaller than any of the preceding Brisinqas, and with less conspicu
ous spines. Some of the characters, especially the armature of the adambulacral plates, are subject to
considerable variation. The specimens can be divided into about 5 groups, on account of certain small
differences which are certainly not specific in character. The group with the largest number of
specimens has been considered the typical form, and the others are referred to in the following
description as " variation a, b, c, and d," merely as a method of systematizing the diagnosis.

R=I71mm.; 1'=7.5 mm, R=23 r. Breadth of ray at base4 mm.; at widest part of genital region
(40 mm, from disk) 7 mm. j at last annular ridge 4.5 mm.

Rays long and slender, rather more inflated in the genital region (which is often quite depressed)
than are those of the preceding species. Rays very narrow at base and loosely articulated to disk.
They gradually expand in genital region, the widest part being about one-fourth distance from base
to tip. Outer part very gradually tapering to an attenuate extremity. Annular ridges extend about'
one-half length of ray, and beyond them the integument is exceedingly thin and delicate. Annular
ridges narrow and very prominent. Integument of arms devoid of prickles. Disk small. Lateral spine
delicate, shorter than in preceding species. •

Disk small and depressed, the abactinal surface being about even withbase of arms. Integument
crowded -With small, illy defined, roundish, subtubercular plates, surmounted by one or two spiculiform
spinelets, quite small' and covered with thin membrane. Around base of each of these spinelets are
scattered a few minute pedicellarise, The plates are more crowded about the eccentric anal opening,
the spinelets immediately surrounding which are larger than the rest. Each spinelet appears to end
in 2 or 3 minute points. Interradial plate small. Closely united with it are the proximal marginal
plates of either adjacent ray, the three plates forming a rude letter Y reversed. The upper, unpaired
bar represents the interradial plate, and the diverging arms the marginals, set at a lower level and
closely fused with the interradial. The outer ends of the 2 diverging bars form a double condyle for
articulation with the second marginal plate of each ray. The three plates appear superficially as one,
and their exposed surface is slightly concave and wholly devoid of spinelets.

Abactinal membrane of rays thin and translucent and entirely free from integumentary prickles.
Basal half of ray is crossed by from 24 to 28 annular carinations or calcareous ridges, rather thin but
prominent. Even in the same specimen there is considerable difference in the number of ridges on
the several rays. What might be called primary costse are usually opposite each alternate adam
bulacral plate; but on arms with more than the usual number of costas the ridges may be opposite
2 or 3 consecutive plates, then skip one, and so on. In addition to the 24 to 28 ridges, which extend
completely from side to side of ray, there may be an inconspicuous rudimentary ridge between them
on the median line, and not reaching' the adambulaeral plates of either side. These incomplete ridges,
which are usually quite short, do not have any regularity of occurrence. On some rays they are
totally absent; on others there is one for about every third intercostal space. Occasionally a primary
ridge does not extend wholly across the ray, and all are rather irregularly sinuous in the median line.
The plates which compose the annular ridges are compressed, and bear along the keel-like summit
distinctly spaced, spiculiform spinelets with swollen bases and very sharp points. There are numerous
microscopic pedicellarioo, also, along sides of these ossicles. Membrane between ridges bears one or
two narrow transverse bands of microscopic pedicellarise. These bands are continued beyond the
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costal region, one opposite each adambulacral plate, throughout ray. Variation d: One specimen from
station 4131 has more numerous annular ridges, 35 to 40. The difference is solely due to the greater
number and prominence of the secondary ridges, which practically occur in each intercostal space, and
reach nearly or quite to the adambulacral plates. They differ from the primary ridges in that there
is no larger (infero-) marginal plate joining' the slender ossicles with the corresponding adambulacral
plate. The secondary ridges are therefore never fused with the adambulacral plates, a small free
space always intervening. Variations a and b: Secondary costas very few and rudimentary. Bands
of pedicellarire in intercostal spaces are prominent and saccular, and' the ridges are also invested in a
soft membrane covered with minute pedicellarite. Primary costse, 18 to 26,

Ambulacral furrow wide and shallow. AdambuIacral plates (1.5 to 2 mm. in length) are about
twice as long as wide (in the middle) and rather more than twice as long as high (seen from side) .

. Plates constricted in middle, but especially concave on the furrow face. Armature, especially the
furrow spinelets, somewhat variable in arrangement and number. The typical form will be first
described, and then the several variations. Armature in type and similar specimens is simplest of all.
There is but one furrow spinelet situated near the adoral end of the plate, except on the' 6 to 12
proximal plates, where an exactly similar spinelet is present on. the extreme aboral end. Both
spinelets, which are directed across the furrow, are about 1 to 1.25 mm. in length, are invested in a very
thin membranous sheath expanded at the tip, and there covered with microscopic pedicellarire. On
the actinal surface, rather nearer to the aboral edge than to the center of the plate. is a delicate and
fragile spinule about 4 mm. in length, invested in a delicate membrane on which are microscopic
pedicellarise. This spinule is more delicate than is usual in this genus for the principal adambulacral
spine. On account of their extreme fragility, nearly all of these spines are broken in the type series.
Variation a: On the proximal 12 or 15 plates (basal fifth of ray) there are 2 adoral furrow spinelets,
1 right above and slightly aborally from the other, and 1 aboral spinelet as in the type. Rarely
there are 3 adoral spinelets at the very base of the ray. On the next few plates, about the fifteenth to
twentieth, the aboral spinelet is missing. On -the outer three-fourths of the ray 'the furrow armature
is that of the type-l adoral spinelet, The actinal spine is a trifle stouter and longer than the other
specimens (7 mm. in mid-genital region). (1 specimen, station 3817.) Variation b: Resembling a;
proximal plates with 3 furrow spinelets, 2 adorai and 1 aboral. The succeeding 2 or 3 plates lack
the aboral spinelet. Outerhalf of ray as in type. Actinal spine as in type, not so stout or prominent
as in a. On some rays the aboral spinelet extends nearly to middle of ray, and the 2 or 3 succeeding
plates may have only 1 adoral and 1 aboral spinelet., (2 specimens, stations 3892, 4041.) Variation c:
This is near the typical form, the only difference being that the plates with 1 adoral and 1 aboral
spinelet extend about one-third the length of the ray instead of being confined to its immediate base.
(2 specimens, stations 3914, 4096.) Variation d: Multicostate form with rather stouter actinal spines
than type. Furrow armature is practically the same as type, except that occasionally on basal third
of ray there will be 2 instead of 1 adoral spinelet, (1 specimen, station 4131.) If the furrow armature
is represented graphically hy a common fraction, the numerator standing for the aboral spinelet, and
the denominator for the adoral spinelet of each plate, the typical formula would be t. If the ray be
represented by a line, the base at the left, then the proportion of plates with each type of armature
to the whole ray in the different varieties will be about as follows:

Type:
1 0 0
1 .. --.·y ... -.·.-.-·-------·--···.----.··- .. ··· .. · ... -····-·-·······---······-·······1

A:
1 1 0003' or·2· · . -- -" .. "2 .. -f --. ----- -. -- .. -•..... '''' .. --. --. --. -- .. ---.. --..... -- ...••. --1

13:
1 0 1 0 ' '02 ------. --.. -- - ·--2·or .1' .. -. --1' -- , -- : -- ----y

c:

D:

1001-···-····----·················y - : --.- .. -. ·············_------1

1 0 O. 01 -.y .. (rareIY2)· · · · · · · · · · · · · · · · · · _· _· · _· · _· · --· · · · ----· · _--· --· __ ·------1
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Lateral spines are not nearly so prominent as in the preceding species. They begin at about
seventh adambulacral plate and are articulated to a lateral plate at the end of each primary annular
ridge. At the base of ray the spines are about 3 to 4 mrn. long; in mid-genital region 6 to 7 mm., and
on outer third of ray 4 to 5 mm., being here slightly longer than the actinal adambulacral spinules.
In variations a and b the lateral spines are longer than in the type, but only slightly. Lateral spines
membrane-covered and beset with minute pedicellarire.

Actinostome rather large, 9 mm. in diameter. Mouth plates fairly prominent, not deeply excavated
toward furrow, nor is there a prolongation of the inner furrow corner of plate as is usual in this genus.
Each plate has a slightly curved edge toward actinostome, and rises gently toward medium suture,
which is conspicuous. Armature as follows: (1)' A marginal series of 3 short spinelets on edge toward
actinostome, These spinelets are Lb mm, long, and the lateralmost is directed across mouth of furrow.
If a line is drawn from outerfurrow corner to inner suture corner of each plate, it would pass (usually)
through the bases of 3 spinelets which stand on the actinal surface, the outermost on the very edge of
plate and often directed across the furrow. 'I'he innermost of the series stands in center of plate and
is stoutest but scarcely longer than marginal spinelets. Median spine of this group, which occasionally
stands on the slightly excavated furrow margin, is slender and longer. All spinelets have an exceed
ingly delicate membraneous sheath, beset with comparatively few pedicellarire. In variation a the
aetinal spinelets form a more transverse than diagonal series.

Madreporic body of fair size, subtubercular, being much larger than interradial plate, just adcen
trally to which it is situated. Striations coarse, irregular.

Color in life, coral red to light salmon pink.
Localities: Type (no. 21194, U. S. National Museum) taken. from station 3824, south coast of

Molokai Island, 222-498 fathoms, coral rocks, broken shells; bottom temperature, 49.5-41.5°. Typical
specimens also from the following localities: Stations 3865, 3!l1O, 3920, 4090, 4166.

Record of localities.

Station. Locality. Depth. Nature of bottom.

FntlWfI!S.
... South eoast of Oahu ................................ : ..... _..... , 320 Coarse lava, coral sand, shells,
... Northeast. approach to Pailolo channel, bctween Maui and 256-283 Fine volcanic sand, rocks.

Molokai.
... North coast of ~Iolokai ......................................... 328-414 Fine gray sand.
... South coast of Oahu . .. - .......................................... 311-337 Ftne gray sand and mud.
... ..... do.............................................. ··.···· ....... 289-292 Gra)' sand and mud,

.....do ........................................................... 280-265 Gray sand, brokcn shells,
... West coast of Hawaii ........................................... 382-253 Gray mud, foraminifera.
... Northeast approach to Pallolo channcl. ........................ a04-308 Fine gray sand.

..... do ........................................................... 308-306 Do.
... .....do ........................................................... 272-286 Do.
.. Vicinity of Kauai .............................................. 306-257 Do.
.. Vicinity of Bird Island ......................................... 293 Coral sand, rocks, foraminifera.

._--_.

3817 .
3865 .

3892 ..
3910 .
3914 .
3920 .
4041. ..
4090...
4031. ..
4096 .
4131. .
4163••.•

This is the commonest Brisinga in Hawaiian waters, and seems quite distinct from any form
heretofore described: It is related more or less closely to B. exilis Fisher from off the California coast.



I1ltl BULLETIN OF THE UNITED STATES FISH OOMMISSION.

EXPLANATION OF DESCRIPTIVE TERMS.

The technical terms in starfish descriptions are rather numerous. On account
of the large number of new forms in the Hawaiian collections, it has been necessary
to give rather thorough descriptions, more especially as certain of the species belong
to new and often obscure genera. The following glossary is supplied for students
unacquainted with starfishes:
abactinal, pertaining to the dorsum or back, as opposed to actinal.
abactinal area, usually used in speaking of the abactinal paxillar area of phanerozoniate species.

. actinal, ventral, used in speaking of the surface on which the mouth opens.
actinal intermediate plates, plates paving the actinal surface, between the inferomarginal and adambula-

cral plates.
actinal interradial areas, actinal area of disk, paved with actinal intermediate plates.
actinokueral membrane, membrane uniting the actinolateral spines. (PI. XL, fig. 1.)
actino/ateralspines, in the Pterasteridre the long spines articulated on the body-frame close to the adam

bulacral plates whieli form the lateral or marginal web in Pteraster, and support the whole actinal
floor in Hpmenaster. See plate XL, figure l.

actinostome, the opening in the actinal skeleton bounded by the mouth plates and first ,adambulacral
plates.

adambulacral plates, plates bordering ambulacral furrow.
ambulacral furroio, the V-shaped furrow running the length of the rays, in which are the tube-feet;

actinal in position.
ambulacral plates, plates roofing the furrow.
aperture papillie, in the Pterasteridre, papilliform spines opposite the segmental apertures. (PI. XXXVIH

fig. 6, ap. p.)
bivalved, see pedicellaria.
excavate, see pedicellaria.
fascioles or fasciolar grooves, grooves between special transverse ridges of the marginal plates, occurring

over the suture' between plates; usually bordered by specialized spinelets. (PI. IV, fig. ,2, shows
several fascioles cleared of spines. )

joraminate, see pedicellaria.
forcipiform, forficiform, see pedicellaria.
jurrow, the ambulacral furrow.
jurrow spines, used sometimes in referring to the spinelets on the furrow margin of the adambulacral

plates.
injeromarginal plates, the lower or ventral series of marginal plates, usually very prominent in all the

Phanerozonia.
inierbrachiai arc or ~ngle, arc between 2 adjacent rays.
madreporic body, the more or less prominent calcareous sieve marking the external opening of the

water-vascular system, situated in an interradius of the abactinal area.
marginal plates, the more or less prominent plates defining the contour of the, body in the.Phanerozonia;

usually discernible in other orders.
mouth plates, the modified innermost adarnbulacral plates.
osculum or oscular orijice, the large central opening guarded by valves in the supradorsal membrane of

the Pterasteridre.
populic, the small vermiform, or occasionally compound, dermal branchire which protrude through

holes in the skeleton.
papular, pertaining to pupulse.
papularium, specialized papular area of Pontasterinre.
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paxillm, or more correctly paxilli, columnar or hour-glass-shaped ossicles, with more or less flaring
bases which bear at the summit a group of spinelets, usually small. Of these the marginal series
is usually different from the rest, and divergent, so as to cover the intervening spaces between the
paxillte. These grade into uniformly granulated plates by many transitional forms. (See PI. III,

fig. 3a, 3d.)
pedicellaria, the curious little pincer-like structure occurring in great numbers on some species of star

fishes. , In some families they are apparently absent. They may be classified as follows:
a. Sessile: without a special basal piece.

1. Incipient or pseudo-pedicellarire. The jaws do not spring from a specialized depression or
foramen.

la. Simply a group of opposable spinelets; spiniform. (PI. II, fig. 4, ped.; PI. IX, fig.la.)
lb. The spinelets more or less specialized, and on separate plates, arranged in little combs;

pectinate. (PI. X, fig'. 3.),
Ie. With 2 or 3 specialized jaws. (e. g. Luuiia, PI. XVI, fig. 1.)

2. Tong-shaped or alveolar pedlcellarlre. The jaws spring from a specialized pit or foramen.
2a. The jaws have no specialized depressions into which they fit when opened. The jaws

are higher than wide, usually spatulate (pI. XVI, figs. 3, 4, 4a; pI. XXVI, fig. lb);
foraminate.

2b. The jaws are low and wide, with no specialized depression into which they fit when
opened. Pedlcellarire are mere slits, or resemble a miniature bivalved shell (pI.
xxvr, fig. 5; pI. XXVII, fig. 2a; pI. XXXIII, fig. 1); bivalved.

2c. The jaws, when opened, fit into a specialized depression (pI. XXVII, fig. 1; pI. XXXI, figs.
2a, 4a, 4b); excavate.

b. Pedunculate. Each pedicellaria consists of a basal piece and 2 jaws.
3. The jaws are attached to end of the basal piece nearest them, i. e., the jaws do not cross

near the base (pI. XLI, fig. 2); forficiforni or "straight."
4. The 2 jaws cross one another. (Pl. XLI, figs. 3b, 4b; pls, XLVII, XLVIII); forcipiform or

" crossed."
peristomial membrane, the membrane surrounding the mouth.
R or major radiu8, the distance from center of disk to tip of ray.
r or minor radius, the corresponding interradial dimension.
segmental aperture in Pterasteridre, small uperture at base of each actinolateral spine and at outer edge

of adambulacral plate leading from nidamental cavity to exterior; guarded by the aperture
papilla, q. v. (PI. XXXVIII, fig. 6.)

spines, spinules, spinelets, relative terms purely; the spines being the largest, providing any conspicuous
spinous appendages are present.

spiracula, small openings in the supradorsal membrane of Pterasteridre. (PI. XL, flg, 2.)
superambulacrol plates, especially well-developed in the Astropectinidre, are small internal ossicles

extending from the ambulacral plates to the corresponding inferomarginal, or sometimes to the
intermediate plates when the actinal intermediate areas are extensive. (PI. II, fig. 5f, sc.)

superomarginal plates, the upper or dorsal series of marginal plates defining the contour of the abactinal
surface in most Phanerozonia.

supradorsal memb'ralle, "the veil-like covering or external independent tissue whereby the dorsal
nidamental cavity is formed in the Pterasteridse. The membrane is supported above the true
abactinal surface of the animal by the paxillre, which consist of a, long columnar pedicel surmounted
by a crown of fine, more or less elongate splnelets, IIi the majority of forms belonging to this,
family, fine muscular fibrous bands extend between the tips of the splnelets and constitute a more
or less regular fibrous network; and the general tissue of the supradorsal membrane which fills
in the interspaces or meshes, is usually perforated by small contractile pores styled spiracula by
Sars." Sladen. '

terminal or ocul(tr plate, the unpaired plate at the tip of the ray.
F. C. B.1903, Pt. 3-.23
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EXPLANATION OF PLATE&
(Except where indicated otherwise, all drawings and photographs were made by the writer.)

PLATE I.

Fig. 1. Astropeetenpolyaeanthus, abactinal view; enlarged to slightly over 2 diameters.
Fig. 2. Astropeeten uelitaris, abactinal view; enlarged to about I! diameters.
Fig. 3. Astropeeten pusillul1l.s, abactinal view, X2.
Fig. 4. Astropecten. cienophorus, abactinal view, X2.
Fig. 5. Same, actinal view.

PLATE II.

Fig. 1. Asiropectet: polyacanthus. Fifth inferomarginal plate and neighboring adambulacral plates.
The upper adambulacral plate is devoid of spines, while in the lowermost (adoral) the fur
row spines are standing perpendicularly, X8. la. Astropecten polyacanthu8. Two paxillre
from the base of ray, X20. lb. Paxilla from ray, about halfway to tip, X20;

Fig. 2. Astropecten velitaris. Fifth inferomarginal plate and neighboring adambulacral: plates, XIO.
2a. Paxillre from base of ray, X20.

Fig. 3. Astropeeten ctenophorus. First 3 inferomarginal plates and neighboring adambulacral plates,
XIO. 3a. Paxillre from near center of disk, X20. Sb. Second, third, and fourth supero-and
infero-marginal plates seen from the side, XIO. 3e. Tenth adambulacral plate, xio, 3d.
Mouth plates; the first adambulacral shownon the right, X15.

Fig. 4. A8tropeetenpusillulus. Third, fourth, and fifth inferomarginal plates and adjacent adambula
cral plates. at, firstactinal series of adambulacral spinelets; a2 , second series; ped., pedicel
larian apparatus, XlO. 4a. l\fouth plates, X 10. 4b. Paxillre from disk near border of inter-
radial area, X20. .

Fig. 5. Astropecten. producius. Sixteenth to eighteenth superomarginal plates, and abactinal end of
inferomarginals, showing the large lateral spines, X5; 8Up., superomarginal plates. 5a.
Paxillre near base of ray, X 10. 5b. Side view of a paxilla from base of ray, 'X I O. 5e. Adam
bulacral plates from near proximal end of furrow, XB; mar., inferomarginal plate: 5d.
Median furrow spine, XS. 5e. Mouth plates, X4. 5f. Cross section taken at about the
middle of ray to show better,the relation of plates. ab., abactinal integument; ad., adam
bulacral plate; am., ambulacral plate; inf., inferomarginal plate; 8Up., superomarginal plate;
sa., superambulacral ossicle.

PLATE III.

Fig. 1. CtenophorCUJter hawaiiensiB. Adambulacral plates, actinal intermediate plates, and lower end of
sixth inferomarginal, XB; into pl., intermediate plate; inf., sixth inferomarginaL The spines
have been removed from the median adambulacral plate. la. Eighteenth and nineteenth
supsromarginals, from above, to show the lateral spines on upper end of the inferomarglnals,
XS. lb. Tip of an inferomarginal spine, much enlarged. Ic, Diagram of an inferomarginal
plate. The circles represent the articulation surface for spines. ld. Paxillre, about midway
between median radial line and edge of paxillar area, from near base of ray, XIO. Ie,
Median spine of furrow series (adambulacral), XB.

Fig. 2. Peilasteropein icinpulaia. Madreporic body and neighboring paxillre, XIO. 2a. Adambulacral
plates and inferomarginal plates near base of ray, X7. 2b. Paxillre, edge of interradial
area, XIO. . .

Fig. 3. Psilaster atiemuuas. Adambulacral and inferomarginal plates, X5. 3a. Paxillre from a large
specimen, base of ray,' XIO. 3b. Paxillre from base of ray, showing usual position of spine
jets, X10. 3e. Paxillre 'from a form with broader rays, base of ray, XIO. 3d. A single pax
iIla, from the side; large specimen,XIO.



THE STARFISHES OI!' THE HAWAIIAN ISLANDS.

PLATE IV.

1123

Fig. 1. Astropecten productus. Abactinal view of one arm and parts of three others, slightly less than
natural size.

Fig. 2. Same. Actinal view of base of ray, showing mouth plates and inferomarginal armature. The
spines have been removed from a few inferomarginal plates to show their shape, and the
fasciolar grooves, nearly X2.

Fig. 3. Same. Abactinal view, showing lateral inferomarginal spines, nearly X2.

PLATE V.

Fij. 1. Ctenophoraster hawaiiensis. Abactinal surface. Natural size.
Fig. 2. Same. Actinal surface.

PLATE VI.

Fig, 1. Ctcnophoruster luuoaiieneis: A portion of disk and base of rays enlarged to a trifle over 2
diameters.

Fig. 2. Same. Actinal view. The actinal intermediate plates are cleared of spinelets in one interradius.

PLATE VII.

Fig. 1. Psilasteropsis cingulata. Side view of an arm, enlarged nearly 2 diameters:
Fig. 2. Same. Two immature individuals, slightly larger than natural size.
Fig. 3. Same. Abactinal view of adult, slightly larger than natural size.
Fig. 4. Psilaster auenuatus, slightly larger than natural size.

PLATE VIII:

Fig. 1. Psilaster aiienuaius. Mouth plates and actinal intermediate areas, enlarged to slightly less than
2 diameters.

Fig. 2. Psilaeieropsi» cinqulata. Actinal view, enlarged to slightly less than 2 diameters,
Fig. 3. Astropecten callistus. Actinal view, enlarged to slightly less than 2 diameters.
Fig. 4. Tritonasier craspedotus. Actinal view, enlarged to slightly less than 2 diameters.

PLATE IX.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

,
Tritonaster craspedotus. Twelfth to fourteenth marginal plates showing the prominence of the

inferomarginal series with their long spines, XS. 1a. Fourth and fifth inferomarginal
plates and adjacent adambulaorals, X10. A pedicellarian apparatus is shown on one plate
otherwise cleared of actinal spines; into intermediate plates. lb. Paxillre from abactinal
interradial area,X20. Ic, Side view of a larger interradial abactinal paxilla, X20. It!.
Paxilla from radial line, middle of ray, X20. Le, Mouth plates, side view, showing par
ticularly position of marginal spines, X6. 1(. Adambulacral plate; middle of ray,
opposite eleventh inferomarginal, X10. 19. Mouth plates, actinalaspect, XS. lh. Mar
ginal plates of outer half of ray, viewed directly from above, to show prominence of infero
marginals; X2. All covering has been removed. Ii. Enlargement of a couple of plates,
XS. lj. Marginal plates from side, showing relative height of the 2 series; sup., supero
marginals, lk. Medium spine of adambulacral furrow series, XlO.

Pa/agias/er nuttingi. Ninth and tenth adambulaeral and fifth and sixth superomarginal
plates, X 10. Intermediate plates (int.) are shown between the two. 2a. Paxillre from base
of ray, XlO.

Dipsacaster nesiotes. Paxillre from base of ray showing also the prominent papular pores,
XIO. 3{!. Side view of a paxilla from the abactinal interradial area, X15.

A~tropecten callisiu«. Ninth and tenth adambulacral plates and adjacent inferomarginals, X10.
The actinal intermediate plates are seen hetween the two. 4a. Mouth plates, XS. 4b.
Paxilhe from base of ray, at side, XIO. 4c. Paxilla from another individual, XIO. 4<1.
Some of its spinelets enlarged.
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PLATE X.

Fig. 1. Psilasteropeis cingulata. Actinal view, X1.3. Drawn by H. R. Johnson.
Fig. 2. Dipsacasier nesiotes. Abactinal view, X1.3, 2a. Fourth and fifth adambulacral plates and

one intermediate plate, XS. From one plate the inner actinal series of spinelets has
been removed. Drawn by H. R. Johnson. 2b. One of the furrow spines seen from the side.

Fig. 3. Cheiruster snuderi. Mouth plate, first 3 adambulacrals, actinal intermediate plates, and inner
edge of first 3 inferomarginals, showing particularly the peculiar pedicellarise characteristic
of the genus, XS.

Fig. 4. Cheiraster inops. Sixth inferomarginal plate and 2 adjacent adambulacral plates, XIO.
Fig. 5. Cheiraster horridus. Third and fourth inferomarginal plates and adjacent adambulacrals, XS.

5a. Abactinalsurface, radial line, near center of disk, X 10.
Fig. 6. Pseudarchaeier myobrachius. Fourth inferomarginal plate and adjacent adambulacral plates,

XS. 6a. Radial and adradial paxillse near center of disk, X 10.

Fig. 7. Pscudarchaster jordani. Fourth and fifth adambulacral plates and adjacent actinal interme
diate plates, XS. 7a. Radial paxilla-, XIO.

PLATE XI.

Fig. 1. Tritonaster cruspedotus. Abactinal view, X~.

Fig. 2. Astropecteti callistus. Abactinal view, X2.

PLATE XII.

Fig. 1. Dipsacaster neBiotes. Actinal view, nearly twice natural size.
Fig. 2. Same. Basal portion of arm and part of disk, nearly X2.
Fig. 3. Patagiaster nuttingi. Actinal view, about Xl.5.

PLATE XIII.

Fig. 1. Luidia hystrix, about five-sixths natural size.
Fig. 2. Same, young, X1.3.

PLATE XIV.

Fig. 1. Luidia hystrix, portion of disk and basal part of arms enlarged to 1.75 diameters; abactinal view.
Fig. 2. Same, actinal surface, xt. 75.

PLATE XV.

Fig. 1. Luidia magnijica. Portion of abactinal surface of arm enlarged to nearly 2 diameters.
Fig. 2. Same. Abactinal view, slightly less than one-half natural size.
Fig, 3. Same. Actinal surface of ray near disk. Enlarged to nearly 2 diameters.

PLATE XVI.

Fig. 1. Luidia magnijica. Adambulacral, intermediate, and inferomarginal plates from proximal
fourth of ray, X5. A second adambulacral and adjacent intermediate plates are shown.
ap., outer adambulacral pedicellaria; ip., intermediate pedicellaria; 1·1I!. p., inferomarginal
pedicellaria. la. Paxillre from near base of ray, from the 2 inner regular series, XIO. The
median radial line is to the left and the spines point aborad. Peculiar coni pound papulre are
shown in upper left corner, the clroleIndicating where the pedicels of the paxillre have
been broken off.

Fig. 2. Luidia hystriJ:. Adambulacral plates in basal fourth of ray, XS. Top of figure is aborad.
2a. Paxillse from near base of ray, from inner regular row but one, XlO.

Fig. 3. Mediaster orruitus. Adambulacral and adjacent actinal intermediate plates, XIO. 3u. Paxilla
from specimen having prominent abactinal pedicellarue, X 10. 3b. Paxilhe, radial and
adradial from near base of ray; type, XlO.

Fig. 4. Nereulaster bouersi. Adambulacral and adjacent actinal 'intermediate plates, near base of ray,
showing aetinal pedicellarire, XS. 4u. Radial paxilia, abactinal, XS.

Fig. 5. Peniaqonaster ammophilus. Radial plates, XS. 5a. Adambulacral. plates, X 10.
Fig. 6. Tosia (Plinthaster) ceramoidea. Adambulacral plates, XlO. Ga. Radial and adradial plates,

abactinal, near center of disk, XIO.



THE, STARFJSHES OF THE HAWAIIAN ISLANDS.

PLATE XVII.

1125

Fig. 1. Paiaqiaster nuttingi. Abactinal surface, slightly less than twice natural size.
Fig. 2. Clieiraster inops. Do.
Fig. 3. Cheiraster horridus. Do.
Fig. 4. Nereidaster bowersi. Abactinal view of ray and a little of interradial portion of disk.

Enlarged slightly less than 2 diameters.

PLATE XVIII.

Fig. 1.
Fig. 2.
Fig. 3.

Cheiroster snyder'i.
Cheirrtster horridus.
Oheiraster snyderi.

Abactinal view of type,. slightly less than X2.
Actinal view, slightly less than X2.

A:ctinal view, slightly less than X2.

PLATE XIX.

Fig. 1. Pseudarchaster mpobrachius, Abactinal surface, X1.66. In, Actinal surface, X1.66. lb. Same,
young. Abactinal surface, X1.8. Ic. Same. Actinal view, X1.8.

Fig. 2. Pseudarchaster jordani. Actinal view, X1.5. 2a; Abactinal view, X1.33.
Fig. 3. Goniodiscides selue. Portion of abactinal surface to show papular areas, X 1.33.

PLATE XX.

Fig. 1. Mediaster ornatus. Abactinal view, slightly less than X2.
Fig. 2. Same: Actinal view, Xl. 7.
Fig. 3. Antheniaster epixanthus. Portion of actina1 surface enlarged about twice to show mouth plates

and adarnbulacral armature. Typical form.

PLATE XXI.

Fig. 1. Nereidasier bowersi. . Actinal view; enlarged about XL7.
Fig. 2. Tosia (Ceramaster) micropelia. Actinal view, XL 85.

PLATE XXII.

Fig. 1. Pentaqonasier ammophilus. Abactinal aspect, nearly X 1.5.
Fig. 2. Same. Actinal view.
Fig. 3. Tosia (Plinthaster) ceramo'idea. Actinal view, slightly larger than natural size.
Fig. 4. Same. Abactinal aspect.

PLATE XXIII.

Fig. 1.
Fig. 2.
Fig. 3.

Astroceramus callimorplius. Abaetinal view, X1.1.
Same. Portion of abactinal surface enlarged to about 2 diameters.
Same. Portion of abactinal surface enlarged. The granuliform appearance of the abactinal

plates is due to a bead-like roughness of the plates themselves, not to deciduous granules; but
granules surround each 'plate, and are present on the general surface of the marginal plates.

PLATE XXIV. '

Fig. 1. Calliderma spectabilis. Abactinal aspect of a medium-sized individual, about natural size.
Fig. 2. Same. Actina1 surface.
Fig. 3. ZorQaster spinulosus. Abactinal view, about natural size.

PLATE XXV.

Fig. 1. Calliderma epectabili»: Portion of abactinal surface of same specimen as plate XXIV, figure
1, X 1.83.

Fig. 2. Same. Portion of abactinal surface at base of ray, showing adambulacral and actinal spines;
, type, about X 1.8.

Fig. 3. Same. Region of the actinostome; type, about X1.8.
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PLATE XXVI.

Fig. 5.

Fig. 1.

Fig. 2.

Fig. 3.
Fig. 4.

Antheniaster epixtuuhus. Abactinal aspect of type, natural size. la. Adambulacral plate from
proximal portion of series, showing the heavy membrane as it appears in life, the granules
beneath being nearly obscured; type, XS. lb. A dried specimen to show appearance after
the membrane has shrunken, XS. This specimen is one of the long-armed forms and
possesses a pedicellaria at the adoral side of a number of the plates. (See pl. XXIX, fig. 2).
Ic, Radial and either ad radial row of plates, obscured by integument, about one-third
distance from center of disk to tip of ray, X5.

Asterodiscus tuberculosus. Adambulacral plates. Drawn by O. E. Hyde.
2a. Dorsal tubercles enlarged. Drawn by O. E. Hyde.

Calliderma speetabilis. Seventh and eighth adambulacral plates, X5.
Tosia (Cero,master) micropelia. Adambulacral plates, XIO. Drawn by O. E. Hyde. 4a. Radial

abactinal plates, X12. Drawn by O. E. Hyde.
Eooplosoma forcipifera. Mouth and first 3 adambulacral plates, X7. 5a. Inner mouth spine,

X7. 5b, 5e. Spines from actinal surface of adambulacral plates, X7 .

.PLATE XXVII.

Fig. 1. Calliaster pedicellaris. Adambulacral plate and adjacent actinal intermediate plates in proximal
third of series, showing an open and a closed pedicellaria, XS.

Fig. 2. Gilbertoster anacanihus. Abactinal view, X2. (The outlines of disk inclose fig. 2b.) Drawn
by H. R. Johnson. 20,. Three adambulacral plates (about one-third R in position), show
ing one of the large bivalved pedioellarise on the furrow margin. 2b: Abactinal plates show
ing the pedicellarise and flat granules or ossicles by which the plates are covered, X7. p.,
papules. 2e. An actinal interradial area to show pedicellarise, granules, furrow margin, and
mouth plates. Drawn by H. R. Johnson.

Fig. 3. Astroeeramus callimorphus. 'I'wo adambulacral plates and one aetinal intermediate plate, the
latter bearing a 'pedicellaria, X 8.

Fig. 4. Evoplosoma forcipifera: Abactinal view, X1.33. (The outlines of disk inclose fig. 4b.) Drawn
by H. R. Johnson. 40,. Madreporic body and adjacent plates as they are in life, showing
tubercles, vermiform papuhe, and the granules covered with a soft membraneous sheath;
X5. An abactinal pedicellaria is also shown. 4b. Side view of abactinal spines, X5.

PLATE ·XX VIII.

Fig. 1. Calliaster pedicellaris. Portion of abactinal surface, X1.S.
Fig. 2. Same. Actinal surface, X1.S.
Fig. 3. Asterodiseu8 tubereulo8'us. Side view of ray to show the2 series of marginal plates, X1.8.

PLATE XXIX.

Fig. 1. Anthmiaster epixanihus. Long-rayed form, abaetinal surfaceof a dried specimen, X1.35.
Fig. 2. Same. Actinal surface, X1.35.
Fig. 3. Evoplosoma forcipifera.: Actinal surface after specimen had been dried, X1.S3.
:Fig.4. Linekia dipla». Actinal view of disk and adjacent portion of rays, Xl.S3.

PLATE XXX.

Fig. 1. Leiaster callipeplus. Abactinal view, slightly more than XL 7. In. Same. Skin "removed to
show arrangement of plates. Portion of ray has been opened along dorsal line and spread
out.

Fig. 2. Ophidiaster rhabdotus, Abactinal view, slightly larger than natural size.
Fig. 3. Ophidiaster triseriatus, Abactinal view, about X4.2. Photo by N. H. Kent.
Fig. 4. Ophidiaster sclerodennus. Abactinal view, slightly larger than natural size. 40,. Actinal surface

showing extensive actinal intermediate areas.

PLATE XXXI.

Fig. 1. Calliaster pedicellaris. Abactinal view, natural size. Drawnby H. R. Johnson.
Fig. 2. Ophidiasier sclerodermus. Actinal surface showing furrow spines and position of pedicellarhe,

20,. A pedicellaria from the abactinal surface, much enlarged.
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Fig. 3. Leiaster callipeplus. Furrow armature, viewed froin furrow.
Fig. 4. Ophidiaster lorioli. Abactinal surface showing ad radial plates and position of pedicellariie,

XIO. 4a. One of the abactinal pedieellarire. 4b. Same, the jaws being' closed to show the
special depressions for jaws and slight fluting on outer face of latter. 4c. Furrow margin and
aetinal series of papular pores, XIO. 4d. Furrow spinelets as seen from furrow, showing
accessory granules, about X20. The right is toward mouth.

Fig. 5. Ophidiasier tenellus. Radial plates, XS. 5a. Furrow margin in the proximal third of the
ray, XIO.

Fig. 6. Ophid'iaster squameus. Radial and either adradial series of plates, XIO. 6a. Furrow margin
and actinal surface, the plates below the papular pores being inferomarginal, XIO.. 6b. Fur
row spinelets viewed from furrow, X20. Mouth is toward the right, accessory granules
are shown between the spinelets,

Fig. 7. Ophidiaster triseriatus. Furrow spines, x to, 7b. Abactinal pedicellaria.
Fig. 8. Opliidiaster rhabdotus. Furrow spines.
Fig. 9. Linckia diplax. Furrow spines viewed from furrow; mouth is toward left.

PLATE XXXII.

Fig. r. Pentaceros luunaiieneis. Abactinal view of type. Reduced to about 0.7 natural size.
Fig. 2. Same. Young specimen showing the incipient lophial spines and the lack of other spines,

about XO.7.
Fig. 3. Same. Viewof furrow margin of a large specimen showing a triplicanthid armature to adam

bulacral plates; 2 and 3, second and third series; (first and second actinal series).
Fig. 4. Asterodiscus tuberculosus. Abactinal aspect of a young specimen, X1.8.
Fig. 5. Same. Actinal surface,X1.8.

PLATE XXXIII.

Fig. 1. Pentaceros luuoaiiensis, Portion of actinal surface of type, enlarged.
Fig. 2. Asterodiscus tuberculoms. A ray and portion of disk of the type enlarged, snowing madreporio

body and form of tubercles, X1.83.

PLATE XXXIV.

Fig. 1. Asterodiscus tuberculosus. Abactinal view of type, three-fourths natural size.
Fig. 2. Same. Portion ot actinal surface of type, X 1.83.
Fig. 3. Peniaceros hawaiiensis. "Apical region" of type, enlarged. The anal opening is seen near the

center, and the madreporic body in the lower left-hand corner.

PLATE XXXV.

Fig. 1. IIenricia robusta. Actinal view of type, enlarged about 1.6 diameters.
Fig. 2. Same. Abactinal aspect.
Fig. 3. Henricia pauperrima. Actinal view of type, enlarged about 1.6 diameters.
Fig. 4. Same. Abactinal aspect.

PLATE XXXVI.

Fig. 1. Miilirodia bradleyi. Abactinal view; slightly over 0.7 natural size.
Fig. 2. Same. Abactinal surface of one arm enlarged about X 1.S.

PLATE XXXVII.

Fig. 1. ]'fithrodia bradleyi. Actinal surface, X 1.S3.
Fig. 2. Mithrodia. Actinal surface of a ray of a peculiar specimen, possibly a freak, X 1.83.
Fig. 3. Same. Abactinal surface of same specimen. Compare with pl. XXXVI, fig. 2.
Fig. 4. Ophidiaster squameus. Abactinal view; enlarged about 4.6 diameters. Photo by N. H.

Kent.
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Fig. 1.

Fig. 2.
Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.
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PLATE XXXVIII.

AnBeropoda inBigniB. Fourth to eighth adambulacral plates and adjacent actinal intermediate
plates, XS. The aetinal adambulacral spinelets (ad. 2) are shown in 2 different positions,
the upper being' the more usual. The fans of the actinal plates are just to the left of these.
ad. 1., furrow spinelets. la. Abactinal plates, interradial, about 30 mm. from edg-e of disk,
and from radial line.

Henricia robusui. Adambulacral plates, XIO. 2a. Abactinal surfaces, middle of arm, XIO.
Henrieia pauperrima. Abactinal surface near base of ray, X20. 3a. Seventh and eighth ad

ambulacral plates seen from furrow, showing the 2 furrow spinelets, X12.
Valvallier striaius. Adambulacral plates,near base of R, X 10. 4a. Marginal plates viewed

from the side, showing the very large superomarginal pedicellarhe, and inferomarginal spine,
XIO.

Pteraster reticulatus. Adambulacral spines, X5. ap. p., aperture papilla. 5a. Supradorsal
membrane near center of disk.

Humenasier peniaqonalis. Adambulacral plates, XS. ap. p., aperture papilla.' 6a. Mouth
plates, X3. Ist. ap., first aperture papilla, imbedded in actinolateral membrane, 6b. An
aetinal mouth spine from cotype.

Benthaster eritimus. Paxillre much enlarged, and seen from side to show height of pedicels and
general surface of supradorsal membrane (dotted line).

PLATE XXXIX.

Fig. 1. Pterasier reticulaius. Actinal surface of type, enlarged about 1.S diameters.
Fig. 2. Same. Abactinal surface, slightly larger than natural size.
Fig. 3. Ophidiaster lorioli. Abactinal surface of type, enlarged about 2.7 diameters. Photo by N. H.

Kent.
'PLATE XL.

PLATE XLI.

Fig. I.

F il!:.2.

Fig. 3.

Fig. 1.
Fig. 2.
Fig. 3.

Fig. 4.

Benthasier eritirnus. Actinal surface (interradial), showing actinolateral spines, membrane,
adambulacral plates and armature, and the mouth plates, XIO. The first aperture papilla is
multifid and is lodged in the actinolateral membrane; the rest are free and lanceolate
acuminate. The circular bodies showing through the actinolateral membrane are the large
hi- or tri-lobed, fleshy glandular papulre. A number of the adambulacral plates have the
furrow spineletsremoved. Ia. A portion of supradorsal membrane much magnified, to show
spiraeula, mnscle fibers, and spines. lb. Abactinal aspect of entire animal, X3. The supra
dorsal membrane is broken open in places.

Humenasier peniaqonalis. Small portion of supradorsal membrane near radial line showing
spiracula and papillre, XS.

Asihenacti« papyraceu8. Plates of side of ray in a dry specimen, a few of the dorsal plates
showing above, XS. The fascicles of spinelets have been removed from most of the plates,
and the integument has entirely dried up. In life the plates are not superficially visible.
3a. Actinal surface showing one interradius, adambulacral and mouth plates, and the
incipient actinolateral membrane, enlarged about 5.5 times. 1, 2, 3, first to third adambu
lacral plates. 4B. Spines on the fourth adambulacral plate. Bs/. Spines on process of third
plate, but.forming a single series with those of fourth (4B). 2s/. Similar spines on process
of second plate.

Humcnaster pentagonalis. Abactinal view of ootype, XO.75.
ZoroaBter spinulosus. Adambulaeral plates, XIO.
Hudrosieriae cerrilli. Actinal surface, showing furrow margin and aetinal spines, X S. 3a.

Radial and either adradial series of plates in a dried specimen, X6. 3b. Abaetinal ped i
cellaria,

Coscinasterias i Distolasteriaei euplecta. Furrow margin and aetinal spines, XS. 4a. Furrow
spines seen from furrow, XS. 4b. Abaetinal pedieellarire, X35. 4c. Teeth of same.
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Fig. 1. Coscinasteria8(DiBtolasterias) euplecta. Actinal view of an.arm and disk. Type; enlarged nearly
2 diameters.

Fig. 2. Same. Abactinal aspect.
Fig. 3. Same. Young specimen, X1.83.
Fig. 4. Same. View of side of arm of a prepared specimen to show arrangement of plates, X1.83.
Fig. 5. Zoroaster'8pinulo8U8. Actinal aspect of type, X1.83.
Fig. 6. Same. View of side of ray to show spinules and radial tubercles,X1.83.

PLATE' XLIII.

Fig. 1. Odinia pacifica: Abactinal view, slightly less than natural size.
Fig. 2. Brisinga evermanni. Abactinal surface of an arm which has been partially dried, about X1.8.
Fig. 3. Brisinga panopla. Abaetinal aspect of genital region of a ray, X1.8.

PLATE XLIV.

Fig. 1. BriBinga panopla, slightly reduced.

PLATE XLV.

Fig. 1. BriBingtt alberti, slightly reduced.
Fig. 2. Same. View of side of a portion of an arm, enlarged about 1.8 diameters.
Fig. 3. Brisinqa panopla. Portion of ray, side view, to show particularly the actinal adambulacral spines

and costal spinelets, XL83.
Fig. 4. BriBinga evermanni. Actinal surface of ray. Tube feet have been removed, X1.83.

PLATE XLVI.

Fig. 1. Brisinqa fragiliB. Disk and 3 rays. The disk and upper ray belong to "variation a." The
lowest ray is the typical form, while the middle belongs to "variation d," in which the
secondary costse, only slightly developed in the typical form, extend across the abactinal
surface, but do not fuse with the lateral plates. Enlarged about 1.7 diameters.

Fig. 2. Brisinga alberti. Actinal surface enlarged, showing the curious actinal adambulacral spines near'
disk, X1.S3.

Fig. 3. Same. Abaetinal surface, XI.S3.
PLATE XLVII.

Fig. 1.

Fig. 2.

Fig. 3.
Fig. 4.

Odinia pacifica. Side of a portion of ray, mid-genital region, showing actinal. adambulacral
and first lateral spines, X2. la. Same, from a dried specimen, X3. ad. 8., adambulacral
spines; ad., adambulacral plates; I. s., lateral spines; c. r., costal ridge. lb. Side of ray,
beyond middle, showing lateral spines, X3. lc. Mouth plates, X4. The lateral process on
the right is fused with that of the other side of furrrow. ld. Pedicellaria from adambu-
lacral spine. . .

Brisinq« panopla. Side of ray, about 40 mm, from disk, or just beyond the club-shaped actinal
spines, X3. Lateral spines, fore-shortened. 2a. Adambulacral plates about 40 mm, from
disk, X4. Many of the spines are shown without pedicellarire. 2b. Adambula~ral plates
at about 65 mm, from tip of arm, X4. 2c. Mouth plates, X5. ad. 8., first adambulacral
spines; am.f., ambulacralfurrow; rn, 8., marginal spines; m. 8/, furrow spines of mouth plates;
m8.1I, aotinal spine; scc., sacculus bearing pedicellarire (see 2d). 2d. One of the larger pedicel- ,
larise from a large adambulacral spipe, 2e. Twelfth adambulacral spine, X7. 2f. Seventh
adambulacral spine, X7.

Bl"isinga evermanni. Side of ray, about 44 mm, from disk, X7.
Brisinpo. alberti. Side of ray, about 40 mm, from disk, X 3. 4a. Pedicellaria from adambu

lacral spine near base of ray.
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PLATE XLVIII.

Fig. 1. Brisinp« alberti. Adambulaeral plates and armature, 50 mm. from disk, showing also the
lateral spines (1. 8.), X4. Lower spines without membrane. lao Same. from outer third of

, arm, X4. lb. Mouth plates, X5. The first adambulaeral is also shown. Ic, Sixth adam
bulacral spine, + 7.

Fig. 2. Brisinga evermanni. Adambulacral plates, 65 mm, from disk, X 4. 2a. Same from outer third
of ray, X 4. The plates should be a trifle slenderer. 2b. Mouth plates, X5. First adam
bulacrals are also shown in center. 2c. Pedicellaria from adambulacral spine.

Fig. 3. Brising'!, fragilis. Side of ray, 35 mm. from disk, X 4. 3a. Mouth plates and first adam
bulacral plates, X 5. The single plate to the left represents "variation a," those in center
the type, and that on right" variation d," which has a very thick sacculus on the marginal
spines. 3b. Adambulaeral plates, 50 mm, from disk, X 5. Be. Pedicellaria from one of the
long adambulacral spines.

PLATE XLIX.

Fig. 1. AnthenilUlter epiaanthsu. Abactinal view of short-rayed specimen. Note two parasitic gastro
pods, one near madreporic body.

Figs. 2 and 3. Psilaster altenuatus, showing growth stages. 2. Thick-rayed form from south coast of
Oahu. 3. Typical form.
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