
CONTRIBUTIONS FROM THE BIOLOGICAL LABORATORY OF THE U. S. FISH
COMMISSION AT WOODS HOLE, MASSACHUSETTS.

THE ECHINODERMS OF THE WOODS HOLE REGION.

BY

H~JI3ERT LYMAN CLA~K,

Professor of Biotogy; Olivet College.

- - -_._----~---"----_._-"" .~._. ..'_·m.· ._. · · ·_
-~_._------~_.._,----,-"._-_.._--_ .._---- --_.'-_.-_-_._-_.._-,._-

-~------,._~ •...•.._-- _.

F. C. B.19O'l-3ti 545



IN]) EX.

rage.
abdita (Amphlura) Verrill............................. ;;·18
aculeata (Ophiopholfs) Linrucus f),m,5f)!J

affinis (Botryodaetylu) Ayres................ 56tl
agassiaii (Gorgonoeephalus) HtimpI'iOlL................ 5tH
american liS (Astropecten) Vcrrill . . . . . . . . . . . . . . . . M7
Amphipholis _.. _............ 1)6()

Amphiura _ [)'lU,560
Anaperus ;>ti7,5tl9
Antedon 547
Arbaeia , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 54X. rxi2. film
arctieum (Trochostoma) v, MltrcnzeIlllr............... 570
arenata (Caudfna) Gould.............................. [)/j9
arenicola (Asterlas) Stimpson 548, ;",)2
armata (Caudtna) Theel............................... 570
Asteracanthlon 552,553,5.'>4
Asterlas 548,5.52-05fi
Asteroidea 0' ;,,')1-057
Astropecten. . . . .. . . . . . . . . . . .. .. . . . . . . . . . . . . . . .. . .. . . . . . 547
Astroph yton . . .. . . . . . .. . . . .. . . . . . . . . . . .. . . . .. .. .. . . . . . . 56~

atlanueus (Echinarachnlus) Gray......... M4
anstera (Asterias) Verrill .. . .. .. .. . . . .. .. . .. . . . . . . . . .. . 5.'>5
ayresil (Synapta ) Selenka 571
Bltsket·t1sh............................................. 561
bel lis (Ophiura) Fleming.......................... .... 559
berylinus (Asteracanthion) A. Agas·iz................ 5fi2
boreale (Trochostoma) Dun, und K ;,>0,1>70
borcalls (Molpadte.) Sars............. ;)70

Botryodactyla 5tltl
brevisplna (Ophiurn) Say f>.I8,5f>li
brtareus (ThyoJ1C) Lt.'SUCll'!" _....•...•. !).is,5-19, 5(17
Brittle·sturs.............. . 51>7
brittle-star, Daisv............ . 559
bryurens (Anaperus) l'ourtalcs........................ 5li7
Cake-urchins . _. _.. .. . .. .. .. . . .. . .. . . . .. . .. . 562
Caudlna _ M9
Chirodota _ ;>tl9,570
ehlorooentrotus (Strongylocentrotus) Brandt......... ;>lIS
Clad",'tltctyla ...... . . . . . . .. .. . . .. . . . . . .. . . .. . . . .. . . . . . . [)(it)

eompta (Asteria») Stlmpson __ ;,,>4
Cribclla................................................ 51;1;
Crlbrella ;'18,55/;
Cllcuffinria 1)4S, [lti(i,;lti7, 5fi9
davisil (Eehinooidarl«) A. Agassiz..................... nn:J
dantata (Antedon) 8uy................................ 547
dri;baehIcnsls (!-\trongyloeentrotus) O. F. lIIiiller.... fiti2,5tl:J
Eehlnarnehntus _ _ [l.:H),5(1~, 5t)4

Eehlnoddarls............... [)(is

Echlnoidea f>ti2-M;,
Echlnus.................. ;>tiS
elegans (Amphlura) Norman.......... 560
Eneope f>t)fJ
endeca (Solaster) Retzlus ;>48,fi,';()
EuryaJe............................ filii
Eurycchlnus. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .•. . . . . . . sea
faseleulata (Ophiura) Forbes. . . . . . . .. . . . ... ..... . . . . .. 008

Page.
t1acI'ida (Asternoanthlon) A. Agas.'iz.................. 554
Iorbcsi (.A:-;teriuK) Desor [ tS,5f12
Iorbesll (Asterfus) Verrill.... . . .. . . . . . . . . . . . . . . . . . .. . . . 552
IragiUs (SehizRstcr) Dub. HIH! K....................... 5-17
Irondosa (Cucumarla) Guuuerus 54S,f)f)t)
fuslformis (Cucumariu) Dcsor . • . . . . . . . . • .. . .. .. . .. . . • . 1>tl9
Iusus (Thyonc) O. Fv Mu ller [H.19
glrardli (Synapta) Pourtalos 571
Gorgonoccphalus _ __ __ .. __ .. [>til
gracilis (Bynapta) Seleuku ;,71
grandis (Botryodaetyla ) Ayre« fl66
grunnlarls (Echinus] Slly........ W:J
granulatus (Echinus) Gou ld , _................. 56:3
Holothurla Mtl,M7,f,71
Holothurians 5tl5-57l
Holothuriotdea [JI)5-571
Inhaerens (Synapta) O. F. Mullcr..................... 571
Japonicu (Cueumarla) Semper. 55tl
Lcptasterlas :. . . 554
Leptosynapta '........... [,7!
Linckla . . .. . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 555
llneuta (Amphlpholis) Ljllngmlln.... 5tlO
MelJita 548, f>ti2, 5()5

Molpadia 570
muller! (Asteri",,) SILts................................ 51'>5
neglucta (Ophiura ) Johnston................ 560
ncglectus (Echiuus) Lalllllrck............. 5tl3
oeulata (Asterfus) Pennan t. . . . . . . . . . . . . . . . . . . . . . . . . . . . 55.')
olivaeea (Ophiura) Lyrnuu ;",)8
olivaceurn (Ophtodcrmu) A~·res................. M8
oiilltleum (Trochostomu) I'ourtul,'s .. ..... 570
Ophtoeoma •.....•...........•....................... [l;l9,560
Ophloderrna r,,>8
Ophioglyphu IHS,5f>li
Oph iolepis . . .. . • . • •• • • .. . .. . • . • .. • .. . . . .. .. •• • 558,51>9,51">0
Ophiopholis 549,559
Ophiura M8, ;.>Ii
Ophi uroldea h • • • • • • • .. • • • • • .. • • • • • .. • • • • • • • • •• 5f,7-f162
pallida (Astertas) Uoto................................ 5.';3
paltldus (Asterueunthlon) Ag-lLssiz ;,,')3
parma (Eehluuruehnius) Lamarck fH9,fi62,064
parma (Scutulla ) Lamurek 5134,5(),')
pel lucida (Synupta ) Ayres............................ ;,71
Pentuctu _.......... 566
pentaetcs (Clarlodnctyla ) Gould.............. fJfltl
Pentamera " _ 6H7
pentapora (McllitlL) Umeli"............... 5tl5
pontapora (Jo:UCOpl') .:\g-lll"lolil............................ 560
pentaporus (Echlnus) Omelin...... Mfi
pertusn (Asterlas ) O. jo'.1\[Oller........................ r,,>5
pulcherrtma (Oueumnrlu.) A)"rt's .. _................... fJti7
punetuluta (Arbueiu ) Lamurck 562,5ti3
punetulutus (Echlnus) Lumn rvk f>tl:J
quinquefora (Scutel lu ) Lllman'k'. 5()5

robusta (Ophloglyplm) Ayres 548,558

575



576 BULLETIN OF THE UNITED STATES FISH COMMISSION.

Page.
roseola (Synapta ) Vcrrill .•...... __ . _ 571
rubeus (Asterias) I nna~us ~ _'.. fiflH
Sanrl-eake« _ __ _ ,. 51i2
8nnd-doHnrs " __ _ '" '" . __ . _ f>ti'2.J){i'l
Surrd-stnrs ();l7
sanguiuolentn (CrilJrcllll) O. F. Miillcr................ 5f';,
,wahra (Thyonc) Vcrrill .......•.... _ _.......... 56~

Schizaster. a._ •.... _ _u ..• _ __ • _ _.. [,,17
&',\el"(ma,(~ty It\. ...... __ .• _• . .. .. . • • • • . . • . . . . • . . . • . • • . . f,(;7
scolopendrlea (Ophiolepis) Mullcr & Trosehd flo")'.)

seutatum (Euryalc) Gould __ '" f,ln
Scntellu. _ _ _ __ flt).t, Q4i;)

Sea-eucumbcrx _ _.. . . . . . . . . . fJ66
!:)ea.-nrchin, eonHnon __ _ _. flf;3

green••.•.•.••.....................•. '.". flU:,

serpclls (Ophiodcrmn) Liitken _ _ f,;)~

Serpent-stars _ __ f,57
Snake-starx ••••••.•........•............ _. . . . • . . . . . . • . . fi"l7
H<:>lfUl>tcr. • • • . • • • • • • • • • • • • • • • • • • • • • • • • . • . • • • • • • • . . . • . .• f>-iX, 556
Spider _""" WI
spongtosa (Asterlas) }4..abrieius............ :l55
squamata (Amphlpholis) Delle Ch iaje __ .. 5f>0
squamosa (Ophiura) Lutkcn OfJ8
Starfi~hC8 _ _..•.. ~'.'.""'."'" _ [ill, r ~7
Starfish, common.......... . .. .•. .. . . . . .. .. . . • . . 552

Page.
Sturflxh, northern __ .. fi"~3

Stereodcrma __ __ __ .. flti9
stimpsoni (Astcrius) Verrill __ .. r)5:_~

8trongy\oeL\Htrotn~..........................•....... bf,2, f>tia
HYl1aptl1, common [)il

rOHy.......................................... [)i1
tenera (Astcriu..s) Rtimp1"'oll ........................•... ;);t-l
tonera (Amphiura) Liitkcn , __ _ f>liO
tcuorii (Ophing1)'phtl) Ljnngnutn f)r)~

tenni:"! (Ophiolepis) Ayres _......................... flfiU

tennis (Synaptu ) Ayres __ f>71
testndinurtn ()[cllibl) GrllY ._. __ _._ f>Ii,',
testudiuatu (Mel litu ) A. Ag'H~loliz.. 5(;;)

thomsoni! (Trochostomu ) n>\ll. '"Hl K _. _......... 571)
'I'hyone __ 54l\, [..W, [J67,flfiR,f>t)9

Thyone, conllliOIl................ [){i7
'I'oxopnenstes __ __. r>6;~

triforia (Rcntellll) RlLY 5tH
Trocbostomu _ __ .. _. _ __ . .. [,[xl, [,70
tnrgidum (Trochostornu ) Verrf l l , .... _............. mo
unisernita (ThYOllC) Stimpson............ f>li9
Urchin, keyholc _. _...................... 5(;.5
violaeeua (Astcmcanthioll) Rtimp"'lll.............. f)f,3
vulgaris (Asterias) Vcrrill , . .. . .. .. . . . 553



OONTENTS.

Pagr-,
Introduction f>47-0[,0
Key to the classes.............. Ml
Ar.teroldea:

Key to the species............................. .... f>52
Asterias Iorbesl . . . . . . . . . . . . .. . .. . . . .. .. .. . . . . . . f~'i2

AsterlRll vulgaris. . . . . . . . . . . . . . . . . . . . . . .. . . . .. .. 553
Astertas tenera . . . . . .. . . . . f';>4
Asterlas austera. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 00,
Cribrella sanguinolcn tit . . . . . . . . . . . . . . . . . • . . . • . .-.'if,
80lRllter cndeca . . . . . . . . . . . . . .. . . .. . . . . . . .. . . . .. 5fJ6

Ophiuroidea:
Key to the KI~{J(~ie~ __.. [lfJX

Ophlura brevispina r"s
Ophioglyphu. robusta _....... 5;)H
Ophiopholis ueuleata f';,9
Amphlpholts squamata.... 560
Gorgonocephalus agassizi!..................... 561

546

]~chillUid(·H.: Page.
Key to the species 562

Arbacia punctulat"................ fJ63
:~trongylocentrotuH driihfu:hien1o!iH f){}3

Echinaraehnfux parmn . . . . . . .. . . . . . • . . . . . . . . . . fJ64
.Mellita peutapora 565-

Holothurioidcn:
Key to the speetes 5t)6

Cucumarla Irondo-e _. _ _ 566
Cucurnarlu puh-herrtmu :.. [167
'I'hyonc briareus _. fl67
Thyone :wahm..... . 568
Thyono uub-emitu _.... f>69
Caud inu nrellata............................... 009
'I'rochostornu oiilitieulu _ _... 5iO
Hynaptn. Iuhaerens h •••••• _...... 571
8ynttpta r08t'o]a.... . 571

Hibllography _.•.. ,. _ , 572-574



THE ECHINODERMS OF THE WOODS HOLE REGION.

By HUBERT LYMAN CLARK,

Professor of Biology, Olivet College.

A:s used in this report, the Woods Hole region includes that part of the New
England coast easily accessible in one-day excursions by steamer from the U, S. Fish
COl1lmission station at Woods Hole, Mass. The northern point of Cape Cod is the
li*",itjn one direction, and New London, Conn., is the opposite extreme. Seaward
the region would naturally extend to about the 100-fathom line, but for the purposes
of this report the 50-fathom line has been taken as the limit, the reason for this
being that as the Gulf Stream is approached we meet with an echinoderm fauna so
totally different from that along shore that the two have little in common. This
deep-water fauna, characterized by such species as .Antedon. dentata; 8cl~iza8ter fmyl:li8,
Astropectcn. americaouus, etc., is exceedingly interesting, but unfortunately too little
is known about it at present to make a report 'in any degree satisfactory or complete.
This paper, therefore, concerns itself only with the shallow-water species, all included
herein having been taken in less than 40 fathoms, and, with one or two exceptions,
in less than 15. No species is included which has not been actually taken within
the above-mentioned limits. .

The purpose of this article is not merely to aid students and colleotors at
Woods Hole to identify the echinoderms which they find, but also to furnish deserip­
tions and figures of such accuracy that student."! of echinoderms elsewhere may he
able to determine beyond question whether tho species which they collect are identical
with those occurring at Woods Hole. At present very few of the common littoral
echinoderms of America are described in such a way as to make their positive

.identification possible by one not a specialist, and good figurel'S are even more rare.
Particularly is this true of the asteroids and holothurians, Thanks to Lyman and
Alexander Agassiz, ophiuroids are well described, and echinoids well figured, In
both these cases, however, the publications referred to are not only inaceessible to
the average student, but are out of print. It therefore seems wise to gather into
one report all the echinoderms of this region,

Mi
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The only previous list is that of Verrill (lH73b), who names 22 species, 5
asteroids, 5 ophiuroids, 4: eehinoids, 7 holothurians, and 1 ciinoid. The latter,
however, and one of the ophiurans (Am]J!u:llrl~ abrlit(~ Verrill), have never been taken,
within the Woods Hole Iimits, nor iH it probable that either occurs there. Of the 5
starfishes, 2 are undoubtedly identical (Astl'rl:as forDl'sl: and arr?m:cola), so there are
really only 19 bona fide Woods Hole spocics in the list. During the past four
summers 5 other species (2 starfishes, 1 brittle star, and 2 holothurians) have been
collected within the above-given limits, so that now ~4: species are properly credited
to Woods Hole, more than one-third of which are holothurians,

The number of species listed is small, hut includes representatives of two quite
distinct faunas, making the region one of much interest. The southern and western
portions of the region mark the northern limit of several distinctively southern species
(such as A[dlita pentapora; Op!u:llrll ol'e/'/sp/JI(l, Th.!J01W Ol'taf'Clls), while the northern
and eastern portions mark the southern limit of several distinctly northern species
i Solaeter endeca, OjJltio!!lyp!ut robusta, OlleIlJIIllri(~fl'ondo,~a.") It is interesting to note
that not fewer than 9 of our :34 speoies occur on the northern shores of Europe, while
4: occur in Bermuda and the West Indies. Only 10 can he called common in the Woods
Hole region, and 4 of these common only in very restricted areas, so that, unless the
exact locality is known, the chances arc against collecting more than a half-dozen
species. Moreover, the common species vary greatly in their ubuudanee from year
to year, a species easily found one summer heing looked for in vain the next season.
For example, the starfish Asterlas fOr'De8i was very abundant in ",roods Hole harbor
in 1895; in 1H99 it was almost wanting and only small specimens occurred; in 1902 it
was again abundant. Similar facts could he given regarding the common sea-urchin,
Arbacia; and the small red starfish, Ol'ior'eUa.

The best collecting grounds for echinoderms in this region are undoubtedly on
the shoals east of Chatham and Nantucket. On the fishing ground known as Crab
Ledge, off Chatham, in about 17 fathoms of water, we collected on August 22, 1902,
4: specie!'! of starfish, 3 hrittle star», I sea urchin, and I holothurian. Southeast of
the Round Shoal Iight-Hhip, and about S miles off Sankuty Head, Nantucket, in 12
fathoms, August 13, 1902, we collected 4: species of starfish, 2 ln-ittle stars, 3 sea
urchins, and 1 holothui-ian. Of the 9 spocios at Crab Ledge~ a were not taken at
Sankaty, while of the 10 species of the latter station, 4 were not found at Crab Ledge;
more than half of all the species of this region were therefore taken at these two
stations, and 2 other.species are known to occur there. In Vineyard Sound, including
the deep water off Gay Head, 15 speoies have been taken, but at least 8 of these are
rare and very seldom occur in the Hound. At no one station have more than ()
species been taken, In Buzzards Bay, including the deep water off Cuttyhunk, only
8 species occur, and 1 of these is extremely rare,

From the point of view of human economy, the echinoderms of the Woods Hole
region are of little importance. None of the 24 species is directly valuable for any
purpose. The large O/tcwlUlr'i(~.I'1'011110s(t hall occasionally been used as food, and no
less an authority than Dr. William Stimpson recommends it, hut it is too rare in the
W oods Hole region to be of any use. The starfish, Asteria» forolwi, is of commercial
significance wherever oysters arc cultivated, because of its destructiveness to that

a The recorded occurrence of thix species on the Florida n'pf,"i iM not beyond question: hilt, even if correct, there Js no
doubt th~t the shoals east of Nantucket are the southern limit of the species as It littoral form.
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mollusk; but this whole subject has been so thoroughly investigated and reported by
Mead ('99) that there is no reason to discuss it here. As food for fishes some of the
echinoderms deserve mention, particularly Eohinarachsiiu» parma and OphioplwU8
aculeata, which, in spite of their most unprepossessing.appearanoe from u gaAtronomic
point of view, and their firm; calcareous skeletons, -snem to he importarit items ?f
food with the cod and some other fishes. The tilefish is known to feed very largely
on It species of brittle star, Amphiura; its stomach often heing completely distended
with them. The smaller holothurians are also frequently eaten by fishes, thohgh it is
at least an open question how important an urticle of diet they may be.

For the proper study of echinoderms, especially for purposes of identification,
freshly killed material is the best. Alcohol il'l the hest preservative, and should
be used quite strong. Formalin is worthless, tending to make the tissues swell and
become slimy, and dissolving the calcareous parts. All echinoderms are very KU8·
ceptible to Epsom salts (MgSO.), and it iK probably the best available narcotic. In
most cases it is not necessary to take any precautions, and the Halt may be added to
the sea water at once in considerable quantity. 'Vith some holothurians, however,
more care is needed, and the salt should be added to the water a little at a time.
Once thoroughly stupefied, echinoderms of all classes, except holothurians, can he
killed nicely expanded by putting them into alcohol, 50 pel' cent or stronger, Some
holothurians, especially Thyone Irriareu«; are- more difficult to kill satlsfactorily, and
hot water 01' acid reag-ents serve the purpose better, us a rule. Of course, when. it
is desired to identify the specimen, acid reagents should carefully be avoided, for the
calcareous parts of all echinoderms are essential to accurate identification; and espe­
cially is this true of holothurians, Starfishes, brittle stars, and sea urchins are much
more easily identified from well-dried specimens than from the best alcoholic ones,
all important specific and most generie characters heing- based on calcareous parts.
To prepare dry starfishes or brittle stars, they should he thoroughly narcotized,
then placed in fresh water for a short time, then in strong- alcohol for twenty-foul'
hours, more or less, according to size, then dried as rapidly as convenient. The
colors of many species ate readily washed out in alcohol or even in fresh water, so
that specimens prepared in the manner just described rarely retain a natural color.
It is said the color may he preserved very satisfactorily hy killing in 50 per cent alcohol
and drying rapidly by artificial heat, Sea urchins may he prepared in a similar
manner, hut care must be taken to see that the interior of the animal is thoroughly
soaked in strong alcohol before drying. Most of the specific characters of all
echinoderms, except holothurians, are easily seen with a hand lens, and usually with
the unaided eye, even in young and small specimens. Hut for the proper identifica­
tion of holothurians, a compound microscope is essential, as the minute particles of
lime in the skin furnish the most important specific characters. To examine these
all that is necessary is to cut out a small piece of the thin body wall, and after soak­
ing it in water a few minutes, dear and mount in glycerin. If the body wall is
thick, only the surface layer should he taken, and it should be treated with caustic
potash (10 per cent or stronger) before being washed in water and cleared in
glycerin. The same treatment is desirable when the body wall is heavily pigmented,
01' when the calcareous particles are extremely numerous and crowded into more than
one layer. It is sometimes necessary to leave the piece of skin in caustic potash for
several days, especially if the specimen has heen in alcohol for some time.
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The illustrations for the present report were made-in all hut one instance,
Trochostonut oijh:tl:C117n-from specimens taken in the Woods Hole region. The
figureR showing the external appearance of the different species, and the denuded
tests of the sea urchins, are from photographs made hy Mr.•1. D. Figgins. So far
as possible, these photographs were from living or freshly killed specimens, and are
represented natural size. It is due entirely to Mr. Figgins's patience and persistence
that the results have been so generally satisfactory, and it gives me pleasure to
express my sincere thanks to him. The other figures are from drawings, and are
intended to show those characters which are of importance in the identification of
species.

In the choice of names, I have endeavored to make as few changes as possible from
those in common use, hut pre-Linnrean names have been rejected, as no good reason
has ever been given for introducing them into modern literature. The name of each
species is followed by that of its describer; if, however, that describer did not place
the species in the genus in which it is now included, his name is inclosed in paren­
theses. There is no good reason for appending the name of the writer who placed
the species in its present genus, and the custom is had in its effects. Popular names
are given where any are in oommonnse, hut none has heen coined for any of the less­
known species. No attempt has been made to give a complete synonymy, but the
names used in the most important papers dealing with the echinoderms of the New
England coast, and in standard works on the various classes, are given under each
species. A bibliography also is appended, in which the titles of such works will he
found, and there is an index to all names, including synonyms.

The work upon whieh this report is based has been carried on exclusively in the
laboratory of the United States Fish Commission at Woods Hole, in part during the
summers of 1898, 1899, and 1900, but particularly in 1902. It gives me pleasure to
acknowledge my indebtedness to the Commissioner, Hon. George M. Bowers,
for the opportunity thus given me, and to Dr. H. M. Smith, who, as director of the
Woods Hole laboratory, has afforded me every facility for carrying on my investi-

, gations. LikealJ other workers at the Woods Hole station, I am under special
obligations to the veteran collector of the Commission, Mr. Vinal N. Edwards, who
has supplied me with many important data concerning the local distribution and
habits of echinoderms. Mr.' George M. Gray, of the Marine Biological Laboratory,
has also assisted me with information and specimens.
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ECHINODERMATA.

55i

Radially symmetrical animals, with a well-developed water-vascular system,

K ry to the ClUJlIleR of Echiuodcrnuua of the Wood.~ Hole region.

Body more or IC!lfI flattened rlorso-ventral ly, with the mouth at the center of the lowf,r surface; external skeleton well
developed,

Ro,ly with the rndl! extended .....more or less elongated arms.
Arms unjointed, with IL longitudinal furrow on the lower side.Jn whieh are the numerous tube feet. .. ASTEROIDEA
Arms made up of numerous joints, without n l.mgttudlnal fnrrow on the lower side OPHlUROInEA

Body hamlspherleal or discoidal, wlthont extended r:l,lil ECHINOIuE.\
Body more or Jess elongated, with the mouth at the anterior end, surrounded by a circle of tentacles:

no well-developed external skeleton HOI.OTHtlRIOI1lEA

ASTEROIDEA.

STARFISHES.

Of the 6 starfishes which occur in the Woods Hole region, no.fewer than 4 belong
to the large and widely distributed genus Asteria», the species of which are, even to
the present day, greatly confused. FOI' this reason it is impossible to avoid the use
of some technical terms in the artificial key, as well as in the descriptions, although
the endeavor has been made to have the descriptions as clear and free from techni­
calities as possible.

Following are the terms used which do not carry their own meaning:
AlxLCtinal=aboral; opposite the mouth; the uppt'r surface.
Adinal=oral; the lower surface.
Adamlndacral spinu=the spines borne on the plates which form the margin of the actina! longitudinal

furrow on each arm.
Ambulacralfurrow=the actinal longitudinal furrow on each arm.
Afadrepore plate=the more or leRfi prominent somewhat circular body situated abaotinally in one of

. the interradii.
Oral plates=the skeletal plates, especially the adarnbnlaeral plates, immediately surrounding the

mouth.
Papul..p=the tentacle-like outgrowths of the body wall which project hetween the meshes of the

skeleton and contain prolongations of the body cavity.
Papular areaR=spaces occupied by papulre between the meshes of the skeleton,
Pedicellnrire=the minute foroep-Iike modified spines, consisting of two hard jaws moved by muscles,

and occurring in many starfish, especially on the abactinal surface, and at the base of the
large spines.

It must be added, moreover, that no description or figures will serve to distin­
guish positively very young individuals of. our 4 species of Asterias, The young of
forbesi seem to be the first to show the specific characters, and individuals 15 mm, in
diameter can generally be recognized without much trouble. The young of 1rulgaris,
tenera, and austera resemble each other so closely when less than 10 mm, in diameter
that it is practically impossible to separate them positively, but when 15 rnm. in diam­
eter they can usually be distinguished from each other on careful comparison, and
by the time they have reached a diameter of 20 mm. the specific characters are
generally quite marked. It must be borne in mind, however, as shown by Mead ('99),
that the age of a starfish is not shown by its size, and, furthermore, that spines and
pedicellarire increase in number as the age increases. Thus some small but old
specimens may have the specific characters well defined, while others much larger
but younger may have them barely indicated.
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Key to the Asteroids ojthe Wood. Hole region.

Rays rough and spiny, since the meshes of the skeletal network are eoarse'and bear prominent spines,
singly or in groups of 3 or 4; pedlceIJarlre numerous; feet In 4 longitudinal rows In each
furrow.

Adults usually over 100 mm. In diameter; papulre numerous In small groups.
Rays tending to be eyllndrleal and blunt; skeleton quite firm; spines rather few and coarse;

pedlceIlarlre on adam1{lI1acral spines short and blunt; madrepore plate usually bright orange.A.TERUS FORB.",r
Ray. tending to be somewhat flattened and acuminate; skeleton open and rather soft; spines

numerous, tending' to form a noticeable median longitudinal row on the abactlnal side of
each ray; pedlceIlarire on adambnlaeral spines numerous, long, slender, and sharp; madre-
pore plate pale A.TF.RIA. Vl1l,(lAR'S

Adults usna.lly much less than 80 mm, In diameter; papulre few, I, 2, «r 3 In a place.
Rays tending to be cylindrical and tapering; skeleton moderately flrm, with numerous spines:

pedlcellarlre very numerous, especially on aetinal surface, forming wreaths, genemlly very
noticeable, on the spines there A.TERu. TENERA

Ray. decidedly flattened, rather wide and blunt; skeleton coarse and very firm; spines few;
pedleellarlre on adambnlaeral spines few and blunt, but a prominent series of them just
within the edge of the ambulaeral furrow ARTF.RU. AITSTERA

Rays rather smooth, since the meshes of the skeletal network are fine and bear numerous very small,
delicate spines: no pedleellarlre; feet In 2 rows--

With [, or Grays CRIBRELLA SANGUINOLENTA
wuns to 11 ray HOI.AR'I"ER ENDECA

1. ABteriasforbeBi (Desor). Cammonstarjish. (PI. 1, figs. 1,2; pI..4, figs. 14, Iii.)
Asteracamhionjorbesi Desor, 184ll.
Asteria. arenieola Stimpson, 1862.
Asteracanthion berylinns A, Agn.""lz, 1863.
Asteriasjorbesfi Verrill, IIlf16 et seq.

Descriptian.-Rays normally 5, occasionally 6, rarely 4 or 7. R=75 to 130 mm., r=10 to 25 mm.,
R=4.5 to 8 r. B'readth of ray, near base, 15 to 30 mm., R=3.5 to 5 br, Rays stout, blunt, and some­
what rounded at the tip, abactinal surface normally arched. Disk moderate or large, often highly
arched. Interbrachial arcs rather acute. Abaetinal area covered with stout plates, closely soldered
together into a firm skeleton, with no constantly regular arrangement. These plates carry single
prominent spines, 1 to 2 mm. high, which are usually blunt and minutely rough or thorny at the tip,
hut in young individuals may be quite sharp. About the base of these large spines are often grouped
2 to 4 smaller ones, 0.5 to 1 mm, high, also blunt. All the spines are more or less fully encircled
about midway between base and tip with a cluster of very small, blunt pedicellarire. Scattered more.
or less freely all over the abactinal surface are pedieellarise a little less blunt and somewhat larger.
Sides of rays well rounded, but oftentimes with a well-defined longitudinal arrangement of spines,
about halfway between aetinal and abactinal surfaces. Below this row is a space of very variable width
which is usually free from spines but bears a few scattered pedicellaria-, Beneath this space, and well
on to the actinal surface of the ray is a prominent longitudinal series of plates, each of which hears an
obliquely arranged pair or trio of very prominent spines (like those of the abactinal surface, and
wreathed by pedicellarire in the same way), of which the most distal is nearest the ambulacral furrow.
This series is usually clearly defined, but in some individuals it is more or less irregular. Between it
and the adambulacral apines is a longitudinally extended space, which may be perfectly open and occu­
pied hy only a few pedicellarire, but in many specimens is obliterated by a single series of large spines,
which are more or less square cut or even clavate at the end, and are often slightly beveled on one side.
The presence or absence of this row is not a matter of size, but it is very probably a matter of age, though
that is not yet proved. Adambulacral plates with 1 or 2 (usually 2) rather long (2 to 4 mm.), somewhat
flattened and slender spines square cut or hlunt at the end, and many of them, especially near the
mouth, bearing small blunt pedicellarire, though these are often wanting in young individuals. In
a specimen with R=24 mm. there are about 60 adambulacral plates on each side of the ambulacral fur­
row; in one with R=67 mm, there are about 100; and in one with R=80 mm. there are about 180.
Oral spines not peculiar. Papular areas variable in size, hut usually large, with numerous papulre,
generally 5 or more in each group. Madrepore plate of moderate size, 2 to 5 mID. in diameter, with
numerous narrow furrows, and not surrounded by any special circle of spines. Tube feet quadriserlal,
crowded. Color in life very variable; the most common shades are brown, purple, orange, green, and
bronze. Spines generally light and madrepore plate usually bright orange-red. After death the
bright tints are generally lost and in preserved specimens the madrepore plate is usually yellow or
brown.

.Ra.nfJe.-Maine to the Gulf of Mexico, rare or local north of Cape Ann; low water to 27 fathoms,
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RemarA·.~.-This is the common starfish of the Woods Hole region. It occurs abundantly in the
harbor, in Vineyard Sound, and in Buzzards Ray. It was originally described from the shoals of
Nantucket, but we did not find any off Sankaty Head or Crab Ledge. It iH most common near low­
water mark, but occurs down to 18 or 20 fathoms. The habits have been observed and described so
well hy Mead ('99) that any account of them here would he superfluous. The larval stages and
development of.this species have been describ(J(~ by Agassiz ('7i), but ouriously enough little has been
done on the embryology during the past twenty-five years. The young stars occur in great abundance
on the eelgrass in the Eel Pond at Woods Hole during August. The great variety of color in the
adults has yet to be explained; it is apparently not associated with age or sex, nor has its correlation
with the environment heen proved.

2. Asterias vulgaris Verrill. Northern starfislr. (1'1. I, figs. 3. 4; pl. 4, figs. 16, 17.)
Aweria« rubens Gould, 1841.
ARteraeantMon rubrn« DCRor, 1848.
Asiera('nnlh'lon 'violarcns sttmpson, lkfi3.
Asteraeanf";on rubcn« StimpRon, 1R.'~1.

ARleraeanlidonpallid"R A. Aga""iz, lSU.1. No desertpt.ion.
Arteria» ,·"IUam Packard, 1M~. No deHerlption.
Asteria« 1'ulyarls Verrill, 18f.fi et seq.
A Rtn;as sUmpRoni Varrfll, lS!ili (pars.),
AR/i'I'iaspalllda Ooto, 189S.

Desrriptiou•.-RaYA normally 5, rarely 4 or 6. R=i5 to 150 mm. or even more, specimens 425 mm.
in diameter being reported from Nova Scotia, r=9 t.o :~o nnn., R=4.5 t.o8.5 r. Breadth of ray near
base, 15 to BO mm., R=B.5 to 5 br. Rays mure or h~88 flattened, the sides somewhat vertical, tapering
to a more or less acuminate point. Disk usually rather large, sometimes considerably arched. Inter­
brachia! arcs somewhat acute. Abaet.inal area covered by a network of narrow plates with large
meshes, not. forming a very firm skeleton. Almost always there is a median longitudinal series on the
arm, with large papular areas (sometimes 4 or 5 mm. across) on each side. All the plates bear blunt
spines I or 2 nun. high, usually 'singly hut. occasionally 2 or B together. The spines are rough or
urinutelj. thorny at the tip, and are eneirded by It more or less complete wreath of pedieellarise,
which are remarkably .blunt, Pedicellarue scattered over abactinal surface much larger and quite
acute. Along side of ray a very well-marked lateral series of spines, below which is a longitudinally
extended area of greater or Ipss extent quite free from spines, but with numerous pedieellariie, The
lateral spries varies greatly in position, iu Homespecimens being quite near the abactinal surfaee, while
in others it may be scarcely visible when seen from above. It is made up of plates bearing 2 spines,
side hy side, so that there is apparently a single line of spines. In. older specimens, however, there
is often a third spine beneath the distal one of each pair, and frequently It fourth spine occurs above
or beside the proximal one. Well down on the aetinal surface of the ray is another series of spines, the
largest and most prominent of all, These are usually over 2 nun, in length and are often 3 or 4 mm. long;

.they are very blunt, even square cut or clavate, in some specimens deeply so. Three spines form
an oblique row on each plate, the most distal being nearest to the smbulacral furrow. Although
these spine's bear pedicellarin-, often in great numbers, they are not so nearly wreathed by them
as are the abactinal spines. Adambulacral plates with 1 or 2 (usually 2) rather long (2 to 4 mm.)
somewhat flattened slender spines, pointed, square cut or clavate at the end, most of which carry
from 1 to 6 long, slender and very acute podioellarhe (fig. 17). A few small pedloellarise occur 011 the
adambulacral plates within the furrow. The acute pedlcellarise on the adambulacral spines are
present even in very 8ma11 individuals (15 to 20 mm. in diameter). Adambulacral plates are more
numerous in this species than in any of the other forms of Astcrias occurring at Woods Hole. In a
specimen with R=18 mm. there are (i5 or more plates on each side of the furrow; in another with
R=24 mm. there. are about 75; in another with R=87 there are only about 110; in another wit.h
R=107there are not less than 170. Oral spines not peculiar. Papular areas generally large, with 3 or
more papulre in each group. Madrepore plate of moderate size, 2 to I) rom. in diameter, with
numerous narrow furrows, and not surrounded by any special circle of spines. Tube feet quadriserial,
crowded. Color in life very variable; the most common shades are yellow and purple, but cream­
colored, yellow-brown, brown, orange, pink, and even bright red individuals occur. Spines generally
Iight, and madrepore plate light yellowish.

Ranye.-Labrador to Cape Hatteras; but south of the Woods Hole region rarely seen in shallow
water; low water to 358 fathoms.

Remarks.-AJt.hough leSR common than A. forlJ(wi, this species occurs in abundance in many places
near \VOOdR Hole. In the harbor it is occasionally Iound with A. forbesi, and specimens have been
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described to me which were apparently hybrids between the two species; but I have never seen such,
nor any individuals, however small, which could not readily be assigned to the proper species. Even
when only 10 mm. in diameter, jorlma has a much stouter appearance. Young specimens of vulgaris
were taken in August off Gay Head and Cuttyhunk, as well as at Crab Ledge, and off Sankaty Head.
Most of the adults taken in the Woods Hole region are less than 180 mm, in diameter. The best
specimens that we collected were taken at Crab Ledge. The habits and development of vulgaris do
not seem to differ essentially from those of forbesi, though some slight differences in the early stages
have been noted by Alexander Agassiz ('7i). The larval stages have been well described by Field
('92), and further points have been carefully investigated by Goto ('98). As in the CMe ofjorbl!ili, the
great variety of color does not seem to be associated with either age, sex, or environment. All of the
earlier writers regarded this species aR identical with Asterut8 rubnls of Europe. Stimpson, early in
18H3, first suggested in It private letter that it might prove distinct, and proposed the name ~mlgari.~, but,
he gave no description. Later in the same year Alexander Agassiz proposed the name pollidus, but
gave no adequate description, Still later Packard used the name vulgaris Stimpson, in a published list,
hut he also failed to give a description. Finally, in 1866, Verrill published a 11escription under the
name vulqaris Stimpson. Clearly, however, Stimpson'« name is the barest kind of a nomen nudum,
and Verrill is properly the describer of the speeie«, 'Vhe~her it is really distinct from Asterias rubens,
however, has never yet been proved, awl Verrill ('76) now thinks they may prove identical.

3. Asterias teners., Stimpson (pl. 2, figs. ,;-7; pI. 4, figs; 20, 21).

Alderil18 tenera StimJl'!On, 1862, p. 2tl!l.
A.feril18 compte: Stimpson, 1862, p. 270.
f A.teracanthion jtW'cida A. AguR:iz, 18!i3.
LeptaRteri... compta Verrlll, 1873.'
Leptasterias tcnera Verrill, 1874.
A.teri... (Lepta.feria.) mmpta Sladen, 18119.

1>eRcription.-Rnys5, rarely 4 or 6. R=ilOto 4Omm., r=4 to 7 mm., R=6 to 7 r. Breadth of ray
near base, 5 to 10 mm., R=4 to 6 hr. Rays not flattened, nearly terete, slender and pointed. Disk
small. Interbrachial arcs acute. Abactinal area covered by a fine network of narrow plates with
rather large meshes, forming an open but fairly firm skeleton, with no clearly defined median row on
the ray. All the plates carry prominent, though rather delicate, spines about 1 mm, long, more or leRS
rough and pointed at the tip. These s~es, except on the disk, are encircled at or-near the base by
more or less complete wreaths of blunt pedicellarise: the contrast between disk :and rays in this
respect is eften marked. Pedieellarise most numerous near the tip of the ray. On sides and actinal
surface of rays, the spines are somewhat larger and tend to form longitudinal series of single spines
placed side by side. There are generally four such series quite clearly defined, of which the one
nearest the ambulacral furrow consists of the largest spines. In all the series the spines are more or
less densely wreathed with pedioellarire which become more numerous approaching the ambulacral
furrow or passing toward the tip of the ray. Adambulaeral plates with 1 or 2 slender spines 2 mm.
long; at middle of ray plates carrying 1 spine tend to alternate regularly with those carrying 2, but
at both hase and tip of ray the plates more frequently bear a single spine. Adambulacral spines
with numerous pedieellarire which often form wreaths about the spines near the middle. Similar
pedicellarire also occur on the adambulacral plates within the furrow. AdambuliJ,eral plates rather
less numerous than in mtlgaris; a specimen with R=18 mm, has about 60 plates on each side of
tbe furrow; another with R=24 has about 68 plates, and in one with R=37 there are about 100.
Oral spinel' not peculiar. Papular areas of moderate size, with few papulse, usually I or 2, ill each
area, Madrepore plate small, with few, rather wide furrows, surrounded hyan imperfect circle of
6 or'8 spines, Tube feet quadriserial, but not crowded, Color in life varying from purplish-pink to
nearly white, the smallest ones having the least color; madrepore plate and spines nearly white.

Range.-Nova Scotia to New Jersey; in 14 to 85 fathoms.
RemarkR.-This small starfish is very common off Sankaty Head, but we did not collect any speei­

mens at Crab Ledge, nor has it been taken in Vineyard Sound. Verrill ('73) records it from south
of Marthas Vineyard in 20 to 25 fathoms. A careful study of Stimpson's ('67) original descriptions
of tenera, based on 20 specimens from Massachusetts Bay, and compta, based on a single individual 3
inches in diameter, has convinced me that the two forms are identical, and this belief is confirmed by a
comparison of numerous specimens, undoubtedly trnera, taken off Sankaty Head, with 2 large specimens
(72 mm, in diameter) labeled compta in the collection of the Fish Commission from outside the Woods
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Hole region. The latter were probably identified by Verrill. Slarlen ('89) expressed hia suspicion
that tener« and compta were identical, but owing to lack of material withheld his decision, Verrill
('95) thinks tenera is a poorly nourished, slender variety of compta, but the name tenera has precedence.
The g1'OUP of starfish (regarded as a genus by Verril] and a subgenus by Sladen) called Leptasteria.~,

and including tener« and one or two other forms, does not seem to rest upon characters of sufficient
importance and constancy to warrant recognition. Vory little is known of the habits or development
of Asteria» tenera, though the latter is said to he without metamorphosls, the young being CAred for by
the mother, to whom they are attached. Whether this species is really distinct from AI,teriaB miilleri
of Europe remains to be proved.

4. Asterias austera Verrill. (PI. 2, fig". 8, 9; pI. 4, fil,."" 18, 19.)
Asterias austera Verrill, 1895.

Description.-Rays 5. R=24 to 35 mm., r=6 to 10 mm., R=3.5 to 4 r, Breadth of my near base
6~ to 10 mm., R=3.5 br, Rays rather short, wide, and depressed, somewhat angular from the promi­
nent row of lateral spines. lnterhrachial arcs rather acute. Abaetinal area covered with rather "tout
plates, apparently with no regular arrangement, tlw median radial series being very zig7.8g. These
plates are very thick, though the width is qnite variable. They carry short, very blunt spines, con­
siderably less than 1 mm. in length. Spines of the median radial series sometimes noticeably larger
than the disk spines. Each spine is encircled at tlle base by a few small, blunt pedicellarire, usually
from 4 to 10 in number, but these are often wanting 011 the disk. Occasional isolated pedicellarlre
of much larger size occur scattered here and there on the abactinal framework. Sides of ray
practically vertical, the upper edge being marked by a series of 18 to 28 large stout plates, which start
at the level of the disk, abactinally, and run distally with a downward slope, so that the side of the
ray is almost twice as high at base as at tip. Each of these plates carries a prominent, stout, blunt
spine, about 0.7 of a moo. long, encircled at base by a cluster of 8 to 15 small pedieellarire on the upper
and outer side. Between the two series of spines the lateral surface of the ray is free from projections
of any kind, except occasionally a few large pedioellarise. Between the actino-lateral series and the
adambulaeral plates there is apparently only a single row of plates, and these are usually confined to
the basal half of the ray. They often hear stout spines nearly 1 mm, long, which are apparently
opposite and not alternate with the spines of the actino-lateral series. They have no cluster of
pedicellariee at the base, but sometimes bear' one or two suiali pedlcellarim near the tip. Adam­
hulacral plates with one or two nearly cylindrical blunt spines, considerably over a mm. in length;
they do not alternate alike even on the two sides of the same ray. These spines are mostly free
from pedicellarue, but rarely a small blunt one is present near the tip. Within the ambulacral
groove, however,. above the bases of the spines, are numerous small pedieellarise. These are sometimes
specially prominent on the oral plates. Adambulacral plates rather few; a specimen with R=18 hal"
only 49 on each side of the furrow, and my largest, with R=24, has only 60. Madrepore plate of
medium size, with few, wide furrows, and surrounded by a rather incomplete circle of 6 to 8 spines.
Tube feet quadriserial.vbut not at all crowded. Color in life white, cream color, or yellowish, more or
less marked abactinally by dark green, purple, or reddish. Digestive cceea often show through the
abactinal surface, especially in small individuals (as in young fJ'llgaris and tenera), adding much to
their beauty.

Range.-Georges Bank and off Cape Cod; Crab Ledge, off Chatham, Mass.; 17 to 3.'\ fathoms.
RernllrkR.-After some hesitation I have referred a small star-fish, of which we took 12 specimens

at Crab Ledge, to Verrill's species austera, although, owing to the brevity of his description and the
lack of figures, there is some room for doubt; but the largest specimens answer very well to his
description, and as he reports his species from off Cape Cod in 33 to 3"; fathoms, it is highly probable
that the species here described ant! figured is {luxtera. It is a handsome little star-fish, and seems to be
common at Crab Ledge. We did not find it elsewhere. Nothing is known of its habits or development.

15. Cribrella sanguinolenta (0. F. MiHler). (PI. 3, fig8. 10, 11; 1'1. 4, fig. 22.)
Ast"rias sanguinolenla O. F. Mllll<'r, 1770.
Asteria'lJfrtusa O. F. Milller, l77G.
Asterias oenlata Pennant, 1777.
Asteria. spongiosa Fnhrlclu•• 171lO; Gonld, IMl; De""r,IM8.
Linek'ia ""maW Forbes. 1839; St.lmpson , lAA.1.
(}r{he!JfLocukua F()~b{'". 1841.
Litu'kia. prrtn8a 8t1mJl~n, 1853.
Cribrdlft 'flllf/I/trwlmta Lntken, 1S.~9; Verrlll, 1866 et seq.
Oribrellftoculala AI. and j<~. C. Agn""lz. IMf\; Sladen, lR89.
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DeRcriptcion.-Rays normally 5, occasionally 6. The proportions vary to an extraordinary degree.
R=30 to 60 rnm., r=6 to 13 mm., R=2.5 to 5..5 r, Breadth of ray near base, 10 to 14 mm.,
R=2.4 to 5.4 br. Rays varying from nearly cylindrical to long conical, but usually with a rounded
tip, and not flattened. The basal part is oftentimes swollen and then contracted dose to the disk,
which is of very variable size. Interbrachial arcs are sometimes rounded, but more often acute.
Abactinal surface covered hy It network of plates, which form It more or less firm skeleton, according
to the size of the meshes, these ranging from under 0.5 mm. to over 1.5 mm. As a rule thes~plates have
no regular distribution, but in some specimens there is, on the sides of the ray, an approach to a trans­
verse arrangement, either in vertical or oblique rows. Upon the plates are numerous minute spines,
which differ greatly in size and form in different individuals, They are sometimes very delicate and
sharp, sometimes stout and blunt, and the length varies from 0.2 to 0.5 mm, These spines occur singly,
or more often in groups of from 2 to 12, and as they are so small, so numerous, and of such nearly uniform
length (in anyone specimen) the surface of the ray does not appear spinulose in the living animal.
On the actinal surface the plates tend to form longitndinal rows, especially near the base of the rays,
and there is almost invariably one WE'll-defined row just outside the adarnbulacral plates. The latter
are not very numerous, a ray 42 mm, long having only about 65 on each side of the furrow. The
armature of the adambulaeral plates is made up of 10 to 12 blunt spines, of which 1 is on the side of
the plate, well up in the furrow, while the remainder are on the face of the plate. Although they
vary considerably in size, in different specimens, the arrangemeut, on the whole, is fairly constant.
The furrow spine is very slender, hut iA sometimes quite long, OVE'r 0..5mm. Of the others, that nearest
the furrow is the largeflt (1..5 mm.) and usually stands more or less alone. Behind, or outside of it,
are 1 or 2 a trifle smaller, and the remainder, arranged more or less irregularly in pairs, diminish
rapidly in size, so that those on the outer edge of the plate are of about the same size as the spines on
the adjoining plates. In young individuals the adambulacral spines tend to form a narrow, transverse
series on the plate, continnous with the transverse series on the sides of the ray, but in adults such an
arrangement is obscured, if not obliterated. Oral spines long, but not peculiar. Papular areas small,
with usually 1 papula, sometimes 2 or :~. Madrepore plate small, with few wide furrows, the ridges
between which frequently bear spines. Feet biserial. Color in life, abactlnally usually bright red,
with a slight orange e-ast, the actinalsurface deep yellowish. There is, however, more or less variety.
In some speoimens the red is faded in spots to yellowish, or even the whole abactinal surface to orange,
yellow, or cream color; in other specimens the red is deepened to purple, often of a very rich shade,
while again the purple is faded to lavender or nearly white.

Ranye.-Greenlan,l and Labrador to Connecticut, off New .Tersey, and even Cape Hatteras; littoral
only as far south as the Woods Hole region: northward it is common from low water to 220 fathoms,
while southward specimens have been reported from I,B.50 fathoms. AIRo Rpitzbergen, Nova Zembla,
and Iceland to Great Britain and northwestern France. Northwestern enast of Asia (Brandt}, Bering
Sea (Ludwig).

RemarkR.-The.abundance of this star-fish in 'Voods Hole Harbor varies greatly in different years,
and although it ill often common the specimens are always small. Mnch the flnest specimens found
in this region come from Crab Ledge, where the species is very common, and exhibit!'! the greatest
variety of form and color. Careful measurements were made of 142 specimens to see whethe~ there
was any tendency to diverge into two or more forms, but none appears. While some specimens have
the breadth of the ray OVE'r :~6 per cent of the length, others have it only 18 per cent, while the majority
range about 28 per cent, The curve of variation falls dff quite uniformly in both directions. Nor
could I find that the diversity of either fonn or color was in any way correlated with age, sex, or
environment. This species breeds in the early spring; the e~gs I1rE' large and contain much yolk;
development is abbreviated, but iH still imperfeetly known.

6. Sola.ster endeca. (Retzius). (PI. B, figf!. 12,13; pl. 4, fig. 23.)
ARteriao endeca Retzius. 1788.
Solaoler endeea Forbes, 1~89.

Description. -Rays usually 10 or 11, frequently 9, occasionally 7, 8, 12, or 13. R=75 to 150 mm.,
r=25 to 50 mrn., R=3 r. Breadth of ray near base 12 to BO mm., R=5 to 6 br, Rays arched
abactinally, flattened aetinally, regularly tapering, bluntly pointed. Disk large, generally highly
arched; in a specimen with R=10(l, the disk is H5 mm. high. Interbraehial ares rather rounded.
Abactinal surface covered with a very dose net-work of plates, making a firm skeleton. These plates



Bull. U. S. F. C. 1902. PLATE 3.



Bull. U. S. F. C. 1902.

14

15

16

17

PLAT E 4 .

18

15

18

19

19

20

17

20

2 1

2 1



THE ECHINODERMA OF THE WOODS HOLE REGION. 557

bear low columnar elevations, each of which is crowned with a KrouP of from 10 to 12 (more or less)
delicate spines, 0.3 to 0.5 mill. in length. These spines are so short, and of suqh nearly uniform length,
that the general impression in the Ii ving starfish is that of an almost smooth surface. In some
specimens the spines radiate slightly from the top of the column while in others they are very closely
erect. Along the sides of the rays, the columns tend to form longitudinal series, and 4 or 5 such series
are sometimes well defined. On the actinal surface there is a well-marked series of plates forming a
lateral margin to the ray. On the distal portion of the my these plates are in eon tact with the
adambulacral plates, but as the disk i:J approached, they diverge and form a margin for the actinal
surface of the disk. The plates carry transverse ridge-like elevations, 0.5 nnn. high (1I1O!'e or less),
which are crowned by a group of 12 to 25 suiall spines, of nearly uniform length, arranged in a more
or less perfectly double series. Actinal, interradial spaces, closely covered with plates, bearing low
columnar or ridge-like elevations, crowned with dusters of spines somewhat larger than those of the
abactinal surface. These clusters have a more or less definite arrangement, tending to form rows
parallel to the adarnbulacral plates. The row adjoining the latter runs out about halfway to tip of
ray, while the others are successively shorter, the interradial sl-rips being the shortest. Adambulacral
plates with 2 series of spines, one in the furrow, and one on the face of the plate. Furrow series of 3
spines in a row parallel to the furrow; 1 (or even 2) of these spines is often absent, but when all are
present, the middle one is the longest (a little 'over 1 nnu.}, while the distal one is generally the
shortest. Near the mouth these furrow spines are usually more or less fused at the base. Spines on
face of plate somewhat pointed, 6 to 8 in number, r to 2 mm. 101l~, arranged in a sin!th~ curved
transverse series, concavity of curve away from month; largest spine nearest furrow. Oral plates
very prominent, bearing along the margin a series of 14 to 18 spines, of which those at the oral end of
the plate are much the largest (2 to 6 mm. long), the next 1 or 2 pairs a little smaller, and the
remainder markedly smaller. On the face of each plate is a ridge on which are borne 3 to 12 SpiIWR
of very variable length; the longest are nearest the oral end of the plate and may be 2 to 3 mill. long,
Papulre small, and generally single. Madrepore plate small, with numerous fine furrows. Feet
biserial. Color in life, abactinally, dark red or deep rose-purple, rarely orange or dull yellowish;
aetinally, orange or yellowish of some shade.

Range.-Greenland and Newfoundland to Crab Ledge, off Chatham, MIlBS., low water to 150
fathoms; also on the coasta of Great Britain and Northern Europe; possibly circumpolar.

Remarks,-This very striking and easily recognized northern starfish just enters the Woods Hole
region, IlB we found it not uncommon on Crab Ledge. Of the !J specimens we took, 4 have 10 rays,
arid 5 only 9. Both the largest specimen (220 mill. in diameter in life) and the smallest (40 mm.) are
among the 9-rayed individuals. Little is known of the habits, and nothing of the development, of
this species.

OPHIUROIDEA.

BRITTLE STARS, SAND STARS, SNAKE STARS, OR SERPENT STARS.

The ophiuroids are a very large class, and the separation of nearly allied
species is It task sufficient to test the skill of It specialist; but the Woods Hole
region contains only 5 species, and these are so unlike each other that even a
beginner can easily distinguish them. The terms which are used in describing a
brittle star usually carry their own meaning, so that it is only necessary to introduce
here a few of the less easily understood names:

Adoral plates.-A pair of plates on the face of each of the 5 jaws, beside or in front of the oral shield.
Oral papilllf:.-Teeth-like projections along the edges of the jaws.
Oral shield.-The large plate on the face of each jaw, near the base.
Radial shield8.-A pair of plates on the upper side of the disk, at the base of each arm; sometimes

very prominent, again wholly covered.
Tentacle 8cales.-Small scales on the lower side of the arm, on each side of the under-arm plate; 1, 2,

or several at the base of each tentacle.
Tooth papillre.-8mall teeth-like projections at the point of each jaw.



558 BULLETIN 01<' THE UNITED STATES FISH COMMISSION.

Key to the Ophiuroid» uf the Wood~ Iloie region.
Arms simple, unbranched.

Arm spines short, small, uud more or less appressed to the arm.
Arms nearly terete; disk eovered with It fine granulution _ _ ()PHIURA BREVIRPINA
Arms flattened; dtsk covered with scales .~_ _ OPHIOOLYPHA RoBlTHTA

Arm spines prominent, Itt a marked angle with the ar:n.
Upper-arm plates Hturonn<led by a series of small plates: arm foIphll l!'l0 to ': ........•........ ()PHIOPHO'Ll8 ACVI.};ATA
Upper-ann plates not surrounded by small plates: urtn spine"! r; .. _. __ . _ _•• AMPHIPHOJ.IS RQ1TAMATA

Arms dichotomously branched _ _ - - _ GoR(lONOCI~PHAI.US AllA8._IZIl

1. Ophiura brevispina Say. (1'1. 5, fig8. 28-:lO; pl. 7, figs. :{7, :18.)
Qphiura brcoisplna Say, 18'25.
Ophioderma otioaceum. Ayres, lX.52.
OphiodC'fflUl .('.-pens Liitken, lRf>6.
Ophiura breeiepina Lyman, lROO and lRS2.
Ophiura otieacea L)'man. lR6-~; Verrlll, 18iS.

De~criJition.-Armr; normally 5, oocasionally 4, rarely 6, of moderate length, nearly terete, but
flattened on the oral side. Diameter of disk, 10 to 15 mill. Length of arm, 40 to liO mm.; breadth of
arm at base, 2! to 3 mrn. Arm spines 7 to 8, shorter than the nrm joints, approximately equal, or the
lowest shortest, closely appressed to the arm. Disk more or le88 perfectly pentagonal, covered with
granules of nearly uniform size, about 100 to 180 to a square millimeter, completely concealing the
radial shields. At the base of each arm the granulation extends out on each side, so that the first 3
upper-arm plates form a narrow ridge running in toward the center of the disk. On each side of the.
third plate is a group of about 10 little scales, Upper-arm plates broadly in contact with each other;
at the base of the arm they are nearly oblong, twice as wide as long, but II.'! the tip i!! approached they
become more rounded on the sides, the outer edge becoming curved, the inner markedly narrowed.
Under-arm plates broadly in contact, nearly square with rounded corners, usually somewhat longer
than wide. First under-arm plate much wider than long, with rounded sides: second much longer.
Tentacle scales 2, of which the inner is nearly half the length of the under-arm plate, while the outer
is about half as long and covers the base of the lowest spine. Oral ahields oval, plainly longer than
wide. Adoral plates small, lying entirely at sides of oral shields, roughly triangular, with rounded
corners. All of the oral surface granulated as above, except the oral shields and adoral plates. Oral
papillre about 7 on each side of each jaw, of which the one IWXt to the under-arm plate is small, often
wanting, while the next one is the widest and largest of all. Teeth 5, blunt, the lowest the smallest,
No tooth papillre. In each interbrachial space there are 4 genital openings. Color very variable, but
never very bright; some shade of green or brown i8 tho 1Il08t frequent; the disk i8 generally mottled
or spotted, and the arms frequently banded with alternate rings of light and dark shades. More or
less uniform olive green is a frequent color, uniformly brown specimens being less frequent; nearly
black spedmens are occasionally found.

Range.-North Falmouth, MII.'!s., to Bahia, Brazil, low water to 122 fathoms.
Remarh.-This very widely distributed brittle star reaches its northern limit in Buzzards Bay.

It Is abundant in about 1 fathom of water, on a bottom covered with eel gras«, in North Falmouth
Harbor, and has heen takeu in similar situations in Marion, New Bedford, and Dartmouth, MII.'!8., on
the other side of the bay. It also occurs at Sag Harbor, Long Island. The hablts, movements, and
development have been so well described by Grave (1900) that it is unnecessary to discuss them here.
Verrill ('99) cousiders the northern form of this spede8 II.'! separable from the form occurring from
Florida southward, and would regard it as a variety olinacea.

2. Ophioglypha. robuste, (Ayres). (PI. 6, figs. 31, 32; pl. 7, 39, 40.)
Ophiolepia robUilta Ayres, 18-51.
Ophiuraja.cir:utata Forbes, 1&52.
Ophiura Ilquamo.a Liitken, 1854.
Ophioglypha robu.ta Lyman, lR65.
Ophioglypha tenorii Ljungrnan , 1866.

Description.-Arms 5, finely tapering. Diameter of disk, 7 to 10 mm. Length of arm, 24 to 35
mm.; breadth of arm at base 1 to 1.5 mrn. Arm spines a, rounded and acute, the upper one largest,
nearly 1 mm. long; at tip of arm the lowest spine is flattened and bears 1 or 2 small hooks. Disk
rounded or slightly pentagonal, covered with small, irregular scales, 4 or more to the square millimeter;
in young specimens, the plates at center of disk show more or less definite arrangement. Radial shields
inconspicuous, about as broad as long, barely touchine without. The disk is notched in each radius
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by the upper-ann plates, and on the side of the notch are 7 or 8 short conical projections or papilhe.
Thislleries is continuous with another one of 12 small, fiat papilhe along the genital slit. Just outside
the disk notch are small papillse on each side of the upper-arm plate. In young specimens all or
nearly all of these papilhe may be wanting. Upper-arm plates rounded distally, more or less pointed
proximally, separated by the side-arm plates on the distal part of the arm in adults, on the whole
length of the arm in the young. First under-arm plates oval or triangular with rounded corners; the
remainder broader than long, the distal edge slightly convex, the proximal with a little point. Side­
arm plates strongly developed, completely separating the under-ann plates. Tentacle scales small
and with rounded end!', 7 to 9 for the mouth tentacles, aor 4 for each of the first two arm tentacles, and
1 for each tentacle thereafter. Oral shields somewhat broader than long, pointed'within, and hroadly
curved on the outer side; i.5 mm, wide, more or less. Adoral plates long and narrow, lying along
the inner sides of oral shields, and meeting within. Oral papillar aor 4 on each side of each jaw, one or
more of them at the point of the jaw; outermost one broadest. Teeth 5 or 6, equal, sharp and flat.
No tooth papilhe, Interbrachial spaces with small scales, and 1 pair of genital slits. Color in life
variable, but not bright; generally some shade Qf gray, more or less variegated with brown, reddish,
or black; radial shields usually distinctly lighter; arms often banded with gray and greenish.

Range.-Greenland to Crab Ledge, off Chatham, Mass.: and possibly III deep water to Porto Rico.
(Fish Hawk collection, 1899.) Also from the A~icOcean to Denmark. Alaska? Possibly circum­
polar. Low water to 150 fathoms.

Remarks.-This is another of the northern echinoderms which just comes within the northeastern
border of the Woods Hole region. Amidst the gravel and broken shells brought up in the dredge on
Crab Ledge we found 4: small specimens of this species, the largest with the disk only a mm. across.
The figure on plate 6 is taken from this specimen, enlarged. Apparently nothing is known of the
habits or development of the species.

3. OphiopholiB aculeata (Linnreus). Daisy Briule-Star, (PI. 5, figs. 24-2i; pI. i, figs. 41, 42.)
A8!eri(Ul aculeata Llnnreus, 1767. Milller, 1776.
Ophiura bellu Fleming, 1828.
Opltiocoma bellu Forbes, 1839.
Opltiulel'i8 8colopendrtca Muller & Troschcl, 1M2.
Ophiucoma aCldeata Desor, 1848.
OphinphoU8 acltleala Grny, 1848. Verrill, 1866 and 1873. Lyman, 1882.
otJhiopholu 8colopendrica Stimpson, 1853.
Ophiupliolit< beUiJi Lyman, 1865.

De8eriptiQn.-Arms, 5; rather wide and flat. Diameter of disk, 15 to 20 mill. Length of arm, 60 to
M mm. Breadth of ann at base, without spines, a to 4 mm.: with spines, 6.5 to 8 mm. Arm spines, 5 or
6, of which the two middle ones are the largest (1 to 1.5 mm. long by o.a to 0.6 mill. wide), tho upper one
or two slightly, the lower two considerably, smaller, the lowest spine smallest of all; these spines are
borne on a prominent vertical ridge on each side arm plate and stand at nearly a right angle to the arm.
In adults these spines are very blunt, but in young individuals they are slender and acute. Beginning
rather more than halfway out on the arms, the lowest spine becomes bent at the tip until finally it is
little more than a sharp-pointed hook, usually with 1 or 2 minute teeth on the concave side. Disk
circular, often bulging considerably between the arms, scaled, but more or less covered by a coat of
very unequal granules, which are small and spheroidal near the center of the disk, and become much
more prominent and spine-like on the. interbrachial j.ortions. In very few CMeI', however, does the
granular coat cover the disk with even approximate uniformity. In the very great majority of
specimens, from 6 to 36 more or less circular scales 01' plates are left bare, and as these are always
symmetrically arranged, thl! disk has a very ornate appearance. In the center is I plate, around
which are grouped 5 others, placed radially; there are then 10 sets of 1, 2, or rarely 3 somewhat

• smaller plates, lying in rows radiating from the center, 5 radial and 5 interradial. In extreme eases
the radial shields may also be left partially bare. Some or all of the plates are surrounded by definite
circles of small granules, Upper arm plates nearly elliptical, about twice as wide a'l long. in large
specimens those near the base of the arm are broken into two pieces. Each plate is surrounded by
a single series of about 12 very large, somewhat angular, flat grains; but between any two adjoining
upper arm plates there is only 1 row of these grains, so that those which serve as an anterior
border for one plate are also the posterior border of the next distal plate. In some specimens, as
the tip of the arm is approached, the bordering grains become more numerous and nearly circular,
while in other specimens they are less numerous, so that the upper arm plates come in direct
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contact. Under arm plates nearly rectangular, but with rounded corners and slightly concave sides;
except the first 1 or 2 they are distinctly wider than long. Tentacle acales single, large, oval, more
than half the length of the under arm plate. Oral shields more or less elliptieal, mueh wider than
long, the outer side often flattened; the madrepore plate is usually distinctly longer and larger than the
others. Adoral plates large, more or le8s rounded at each end, on the inner side of the oralshields,
but not meeting within. Oral papilla', 3 or 4 on each side of each jaw, wide, flat, and thin edged,
of approximately equal size. Teeth about 12, narrowest above, the broad, lower ones sometimes
broken in two. No tooth papilhe. Interbrachial speces loosely covered with plates, each of which
bears 1 to 3 large granules or small blunt spbes; in each space there is ] pair of genital slits. Color
extraordinarily variable; no two specimens seem to be colored just alike; 811ade8 of brown, red,
yellow, purple, and green are most common; unicolor specimens are very rare, the disk being always
blotched, or marked in some regular pattern, while the arms are banded or longitudinally striped;
actinal surface generally light, most often yellowish.

Range.--Greenland to New Jersey, low water to ],000 fathoms; rare or Ioca] south of Cape Cod;
also Iceland and Spitzbergen; along the coasts of Great Britain and northern Europe to Ireland and
the English Channel. Bering Sea (Ludwig).

Remark~.-Althoughthis beautiful ophiuran has been known to occur in thc r-okler waters off Gay
Head and Wateh Hill and in38 fathoms even off th~ eoaHt of New Jersey, it has always been regarded
as a rarity south of Cape Cod. The reported cases of its occnrrenee in Vineyard Sound are almost
certainly cases of mistaken identification. In '1894 Mr. Vinal Edwards took a numher of very fine
specimens on some fishing banks about 15 miles ESE. of Sankaty Head, Nantucket, in 24 fathoms.
In 1902 we took hundreds of specimens off Sankaty Head in ]2 fathoms and on Crab Ledge III 17.
Those taken off Sankaty Head were all small, very few having a di8k diameter of over 7 111111. and none
over 10, while the specimens from Crab Ledge were of good size, many heing ovcr]li mm. aetoss the
disk. Next to the remarkable variety of color, which is really beyond description, the IIIOHt extraor­
dinary thing about these brittle-stara ia the way in which even large speeimeus secrete themselveH in
cavities and crannies, among rocks, shells, and barnacles, 'fheyarc eagerly sought as food by (',«lflsh,
and their colors and habits are doubtless protective. The development of this species has been par­
tially described by Fewkes ('86).

4. Amphipholis squamata (Delle Chiaje). (1'1.6, figs. :13, :H; pl. 7, fig8. 43, 44.)
Allterias squamata Delle Chiaje, 1828,
OJ/Mum 1I£glectaJohnston, 1&%.
Ophiocmna 1I£glectaForbes, 1841.
Opbiolepis squamata Miiller and T'rosehel, 1M2.
Ophi0/epi8 lenni. AyreR, 18.51.
Amphinra tenera Liltken, 1859. Lyman, 1H65.
Amphinra lenni. Lyman, 18llO.
Amphiura elegan. Norman. 1865.
Amphiplwli.li1l£ata Ljungmau, It\71.
Amphiplwli. eleoan« Lutken, 1871. Verrill, 187:1 et se'!.

Description.-Arms 5, slender, of 'modem/A, length, 2.5 tH 4.5 times the diameter of the disk, which
is from 3 to 5 rum. Length of arm 12 to 20 IIIIll. Breadth of arm at hast', without spines, 0.5 to 0.81l11ll.
Arm spines 3, blunt, nearly equal, the upper a little the stoutest: more slender awl aeute in the young.
Disk nearly circular, rather flat, covered with scales of nearly uniform size, 20 or more to the square
millimeter. Radial shields conspicuous, narrow (about 3 times ali long as broad), iu dOHe coutaet
with each other, barely separated at each end. Margin of disk rather sharpry defined by a line where
the edges of the scales on the interbrachial spaces meet the Heales of the disk. Upper ann plates
mostly wider than long, with the outer edge slightly curved, the inner edge aIHI Hide8 forming a
common curve; all except the first 2 or 3 separated by the Ride arm plates. In the young, the upper
arm plates are more widely separated, anti are nearly pointed on the inner ('dge. Under ann, plates
about as long as broad, the outer edge nearly straight, the sides xtraight, or reiinteringly curved, the
inner edge pointed; all are separated by the Hide arm plates. Tentade AealeH 2, quite large. Oral
shields of medium size, wider than long, rounded without, but pointed within. Adoral plates rather
large, meeting within. Oral papilhe 3 on each Hide of each jaw, the basal one very ruuch the widest,
the other 2 small and nearly equal; when pressed together the oral papilla- can completely dose the
,mouth slit. No tooth papillse, Teeth 5, flat ami thin, the lowest the smalleat, Interbrachial spaces more
finely scaled than disk, with 1 pair of genital slits. Color in life quite uniformlybrownish or gray,
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more or IC~8 finely mottled with whitish, the lower surface yellowish. Outer end~ of radial shields
almost always very light, giving the appearance of a white spot at the base of each arm. Very young
individuals have the disk bright orange.

Rau!l('.-Arctic Ocean to New Jersey, low water to 60 fathoms. Also on the coast of Europe well
into the Mediterranean. Lyman reports specimens even from near the Cape of Hood Hope, US
fathoms, and near Australia, 120 fathoms, but these probably represent speciea which in life would
show marked differences from squ(!lI!(!ta.

Rcm(!rk.~.-This is the eommonest and most widely distributed of the ophiurans in the Woods Hole
region. It is common in Vineyard Sound, especially just east of Nobska, and is reported abundant at
Newport. \Ve also took it at Crab Ledge and off Sankaty Head, and specimens were brought in from
Ram Island awl the Eel Pond at Woods Hole. The latter were very small, and were found on the eel
grass. 1 am indebted to Dr. H. F. Perkins for one of these, a beautifully stained and mounted specimen
with disk half a millimeter in diameter. Adults occur 011 rocky or shelly bottom and generally are
found in the interstices and eavitie» of the stones and shells. The breeding season is in the summer,
and in July and August the adults nearly always contain eggs or young, for, as is well known, this
species il:l viviparous. Often one of the interbrachial spaces will be found swollen and of a slightly pink
shade. If opened, it will be seen to contain the bright pink egj..,'8 of a parasitic crustacean. The eg~"8of
the brittle star are yellow, orange or reddish. The development of this species i~ without metamor­
phosis and has been studied in part by several observers in Europe and by Fewkes ('S7) in this
country, hut much still remains to be done. Fewkcs's paper contains interesting notes on the breeding
and other habits of adults.

5. Gorgonocephalus agassizii (Stimpson). '<Baske: Fish"; "Spider." (PI. 0, jigs. B5, ;)6; 1'1. 7,
figs, 45-47.)

EU11/rtlcscutuium: Gonld, lR41 (not of RJalnvlllc) .
.A8trophylun a!J~iZ'iiStimpson, 18[>3.
UOfljonuecphCLl'ItH agn8tiiz'ii Lyman, 1882.

Df'lwl'iption.-Arms 5, (Iividing dichotomously, but unequally, 11 to 15 t.imos, and perhaps more;
branches of unequal length, awl alternating, so that if the left-hand branch of the flrst fork is the
longer, the right-handhranch will be longer at the next fork, the left hand at the third, the right hand
at the fourth, an.I 140 on. Disk 40 to 80 mm. iu diameter: length of arm 140 to 2S0 nun.: breadth of
arm at haso S to 10 inm.; at first fork 10 to IS mill. True arm spines wanting (Lyman). Disk more
or lel:ls flattened, with radial shields very prominent as raised ridges, covered with a thick skin, which
is usually quite smooth, hut often hears granules or low blunt spinel", sOlm:tiuws in Jargoe IJtllllheflo',
especially at the center of the disk. Margin of disk sharply defined hy a band of plates conlH'ding the
outer ends of the radial shields. The latter are long and narrow and nearly uwd at center of disk;
although sometimes nearly smooth, they usually hear numerous knohs or thick, hlunt spines, a milli­
meter high, more or lesH. Upper surface of arms beautifully curved; 011 the last few subdivisions there
is a faint longitudinal groove; the surface may be smooth near the base and along the si,leH for some
distance, though generally covered with coarse granules which are at first irregularly dispo~ed, hut after
about the second or third fork begin to form incomplete rings about the arm. After about tlw sixth
fork the granules are confined almost wholly to these rings, which soon become raised rirlgeR, about.
2 granuleH wk le. Undersides of arms nearly flat, smooth, the nUnleTOUS small, irregular underarm
l)latl's quito evident in dry speehnens. Tentacle scalel:l usually a, sometimes 4, at hal:le of arm 2 or I;
tho first tentacle pore has none. These sealel:l are spine-like, awl about a millimeter long. Near the
tips of the arms there are only 2 or even 1, but there they assume the form of little, toothed hooks.
No orul Hhields or adoral plates, but the jaws are surrounded by a wide cin-l« uf ('akaT~~llls plates
eonlledillg the bases of the arms. Teeth, teeth papilla-, aIHI mouth papilh», all alike and spiniform,
about 20 in number on each jaw, aIHI about 2 mm, 1001g. Interhraehial spaces nearly triangular with
a rounded point inward, covered with It thick, smooth, or more or h'ss granular skin, and containing a
single pair of genital openings near their outer e,lgel:l. At the inner point of one of the interbrachial
spa~es is till' single, large madrepore plate, which is wider than long. Color in life, disk and interbrachial
spaces brown, of variable shade, but usually dark; radial shields often lighter; arms cream color, yellow,
brownish-yvllow, or reddish; some spedmens have a very Btrong reddish eallt..

Ranyc.-Ardie Ocean and Gulf of St. Lawrence to Crab Ledge, off Chatham, Mass., and pt,rhaps
even Oil Nantucket Shoals. Also reported from Vudso, Norway. Low water to 800 fathoms.

F. G.B. 1902-8,j
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Remarkx.-This remarkable animal is one of the rarest of the Woods Hole Echinoderms, and its
right to a position in this list is based on the reported capture of specimens by codfishermen near
Nantucket Shoals and at Crab Ledge. 'Ye failed to find it at the latter place, although trustworthy
fishermen have assured Mr. Edwards awl myself that it is common there, "if you get into deep
enough water." It is very ahnndant off Race Point, Provincetown, MaHH., in 35 fathoms, where, in
August, 1902, I brought up 128 fine specimens in a single haul of a small dredge. At that place the
basket. fish breeds during the latter part of August, awl these specimens were full of the ripe repro­
ductive cells. It is called by the fishermen" spider;" and the particular spot where it occurs is known
locally as the" spider ground." Almost nothing is known of the habits and absolutely nothing of
the development of thrs remarkable ophiuran. Young specimens with the arms only once forked
have the disk covered with scales, awl are sai() to resemble OphiopholiJ<. One of the specimens taken
at Provincetown had 5 madrepore plates, but dissection showed that there was only 1 stone canal.
The history of the discovery of the basket fish, an (I its original description, are very interesting, and
are given very fully by Lyman ('65).

ECHINOIDEA.

SEA-URCHINS, SAND-DOLLARS, CAKE-URCHINS. SAND-CAKES, ETt.

The echinoids are less represented in the Woods Hole region than allY other
class, for there are only 4: species known to occur, and of these 1 is extremely rare, and
1 is found only in deep, cold water. The 4- am so unlike each other that there is no
danger of confusing- them; but it must he borne in mind that the young are often
unlike the adults, for not only do the primary spines increase in number with ag-e,
but the number and arrangement of the poriferous plates also undergoes a marked
change in many cases. In the cake-urchin"! (clypcastroids), moreover, there is a
marked change in the shape of the test, position of the anus, number and appearance
of lunules, etc., as the animal increases in size. The following terms, used in the
descriptions, require some explanation:

Abact-irwl8yxtem=t1w group of plates forming the apt'x of the text (or near it) including the genital and
ocular plates, and in true urchins the anal plates also.

ArnmtuM=the line of largest horizontal circumference of the test,
Buccal plate8=a cirele of plates on the peristome around the mouth.
Branchial 'inciBion8=notches in the edge of the peristome, between the am bulacra awl the

interambulacra,
Coronal plates=any vertical Reries of plate» running from tlw abactinal systeu. to the peristome.
Genital plate8=the fi ve large plates terminating the interamhulacra abactinally.
Imperforate tnof'rcle8=tuhercles the top of which is not ('entrally <lepresse<l or vertically perforated.
Lunule8=Rlit-like openings pierclng the teHt from abactinal to actinal snrfnco.
Milian) ,qpinf8=the smallest spines of the test, usually 011 very insignificant tubercles.
Ocular plate8=the five plates terminating the ambulacra ahactinally.
Perilltorne=the portion of the actinal Rurfa.'e surrounding the mouth, «overt«] with a membrane.
Petal8=the figures formed by the porlferous zones of the ambulacra, of flat or irregular echinoids.
Poriferous zone,q=the vr-rtical areas occupied by the pores through which the feet pass.
Primary 8pinf'8=the large spines situated on the largest tubercles of the test.
Seconders] 8pine8=8pines intermediate between primaries and miliaries,

Key to the Echinoid» of the Woudil Hole region.

'I'est nearly hemispherical, with "pine" of moderate or large size.
Spines long; color, deep red, purple, or brown to nearly black _ _ __.ARRACIA PUNCTULATA

Spines short, numerous; color, green or yellowish: sptnes sometimes reddish or purple-tipped,
STRONGYLOCENTR()TlJH DR(~HACHIF.:NSJB

TC8t discoidal, flat, with very numerous mlnute spines.
Test without lunules _ _ __ _. _ _ .ECHINARACHNJlTS PARMA.

'fest with five lunules•..•••.••.....••.•••.... , MELJ,ITA I'ENTAPORA,
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THE ECHINODERMS 01<' THl<, WOODS HOLE REGION.

1. Arbacia punctulata (Lamarck ). Common sea-urchin: (PI. 7, figs, 48-52.)

Echlsut« ])unctulalus, Lamarck, 1~16.

Al'lJacia lHtnclulafn, Gray, 1835. •
j<;dd,wcldar'ill darisii, Agassiz, 1863; Verrill,1866.

563

De8cription.-Diametcr of test 30 to 50 mrn.: height 15 to 25 nun, D=2 H. more or less. Length of
longest spines 20 to 25 mm.; diameter o{ anal system 4 to 6 mm.; diameter of whole abactinal system
10 to 15 mm.: diameter of peristome 15 to 25 nun. Test somewhat flattened, sloping markedly toward
ambitus, which ill nearly circular; aetinal surface flat, the pcristome only slightly sunken. Branchial
inrision» deep, with promincnt everted edges. Anal plates normally 4, occasionally 3 or 5. Ocular
plat~'s (radials) excludell {rom the circumanal ring in young specimens, hut in old ones 1 or 2 sometimes
enter it "lightly. Gerrital plates (basals) large, the madrepore plate evidently largest, Ambulacra
straight" narrow above the ambitus, but wider below. Poriferous zones narrow, with large pores, ill
simple pairs dorsally, then in arcs of 3, and on the very 1,llge of the peristome polyserial. Spines few
near the ahaetinul system, the upper half of the median interambulacral space heing entirely free from
them; secolHlary and miliary spines altogether wanting; primaries longitudinally striated, longest at alii­
hitus, ~horkst near abnctinul system j those above ambitus pointed or blunt; those at ambitus and below
flattened awl more or less rounded at tip, and often with a median longitudinal ri,lge there; those
nearest peristome shorter and more or less spatulate. Primary tubercles smooth, imperforate, in a
double Rl'rips on each ambulacrum: in 4 to 8 or more series on each interambnlacrnm, of which the
2 middle "eries are smallest, with only 4 or 5 small tubercles each, while the outermost are as long
as the ambulacral series. Transverse rows of interambulacral tubercles oblique. All tubercles
diminish in size from ambitus upward. A spedmen with D=36 mm., H=18 mm., has 13 coronal
plates. Bucca! plates, 5 pairs, prominent. Color in life, reddish or purplish brown of some shade'
varying from a light dull reddish to almost black; tube feet, brownish red.

Ran!/c.-Nantucket Shoals and Woods Hole to west Florida and Yucatan; low water to 125 fathoms.
Remark,~.-This is the common sea-urchin of the Woods Hole region. It is abundant at many

pl act's ill Vineyard Sound, and is common in Hadley Harbor and, at times, around the Fish Commix­
sion wharf. We took one specimen off Sankaty Head, but none at Crab Ledge. In spite of it~

abundance, we know little of its habits, and its development is only partially known, Garman and
Colton ('82) have published some notes on the development, and Fewkes ('81) has also contributed
to our knowledge of the early stages.

2. Strongylocentrotus dr~bachiensis (0. F. Miiller). Green sea-urchin. (PI. 9, figs. 53-157.)
Reid"". driil",cldc,,~Ulli.F. M(illcr, 1776.
Reldn"" neyleet,," Lamurek, 1816.
RrhinllH !l'faJJula,.iH Hay, lS27.
8tron!Jylocentr()tu~ chlorocentrotus Brandt. IM35.
Rdti''''" r,ralllllatlls Gould 1841. Desor, 1848.
1}JJ:0'Pll,cn~te~ drobadtie,u~i8 Agassiz, 1846.
Ettr'!J('chilfUB yranu.lat'Ut'1 Verrill, 186ft
RIII·!Tec!linasd"iibacltien.is Verrlll, 1866.
81ru"lIlIluccntrulus drijbaeltiell.i~ Al . AgllSSlz, 1872.

fh','(·riplion.-Diunll'ter of test 60 to 80 !lIllI.; height 25 to 41) mru.: D = 1.75 to 2.25 H. Length of
longe:4 "pi lll'!l 10 to 14 mm.: diameter of anal system 6 to 8 llllll. j diameter of whole abactinal system
15 tIl :!() 11I1ll.; diameter of peristome 18 to 25uun., very much larger in proportion in young spedmens,
!lollldilllt'S (;0 per cent of the diameter. Test more or lpss flattenod, curving at first very slightly then
abruptly to the circular ambitus, actina! surface flattened, the peristome sunken 4 to 6 mill. Branchial
inci,..i"n8 rather small, and not very deep. Anal plates at first 2 or a, hut illcrcashlg in number
with age, adults having :i5 to 40. Ocular plates (radials) large, two entering circumanal ring to a
marked degrt,e. Genital plates (basals) very large, the madrepore much the largest. All the plates
of tlre ahactinal system carry miliaries, though they are few on the madrepore, Ambulacra broad at
the ambitus, narrower at the peristorne, though there they are much wider than interambulacra.
Poriferous zonet-; broad, with numerous small pores; pairs of pores in ohlique transverse series,
abruptly bent at outer end; number of pairs in each serieR varies somewhat with age, but is usually
from 4 to H; obliquity of !lCrit'R varies much with age, in vpry small specimens approaching the
vertical-in 01,1 specimens more nearly horizontal. Spines numerous all over the test; primarivs
longitudinally striated, pointed but not very sharp, longest at and above ambitus, shortest around



564 BULLl<~TIN OI<' THE UNITl<;D RTATE8 l<'IHH COMMISSION.

peristome: HeeolHlarit'l-! similar, but ruueh shorter; iuil iaries ve-ry sk-n.k-r. I'rimary tubt'rdt,s l'lllooth
and imperforate, It double series on each aml mlacrm II , and also on each interambulacrum. On
the ambnlaera the series of primaries are separated by a double !'l'ril's of seconduriev, while 2 or 3
series of secondaries on the poriferous zones form t.runsverse lim'H between the arcs of the porl's.
On the interambulacra there are about S seril's of secondarie«, 4 between and 2 outsi.lo of each primary
series. Miliary tubercles occur all over the test, on both ambulucra and intorambulacra, A specimen
with D = 30 mm., H = 17 mm., haa 22 coronal plates, while one with J) = no mm., IT = 27 mm., has :15.
Buccal plates, 5 pairs, large and hearing miliaries, I'edicellarhu numerous, long stalked. Color in life
prevailingly green; the test green or greenil'h white, purple or purplil'h white, the poriferuus zones mark­
edly lighter than the rest of the test: spinel! green with yollow, red, or purple ('H~t, especially in young
specimens; sometimes the actinal spine» are bright violet, while the abaetinal may he tipped with red
or violet; pedicellaria aIHI miliary spines whitish: tnl,t'l'(,Il's whitu; tube fl'ot whitish or pale violet.

Range.-Circumpolar; southward in the western Atlantic to New Jersey (not in shallow water south
of Cape Cod); in the Eastern Hemisphere to Great Britain anel Norway; in the North Pacific from
Kamchatka to Puget Sound; low water to 640 fathoms,

Remark.~.-Inthe Woods Hole region this northcrn nrchin is found in abundance off Sankaty Head,
Nantucket; it is common at Crab Ledge; it has been taken at several points in Vineyard Sound, and
it occurs in ]0 to 20 fathoms off Gay Head. At Crab Ledge the specimens we took were all small, but
off Sankaty Head a large number of good-sized individuals were secured. In spite of the fad that
this iH one of the commonest and best known of sea-urchins, no connected account of its development
has ever heen published, although the egg, segmentation stages, pluteus, and young arc all well known.

3. Echinara.chniu8 parma (Lamarck). Sand Dollar. (PI. 10, figs. 5R-62.)
SenteUa parma. LnIDnrck,1816.
Rehinaraclmitt8 culanticus, Gray 182~. Stimpson, 1853.
Eehinaracbnius parma, Gray 1825.
SeuteUa triforia Say, 1826.

Description.-Test greatly flattened, closely covered with minute spines, which are shortest and
most uniform on the abactinal surface, longer at the margin, and longest in the interradial areas at the
peristome. Ambulacra obvious abactinally llH widely open, somewhat ubtuse "pl'tals," extcnd ing
more than halfway to margin; actinally the ambulaera appear as furrows, widest at peristorne, aIHI
when more than halfway to the margin, giving off a prominent branch on each side at an angle of
about 45°; all 3 furrows run to the margin, and the main furrow may he continue, I ahaetinally.
Abaetinal system approximately central; genital pores 4. Anal opening nbactinal in very young
specimens, marginal in adults, actinal in very large or old specimens. One of the latter giveH the
following measurements: Longitudinal diameter, 7S mm.: transverse diameter, 7S mm.; vertical diam­
eter, 12 Hun.; diameter of abactinal system, 8 mrn.: length of anterior petal, 2tl llIlIl.; length of posterior
petal, 24 mm.: length of spine at margin, 1 nnn.: length of spine at peristom«, :l nun.

In very young specimens the proportions are somewhat differr-nt; thus a l'/1,,,,illlen I; III Ill. long iH
only 7 mrn. broad. The greatest tranverse .liaim-tor is not always through the abuctinal system, hut
may he considerably hack of it, and the abaetinal system may be considerably in front of the r-ontor
of test. Thus in a spedmen 12 nun. in longitudinal diameter the center of the abactinul "ystl'm is only
5 mm, from the anterior edge of the test, and the greatest tranvcrse diameter ill through a point only
4 mm, from the posterior edge. The relative width of the petals varies greatly; it tuuy 1>t, unywlroro
from 37 to 50 per cent of the length. Color in life, dull brownish-red, varying from flesh-ro,l in
very young specimens to a deep reddish-brown in arlultx; interamhulacra diHtinetly lighter than the
ambulaera, which are quite red. Whon pla,·t,d ill fn'sh water or alcohol, or even wlu-n ximpiy dried,
the color changes to a bright, though dark green, which afterwards, in dry specimens, becomes a dull
brown. The bare, bleached tests are of course white.

Range.-Labra.lor to New Jersey; also both sides of the Paciflc Ocean, from Vancouver to Japan,
and (according to Agassiz ) India, Australia, and the Red Sea. Low water to SS8 fathoms.

Remarks.-This curious species is very common on sanely' hottoms in Vineyard Hound and on the
Nantucket Shoals. The finest apechnens wore taken near the Great Rounel Shoal Lightship, Nan­
tueket, in 12 fathoms, many of them heing :~ inche« or more in diameter. The Hanel dollar is said to
be an important artide of food for Honndcrs an' I eotlfish. It lives mom or less buried in tht, sand,
moving about very slowly, chk-fly hy means of the spines, The development has been studied anti
partially described by Fewkes ('S6).
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4. Mellito. pentapora (timt'iin). K/'!I-llIIh, UI·(·hin. (PI. 10, tigs. (m-64.)
Echiu.u« lwufaporu.~ flmelin, 17SH
8(~u,tell(f, f/lfiw/IU:fOl'(t Lumnrck, lHHi.
Rnr01H' pcntupor« L. AgltM.'iiz, 1,1o\·n .
.Jfdlitn fjuil/(/l/.r'f(}I'(t L. AgURAi7., 1,~,17.

Jfdlltft fn.:fwf!nHl'in Gru.y, lH57.
Jldlifn l)('ufajJ()/'(t Ltitkcn, 1:--:1.1. Vorrfl l, lR7:\, (It. RC'q.

Jfl'lUfa. trstudinata. Alex. Ag-Itf'Uoiiz. 1~71.

J)(·,q(.·r;pl;on.-Tpst very flat, often wider than long when fully grown, truncated posteriorly, covered
with wry short, delicate spines, which are longest actinally, especially near the margin in the inter­
radii, around the peristorne or bordering the lunules, There are 1\ of the latter, 1 in the posterior
interradius and 1 in each radius, except the anterior om'. Ambulacra obvious abactinally as bluntly
rounded, nearly dosed" petals;" not quite reaching the lunules, tho posterior pair longer; actinally
the ambulaera appear ns shallow furrows, the anterior running to the margin, the others ending at the
lunules, Abactinal system eeelmtric, lying anterior to the center while the mouth is directly below;
genital pores 4. Anal opening ar-tinal ; in adults, at the proximal en, 1 of till' interradial Iunule,

A goo<l-size,l speeimen gives the following measurements: Longitudinal diameter] 10 mm.; trans,
verse diameter 115 mm.: vertical diameter 10 mm.; diameter of ahactinal system 9mm.; length Of
anterior petal :12 nun.: length of posterior petal ;W mm.; length of interradial lunule 22 mm.: width of
ititerrad ial lunule :lmm.; ,listarwe from margin 2B mm.; length of postero-radial Iunule 24 mm.; width
of J>oskro-mdial lunule' 211111!.; distance from margin Bmm.

Th« difference between the longitudinal awl transverse diameters is not always as marked aa in
the specimen given; moreover, very young specimens have the lunule'S only partly formed or wanting.
In n specimen 3 nun. in diameter there are !'IV lunules, hut the position of the interradial one is indi­
cated hy a slight actinal depression. A specimen 12 1Il1ll. indiameter has the interradial lunule fully
formed, the deepening of this actinal depression having continued until the abaotinal surface was pierced:
the radial lunules are arising as notches in the edges of the test. 'I'hese marginal notches deepen, and
finally t h« outer sidl's grow together, thus inclosing the lunule'. Color in life, brownish-yellow; in
aleohol, ruther greenish.

Rmlf/I,.-Nantncket to Brazil, in shallow water: rare and local, north of Cape Hatteras.
RI'1IIfI1·b.-This species is admitted to the list of the Woods HoII' eehinoderms on very scanty

evidence. Verrill ('7:1 Ii) records it from Nantucket on Agassiz's authority, and dead specimens (bare
tests) are occusionul ly taken in Vineynrd Sound. Where these come from is a question yet to be
answered, l\l r. Oray ft·lls me one was taken in till' sound in the summer of HlOl. ])1'. Caswell Grave
(l!l02) has puhlislu-d a brief and partial account, of the larva of this species, and I am indebted to him
for some of the details of the above description of the adult,

HOLOTHURIOIDEA,

HOLOTHURIANS. SEA-CUCUMBERS.

The holothnrians make np more Ullin one-third of the Woods Hole echinoderms,
but although the number of species is considerable, in number of individuals the
asteroids and oclrinoids far outrank them. None of the nine species are sufficiently
common and genemlly distributed to he noticed by an inexperienced observer, and it
is the exception rather than the rule to find a holothurian in the dredge anywhere

• in the Woods Hole region. There are, however, three species (Thyoul' briareu« and
the two f"'!lnapt(8), which one who knows where and how to look can always obtain,
and these we may fairly call common. The remaining six are of uncertain occur­
rence, and while two of them may be expected to occur at the proper locality, the
others are distinctly rare and of uncertain occurrence. I have never seen any of
these four living. The various Hpecies can be diRting'uiHhed from eaoh other with
comparative ease, and few of the terms used in the descr-iptions will need any
explnnation to llnyorw at all farniliar with echinoderm anatomy. The names applied
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to the calcareous particles in the skin are purely arbitrary, but are quito generally
used, and the figures given will prevent any misunderstanding. It must, he home in
mind, however, that as holothurians increase in age the calcareous parts undergo
considerable change, either becoming larger 01' smaller, more irregular Of' less so,
and fewer or more abundant. The amhulacral appendages, especially tho feet, are
frequently much more numerous in adults than in young, and pigment is always more
abundant with age. But the following key ought to enable anyone to distinguish
even very young individuals of the species given.

Key to 1lU! Holothuriam« of the Woods Hole region.

Ambulacral appendages in the form of fcct (pedlcels) present. at least on the ambulaera.
Pedieols ehiefty or wholly confined to umbulacra: some scattered ones may be present on the bnck,

Size large, Ill' to 300 mm.: color some shade of brown. __ ClTCI'MA RIA ,'nONJ)OSA.
Size small , less than 60 mID.; color white or whttlsh __ H' H C\~(;\1MARIA Pl1H~HF.RRIl\fA.

}'edl"els scattered over the whole body, though the ventral umbulaerum may be distirH't1y r'leflned.
Size large, 75 to 225 mm.; body not noticeably attenuated posterlorty; eolor very dark 'l'IIYONE. BltIAFtElTfol.

Size small, less than 75 mm.; body much attenuated posteriorly; color brown ,; .. , , .. , ... 'l'IlYON>: ~CAIlRA.

Size small, less than 60 mm.: body not attenuated posteriorly; color white or whitish, "" TItYONE llNISEMITA,
Ambulacral appendages in the form of pedicels wanting.

Tentacles 15; posterior end of body tllil-Ilke.
Caudal appendage long; no reddish deposits in the skin .. , .. _, _., , .. _ _ _ CAI'DINA ARENATA.
Caudal appendage short, abrupt; reddish deposit._ in the skin _, , _". __ ,TnocllosTOMA OiiLITTCllM.

Tentacles 12; no tail-like appendage.
Color white or yellowish; radial pieces of ealoareous ring pierced for pl"S"g-C of nerves _",.' ,HYNAPTA INIl ..""'NS.
Color red or pinkish; radial pieces of (!Sllpilreons ring Rlmp}y notcht~tl. _ RYNAP'TA HOSfWL.4.

1. Cucumaria frondosa (Gunnerus). Sen-curnmber. (PI.]], figs. 65, 66; pl. 12, iiW!. 76-80.)
Ilolothuria frrnulosa Gunnerus, 1770.
(.Vadodnctyla pentactes Gould, 184!.
Cucumuria frontiosa Forbes, 1841.
Botryodactyla grandi8 Ayres. 181>1,
RotfJ!()(/rU'lyla alfinis Ayres, 1851.
Penlacla jrondn.a Stimpson, 185.1.

Dell"Tiption.-Length in life, normally extended, 250 to 300 mm.; may extend to GOO mrn. or more;
diameter of body 00 to 100 mrn., or much less when eonaiderably extended. In life vent.ral surface
much. dorsal considerably, flattened, with sides curving upward; anterior end truncated: posterior
end bluntly rounded. When disturbed, the body contracts to such an extent that it becomes ovoid
or ellipsoidal, or. almost spherical. and museum specimens usually show more or less of such r-on­
traction. Tentacles] 0 (sometimes 9 or 11), of approximately equal size and much branched; rather
short and stout. Pedieels rather large, and forming a broad series on each ambulacrum, while
slightly smaller and less perfect ones are scattered over the dorsal interambuhu-ra; all lack the URUlt!
terminal, perforated calcareous plate. Calcareous deposits consist of irregular, usually smoot.h, pPT­
forated plates (fig. 78), the size, number, and distribution of which vary greatly, though they are
apparently most abundant in the young. The largest plates (fig. 80) are near the cloacal opening,
though they do not form so-called "anal teeth." At the base of the pedicels and tentacles the
plates become more irregular (fig. 79), and often bear minute projections, or more or ll'~s prominent
ridges. Calcareous ring (fig. 76) very slender for so large an animal, awl more or lE'sR imperfectly
developed, perhaps according ttl age, being more perfect in smaller specimens; radial pieces some­
what wider than interradial, with a very wide and deep notch in the posterior margin; the inter­
radial pieces not notched posteriorly. Stone canal single, of moderate size, and provided with 1 to H
madrepore plates (fig. 77).' Pollan vessel usually single, very long, 100 mm, more or less. Color in
life deep reddish- or purplish-brown, darkext on the dorsal side and much lighter below, sometime»
nearly white; pedlcels often with a strong roseate tinge.

]lfLnge.--Greenland til Nantneket; also Iceland and Flpit?ber/ol'en to Norway and the south COURt of
England; low water to 200 fathoms. The reported occurrence of this species on the Florida R"pf is
almost certainly It case of mistaken identification, and the records of its occurrence Oil the coast of
:\la.oka and in the North Pacific are very prohahly hase,l on Cntmmaria japonica Hemper, whiuh R"ems
to be quite a distinct species,
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Remark.q.-This large and noticeable, one might even say handsome, holothurian, so abundant on
the coast of Maine, just enters the Woods Hole region as a resident of the shoals east of Nantucket.
In October, lR94, Mr. Edwards took 6 specimens in 23 to 25 fathoms, some 15 miles east-southeast of
Sankaty Head, Nantucket, and in August, 1902, we took 2 good specimens in ]2 fathoms, al.ont R
miles off Sankaty Head. The latter were ready to breed, the reproductive glands heing fully ripe.
This sea-cucumber feeds upon small particles of organic matter picked up hy the tentacles, It seems
to prefer generally rocky or shelly bottoms, The larva is red, ant] passes through a metamorphosis,
but the development is not fully known. Dr. William Ktimpson reports this speeiea as not only edible,
bnt, when boiled, "as palatable as lohster."

2. Cucuznaria pulcherrima (Ayres). (PI. 11, fig. 70; pI. 12, figs. Rl-85.)
Penta1l1cra pulchcrrima ArreR, 181">4. Verrill, 1873b.
Thyonr pulrhr.rrlm.a Remper. lAAS.
C1tC11/ma-ria puleherrima Lampert, 18M.

Descript'ion.-Length 50 mm. or less; diameter 20 mm. or less. Body ovate, the two ends
strongly npcurved (at least in preserved specinu-ns}, so that the ventral ambulacra are much longer
than the dorsal. Tentacles ]0, the 2 ventral much smaller than the others. Pedicels numerous,
confined entirely to ambulacra. Calcareous df'positA chiefly in the form of tables (fig. 84), which are
very densely crowded together, so 'that the skin is quite hard. These tables, when simplest and most
symmetrical, have a disk perforated with 4 holes and a Arnall spire, usually made up of 2 rods with
few teeth at the apex; but very frequently the disk is irregular in shape, and has 6, 8, 10, or
more holes; in the pe(V('els the disks of the tables are elongated until near the tip of the foot they are
simply supporting rods, usually having the ends perforated; terminal plates present; the tentacles
contain very few supporting rods (fig. Ril), and they are chiefly small awl of very irregular shape,
Cloacal opening surrounded by " tufts of podieels, a or 4 in each, which are almost rigid with their
crowded deposits; just within the cloacal opening is a ring of crowded calcareous plak~A(fi~. 83), but
1'0 far as one can judge from preserved material there are no true "anal teeth." Close to the cloacal
opening the calcareous deposits become very much crowded and increase in size, thus coming to
resemble large irregular perforated plates, often with scarcely a trace of the spire left. Calcareous
ring (fig. IH) well developed, quite high, the radial pieces with very long ant] slender posterior
prolongations; stone canal Ringle, terminating in a h\Tgo madrepore plate (fig. H2). Pollan vessel single,
small. Color white or whitish. I'

Range.-Vineyard RouII(] to Fort Johnson, Routh Carolina; low water to I'i fathoms.
Rema.rkR.,-Perhaps no one of our holothurians iK less often seen alive than this one, nor iR there

any of whose habits less is known. The original specimen was taken in shallow water, on the coast
of South Carolina, buried 2 inches in tilt' ARJH1. Later the species was found at Fort Macon, North
Carolina, and in Vineyard SOUIll]. Prudden and HUARell dredged specimens "off Holmes Hole"
(Vineyard Haven) in 4 to 5 fathoms, so Verrill (' iiI") reports, but he gives no date nor any other facts.
Large numbers are frequently washed up on the beach near Nobska Light, on the north shore of the
Sound, after long-continued or hard easterly storms: bllt in spite of very thorough dredging and
trawling in all depths from the shore outward, across to the Vineyard, Mr. Edwards tells me he
knows of no Rpedmelli\ having been Iound, HO that the habitat and habits of this species are still an
enigma, and naturally the life history iA unknown. During the winter of 1903 there were It number
of specimens washed up on the bathing beach at 'Woods Hole, on the eastern Aideof Buzzards Bay.
Mr. Gray, who very kindly sent IlW tho specimens, says that there had been a long-continued period
of heavy westerly winds. In tlwHe speuimens th« reproductive glands were very well developed, of
a bright orange yellow, RIIlI their coudition would 1'1'1'111 to indicate that breeding occurs in the late
winter or early spring.
3. Thyone brfareus (Lesueur). (hmillon Th uone. (PI. 11, tig. 6i; pI. la, figs. 95rl02.)
t llolothuria briareu« Lesueur, 1824.

Sclerodactllla brinrcu« Ay.rCR, 1Ml.
A'naprruH br't/ftr('u,8 Pourtalos, lS!')l.
Thyone briareue Selenka, 1867.

Description.-Length up to 225 mm., according to the state of cont.raction, a fair-sized specimen in
normal condition being 85 to 100 mm, in length and 25 to 30 nun. ill diameter, Posterior end of the
body rather abruptly tapering and pointed when normally extended, hut not at all attenuated; often
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more or lei's blunt and ronnded accord ing to amount of contraction, Cloacal opening terminal,
surrounded by r; groups of slender papilla'; just within the cloaca is a well-developed oalcareons ring
(fil-'S. 101-1(2) with r; prominent radial projoctions, which appear from the outside as teeth, and an,
usually reierrod to aH "anal teeth." Tentacles 10, the 2 ventral much smaller than the others, which
are capable of considerable extension and are much branched. Pedicel» rather small, very numerous
all over tilt' body, oceaslonally divided hy very narrow lines into 5 broad, apparently radial, bands;
many of the pedicels of the ,lorHIII side taper to a point, and are thus more or les8 papilliform.
Calcareous deposit« in adults, wanting in most parts of the body wall, hut present at each end of tho
body, and in the pedicels and tentacles; more numerous in young Ulan in old individnuls, These
depositR are in the form of tables (fig. 97), plates, and rods; tables with a more or less square disk,
perforated by about 8 holes, and a spire made up of 4 rather short rods, with one cross bar, ending
in single teeth. Such tables are confined almost wholly t") the two extremities of the body. In
the pedicels, which are provided with a large terminal plate (fig. 98), the disks of the tables are
elongated and curved to form supporting rods, and as such they often lack spires (fig. 99). In the
tentacles the calcareous supporting rods (fig. 100) are so numerous as to make the trunk and principal
branches almost rigid, and occur even to the tips of the smaller branches: around tho haso of the
tentacles arc some scattered plates perforated hy six or more holes. In very young individuals,
specimens an inch long or les8, the body wall is often crowded with tables. Calcareous ring (fig. 95)
well developed, rather stout, the radial pieces with moderately long, slender prolongations. Stone
canal single, with a large madrepore plate (fig. 96). Polian vessel» usually 1 or 2. Color in life dull
brown or black, the podicels lighter, often quite reddish, the disks frequently yellow.

Range.-Vineyar'l Sound to Texas, low water to 10 fathoms.
Remark.~.-Thi8 is undoubtedly the best known, to American students, of the Wood« Hole

holothurians, as it iH the form commonly used for laboratory work. Hadley Harbor Inmiahes most
of this material, Thyone being abundant there, but it iH also to he found at Waquoit and near
Cuttyhunk. Verrill ('731» reports it from Buzzards Bay and Vineyard Round. Usually it lies buried
in soft mud in shallow water, either the posterior end alone or both ('lHIH above the surface, The
currents of water repeatedly and continuously driven from the cloacal opening are often quite
apparent, especially in very shoal water. The food consists of the fine organic particles gathered by
the tentacles, Although this species apparently breeds in the summer, nothing is known of its
development. In the winter of 190a a number of very small specimens were washed up on the
Buzzards Bay bathing beach at \Voods Hole, after a period of heavy westerly winds, in company with
specimens of Cucumaria pulchrrrima. :Mr. Gray kindly sent them Ul me for examination.

4. Thyone scabra Verrill. (PI. 11, fig. 71; 1'1. 13, figs. 91-94.)
Thyone scobra Verrill. 18730.

J)e.~cr'iJition.-Length up to !lO mill. (Theel ), usually much le8s; Verrill says, "Length, in alcohol,
ahout 2 inches." All the Sill'cimenR which I have SN'n from the \Voo,IH Hole reglon were 1('8s than
50 mm., with a diameter of about 8 mm, Posterior third of the body quite attenuate to a rather sharp
point. Cloacal opening terminal, with 5 sets of small papilla" hut, 80 far as could he determined from
preserved material, without the so-called "anal teeth." 'I'entacles 10, branched from the base, the 2
ventral smaller than the rest, which' are not very large. Pedieels rather long aIHI slender, somewhat
rigid, quite numerous, and irregularly arranged, provided with terminal plates. Calcareous deposits
very abundant, especially in pedicels, awl tending to form a rather hrittle, thin, and yery rough layer
over the whole body surface; deposits consist chiefly of tables (fig. 9:{) with more or less irregular disk,
pierced by 6 or more holes (Verrill says 20 to 24), and a more or Jess prominent and rather solid spire,
made up of 2 or 3 stout vertical rods, connected by 1 or 2 crossbars and terminating in a number of
teeth; in pedicels, disks of tables elongated, more or less bowed, with 4 holes, and ends expanded and
perforated; in tentacles, numerous supporting rods (fig. 94), which are usually more or less perforated,
PApedally at ends, Calcareous ring (fig. 91) well developed, radial pieces with a remarkably deep
notch and long, slender prolongations posteriorly. Rtone canal Hingle with a large madrepore plate
(l1g. !l2). Polian vessel usually single. Color in life not recorded; alcoholic spedmens are brown or
yellowish-brown, pedieels lighter.

Rrtnge.-Georges Bank and Bay of Fundy to Viueyard Round, Narragansett Bay, and perhaps
even to Delaware (Theel); 10 to 640 fathoms,
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ltcmar]: .•. -ThiR is another of those holothurians of which we know altogether too little. It was
first dre<lge<l on Georges Bank« in 1872, and Verrill afterwards found it in the Bay of Fundy. Th{-el
( 188(;) reporta specimens from off the roast of Delaware; they were remarkably large, ami he says
"the anus possesses five ealcareou» teeth.' Verrill does not mention" anal teeth" nor calcareous ring.
The latter, Thpe! says, reseinblus that of Tlujone [n..•'I,.. I have never seen a living specimen of this
species, hut in the fall of 18ml, Dr. II. C. Bumpus sent me some alcoholic specimens which J under­
stood were dredged in Narragansett Bay, and I hav« also had [) specimens dredl-,"Cd by the Pi,.h Hmrl: in
Vineyard Honnd in 1\lO1. None of these specimens were much over 40 mm. in length. They answer
well to Verrill's description, except that the disks of ,the tableR rarely contain 20 holes, while he saYR
20-24. ThpPl says that in his specimeus the holes were sometimes as many as 20. AH for the "anal
teeth" whieh he mentions, they may have heen dne to the age of his spec-imen, which was twice the
size of any of mine. It is by no means eertllin that .•cobra iR really distinct from the European fIlRI",",

but the matter cannot be decided without more material. Natnrally we know nothing of its habits
or development,

1>. Thyone unisemita (Stimpson). (1'1. 11, fi~s. us, Hfl; pI. 12, Jigs. 8(;-00.)
Cncnma)'[n.rn~ljonniNnc~or, lX4H (wm Forbes).
AnapCI"URuuiscmlt« Sti mpson, lRf)1.
Stcrrodcrmu. lIniRrmUu Ayre», lPJll; Vvrrltl. lS7;~h; Th('l'l, IHS(i.
Th,llone uniscmitu. Ludwig, IH9~.

n(',qI·riplion.-Length 7fi HIIII. (Verrill) or 1\'1'0\>1; diameter, when normally extended, ahout one­
third of the length or less, Body tapering to both ends, which are more or less curved upward,
Cloacal opening, terminal, not provided with "tedh," and with no Rpeeially prominent papilhe about
it. Tentacles 10, 2 ventral smaller than the others, which arc rather long and slender, stalked, and
not profm;ely branched at Up. I'cdicels short, <Illite uniformly distributed over the dorsal surface and
on the sides: ventrally there iH a distinct double row in the midventral radius, and on each side It

narrow strip of skin, wholly free from pedicel«: it is from this peculiar arrangement that the species
has received its name. Calcareous deposits, perforated plates (fig. 81l), mostly regular, and with 4
holes, hut often larger, irregular, and with more 1101eR; plates usually smooth, frequently with knobs
in the pedieels, which lack terminal plates; supporting rods (fig. 00) rather few, broad, flat, with
narrow holes, sometimes with knobs, and occasionally projecting spines; in the tentacles, supporting
rods (fig. 88) large, perforated, and rather numerous; near the tips of the branches they are much
curved. Calcareous ring (fig. 8(;) well developed, wide, radial and interradial pieces of nearly equal
size, but the former with a wider notch in the posterior margin, though there are no posterior prolon­
gations. Stone canal Ringle, with it sma]] and poorly developed madrepore plate (fig. 87). Pollan
veHHel single. Color in life white or yellowish-white, tentacles orange-yellow.

Ran!7e.-Urand Bank, Newfoundland. to NarraganRett Bay; 17 to 22 fathoms, probably more.
Remarh.-Another uncommon holothnriun, of which we collectp(} half a dozen specimens in

August, Hl02, at Crab Lodge, on sandy and gravelly bottom. All of thes« were small, from 8 to 2~

mm, in length, 111lt several hall the ovaries fnll of apparently mature eggH. Stimpson's specimens from
(,ralld Balik and Mnssar-husetts, Bay were about 2 inches in length, while a specimen dredged by
Packard, 'l/>llth of ~Tnrthas VilH'yard, was about :l indwR long. Specimens kept alive at the labora­
tory woro \'('ry RlnggiRh, awl extended the tentacles "pry little; the color of ,the latter is in striking
contrast. to that of the body. Besilh'R the localities already mentioned, this HpPeil:'S has been taken on
Nantucket Shoals, off (fay Heud, and in Narragltll>lett Bay,

6. Caudina arenata (((oulll). (Plah-]}, fig. n; plate ia, figs. 1Oil, 104.)
Cldrorlola arenau: (t()llld, lS41.
Cbndin-a arena/a Sti mpsot), lM:t

De,qcription,-Length 100 to 1711 mrn., with a ,liameh'r about ono-eiglrth as great; the posterior
third of the animal constitute» what WP mhy call the caudal portion, HII,I thiR has a diameter of onlv
a f"w millimeters. Jntegument translucent anrl smooth, or finely grnnular. Clonr-al opening terminal.
surrounded by fi very small papillro. T''Iltac!<'R l.'i, equul, each with four short, finger-like digits, Cal­
enreous <!t'po>lits (fig. 104) in the form of tables, with smooth, flat, nearly circular or oval disks, each
with a large {'('lItral hole, awl II !l1OI'\' or II'Hi'! I'{'glllar ll('ripheral Ht'TieR of R to 12 holeR; the ef'ntral
hole appearH from above like 4, aR the 4 )cgs of the spin' crOSH it; there are often a few small holes



570 BULLETIN' ()~' THl<~ lTN'ITED STAT1<:S FISH COMMISSION.

outside the peripheral circle; the spiro iA made up of 4 rods, which are united dose to their apex, and
by a crosspiece near the middle. Calr-areous ring (fig. lOa) well developed, of moderate width, the
radial pieces with not very long, AtOUt poaterior prolongations, (leeply but narrowly separated. One
stone eanal, with a Ringle, terminal madreporo plate. Polian vessel single. Color in life, pale to deep
flesh-red, pink, or even purplish. .

Range.-Pointe du Chene, New Br-unswick, to Cuttyhunk; low water to 1Hz fathoms.
RemarkR.-This aIHI the following Rpeeies are the rarest of the 'Voods Hole holothurians. It. iR

admitted to this list on the strength of Verritl'« ('731» statement that Professor Webster took it at.
Woods Hole, and on the existence of 3 small specimens in' the collection of the U. R. National
Museum, labeled "Off Cuttyhunk, 1Hz fathoms." I have never seen Cundin« alive, but it is Raid to
I)() abundant at. Revere Beach, Mass., at certain seasons. Strangely enough, however, trawling and
dredging offshore in that region failed entirely to bring up speeimpns. Gt~roultl's ('96) admirable
pap€r on this speeies leaves nothing to he said as to habits or anatomy. Nothing whatever is known
of the devdopment. Theel'Fl variety, armata, was taken in H9H fathoms, in latitude a5° 44' 4(},', and in
1,242 fathoms, in latitude 410 24' 45/1.

7. Trochostoma o6liticum (Pourtales), (Plate 11, fig. 72; plate 13, figs. 105-108.)
Cftirodola (Jmlticum·PO'lrtall·~,1l'f)1.
Mnlp'Jdla borealis Saf!'~, 1861.
Nolparlia oijUtira Selenka, 1~7. Verrill,1873b.
Troehostoma oiiliUrum Danielssen ana Koren, 187ft
Trorhosloma thlJmiUmii Danjelssen nnd Koren, 1R7R.
Trochostoma boraue Danlell••en and Koren, 1879.

Description.-Length 125 to 150 mm., with a diameter about one-sixth as great; the caudal por­
tion of the body is only about one-eighth of the total length. Integument rather thin and usually
quite smooth. Cloacal opening terminal, with minute surrounding papilla'. Tentacles 15, each
usually with 2 (sometimes possibly more) digits. Deposits in the skin of 2 very distinct kinds, irreg­
ular tables (figs. 106, 107), and reddish or brown disr-oidal or ellipsoidal bodies (fig. lOR). Tables
sometimes wanting, apparently most. frequent in young specimens and becoming less frequent
with age; they are quite irregular in form; disk pierced hy holes which vary greatly in number and
size, and spire also variable in size and form. "Brown bodies" vary greatly in size and shade of
color, for they-may be mere grain« or nearly as long as the diameter of a table disk, and the shade
ranges from brownish-yellow to a very deep reddish-brown: theRe" brown bodieR" may he rather
scattered or more or lefls crowded. As a rule, the fewer the tables the more the" brown bodies,"
and vice versa. In typical oiiliticum, there are no tables, and the integument is literally packed with
"brown bodies." Calcareous ring (fig. 105) very stout, the radial pieces with very prominent posterior
prolongations. Stone canal one, with a single madrepore plate. Pollan vessel one. Color of alcoholic
specimens very variable, according to the abundance of "hrown bodies;" where they are very small
and very few the color is dull gray, and the head and tail are always that color or lighter; where the
"brown bodies" are more numerous they form brown patches on the surface: if still more abundant,
the animal appears yellowish or reddish brown with gray spots of greater or less size; and finally, in
typical obliticum, the color appears uniformly deep brown or even almost black, Verrill (73b) Rays
of a living specimen, "uniform flesh color."

Range.-RankFl of Newfoundland to south of Marthas Vineyard, and in the Arctic Ocean north of
Norway and Siberia; reported from Florida Reef also; lR to 600 fathoms, but usually over 50.

Remarks.-This distinctly northern form is admitted to the list. of 'Woods Hole echinoderms
solely on the record of one small specimen taken by Professor Packard and reported by Verrill ('7:3b) .
.Even the locality of this specimen is in rloubt, for on page 715 Verrill says, "Off Block Island, 29
fathoms, Randy mud," while on page 510 he says" 15 mill'S east of No Mans Land," and Block Island
is 30 miles west of No Mans Land. The genus Trochostoma is probably more imperfectly known and
its legitimate species lesFl well defined than any other genus of holothurians, After the examination
of a fairly large Reries from the eollection of the U. S. National Museum, I am convinced that the
differences which were SUPpos(~,1 to separate oiiWicllrn and borealeare unimportant and that Sars's name
is really a synonym of Pourtales's. I can not agree with Ludwig (1900), however, that arcticuni v,
Marenzeller is identical with boreale, for specimen« of the former are easily separable from the latter
by several good «huracteristics. As to Verrill's turgidnm., if the characters given are constant, it is
also It good species,
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8. Synapta Inheerens (0. F. Miiller). Common ''''!luI/pta. (PI. 11, fig. 74; 1'1. ]4, figs. 109-112.)
IToloilmrin inlurren» o. F. Miiller. 17XX.
•'-t'llnaIJfa lnluerens Duhen and Koren, 18.G,
Synnpln lennis Ayr"x, lXfil.
Synaptn qlrardii Pourtulos, l~f)l.

8ynapfa 1)cllnclda Ayros, lc'n:l.
S!/1Htptn.ft1/ffRii R,t'll'nka, lR6i.
8//nllpta gracllls Solenk», lRfi7.
!,r;],lo"ynnpln tcnui« Verrill, IXr.7.
Lf;pfo8ynapln flirnrdii Verrill, 18n".

De,.cription.-Lellf{th 100 to ]RO mrn., more or h)ss; rliameter 5 to 10 mm. Body slender, very
extensile,eylimlrieal. Integument thin, mr.r: or less translnr-ont, sometime« minutely rough. Cloacal
opening terminal. Tentacles 12, with 3 to 7 pairs of ,ligits pinnately arranged, all'] 10 to 20 or more
very small, sensory cups on the inner surfac« near tho base. Calcareous depol<its minute discoidal
or irregularly rounded hodips (fig.]] 1) in till' oxtorna] layers of the longitudinal muscles, similar hut
more irregular bodies (fig. 112) at the hasp of the tentacles, hcsitleR curved knobbed rods in the digits;
and anchors and plates (fig. ] 10) everywhe-re in the body wall, smallest anteriorly and largest pos­
toriorty: anchors with minnte teeth 011 the ouu'r Hide of flukes; plates with 7 principal holes, with
toothed margins, and 3 large and several small holes with smooth margins at. posterior end. Cal­
careous ring (fig. 1(9) well developed, with no projeetions either anteriorly or posteriorly; the radial
pieeps pierced for passage of radial nerves. Rtone canal and Pollan vessel Ringle. Color in life white,
with or without a more or Je8,~ prououucol yellow tinge; particle» of red pigment frequently lie
scattered in the skin, sometimes in Hutfieifmt quantity to give a pink caHt to the whole animal.

Range. -MassaehuHl'tts Bay to Ronth Carolina; ;llHO from the Arctic Ocean to the Mediterranean
Spa in the Old World; and from Ritka, AIasku, to Pacific Grove, Cal.; probably cirenmpolar; above
low water to 1Hl fathoms.

Rmwrh.-This is the most uniformly d istributed, awl perhaps the most common, Woods Hole
holothuriun, oeeurring in ulmndance along the Rhores of Buzzards Bay, and also about the islands of
Uneatena, Nonamesset, and Naushou. It is leHs common along the Sound shore, but is found near
the entrance to the Ed Pond. Although usually preferring a dean sand bottom, it often oocurs in
soft mud, even though very black, awl i/o! ('.olTlmon in R<)J\W very gravelly spots, It iR oftan foun,}
above low-water mark. An account of thiH HIll'dl's and the next has already been published (Clark '99) ,
so no n-eonl of the habits need he given hr-r«. Very little is known of the development, beyond the
faet. that segm~·ntat.ion is total and oqual.

9. Synaptaroseola (Verrill). (PI. 11, lig.75; pI. 14, figH. 1l:~-11(\.)

""l'lo""rWpln r08coln Verrfll , 187ah.
81111apla ""Hcola ~'hecJ, 18Rli.

Df.qcription.-Length ]00 inm., rarely more, usually much IPRR. Body very slender. Integument
translucent, very thin, soft, an'1 delicat«, Cloiwal ope-ning terminal. 'I'entaclea ]2, with 2 or 3 (rarely
4) pairs of digits pinnately arranged, and 7 to ]5 st'nHory cups on the inner surface near base. Cal­
careOllH dt'pOHits, Cor doughnut-shaped hod it's (till." 115) in the longitudinal uJUsdesj branched, curved,
and perforntl',1 rods awl plates (fig. I ltl) in the tentacles; and everywhere in the body wall anchors
awl p1at('H (fig. 114) similar to those of the prl'ee<ling SIWl'it'H, sometimes more slender and delicate,
hut not always. Calcareous ring (fig. ] ):lj rather narrow, radial pieces merely notched for paS!'lage of
radial m-rvr-s. Rtmll' canal anrl Pol ian vl'l'1s,,1,sinf{ln. Color in life, rosy n;d, varying from very pale
to quite ,k~'p, rarely rl',ldiHh-yellowj due to numerous pigment granules in the thin integument.

Ran!lf.-l'rovine(lf.own, Mass., to New Haven Conn ; alHo very abundant at the Bermuda Islands,
where it is the eommonest holothurian: near low-water mark, ahove and below.

RemarkR.-At Woo,IH Hole J found this H!lPeies only on the southeastern si<le of BuzzardR Bay,
from t.he hreakwlltl'r sonthweHtwarl], but Verrill ('nh) recor,ls it. from NaushOll. It seemR to prefer
gravelly awl stony heacheR, an,l oft('n oceurs uwler st.()l1('S ahove low-water mark. Its anatomical
dutrlwters and habitR, f'0 far fiH known, have alTlwly ht'f'n rl'l'(lT(led (Clark '00). Nothing if' known of
itH (Ievplopment, though Dr. WeRley R. Coe, of Yall' University, aRRures me that artificial fertilizat.ion
-is easily a<:ColllpliRhe<l, and Aegml'nbltion is total amI ~·qnal.

OLIVET COLL}]<H], MICHIGAN, October, 1903.
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Report on the Holothurioidea * * * of the" Blake." Bull. Mus. Compo Zool.,
Cambridge, vol. xnr, No. 1.

Tower, W. L.-An abnormal Clypeastroid Echinoid. Zool. Anzeiger. No. MO.
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