
THE ECI-IlNODERh‘lS OF PORTO RICO. 

The following account of the echinoderms of l’orto Rico is hased primarily on 
tho extcnsivc collections made by the U. S. Fish Coinmission steamer F&h II&uWl% 
in January and February, 18!)9, coniprising considerably over 1,000 specimens mid 
representing 85 species. The collection of crinoids is very snia11, but whether this is 
due to the difficulty of drcdging i n  those w:iters or to tho comparative soarcity of 
that group of echinoderms r~rountl Yorto Xico it is jinpossiiblo for ino to say. Tlie, 
collection of holothurians is t ~ l s o  sni:dI, hut in this case thcre is little doubt that the 
difficulty of dredging iti responsiblr,. The collections of starfishes and sca-urchins, 
though not v o ~ y  extensive, prohbly represent with a fair dcgrce of completentss the 
littoral fauna of Porto Rico i n  those groups. The collection of brittle-stars is large, 
comprising more spciir;cns and iriorc species than all tho other groups combined, 
and it is doubtless vei*y ~*sprcsciitative, at least of the littoral fauna. 

I haw :dso had tho privilege of examining the cchinoderrns collected in the winter 
of 1900 near S ~ i i  ,Juan lay MI-. (foorge It. Gray. Though this collcction embraces only 
22 species, i t  iiiclurlcv 1 holothurian and 1 hrittlc-star not i n  the F;.sh, ZZm& collections. 
The number of species in the following list is theroforc 87, of &ich 3 arc crinoids, 11 
asteroids (stt~rfishes), &!I ophiuroids (hrittle-stai*s), 13 echinoids (se:L-ixivhins), and 11 
holothurians. Of these, 8 seem to h a w  heen heretofore unclescrjbed : ~ n d  14 others 
have their previously lcriowri range extcndcd c~~s idc rab ly ,  so that the collections add 
not a little to our knowledge of West Xriditin cwhinodorms. About 50 of the S7 species 
may 1)c c1:isscd as “littoral” forms; that is, thcy may be looked for in  water of less 
that1 2 fathoms depth, and ncarly all of thcrri occur in much shallower water than that, 
often just brlow low-water m d c .  .Judged by these collections, the echinoderm fauna 
of l-’orto Itico is cssenti:illy like that of the other West Indian islands, although some 
of tho new forms may prow to be confined to Porto ltico alone. At  present we  know 
too little of the fauna of any of the isltmds to draw m y  far-reaching conclusions. 

In  prepwing this  rcport two  cry diff’crerit objects h:wc been kept in view, but 
it is hoped that tho attempt to combine then1 in  onc paper will not detr:wt from the 
value of the work. Primarily, it is intended to present :L complete report of the 
collections made by the 3TsJL I f imk,  describing and figuring the new species, and 
giving a full list of the echinoderms of Port0 Rico. But the :&em@ is also made 
to give a brief description and account of each species, sufficient to enable anyone 
acquainted with zoalogy to identify them. The echinoderms are among the most 
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noticeable and characteristic animals of the West Indies, and any visitor to the, 
islands at  all interested in natural history is sure to find specimens which it would be 
of interest, if not of importance, to identify. At present there is *no single work, 
nor indeed any popular book of any kind, by means of which this could be done. 
The Porto Rican collections have afforded the opportunity to prepare such a paper, 
since they include many of the common littoral echinoderms of the West Indies. It 
is hoped that these very artificial “keys” may he of use, not only to travelers and to 
residents in Porto Rico and the other islands who are interested in marine life, but 
especially to students or specialists in other fields of zoology who may visit the 
West Indies and wish to know the names and history of the echinoderms with which 
they meet. 

It must be borne in mind that our knowledge of West Indian echinoderms is far 
from complete, and there are doubtless many of the less common “littoral” species 
not inclu2ed in these “keys.” Specimens of such forms may or may not fit by accident 
into the key, but the brief account given under the name of each species will assist 
in  preventing mishkes. There are quite a number of species which were not taken 
i n  Porto Rico, but which will very possibly be found there. Such forms have been 
included in paragraphs following the lists of species, with brief statements of their 

.distinguishing characteristics, to assist in their identification if found. It is of great 
importance that Ppecimens which do not answer to the descriptions here given should 
be preserved in spirits and if possible forwarded to the Fish Commission or the 
National Museum at  Washington for identification. In this way the present, list will 
be extended until it includes all of the littoral echinoderms of the M7est Indies. 

In  presenting this report I desire to express my deep appreciation of the cour- 
tesies 1 have received from the Hon. George M. Bowers, U. S. Commissioner of Fish 
and Fisheries; and also from Dr. Hugh M. Smith, of the U. S. Fish Commission. 

The “keys ’’ may also be of use in Florida and along the Gulf coast. 
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CRINOIDEA. 

SEA LILIES. 

The crinoids comprise a very insignificant part of the Pis4 IIawk collections, 
and there are no stalked forms among t,heni. There are not a half dozen specimens 
all together, although there are fragments of many arms. They represent three 
common West Indian species of Conzatulq collected at five different stations, and 
may be distinguished from each other by the following characters: 
A. Mouth npproximntely in center of disk. Ornl pinnules without n “ comb ” near tip.. . . . . . 
B. Mouth at  side of disk. Ornl pinnules with n “comb” of course teeth on inner side near tip. 

. . . . . . . A?itedon hageitii 

1. Color pale. Pinnules without minute spines or hooks 011 ench joint. . . . . . . . . . . . . . . . . . . . . .8ctsnomelru ineritlionalis 
2. Color red-brown, with u longitudinal blnrk stripe on nbornl side of nrms. Pinnules with 

minute spinrs or hooks on ~ n r h  joint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Aclinonictra 1 t ibigi ima 

Antedon hagenii (Pourtales). 

This has been called the commonest crinoid of the West Indies. I t  was first collected by Pour- 
tales in the Straits of Florida, and has since been found widely distributed in the Caribbean Sea. 
The calyx is about 20 mm. across; arms 100 mm. long. There is one calyx and fragnients of inany 
arms iron1 &tion 6067, where they were dredged on B coral bottoni at over 100 fathoms depth. 
Pourtales says the color is “pale-greenish, turning white in alcohol.” The fragments of arms before 
me are almost white, but are banded with pale brown, and near the base is a longitudinal palelbrown 
stripe on the aboral side. 

Actinometra meridionalis (Pourtales). 

Originally described by Pourtales from specimens collrrted in Florida Straits, bnt now known as 
Somewhat larger than the preceding. 

There are4 calyces of this species, with portions of arms attached, from station 6063. The longest 
This specimen was collected 

a caommon and widely distributed form in the western Atlantic. 

arm measured 125 mm. 
with a trawl on a rocky sand bottom a t  n depth of from 75 to 172 fathoms. 

There are also fragments froin station 6068. 

Actinometra rubiginosa (Pourbles) . 
First deecribed from Rout11 of Florida, its range eastward being greatly extended by its collection 

at the eastern end of Porto Rico. About the size of the preceding and more handsomelycolored. 
Fragments of arms collected with a tangle on n coral bottom a t  stations 6088 and GOBO, at depths of 16 
to 23 fathoms, seem to be referable to this species. They are dark reddish-brown, with a longitudinal 
black stripe on the aboral side. 

Numerous other species of crinoids have been collected in the Caribbean Sea, 
but it is impossible to say what forms may be expected to occur in the Porto Rican 
waters. It is worth noting, however, that the three species collected by the E’ish 
i’Zuwlc are not only 1-111 CorrLatula? (crinoids without stalks, not attached when adults), 
but belong to the 10-t-1rnied series of that group. Several Comatulm, having 15 to 20 
01’ more arms, may be looked for, while other IO-armed species undoubtedly occur. 
Of the stalked crinoids, Pcntacr?:nus deeco~.z~s TV. Thomson has boen recorded from 
the “ south side of Porto ltico” (Fewkes, Bull. Mus. Comp. Zool., vol. x, p. 181) and 
three other species of the same genus are also known Prom tho West Indies, all col- 
lected in water of over 70 fathoms depth. The curious little ITolopua, which has been 
recorded from the north side of Cuba and from Barbados, may be looked for attached 
to rocks in comparatively shallow miter. 
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ASTEROIDEA. 

STARFISHES. 

The Fhh Ifui~Ws collection of starfishes is of considerable interest, although 
no new species were found. There are 103 specimens, representing 11 species, but 
one-third of these belong to a single species of Astmpectm. With one exception 
the species i re  common &+est Indian forms, and the list is almost a duplicate of one 
published in 1898 as “The Asteroids of Jamaica ” (Johns Hopkins Univ. Circ., Nov., 
1898). ’l’hesc starfishes are readily distinguished from each other, as they represent 
no less than 7 families, and the following artificial key will make their determination 
easy, although it is worthless for any other species. 
A. Rayy shorter than diameter of disk, the general shape of animal pentagonal. 

I. Size large, disk high ...................................................................... .l’entaceros reliculalus. (7) 
................................... A e t e h a  JoZCuni. ( 8 )  11. Size very small, disk flat.. ................................ 

R. Rays mnch longer than diameter of disk. 
I. Ilirys more or less ntittcncd, and spiny, iit least on the sides. 
(I. 1Xsk liirge; general form star-shaped; marginal plates of rays on upper side very prominent. 

1. Narginnl plates witliont spines.. ................................................. n f i t ~ o p ~ e i m  a ~ . i i z z e ~ ~ i ~ .  (1) 
2. Marginal plates with erect, c:onical spines.. ........................................ . 8 8 t r i q ~ e c t o ~  d?cpZicatus. (2) 

b. Disk Hmallcr, rays longer, miirginal plates not prominent. 
I .  ittiys 9, nlrt R I I ~  long ............................................................. . . L?iiiliic senc~ji~leneis. (5) 
2. Riiys 6, Aiit rind long, not spiny iil~ovc. ..................................................... Luidiri clalhratn. (4) 
3. Rays 6, btinrlcd altcrniitcly with green or purple nnd yellow, sorncwhiit fliitlcnoil, lohg, 

and covcrcd with small spines.. ...................................................... .:. . Liidtlin allcnaalo. (3) . 4. Rfiys 6,  not n1nch flattened, short, blnnt, rind bearing a few (30 to 00) coarse spines.. .Xi;hi7~uster arnssispi?za. (11) 
XI. Disk very small, rays w r y  slender, and almost cylindrical. 

a. Rays riither blunt and qnite smooth. 
1. Groups of openings through skeleton iirranged in reglilnrlongitiidinal rows on rays. ~ Op/cidi(istcr plildingii .  (9) 
2. Groups of openings throiigli skcleton, without any definite arrangerncnt .............. .I,~l71ckiu g ~ ~ i l d h g k i .  (10) 

b. Rays tapering, and ninre or less spiny, a t  feast on flides ...................................... .%i~loci~lei.fuZge7~. (0) 

1. Astropecten antillensis Liitken. 

This c~ininon starfish occurs throughout the West Indies, on sandy bottoms. It is generally very 
light colored, whitish or pale brown, and reaches a diameter of about 175 mm. There are thirty-six 
specimens in t,he IJi“lst, IliLwk collection, ranging from 6 to 185 mm. across. The sniallest has tho 
paxillz with ti  or more spineleta, 4 marginal plates on each side of ray, and a A-Shaped plate at  tip; 
infero-marginaI plates with one? luteral spine, the second just beginning to appear. Specimens 12 to 15 
mrn. across have the second lateral spine nearly as large as the first, except on the 2 infero-margirial 
plate8 at angle of the rays; the paxillzc spiriclets are more graniform. I n  specirnens 24 mm. across the 
paxi1l:c spinelets are nearly granular. Sniall specimens are c a d y  distinguished from small specimens 
of the next species by their flatness, lx-catltli of rays, thc paxill:c, and 1)luntncss o f  lattiral spines. 

Collectetl at Arroyo, Mayagncz, antl l’uerto Real. 

2. Astropecten duplicatus (Gray). 

This species seems to occur in tleepcr water than the preceding around Porto ltico, but may be 
There are several differences between tliern, but the spines on the inarginal plates 

It reaches the same size and has the same distribution a9 anlillen8k, 

There are 11 specimens before me, varying in size from 18 to 178 nim. across and in color from 
The sinallcst has only 4 or 5 

found with it. 
sufficiently distinguish chplicutua. 
but varies niore in color, being sometimes bright reddish brown. 

almost white to brownish orangct, with feet red, green, or pale brown. 
spinelets on each paxilla antl no spines on supero-marginal plates. 

3. Luidia alternata. (Say). 

One of the handsomest starfishes of the West Indies, often found with the two preceding. It 
reaches a large size, 250 mm. across, and its striking colors make it very conspicuous. There is only 
one small specimen in the $‘ish 11aw)k collection (65 inin. across), from station 6097, in 10 fathoms. 
The Eolors are purplish and yellowish. 

Collected at  stations 6058, 6072, 6084, 6085, 6091, and 6096; none taken in less than G fathoms. 
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4. Luidia clathrata (Say). 

Common on sandy bottoms along the sontheasterri coast of the United States and throughout thca 
Color usually grayish West Indies, also occurring in Bermuda. 

blue above, light yellowish beneath. 
It reaches a diameter of 200 mm. 

Collected at stations 6054 and 6084; 7 specimens, the largest 200 mm. across. 

5. Luidia senegalensis (Lamarck) . 
This curious and interesting starfish ocdurs on sandy bottoms throughout the West Indies. It 

There are 3 
Collected at  Cataiio, Mayaguez, and 

reaches a diameter of over 350 mm. 
specimens, all with 9 rays. 
Puerto Real. 

Upper surface grayish blue; lower pale yellow. 
The largest is 365 mm. across. 

6. Zoroaster fulgens W. Thomson. 
A large and handsome starfish, 225 mm. across, found in deep water throughout the North 

Atlantic. There are 2 very fine 
specimens labeled simply “San Juan,” which I have referred to this species, though not without 
hesitation. They answer very satisfactorily to Rladen’s description (Challenger Report, vol. xxx) , but 
not so well to his figures, which, however, differ somewhat from the description, especially in propor- 
tions. The specimens before me have the rays 110 inm. long, while the radius of the disc is only 
8 mm., therefore I% = 14 T. Perrier, in his desc~iption of %. tcckleyi, speaks of superficial resemblances, 
aborally to Ophidiast~r, orally to Luidia, and in these the Porto Rican specimens agree with uckleyi; 
but they differ from that species in having only 11 longitudinal rows of plates on the rays, agreeing in 
that respect with fulqevts. They also agree with the latter species in the granulation of the plates and 
in several other minor points, but they are not nearly as spiny as Sladen’s figures. All the differences 
together, however, do not seem to me to warrant the separation of the Porto Rican species as new. It 
is unfortunate that there are no data to show at what depth these specimens were collected; it hardly 
seems possible that they could have been collected along shore or in very shallow water. 

7.  Pentaceros reticulatus (LinnEus). 

Its occurrence in shallow water at  San Juan seems quite exceptional. 

This‘is perhaps the best known of the West Indian starfishes, being commonly brought back by 
sailors and travelers as a curio. It reaches a large size, up to nearly 0.5 meter in diameter. I n  life 
the color is usually yellowish or reddish-orange, but when dried it is more often brown. It occurs on 
sandy or muddy bottoms, in shallow water, tboughout the West Indies. The Fish Huwk collection 
contains 12 small specimens, measuring from 72 to 200 mm. across. They were collected a t  Mayaguez, 
Ponce, and San Juan.. Mr. Gray brought back about 50 specinlens of medium size, of which 2 have 6 
rays and 2 have only 4. The arnbklacral furrows of the latter form a perfect cross. Mr. Gray called 
my attention to the fact that there are 2 well-marked varieties of this starfish, so different from each 
other that, were connecting links wanting, they would easily pass for distinct species. One has the rays 
acuminate, the disc very high, the skeleton comparatively light, and the oral surface quite spiny, while 
the other has the rays shorter and more’rounded, the disc lower, the skeleton very solid, and covered 
with large tubercles; oral surface more granular and less spiny. 

8. Asterina folium Liitken. 

A very pretty little starfish, rarely 20 mm. in diameter, found clinging to the under side of roch, 
in shallow water. The color varies greatly, blue being the prevalent shade, but red, yellow, green, 
and white specimens often occur. Fonnd from Bermuda southward throughout the West Indies. 
One small specimen, 3 3 nim. across, from the reefs at Ponce, is the only representative in the Fish Hawk 
collection. 

0. Ophidiaster guildingii (Gray). 

Found among corals and broken rocks throughout the West Indies, but does not seem to be as 
I t  rarely reaches a large size, 50 to GO mm. 

The color varies from red and yellow to purplish, brown, and white. 
common as the following, which it superficially resembles. 
across being a good average. 
Three averagesized specimens of this species were collected at  Ponce. 

10. Linckia guildingii (Gray). 

A very common starfish from Bermuda southward, occurring among corals and broken rocks. It 
reaches a much larger size than the preceding, a big specimen measuring 200 mni. across; but it is 
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generally much less than 100 mm. in diameter. Color very variable; some are light brown with dark 
blotches, some chocolate brown, some purplish brown, and some almost black. Rays very variable in 
size and number, a specimen with 5 equal rays being a rarity. I t  is not uncommon to find a single 
ray creeping about by ihelf, and sooner or later such a ray reproduces a new disk and 4 or 5 new rays. 
This remarkably variable species is represented by IG specimens in the K s l t  IIawk collection and 2 in 
Mr. Gray’s collection. Of these, 9 have G rays, G have 5 cays, 1 has 4 rays, and 2 consist of only 1 ray 
each. Very few have the rays even approximately equal, and in no less than G spec-imens 1 ray is YO 
much larger than the others that it is clearly reproducing a new disk with the rays. In  these the 
madrepore plate is usually lacking, but in one of them there are 3. Of the other 12 specimens, 9 
have 2 madrepore plates, 1 ha4 1, and the 2 single rays have none. 

Collected a t  Ensenada Honda (Culebra) , San Juan, and Ponce. 

11. Echinaster crassispina Verrill. 

This starfish belongs to an entirely different order from the preceding. I t  is seldom 100 mm. 
across, and is reddish brown or yellowish brown in color. Its exact range is not known, but it is 
considered by some writers as identical with E. 8pi7~~su.9, which occurs on muddy bottoms and among 
mangroves throughout the West Indies. Eleven specimens from Cataiio, Sail Juan Harbor, and 
Puerto Real and stations 6059, 6072, and 609$ vary much in rolor, from bright yelIow brown to dark 
red brown, butagree very well in general form and appearance. The largest has R=48, r=ll, R=4Qr; 
the smallekt has R=18, r=4, R=44r. They are all clearly 
repreeentatives of Verrill’s species crassispinu. Sladen gives crassispinu as a synonym of spinosus Reteius, 
but these Pork Rican specimens are so easily distinguished from Jamaican specimens of spinosus, that 
it seems better to use Verrill’s name. The short, blunt arms, with the rather few, very coarse spines, 
are quite characteristic, and none of the specimens before me have the bright-red color of the Jamaican 
spinosus. 

Several other starfishes may be looked for on the shores of Por$o Rico, as they 
are common in other parts of the West Indies. They are closely related to those 
already listed, and may be found in similar situations. Astropecten urtiouZatus (Say) 
may be distinguished from either of the Astropectens given above by the presence of 
a small, blunt tubercle on the marginal plates near the tip of the ray, but there are 
no spines on these plates. In  color and general appearance this species approaches 
antillen& very closely. Asterina rninuta (Gray) is smaller and less pentagonal than 
folium, and the color is pretty uniformly white. The.plates along the edges of the 
furrows in which the feet lie carry 2 or  3 spines on their free margin (not 4 or 5, RS 
in folium), and the plates in the interradii of the upper surface carry only 1 spine 
(rarely 2) instead of 3 or 4, as in folium. 

This form is 
somewhat larger-20 to 35 mm. across and having the disc rather high (4 to 7 mm.). 
The whole animal is covered with a thick, granular skin, which conceals the under- 
lying plates. It occurs under rocks with Astsrinu and Linckia. 

If Zccl~inaster ,u2)i?wsus is a different species from E. massispinu, probably it also 
occurs in Porto Rico. It may be recognized by rather long, tapering arms, It> 5r, 
numerous small, sharp spines, and its deep but bright rcd color. It is a haridsome 
starfish, and should be easily recognized. Possibly Asterias tenwispinu, which occurs 
in  the Bermudas, or some other A.steriae, may occur in  Ysrto Itico. The genus may 
be recognized by the absence of marginal plates, by the irregular meshwork of the 
skeleton on the upper side, and the nuiiierous spines of various sizcs. A. tenuiypinu 
has a variable number of arms, 4 to 9, but usually 7. The color is reddish yellow, 
with more or less violet marking. 

I n  others, R=3r, R=4r, and R=%. 

Another starfish allied to Asterinu is Stegnuatm. wesseli Perrier. 

The color is whitish. 
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OPHIUROIDEA. 

BRITTLE-STARS, SAND-STARS, SERPENT-STARS, ETC. 

The hrittle-stars make up by far the largest and most interesting part of the 
collection of echinoderms made by the F%h Irinwk. There are about 550 specimens, 
representing 49 species, of which no less than 7 seem to be new to science. I n  spite 
of the fact that the ophiurans of the West Indies have been long and carefully 
studied by some of the best systematists in the world, so great is their number and 
so sxtraordinary their variety that almost every collection of any size adds something 
new to the list. This is especially true when collecting with a tangle, for a dredge 
or trawl is of little use on a hottom covercd with coral, while a tangle quickly gathers 
up any objects as rough a s  tho ordinary brittle-star. Of course, on sandy or muddy 
hottoms, where the ophiursns are buried, a dredge or trawl is better. Half of the 
specially interesting forms collected by the Ir'ish I.awk were taketi with the tangle; 
all but one or two of the remainder were taken with the dredge or T-foot trawl. 
Aside from those which are new, there are several species of very great interest on 
account of the considerable &tension of their range or the discovery of their pres- 
ence in shallow water when previously known only from considerable depths. There 
are 17 species which were collected along shore, the remaining 36 having been taken 
at depths of from 4 to 231 fathoms. In the study of this collection Professor Verrill's 
recent papers on West lndian Ophiurans (Trans. Conn. Acad., 1701. x, pt. 2) have 
been of the greatest value, and his classification and nomenclature have been adopted 
in the following list except in one or two instances. 

The following very artificial key to the brittle-stars of Porto Rico (on pp. 240- 
241) is rendered more or  less technical on account of the large number of species and 
the close relationship between many of them. Consequently it has been necessary to 
make use of certain terms that may not be readily understood by one not familiar 
with the group. These terms are herewith briefly defined in order to make the key 
thoroughly intelligible: . 
Adoral plates.-A pair of small plates at  the base of the jaws, proxiinall close to the oral shields. 
Arm-comb.-A series of very small teeth-like projections or papilla bodering the plates of the disk at  

Arm-spines.-The spines borne on the side of the arms; the number of arm-spines is the number in a 

&k.-The%ody, as distinguished from the arms especially the upper side of the body. 
Distal.-Away from the mouth; toward the tip oi the arm. 
Jum.-The five triangular bodies which surroynd the mouth, each one made up of several plates and 

bearinv the oral apills and tooth papills. 
Oral papiUz.-%he teeth-Eke projections on the sides of the jaws. 
Oral shield8.-The large plates lying one in each interradius between t4e bases of the arms, on the 

under side, just outaide the bases of the jaws. 
ProzimaL-Toward the mouth or base of the arms. 
lZadial sl&lds.--I,argo plates on the surface of the disk, arranged in pairs at the baye of the arms; they 

niay be very large, or small, or entirely concealed; the two shields of a pair may lie close 

the base of the arm in the genus Ophioglypho. 

sin le vertical row. 

together or-widely separated. 
Tentacle pores.-Openings on under side of arm, through which tentacles project in the living animal. 
Tentacle scaZe~.-Small scales, just outside the under-arm plates and close beside the tentacle pores. 
Toot11 papil1z.-The teeth-lik6 projections at  apex of jaw- 
Under-arm platecr.-The longitudinal row of plates covering the lower surface of the arms. 
7Jpper-arm plates.-The longitudinal row of plates covering the upper surface of the arms; usually they 

form a single continuous series, but sometimes they are widely separated from each otber, 
and occasionally there are additional rows composed of supplementary plates on each side. 
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Key to the Brittle-Stcirs. of Pvrto Rico. 

A .  Arms nul capable uf b e b y  llertic’all~ Cu1k.d; dibk  shU?pl?/ &el Of from a m 8  

I. Arm-#pines short, smooth, on distnl edge of side arm-plates, closely appreqed t0 arm. 
a. Disk covered with fine granules. 

al. Arm-spines 8 to 10, short, broad, equal; arms comparatively short, about 3 timcbs diameter of disk; 

n2. Arm-spines 7 to 8,slendw, equal; arms more than 3 times the diameter of disk; radial Hhieldg covered; 
radial shields covered; adoral plntes covered by grnnules.. Opkiura brwicauda. (2) 

adoral plates naked .......................................... Oplriztra brcui8pinn. (3) 
a3. Arm-spines 8 to 9, the lowest the longest; radial shields covered ........... ............... Ophinra uppressa. (1)  

a5. Arm-spines 8 to 9, the lowest the longest; radial shields naked: color purplish red ......... Ophiura rnbic~lnclo. . ( 5 )  
a4. Arm-spines 6 to 8, the lowest the longest; radial shields naked; color ashy gray.. ............. Ophiura cinerea. (4) 

b. Disk covered with scales or plates. 
b1. Upper arm-plates with supplementary plates on each side; arm hpines 4 to 6 . .  ............... Ophiolepia elcgnns. 
b2. Upper arm-plates, without supplementary plates. 

( 6 )  

e. Radial bhields separated from genital plates by a pair of plates, which hear on their proximal edge 
a row of bead-like papillre, similar to those on distal edge of radii11 
shield. This makes the radial shields appenr as though cracked trans- 
versely, each side of the crack bearing a row 01 little papillsc. 

01)h~Ut/Oth~1.~LK g U C R i i .  (10) 
cc. Radial shields not RS above. 

d. No tentacle-pores beyond the basal arm joints. 
e. Disk-wiles rongh nnd swollen; an erect spine on each of severiil ba.qnl arm-plnten; nrin-bpixieb 2. 

Opkiomuxium s~iilplunl. (14) 

O ~ J / ~ ~ U ~ Z L ~ ~ U ? I L  cburircuni clegans. (13) 

Ophwmzksiu?~k ualitlurn. (15) 

ee. Disk-scales smooth; under-arm plates persiyting nearly to end of arm; arm-spines 3. 

eee. Disk-scales smooth, rather few; no under-arm plates beyond third or fourth; arm-spines 4 to 6. 

dd. Tentacle pores to end of arm. 
j. Not more than 2 tentacle-scales. 

g. Small separated radial shields; 4 to 5 arm-spines, lowest longest.. ............... Ophiozona impreasa. (7) 
gg. Radial shields large, slightly separated; arm-spines 3 (rarely 4)  subequal. ..Oph+o:una niuea compta. ( 8 )  
ggg. Radial shields large, with a blunt spine on the outer end; arm-spines 3.. ....... Ophiuzo~~a teaaellata. (9) 

h. Papillae of arm-comb small, almost bead-like.. ................................. OphtogZgpha rubuala. (12) 
hh. Papillre of arm-comb sharp and cylindrical.. ............................... Ophiugl~pha ljungmani. (11) 

jf. Tentacle-scales 3 or more. 

11. Arm-spines rather long, more or less a t  an angle to arm, and often rough or thorny. 
a. Disk covered with little granules. 

al. Disk granules coarse and uneven; no tooth papillae; basal oral papilla: very wide; arm-spines 3. 

a2. Disk granules even: numerous tooth-papillre; arm-spines 4 to 6. 

bb. One tentacle-scale. 

Ophioelign~a inncanthim&. (40)  

b. Two tentacle-scale8 ...................................................................... )htocumn erhinatn. (19) 

c. Color almost black; under side and especially tentacles rusty red ....... . ~ .  .... . Ophiuronaa riiaei. (21) 
cc. Color light brown; arms banded with darker.. ................................. ... Op/iior3uniu p~a~rila. (20) 

an. Disk more or Ic\s covered with scattered spines, spinules or thorny stumps. 
b l .  No oral papillao; arm-spines 6 to 10, long, glassy, thorny. 

C. Disk beget with n~~rnerous trifid btumps, among wtiirh there nre often H few slender spines. 
Op/iiothrix angulala. (16) 

(18) 
cc. Disk beset with slender spine3 ................ ................ OpliiothTi2: omtedii. (17) 

ccc. Disk with a few long slender spines; arm-spin i and glassy.. Ophiuthrirc aue?asonii. 
b2.  Oral papillre few, rarely more than 2 on a side; arm-spines4 to 7, smooth to 

d. Size large, disk over 10 mm.; color very dark; arms 6, very long; arm-s 
dd. Size small, disk not often over 7 mm.; colors green and white; 

short: arm-spines 7.. ...................................... 
ddd. Size small: colors purple and white; 6 arms: arm-spines 4 ....... .I.. .. 

b 3 Oral papillre numerous, 4 or more on each side. 
e. Oral shield touches the ~ i d e  arm-plate on each side. 
j. Kadial shields long, nnrrow, and partly covered. 

g. Arms, 6. Rows of spines closely approximnte tlorwlly.. .................. Ophiaranlha b 
gg. Arms, 6. Rows of spinen not approximate dorsally ........... 

ff. Radial shields broad arid thin, one ovcrliipping the other .............. .Ophiuplinthaca epinixsiina. (45) 
ee. Ortil shield separated from the side iirm-plate by ii corner of the udorul-plate.. .. Ophllqwistia hileutu. (44) 

e. Disk covered with serilev or HIIioOth skiii, without spines or thorny stumps. 
e 1. Upper arm-plates With HIlpplemelltii?y 1)ltitCh 011 eIWh side. 

h. Color pale bluish, yellowish, or whitish; arms ycllowish, handed with brown; 
usually a network of Ane brown 1inc.i on dixk ........... Ophioncreir? 

hh. Color rcddiph-brown; arm3 bimdcd with darker.. ........................... OZ,hi/NlC 
hhh. Col6r olive-g.rt.cn, spotted with yellowixh .................................. Ophiuitereia uliuacca. (38) 
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c 2. Upper arm-plates without supplementary plates. 

i .  Arm-spines long, glassy, numerous (8): size large (disk over 10 mm. in diameter); 

ii .  Arm-spines rather short, not glassy, numerous; size medium: color various, but 
color dark brown ............................................. Ophhlcn’a glnbm. 

disk usually speckled: scales very minute. 
k. Disk reddish or gray, Spotted with black; arm-spines G to 7. ............... Opltiopsila riiaci. 

kk. Disk grayish, spotted with orange: arm-spines G to 11. ..................... 0phiop8ila fidva. 
iii .  Arm-spines short, 3 to 7; size small: arms long; color of diak grayish, arms very 

light; scales very distinct. 
1. Oral papilln: 2, one on each side a t  bme of jaw and 1 at the tip: middle of jaw 

edge bare; arm-spines 4 or more. 
m. Tentacle-scale 1; radial shields twice as long as broad: 4 to 6 short, blunt 

arm-spines ................................................. Amphiura stimpsosi. 
mm. Tentacle-scales 2; radial shields three times as long as broad; G tapering 

arm-spines ................................................... Amphiura pezuosa. 
mmm. Tentacle-scales 2, a t  base of arm; radial shields twice as long as broad; ti to 

7 short arm-spines, 2 next to the lowest with little hooks on the end. 
Amphiura bihamzda. 

n. Arms very long and slender, more than 8 times diameter of disc.. .. .Amphipholia goesil. 

o. Radial shields short and joined .................................. Amphipholla Iimbata. 
00. Radial shields long and narrow.. ................................. Amphipholis siibtilia. 

p .  Tentacle-scale 1.. ............................................... Ampliiodia pulchella. 

r. Oral shield elongate: arm-spines more or leHs acatc ............. Amphiodia rib&. 

Amphwdia planispiiia. 

Amphioplw stennurli. 

11. Oral papilla? 3 on each side, the distal one very wide: arm-spines 3. 

JL% Arms less than 8 times diameter of disk. 

111. Ortil papilla? 3 or 4, subequal or the distal one smallest: arm-spines 3, rarely 4. 

pp. Tentacle-scales 2. 

Pr.  Oral shield ovate, broadest proximally; arm-spines flat and wide a t  tip. 

UU. Onil papilln: 6, unequal; radial shields widely separated; arm-!pines 3. 

c 3. Upper arm-plates altogether wanting or consisting of a number of small indistinct pieces. 
8.  Upper-arm plates wanting; size small, disk 6 to G mm. in diameter. 

Ophiosco~ serratus. 

disk 16 to 25 mm. in diameter ............................ Ophiomym flacclda. 
X R .  Upper-arm plates indistinct, of several pieces on each side: size large, 

(43) 

(46) 

(47) 

B. ATms slendw, capable of being vertically coiled; disk very mal l ,  not sharply a d  of from anne. 

I. Color yellowish-brown: arms covered by a granuliited skin.. .............................. Astroschema oligactea. (49) 
11. Color brown and white; arms ringed by regular raised bclts of close-set nodules.. ........ .Aetwporpa annzilata. (48) 

The user of this key must be cautioned that it is of no value except for the species 
included. Moreover, in the case of large genera like Ophioglypha, Ophimnusium, 
Amphiura, and Ophiacantha, several species might answer to the very brief descrip- 
tions given to the Porto Rican forms, though ths  attempt has been made to have these 
descriptions reasonably exclusive. It is believed, however, that the ordinary littoral 
forms can be easily and accurately determined by means of this key. The charac- 
ters show much more plainly in dry specimens than in  fresh or alcoholic material, 
and this is particularly true of the covering of thc diak and the upper and under 
arm-plates. 

2d-F. C. H. 1900-16 
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1. Ophiura appressa Say. 

Very colnmon from South Carolina and Bermuda to Brazil, found in similar situations with 
0. breoixpincc, which it closely resembles in size and color. Oral shields usually wider than long, but 
even this difference is not very constant. Small specimens of the two species are distinguishable with 
difficulty. 

There are 27 specimens of this species in the li’ish Hccutk collection, varying greatly in size and color. 
Taken at  Ponce, Ensenada Hondn (Culebra), Caballo Blanco and Guanica, and at  stations 6088 and 
6093. Mr. Gray took this species at  San Juan, also. 

2. Ophiura brevicauda Lyman. 

This handsome ophiuran is common in shallow water from Florida eastward throughout the 
West Indies, found under stones on sandy bottom. The color 
varies to an extraordinary degree from green or blue and white to pink and white, but most of the Porto 
Rican specimens are cobalt-blue and white. 

0. lurevicauda is represented by 25 specimens from Pome, Ensenada Honda (Culebra) , Caballo 
Blanco, Puerto Real, and station 6076. 

The disk may be 20 mm. in diameter. 

Mr. Gray took it at  San Juan. 

3. Ophiura brevispina Say. 

This is also a variable and handsome species found with the preceding and not always easily 
distinguished from it, It does not reach quite such a large size and the prevailing colors are shades of 
green, gray, and red. The oral shields are usually ovoid in outline. 

Twenty-seven specimens from Porto 
Rico vary in color from uniform grayish white to pink and white or green and light brown. They were 
collected at  Ensenada Honda (Culebra,) Arroyo, Puerto Real, and stations 6079, 6080, 6086, and 6096. 

4. Ophiura cinerea Lyman. 

This species is widely distributed from Bermuda to Brazil. 

This rather somber-colored brittle-star is found throughout the West Indies from Florida to 
I t  reaches a large size (25 mm. in diameter), 

The color varies 
I n  large specimens the upper arm-plates are usually broken into several 

Sixty-three specimens of 0. reinerea were obtained, chiefly from Ensenada Honda (Culebra) , 2 
Mr. Gray 

Brazil, occurring under rocks with the preceding forms. 
but the arms are comparatively short, not more than 4 times the diameter of disk. 
little, except in intensity. 
pieces. 

from Puerto Real. 
found the species common at  San Juan. 

The largest has the disk 23 mm. in diameter and arms 67 min. long. 

5. Ophiura rubicunda Lyman. 

This large and handsome species seems to be the least common of the five members of the genus 
found in Porto Rico. It has been taken at  the Tortugas, Cape Florida, St. Thomas, and Colon, and 
probably occurs throughout the West Indies, being found under or among stones and coral in shallow 
water. The color varies 
somewhat, but is always more or less reddish. 

Only 3 specimens were obtained by the .Fkh Hawk, but one of them is a very fine one, the disk 
23 mm. in diameter, the a r m  135 intn. long. It was taken at Ensenada Honda (Culebra), while the 
other 2 are from Pome and station 6097. 

I t  reaches a diameter of 25 mm., and the arms are 5 to 6 times as long. 

6. Ophiolepis elegans Lutken. 

A handsoine species, reaching a diameter of 18 r n n i . ,  though usually smaller; the arms are only 
The upper surface is variegated brown, gray, and white; beneath it is pure 

0. elegans is found from South Carolina soutliward through the West Indies in water of from 2 
The disk is 8 mm. across and 

There are 4 arm-spines on most of the joints, but 1 has 5, and a 

2 to 3 times ae long. 
white; the arms are banded. 

to 30 fathot-is depth. 
the arms are only 17 mm. long. 
few have only 3. 

A single specimen was taken at  station 6086. 
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7. Ophiozona impressa (Lutken.) 

It reaches R diameter of 15 mm., the arms 4 to 5 times as long. 
From Florida to St. Thomas and Jamaica, usually in shallow water along shore, under or am on^ 

Vaiiegated dark 
Five speciinens, all 

stones or coral. 
brown and white above, pale yellowish brown beneath; arms regularly banded. 
from I’once. 

8. Ophiozona nivea compta Verrill. 

This species occurs throughout the West Indies in water of from 50 to 400 fathoms. I t  reaches a 
I n  typical nivea the radial diameter of 16 ii~ni., the arms 2 or 3 times as long. 

shields are not separated. 
The color is whitish. 

One specimen from station 6050. 

Q. Ophiozona tsssellata Lyman. 

This easily recognized species is found throughout the West Indies, but only in deep water, 60 to 
I t  is s~naller than the preceding, b u t  similar to it in color. 

There is a single Ophiozona from station 6067, which is evidently this species. 
300 fathoms. 

10. Ophiothyreus goesii Ljungman. 

This curious little ophiuran (under 10 mm. in diameter) is plain grayish-white in color. 
been takrii at  various stations in the West Indies, but only in water of over 80 fathoms depth. 

One small specimen from station 6067. 

It has 

11. Ophioglypha ljungmani Lyman. 

Previously taken only off the coast of Brazil, where it was found on muddy bottom in 350fathoms. 
The color is gray. The 
Porto Rican specimens were taken on the north and west sides of the island on a bottom of sand and 
mud in 20 to 45 fathoms. 

There are 5 specimens of an Ophioglypoha from stations 6051, 6062, and 6064, which are probably. 
this species. They differ irom Lyman’s description only in the shape of the under-arm plates and in 
the presence of but oral papike (3 on each side). They are certainly nearer to this species than to 
lepida, which was taken by the Challenger off the Bermudas and in other parts of the western Atlantic, 
and which belongs to the aame section of the genus. The type of Ijungniani was taken in 350 fathoms, 
9 degrees south of the equator, so that its presence in shallow water off Porto Rico is certainly noto- 
worthy. The largest specimen before me has a disk 6.5 mm. in diameter and arms about 20 mm. long. 
The type of Zjungnmni had the disk 8.5 mm. in diameter and arms 45 mm. long. 

The disk reaches a diameter of 8.5 mm.; the arms about 5 times as long. 

12. Ophioglypha robusta Ayres. 

This northern species is quite small, rarely 10 mm. in diameter; the arms about 4 times BB long. 
Tho color ia alcohol is grayish white but the living animal is said to be gray, reddish, or violet, with 
the arms barred. In the north it occurs from low-water mark to 18 fathoms, but the specitiiens from 
Porto Rico were all dredged in water nearly 100 fathoms deep. 

A spezies of Ophioglypl~n was taken at stations 6050 and 6067, 1 specimen at  the former and 14 at 
the latter. They seem to belong to this northern species, though differing slightly in the sl~ape of the 
under-am plates and radial shields. But all the specimens are small (3 to 5 mm. in diameter) and 
they vary inore or less amon themselves. It is possible they are the young of 0. acerrater, a common 
West Indian species, of wliic 1 no specimens were taken. 

13. Ophiomusium eburneum elegans Verrill. 

This species occurs on rocky bottoms in 75 to 500 fathoms, from Cuba to Porto Rico and south- 

There are 12 specimens of O p l ~ i o m u 8 i u ~ ~ ~  c2brtr~teurn, 11 from station 6070 and 1 from 6063, in the 
They vary 

ward. It reaches a diameter of 12 mm. ; the arms about 4 times as long. 

IWL Hawk collectioii, all belonging to the variety described by Verrill from “off Havana.’’ 
in size from 5 to 10 nini. in diameter. 

Color, whitish. 
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14. Ophiomusium sculptum Verdl. 

This species has been taken previously only on coral bottom, in 100 fathoms of water, off 
Habana, Cuba. It reaches a diameter of 9 mm., the anns 
not quite 3 times as long. 

They agree 
perfectly with Verrill’s description, except that there are accessory spines on the first 3 or 4 arm 
joints, of which he does not speak. The differences between this species and acuferum Lyman seem 
to me to be very unimportant. 

The color is very pale grayish white. 

This Ophiomusium is represented in the collection by 4 specimens from station 6067. 

16. Ophiomusium validum Ljungman. 

Koehler 
reports it also from the Indian Ocean north of Lacquedives.” Yellowish white in color and very stiff 
and hard in appearance. It is somewhat less than 10 mm. in diameter; the arms about 4 times as long. 

There are 4 very fine specimens of an Ophiomusium from station 6070, which I have referred to 
this species after much hesitation. They differ from the description and figures of uulidum as given by 
Lyman (Challenger Report, vol. v)  in several important particulars, but the differences are not such as 
to warrant the establishment of a new species. There are more plates on the upper surface, a few more 
on the oral surface, the radial shields are separated by a row of plates, and there are 5 arm-spines, of 
which the lowest is very small and close to the fourth, which is the longest. These specimens are thus 
intermediate between validum and lymani, but are clearly much nearer to the former. 

Taken at several West Indian stations in water varying from 60 to 1,500 fathoms. 

18. Ophiothrix angulata Ayres. 

This small brittle star (7 to 10 mm. in diameter) is very common from Chesapeake Bay to Rio 
Janeiro, occurring chiefly among corals and seaweeds. The color is extraordinarily variable, usually 
aome shade of purple or brown, with a very distinct longitudinal white stripe on the upper side of the 
arm; sometimes, however, this stripe is dark or even entirely wanting. 

Eighty specimens of this widely distributed and very variable species were taken at Ponce, 
Boqueron Bay, Ensenada Honda (Culebra), San Juan, Mayaguez, Puerto Real, Guanica, and at stations 
6064, 6065, 6067, 6072, 6075, 6079, 6080, 6087, 6096, and 6098. The variety of color is extraordinary, 
While nearly all have the white longitudinal stripe on the upper side of the arm, one has the stripe 
very dark, and in a few it is wholly wanting. The ground color is usually deep purple or pale violet, 
but some are pale brown or yellowish white. A number have only prickly stumps on the disk and no 
longer spines. I n  it the 
primary plates are very distinct, the radial shields are large and wholly bare, and there are only a 
few trifid stumps on the disk, and these are raised on little knobs. The most striking variety was taken 
at  station 6063, where 2 medium-sized specimens were found in 75 fathoms. They are uniform pale 
brown and the arm-spines are very long, but there seem to be no other characters by which to dis- 
tinguish them from angulula. 

The smallest specimen 18 only 2 mm. in diameter and has arms 8 mm. long. 

17. Ophiothrix carstedii Lutken. 

larger, 10 to 12 mm. in diameter, and the arms are more slender. 
the arms transversely striped with white on the upper side. 
some object. 
color dark purple, like ungulutu, instead of the usual dark blue or green. 

Mayaguez, and Puerto Real, and stations 6065 and 6096. 

Common throughout the West Indies, in the same situations as the preceding. It is a little 
Color, usually rich’ green or blue, 

A well-preserved specimen is a hand- 
Specimens in this collection from Puerto Real and from station 6096 have the ground 

Fifteen specimens were collected at Ponce, Arroyo, Ensenada Honda (Culebra), Caballo Blanco, 

18. Ophiothrix suensonii Lutken. 

One of the handsomest and most notable of West Indian brittle stars, collected at  various points 
southward as far as Brazil, but apparently not so common as the two preceding species. It reaches a 
large size, up to 14 mm. in diameter, and the arms may be 5 to 6 times as long. Color, pale lavender 
or bright rose-purple, marked with purple and with a broad longitudinal stripe of purple on the upper 
side of the arms. Five specimens were obtained, 1 
from Boqueron Bay being the most beautiful object in tho whole collection. The disk is 14 mni. in 

The whole structure is very delicate and glassy. 
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diameter, and the arms arc 75 mm. long with spines 7.5 mm. 
and the dark longitudinal stripe on the arm is very conspicuous. 
station 6067 and 2 from station 6079. 

Tho wholc structure is very dclioatc, 
Of the other specimcns 2 arc from 

19. Ophiocoma echinata L. Agassiz. 

This large brittle-star is very common from Bermudt and Florida southward to Brazil, occurring 
under and among rocks and coral along shore ,and on the reefs. It reaches B diametrr of 32 mm., with 
arms 4 to 5 times as long. The color varies considerably; thedisk may be uniform brown or black, or 
it may be more or less blotched and spotted with gray or white; the arms are usually black. There 
is also much variation in the size of the arm-spines. 

One-fifth of the collection is made up of specimens of this large and very common species. Of 
the 109, more than half were collected at  Poiice and the remdnder are from Fajardo, Ensenada Tlonda 
(Culebra), Caballo Blanco, and station 6096. Mr. Gray collected a large numbcr of this species at  San 
Juan. 

20. Ophiocoma pumila Zutken. 

Smaller than the preceding, the disk seldom exceeding 15 mm., but found in similar situations 
The colors vary somewhat, but the banded arms are wry  caharacteristir. 

Sixteen small specimens of this species were collected at Poncc and I~~nscnuda Honda (Culebra), 
throughout the same range. 

and at  stations 6076, 6077, 6080, 6095, and 6098. Mr. Gray took one specimen at Pan Juan. 

21: Ophiocoma riisei Lutken. 

Found with 0. ecliinata, from which it is easily distinguished by the rusty-red appearance of the 
It has 

No specimens of this common West Indian species were taken by the Pi& Hwwk, but Mr. Gray 

under side of the arms. 
been taken in deeper water, even up to 200 fathoms. 

collected 4 fine specimens at  San Juan. 

It is less variable in color, the disk being uniformly black or brown. 

22. Ophiopsila fulva Lyman. 

Recorded from various parts of the West Indies in water of from 13 to 175 fathoms depth. 
Tentacle scales similar to those of the following species. There are 3 specimens of an Ophiopsilu 
from station 6067 and 1 from 6080 which are apparently this species, although no one of them agrees 
perfectly with Lyman’s description. The best specimen has the disk gray, with orange spots, as in the 
type, and 4 oral papillae and 9 tooth papillae, but there are only 6 arm-spines, which are flat and 
narrow, but not acute. The other 3 specimens have 8 or 9 similar but sharper arm-spines, but the 
both-papilla vary from 5 to 9 and the oral papillae from 4 to 6; the upper surface of the didk is 
wanting in all. The upper-arm plates vary from square, with rounded corners, to long, narrow, and 
rounded in front. Verrill proposes to separate this species from Ophiopsiln and place it as the type of 
a new genus, Amphipsila, in the family Ophiacnntliid:~, because of certain differences in the covering of 
the disk and the arrangement of the tooth papillz. My specimens of julva, however, agree essentially 
in these respects with OphiopRila riiaei, and the very characteristic appearance and arrangement of 
the tentacle scales, in which the two species also agree, seem to me too important to be ignored. 
Judged by the specimens before me, Ophiopsila fulva is much more nearly allied to 0. riisei than to 
AmplLipsila maculda Verrill. The latter is clearly not an Ophiopsila, and should be considered the type 
of the new genus. In  his report on the Ophiuroidea of the 
Bahama expedition (Bull. Univ. Iowa, vol. 1, No. 6, Sept., 1899, p. 65) he says: LcAnLplvipsiln, gen. 
nov. Type A .  fuliia (Lym.).” Then follows a characterization of the new gcnus which will not apply 
at  all to 0. fulva Lyman. I n  his other paper (Tran. Conn. Acad., vol. X, pt. 2, Oct., 1899, p. 348) he 
says: cLAmplLipsila Verrill, 1899a, p. 55. Then follows a copy of his original 
description of the genus, to which is added the following statement: 

“1 have separated this genus from Ophiopsila, as understood by Lyman, for he included in the 
latter A .  fulva (Lym.), which is closely allied to our type species.” 

This latter statement does no6 seem to me justifiable, ae I have carefully examined Lyman’s 
original description (with which one of my speciinens agrees admirably, except in the numbor of arm- 
spines), and it does not seem to me that f d v a  Lym. is at  all closely allied to A.  niadata  Ver. 

On this point Verrill’s papers conflict. 

Type A. naaculala Ver.” 
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All of the G specimens of 0pliiop.?ila before me agree in having 2 tmtacvlc sc%alcs, of which the 
outer is from one-fourth to one-half the length of the inner. The latter is as long or longer than the 
arm joint and ia generally spatula-shaped, but in 2 specimens is narrower and more pointed. The 
shape of the upper-arm plates varies greatly, as already mentioned, and the under-arm plates also vary 
in shape and distinctness. The oral shields also vary from long diamond-shape, longer than hroad, to 
broad shield-shape, much broader than long. There is some slight variation in the number and size 
of the oral papills and tooth papilb, but  in general the specimens agree fairly well. 

23. Ophiopsila riisei Lutken. 

This species occurs throughout the West Indies and south to Brazil in shallow water among 
rocks or coral. One 
very good specimen of this form from station 6079, and another, much smaller and broken, from 6080. 
The latter has the disk gray, with black spots, and theupper-arm plates, instead of being almost square, 
are twice as long as wide and the outer end rounded. 

There are 2 tentacle scales, of which the inner is very long and spatula-shaped. 

24. Ophiactis krebsii Lutken. 

This is a common little ophiuran from Bermuda and South Carolina to Rio Janeiro, among corals 
in shallow water. There are generally G arms, 5 to G times the diameter of the disk. Oral papilln? 
usually 2 on a side. There are G small ophiurans in the collection, which I have referred to this 
species. Of these, 4 from Rlayaguez reefs and I from Playa de Ponce have G rays each and the usual 
green and white coloring; but 1 from station 8080 has only 5 rays, and the colors are pale yellow and 
brown. In  all other respects it agrees with the others. All are small, with disks from 14 to 4 mm. in 
diameter. 

26. Ophiactis longibrachia, nov. sp. 

Arms 2 
mm. wide at  base. Disk almost circular, hiding the bases of the arms, covered with small bat thickish 
scales, which are evident only when dry. Over the whole surface of the disk are scattered numerous 
very small, almost smooth, blunt spines, and these also cover the interbrachial spaces below. Radial 
shields long and rather narrow, separated at  the inner ends, but touching at  the outer extremities, 
smooth and naked. Upper-arm plates granular, widc and short, 3 or 4 times as widc as long, rounded 
at  the sides. Arm-spines 7 (figs. 3 to 5 )  except on the first few joints the next to the uppermobt 
generally longest, the others regularly shorter to the lowest, which is a little longer than the siriglc 
large short and blunt tentacle scale. Under-arm plates almost square, with lateral edges markedly 
raised. Adoral plates large, 
somewhat longer than wide, outer end the wider, meeting each other within. Oral papilh 1 or 2, at 
the distal end of mouth slit, above the oral tentacle, separated, somewhat bluntly conical. Genital 
slits 2 in each interbrachial space. Color above, disk almost black, with outer ends of radial shields and 
the little spines whitish (under a lens), m n r  brown, tinged with purple; beneath, disk blacak, mouth 
parts and under side of arms at bast pale yellowish; outwardly the under side of arms gradually 
becomes darker, until it  is the same shade as above. 

The only known specimen of this species was taken at  station 6096, off Vieques Island, in G fathoms 
of water, on a coral bottom. It comes near to 0. d i q a r  of Verrill, which it resembles in some important 
particulars. It differs from that species in its much larger size, greater length of arms, markedly 
different color, and size and shape of the adoral plates, while there are slight differences in the arm- 
spines and oral papill% and in the scaling of the disk. 

The West Indian species of Ophiaclis need careful revision from a large series of specimens, and 
when that is done this, as well rn d@ur, may prove to be the adult form of some one of the previously 
known species. 

(Pl. 14, figs. 1 to 5.) 

Rays 5, long and slender. Disk 13 mm. in diameter; arms 100 mm. long; . . . r=74 d. 

Oral shields small, much broader than long, vith a blunt angle inward. 

The nanie given has been selected because of the unusually long arms. 

26. Ophiactis loricata Lyman. 
This uncommon species was originally described from Florida, where it was taken in water from 

There is a single small OpIiiuctis from 
I t  is very small, with no disk 

10 to 110 fathoms deep. 
Mayagues, which is clearly not kw2)Xii and is probably this species. 
spines, G arms with 4 arm-spines, and 2 mouth papilln?. 

The oral papille are 2 on each side. 

The color is purple and white variegated. 
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27. Amphiura flexuosa Lyincm. 

This species was previously known only from Brazil. Tltc? Porto 1Cican speciimii was taken at 
I t  answers well station 6066, on sand and ittud, in Mayaguez harbor, a t  a depth of 162 to 171 fathoins. 

to the description, except that the nest  to the lowest arm-spinc iu bent. 

28. Amphiura stimpsoni Lutken. 

This species was known from the WesbIndies and Brazil in water of 10 to 35 fathoms. The Porto 
Rican specimen was collected on the reefs at Mayaguez. 

29. Amphiura bihamula, nov. sp. (PI. 14, figs. 6 to 9.) 

Arms 5, very long and slender. Disk 5 mm. in diameter, clearly indented in thc interbrachial arcs; 
arms about GO mm. long; :. R=12d. Disk covered with rather 
large smooth scales. Radial shields short and broad, about twice as long as wide, completely separated. 
Upper-arm plates very broadly oval, rounded in front and wider there than behind; about twice as wide 
as long. Arm-spines 6 or 7 (figs. 8 to 9), the uppermout shortest; the fourth and fifth, or fifth and 
sixth, are longest (about equal to tlie joint) and have 2 prominent little hooks at the tip; all somewliat 
flattened and minutely spiny. As the distal end of the arm is approached, the upper-arm plates 
become smaller and the spines fewer, until at the tips the plates are very small, almost circular, and 
widely separated by the side-arm plates, and there are only 3 spines, subeqnal and shorter than the 
joint. Under-arm plates almost square, slightly coilcave in front, niore or less convex behind, becoining 
longer and narrower as the tip of an I is approached. Tentacle scales, 2 at base of anh, quite small; 1 
on the proximal, and 1 on the inner side of tentacle. Beyond the first third of arm there is only 1 
scale, the one on inner side of tentacle having disappeared. Oral shields longer than broad, suddenly 
widened at the proximal end. Adoral plates large, almost triangular, meeting within but not without. 
Oral papilla as in typical Ampltiuru, a pair at the tip of the jaw and one rather large one at thc distal end. 
Above and in front of the latter is a small sharp-pointed oral tentacle scale. Genital slits, 2 in each 
interbrachial space. Color of disk above very light, gray; arnis and mouth part3 very pale creain color. 

There is a single very good spechen of this interesting forin froin station 6050, at entranee to 
San Juan Harbor, on sand and mud in 91 fathoms. Its nearest allies seem to be ~rtic~illnta Ljn. froiii 
Galapagos Islands and divaricata Ljn. from the East Indies. Its nearest West Indian ally is nppareiitly 
A.  ottmi Ljn., but it differs decidedly from that species in the radial shields and in the ann-spines. 
The name bihamuZu refers to the two little hooks on the lower arm-spines. 

30. Amphipholis goesii Ljungman. 

Previously known from Cape Hatteras southward to Brazil, in water frqm 14 to 280 fathoms deep 
The Porto Rican specimens were taken on sandy or, more usually, muddy bottom, in coniparatively 
shallow water ( 4 t  to 25 fathoms), bit twice at greater depths. It seeins to be very coirinion at tlie 
west end of Porto Riro. Sixty specimens of this species from stations 6054, 6056, 6057, G058, 6059, 6060, 
6061, 6062, and 6063. The smallest 
has the disk only 24 mm. ; the radial shields are scarcely visible, and the oral papilla are of nearly 
equal size. 

31. Amphipholis limbata (Grube). 
The Porto Rican specimen, which is 

a very good one, was taken at station 6053, in 4 to 73 fathoms of water, on fine sand, in Sa11 Juan Harbor. 

32. Amphipholis subtilis Ljungman. 
The Porto Rican 

specimens, which are small and badly damaged, were taken at Bfayaguez, 2 in sliallow water and 1 in 
75 fathoms. 

Arms stprcely 1 mm. wide a t  base. 

The largest has the disk missing, but the arm measures 160 ~ n m .  

This species was previously known only from Rio Janeiro. 

This, like the preceding, has been previously known only from Rio Janeiro. 

33. P Amphiodia planispina (von Martens). 

A single specimen of an ainphiuran from station 6065, nenr Mayaguez, may represent this species, 
but as the disk is wanting, it is impossible to identify i t  positively. It is rlearly an AmpModia, and 
has 3 very broad and blunt ann-spines; the color is reddish, whilc the tentacles are dark brown, 
making them very conspicuous. 
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34. Amphiodia pulchella (Lyman). 

There is a somewhat damaged specimen, probably of this species, which was collected at San 
Antonio Bridge, San Juan. It agrees with the description of pulchellu, except that the arm-plates 
(either dorsal or ventral) are not separated from each other. The species has hitherto been known 
only from the coast of Florida, in 18 to 39 fathoms. 

35. Amphiodia riisei (Lutken). 

Reported from the West Indies and Brazil, in shallow water. The three Porto Rican specimens 
were taken in 170 fathoms at station 6066, near Mayaguez. 

36. Amphioplus stearnsii (Ives). 

Previously known only from the Bahamas, in shallow water. The single Porto Rican specimen, 
The disk which is in good condition, was taken in 97 to 120 fathoms at station 6067, near Mayagoez. 

is 5 mm. in diameter, the rays 50 mm. long. 

37. Ophionereis dubia Lyman. 

This species is about the same size as 0. reticulata and is chiefly distinguished by its color. It is 
found in the Mediterranean and eastern Atlantic. There is one very good specimen of an Ophionfleis 
and the ray of another from station 6090, which I have referred, after long hesitation, to this European 
species. The disk is 6 mm. and the ray 42 mm. ; the single arm belonged to an individual nearly twice 
that size. The color is reddish-brown, the arms banded with darker. The scaling of the disk is very 
fine. The difference in color between these individuals and 0. reticuluta is very striking, but I could 
find no difference by which to separate them from dubia, though the latter has not been recorded 
from the West Indies hitherto. 

38. Ophionereis olivacea, nov. sp. (Pl. 14, figs. 10 to 13.) 

Arms 5, rather slender and tapering. Disk about 6 mm. in diameter, almost pentagonal; arms 
about 33 mm. long; . . R=54d. Arms abruptly narrowed where they join disk, but 5 mm. from 
disk they are 1 mm. wide. Disk covered with numerous small scales, one at the center and a few 
near the margins being larger than the others. Radial shields narrow, exposed for about one-half 
millimeter, very widely separated. Upper-arm plates near base of arm small, imperfectly triangular, 
with rounded corners; farther out they become more diamond-shaped and are longer than broad; at 
the middle of arm they are broader than long, somewhat 5-sided, with the distal end narrower and 
rounded; near the tip they become small and almost perfectly hexagonal. Accessory upper-arm plates 
large and prominent; the first few joints have 2 or more such plates on each side, but farther out 
there is only 1. Arm-spines 3 (figs. 12, 13), of which the uppermost is blunt and equals the joint; 
the middle one is nearly twice as long, a t  least at the middle of arm, and is broadened and rounded at 
the tip; the lowest is acute and equals the uppermost. Under-arm plates at first almost square, but 
soon become longer than broad, slightly rounded in front. Oral shields 
small, oval, the madrepore plate obviously larger than the others. Adoral plates smaI1, irregularly 
triangular, pointed and not meeting within; blunt and not meeting without; separating the oral 
shields from the side-arm plates. Oral papills 4 on each side, the outermost decidedly the widest. 
Above, and largely concealed by the latter, is the pointed oral tentacle scale. Genital slits 2 in each 
interbrachial space. Color above olive green, spotted on the disk with yellow; arms banded with a 
darker shade of green; below the color is very light, the interbrachial spaces being pale yellowish 
marked with olive, while the mouth parts and under side of arms are almost white; outside of oral 
shield is a patch of dark brown, as in reticulutu. 

The single specimen of this interesting species (from station 6096) differs very markedly from 
0. reticulakc, not only in the color (and in this respect reticuluta is very constant) but in the coarser 
scaling of the disk, the shape of the upper-arm plates, and in the size and shape of the second arm- 
wines. The same characters serve to distinguish it from the preceding species, which was taken at 
a neighboring station. 

Tentacle scale 1, very large. 

The name selected has been chosen on account of the striking color. 
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39. Ophionereis reticulata (Say). 

This handsome ophiuran is very abundant in clean sand in shallow water, especially under 
stones, from Bermuda and Florida to Rio Janeiro. It reaches a diameter of 12 inm., the arms about 
7 times as long. Twenty-one specimens, all small, collected at Ensenada Ilonda (Culebra), Caballo 
Blanco, Puerto Real, and Guanica Bay, and at stations 6079, (5080, and 6088. 

40. Ophiostigma isacanthum (Say). 

This small ophiuran (disk 5 to 6 mm., arms 20 to 30 mm.) ocrurs sparingly from Bermuda to the 
southern West Indies along shore and in water up to 100 fathoms deep. Its color varies froin white 
to brown, more or less variegated, but is usually very light. The arms are usually 5 but sonietimes 6 in 
number; the latter specimens may be young. There are 4 small specimens, all from station 6079. The 
smallest has 6 arms and a very small disk. 

41. Ophiacantha bidentata (Retzius.) 

A medium-sized ophiuran, light brown in color, previously known from the North Atlantic. 
A single small specimen from station 6070 seems to belong to this species. 

42. Ophiacantha ophiactoides, nov. sp. 

Arms about one-half millimeter wide at base. 

(Pl. 15, figs. 5 to 8.) 

Arms 6 ,  rather ehort and thick. Disk hexagonal, about 2 mm. in diameter; arms about 8 inm. 
long; . * . R=4d. Disk covered with rather coarse scales 
and bearing a number of small, thorny spinules. Radial shields widely separated and only exposed 
at the tips. Upper-arm plates broadly oval, becoming triangular at the tip of arm, rounded in front 
and sharply pointed behind, completely separated by the side-arm plates. Arm-spines 4 (figs. 7, 8), 
approximately equal and smooth to the eye, but very spiny under a lens, about equaling a joint. 
Under-arm plates somewhat pentagonal, with rounded corners and an ang!e directed inward. Tentacle 
smle 1, small. Oral shields very large, rounded without, bluntly pointed within, much wider than 
long. Adoral plates long and narrow, wider at the outer end, not meeting without or within. Oral 
papill* not very large, smooth, 3 on each side and 2 at tip of jaw, and a large oral tentacle scale at 
distal end. Genital slits 2 in each interbrachial space. Color, very pale yellowish-green, the arms 
banded with brown, each band about twice as wide as the intervening space. 

One specimen of this curious little ophiuran ww taken at station 6076, on coral sand, in 10 
fathoms, at Gallardo Bank, Porto Rico. It does not seem to be very nearly allied to any previously 
known species, but as it is probably immature, i t  inay prove to be the young of some other form. It 
resembles Ophiactis L-rebsii superficially, especially on the upper surface, and for that reason I have 
called it ophiactoides. 

43. OphialcEsa glabra, nov. sp. (Pl. 15, figs. 1 to 4.) 
Arms 5, rather stout. Disk pentagonal, about 12 mm. in diameter. Arms all broken, 2) mm. 

wide at base. Disk covered with a thick, rather rough skin, which covers a very fine scaling visible 
only when the specimen is very dry. Radial shields wholly covered, but showing indistinctly through 
the skin, large and separated. Upper-arm plates broadly in contact, much wider than long, somewhat 
narrowed proximally, with rather acute outer angles; on one arm they are divided into 2 by an 
irregular line, perhaps due to an accident. Arm-spines 8 (figs. 3, 4)) glassy, flattened, blunt, and 
slightly rough; approximately equal, about half as long again as the joint. Under-arm plates almost 
square, slightly convex distally. Tentacle scltles 2, very large, about equaling the under-arm plate. 
Oral shield large, elliptical, much broader than long, touching the first side-arm plate. Adoral plates 

.long and narrow, touching within, wider and widely separated without. Oral papills G or 7 in a 
single row, with 1 median tooth papilla; all long, acute, and rather narrow. On the face of the 
jaw is a little cluster of very small, round knobs. Genital slits prominent, 2 in each interbrachial 
space. Color, uniform dark brown above; on the interbrachial spaces below are a few srrtttered spots 
and blotches of yellowish white; under side of arm and mouth pa& whitish. 

There is a sinljle specimen of this curious species from Playa de Ponce. Although in the 
arrangement of the oral papillw it is a typical O~?Liacanlha, it differs sharply from that genus in the 
arrangement of the upper-arm plates, the arm-spines, and the covering of the disk. Verrill has recently 
divided the genus into a dozen secstionii (Trans. Conn. Acad., vol. x, pt. 2, Oct., 1899) and of these 
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Op7iiuZcxa comes the nearest to the present species; but even from that genus it differs in the covering 
of the disk. For the present, however, it may remain in that group, characterized especially by the 
upper-arm plates being broadly in contact, the rows of arm-spines not approximating dorsally, mouth 
parte as in typical Op?&zcantha. This Porto Rican species is nearest to 0. rufcvcenv ICoehl., which was 
collected in 470 fathoms off the Azores. It differs from that form in the number of arm-spines and in 
the covering of the disk and radial shields. The name glabru is suggested by the very smooth disk, 
the scales of which are very indistinct. 

44. Ophiopristis hirsuta (Lyman). 
This species occurs throughout the West Indies in water from 80 to 1,OOO fathoms deep. It is 

One specimen light chocolate brown above, nearly white beneath, and reaches a diameter of 11 mm. 
from station 6070. . .  

45. Ophioplinthaca spinissima, nov. sp. 

Arms about 30 mm. long; :. R=43 d. 

(PI. 15, figs. 9-12.) 

Arm If mm. wide at base. 
Arms 5, stout and very spiny. Disk almost circular, slightly indented in the interbrachial spaces, 

7 mm. in diameter. Disk covered 
by the radial shields and coarse scales; near the center i t  is depressed and carries numerous thorny 
stumps; these also occur elsewhere on the disk, in the interbrachial spares below and at the distal 
ends of the radial shields. The latter are very large, about twice as long as wide, and are not simply 
in contact, but one actually overlaps the other. Upper-arm plates are very widely separated, broadly 
triangular in outline, slightly curved distally, and 2 or 3 times as wide as long. 'Arm-spines 9 (figs. 11 
and 12), slender, somewhat glassy, very thorny, the fourth longest and about equal to 2 joints; the 
rows approximate closely dorsally. First under-arm plate almost pentagonal, the point inward; 
farther out they become hexagonal, the distal side very short, and concave both distally and proxi- 
mally. Oral shields 
wide, much broader than long, narrowest without, wide and rounded within, the madrepore plate 
much the largest. Oral papillze 5 to 7, 
in a nearly simple row, the most distal ones widest; there may be 1 or 2 narrow papill= placed distally 
above these wide ones. Genital slits very prominent, 2 in each 
interbrachial space. 

Two specimens of this species were taken at station 6067, in Mayaguez Harbor, on coral bottom, 
in 97 to 120 fathoms. One is badly broken and much smaller than the one described above. They 
clearly belong to genus Opliiomitru as defined by Lyman, and in some respects resemble the common 
West Indian species 0. validu; but the arrangement of the oral papilla seems to indicate their 
relationship to Verrill's genus Opliiopliiathaca, though in some other respects they differ markedly 
from that genus. They differ from Ophiomitra sens. str. in the simple row of oral papilltr: and in the 
close dorsal approximation of the rows of arm-spines, while they differ from Ophioplinthaca in the 
absence of special marginal scales. Were it not for the very close approximation of the rows of arm- 
spines, they might be considered young individuals of 0. vctlidu; but considering all their c-haracters, 
it seems better to regard them tls a new species of Ophioplinllraca. The name given was suggested by 
the very spiny arms. 

Tentacle scale 1, large; sometimes the first one or more are divided into 2. 

Adoral plates large, quite broad, four-sided. Tooth papilla 1. 

Oral tentacle scale conspicuous. 
Color very light brown, variegated on disk with darker. 

46. Ophioscolex serratus, nov. sp. 

Arms about 39 mm. long, :. R=G* T. 

(PI. 14, figs. 14-17). 
Arms 5, flat, slender, and very tapering. Disk almost pentagonal, the sides Bomewhat concave, 

6 mm. in diameter. Arms about I#  m n .  in width at base. 
Disk covered by a peculiar flaky skin, which extends out on the arms; the surface is roughened 
by little flakes of a chalky material, between which it appears to be finely granular. Radial shields 
small, widely separated, showing through this skin, somewhat triangular, the apex pointing outward. 
Upper-arm plates wanting, the side-arm plates showing through the skin and giving a superficial 
appearance of upper-arm plates. Arm-spines 3 (figs. 16, 17), flat, very acute, and sharply serrate, the 
upper one longest, about equal to a joint and lying flat against the arm. Under-am plates squarish, 
with truncated corners, slightly coneme distally. Oral shields twice as wide 
as long, the outer side almost straight, the inner widely curved. Adoral plates narrow, about equally 
wide at the two ends, meeting within, but not without. Oral papilla 9, of which 1 is at the apex of 
the jaw; they are flat, thin, and abruptly pointed. Teeth large, rounded, prominent. Genital slits 
prominent, 2 in each interbrachial space. Color of disk (speckled with the whitish flakes ahove) 
greenish-yellow; upper side of arms bright yellow; beneath very pale, almost white. 

Tentacle scales wanting. 
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There is a single specimen ol this new species, collected at  station 6050, at the entrance to San 
Juan Harbor, in 91 fathoms. I n  the number of oral papill:e arid the absence of tentacle scales it 
approaches 0. glacialis Miller & Troschcl, but it differs from that form in the shape of the oral papillle, 
and from all previously known members of the genus in the serrate arm-spines and-the large rounded 
teeth. 

47. Ophiomyxa flaccida Lutken. 

The name serratus has been selected on account of the arm-spines. 

This large, handsome, and very active species is known from Bermuda to Brazil. It is found 
under and among rocks and coral in shallow water. The color varies greatly, from uniform tawny or 
reddish yellow to green marked with white. A single large specimen in the J’k7~ Hawk collection is 
from Ensenada Honda (Culebra), and Mr. Gray has a large specimen in his collection from Sari Juan. 

48. Astroporpa annulata Oerstedt & Lutken. 

This very handsome and curious ophiuran is known from many West Indian stations, where it 
occuw at depths of from 20 to 163 fathoms, and it has also been taken off Cape Ilatteras and Chesapeake 
Bay. The arms measure upward of 100 mm. in length. There is a single specimen in the Porto Bican 
collection from station 6063. 

49. Astroschema oligactes Lutken. 

Known from various stations in the West Indies at  depths of 69 to 288 fathoms, among corals. The 
arms are from 100 to 150 mm. in length. 

While there are more than 100 other species of brittle-stars known from the 
West Indies, most of them are deep-water forms and very few are likely to be inet 
with i n  shallow water. There are, however, a few species not given in the above list 
which will probably be found along shore in Porto Rico, as they have been in other 
islands of the West Indies. One is a species of Ophihra (guttata Lyman), allied to 
$~e~icaudu and found in similar situations. In  it the upper-aTm plates are broken 
into numerous pieces; the disk is about 15 mm. in diameter; above dark brown, 
beneath bright yellow. Another species found in similar situations is OphioZcpis 
puucispha Muller & Troschel, allied to 0. elega’alas, but easily distinguished by having 
only 2 arm-spines. Other species of O’hiachk may occur, but their identification is 
a matter of great difficulty and can only be accomplished with the aid of figures or 
elaborate descriptions. Amph$wlis gracilliina (Stimpson) may occur and is easily 
distinguished from other members of the genus by having 4 to 5 arm-spines. 

Over 40 years ago Ophioblmm~ a/lu%Ymsis was described by Lutken from 2 
specimens labeled simply “ West Indies” and presuniably taken i n  shallow. water. 
The species has not been met with since, and its rediscovery would be of great 
interest. It is Characterized by the disk being covered with a naked skin, numerous 
close-set, spine-like oral papill%, and 6 to 7 flat, pointed, glassy, slightly thorny 
arm-spines. 

It is not a little strange that the PLvh IJawk: did not collect a single specimen of 
the ophiurans known as “ basket-fish,” as several species belonging to the genera 
Astrophyton and Gorgonoceplialzls are known from the shallow water of’ the West 
Indies, though seldom near low-water mark. They are characterized by the arms 
being dichotomously branched into numerous branchlets, capable of being vertically 
coiled. When taken from the water, the arms bend and curl inward toward the 
mouth and become more or less interwoven, th‘us giving rise to the curious shape 
from which the nainc “basket-fish” has arisen. They reach a large size, the disk 
50 mm. or more across, and the whole “basket” being often over n foot in diameter. 
The color is usually yellowish or reddish brown. 

There is a single specimen before me from station 6067. 
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ECHINOIDEA. 

SEA,URCHINS, SEA-EGGS, SAND-DOLLARS, SEA-MOONS, ETC. 

The collections made by the Pish ITm~lc contain over 300 specimens of echinoids, 
but about two-thirds of these represent two species, and half of the remainder arc 
supplied by two other common forms. There are 13 species altogether, and all of 
them are well known from the West Indies. Nine of the 13 are distinctly littoral 
forms, but 3 of the others occur only at  depths of over 60 fathoms. The remaining 
species, Brisso;p.ris @?=ifera, is given by Agassie (Revision of the Echini, p. 369) as 
occurring at depths of from 55 to 115 fathoms, so that it is worthy of special note 
that the Fish HmE collected three adult specimens in Mayaguez Harbor in only 7 
fathoms of water. 

The following artificial key will enable anyone to distinguish these species from 
each other, but is liable to prove untrustworthy for young or very small specimens 
and worse than useless where other species are concerned. 
A. T a t  hard, hemispherical, ellipticd, or more or less globular, the height equaling or exceeding 

one-half the diameter. Mouth a t  center of lower surface. (Sea-urchins proper.) 
I. Test approximately as wide &s long. 

a. Spines stout and m r e  or less club-shaped, longer than onohalf the diameter of test. 
1. Spines not more than equaling diameter of test. ...................................... Clduria tribulnitbs. (1) 
2. Spinesumally much exceeding diameter of test, often nearlyorquite twice asmuch .~oro~~ar laga~ i l la ta .  (2) 

b. Spines very long and slender (2 or 3 times the diameter of test) with needle-likc points.. .Diadems eetoeim.  (4) 
c. Spines short, rather slender and pointed, not nearly equaling diameter of test. 

1. Spines all white or whitish; test brownish or purplish.. ............................. .lfippo?coe raculenta. (8) 
2. Some of the spines green or greenish, and often with more or le= red or violct; test 

usually with a decidedly greenish tinge ........................................ Toxnpneuxtea auriequttm ( 7 )  

a. Apex of test, around anus, covered with numerous small spines. ................. EchLnometru subangularis. ( 5 )  
b. Test about anus almost wholly free from spines.. ....................................... .Echinometm tdridis. (6) 

11. Test not na wide as long; usually the difference in the two diameters is very marked. 

B. Tmt soft and leathery; more or leas globular in life; very flat in dead sperimens. Deep-watcr forms. 
(Flexible sea-urchins.) 

I. Color purple above: light yellowish about the mouth.. ..................................... .Aathntoxomn lwdriz. (3) 
C. Test hard, much flattened, circular or ellipticnl, the height not one-half of diameter: mouthntcenter 

(Sand-dollars, key-hole urchins, of lower surface; spines very short and numerous. 
sea-moons, etc.) 

I. Oral surface very concave; test accordingly highly arched.. .............................. .IW~inanthua mmncfwx. (9) 
11. Oral surface flat; test not arched, very thin. 

a. Test ivith six slits (lunules) through it.. .................................................... .MeUitu aeqforia. (10) 
b. Teat with only flve lunules ............................................................... MeUita teatudinnta. (11) 

D. Test hard, oval or elliptical; mouth near anterior cnd on thc flnttcned oral surface; spines 
eomparativelyhhort and numerouq with or without srattcred, long one% (Spatangoids.) 

I. Size large (over 100 mm.); color deep reddish-purplc. ..................................... Paknpneuatcs hgalriz. (13) 
11. Size small (GO mm. or less): color light brown ............................................... .h’ri88opais ?yri/rm. (12) 

1. Cidaris tribuloides (Lamarck) . 
This urchin is marbled light brown and white, often with some red, especially on the spincs. 

The test of full-grown specimens is about 60 mm. 
This species occurs abundantly in shallow water from South Carolina to Brazil, especially 
A large number of specimens were collected at Arroyo and Mayaguez, and at stations 

The large spines are comparatively few in number. 
in diameter. 
about reefs. 
6075, 6087, and 6096. The largest ww 58 mm. in diameter, with spines 45 mni. long. 

2. Dorocidaris papillata (Leske). 

This species resembles the preceding in size and color, but is usually lighter and the spinea are 
often almost white; they are also more slender and tapering than in Ciduris. It occurs only in water 
of considerable depth, and is found on both sides of the North Atlantic, from Norway to the Mediter- 
ranean, and throughout the West Indies. Two specimens, one from station 6067,23mm. in diameter, 
with spines 53 uun. long, and one from station 6070, 45 mln. in diameter, with spines 83 nun. long. 
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5. Asthenosoma hystrix (W. Thomson). 

As this urchin occurs only in deep water, i t  is not likely to be met with by the ordinary collector. 
It reaches a large size (140 mm. in diameter), but the test is always soft and flexible. The spines are 
short but very sharp, and scattered rather sparsely over the test. The feet are in three vertical rows 
in each poriferous zone in the adult. 

They 
iiieasure 135 and 140 inm. in diameter, but are only 7 mm. thick. The abactinal surface is purple 
and the actinal very pale yellow. These specimens were collected at station F070, and from the 
mine place there are two very small flexible urchins, 10 mm. in diameter, which I refer with some 
hesitation to this species. Their coloration is precisely like that of the large ones, but the feet are in 
only r?. single row in each poriferous zone instead of in three rows, as in the adult. 

There are two large specimens of this very curious flexible urchin, both as flat as can be. 

4. Diadema setosum Gray. 

One of the most characteristic urchins of the Tropics; of world-wide distribution from Cuba east- 
ward to the Fiji Islands. Almost black, but the pines are oftek banded with white in the young. 
The adults are sometimes 100 mm. in diameter, with spines 300 or 400 mm. long. Vqry common 
about coral reefs. 

The Fi8h Huwk collection contains twenty specimens of this species, varying from 17 to 75 mm. 
in diameter, and collected at  Ponce, Mayaguez, and Arroyo. The smallest (those less than 40 mm. 
in diameter) usually have the spines banded light and dark, whitish or yellowish, alternating with 
purplish or brownish. A large 
specimen from Ponce differs markedly from all the others in that a number of the spines, especially 
on the actinal surface, have prominent Rwollen “ rings,” 6 to 10 mm. wide and 2 to 3 mm. in diameter, 
about 25 mm. from the base. As all the spines are broken, I am not sure whether this swelling is 
always at the tip of the spine or not,, but it appears as though it was. The spines are horizontally 
ringed, but these swellings are longitudinally ridged. 

5. Echinometra subangularis (Leske) , 

One large specimen has all the spines on the actinal surface white. 

This species is often called the L‘rock-boring’’ urchin, because of its habit of living in cavities in the 
reefs and ledges in shallow water. In  size it is rather small, not often 50 mm. long, the spines about 
20 mm. All stages from very pale 
reddish brown to nearly black are common, while the spines are often green with more or less violet. 
It is found from Bermuda to Rio Janeiro. The collection contains 105 examples, exhibiting a most 
extraordinary range in color and shape. Indeed, the extremes are so different one might easily believe 
there are at least two distinct species in the series. The more coininon form was collected at  Ponce, 
Arroyo, Boqueron Bay, Fajardo, San Juan, and Aguadilla. The largest measures 42 mm. long by 38 
wide by 22 high. The color 
varies from bright light green with violet-tipped spines to very light reddish brown and thence through 
varying shades of red-brown to almost black. The other form‘was collected at Ensenada Honda and 
on the light-house reef at Playa de Ponce. The difference in size is not notable, but the test is somewhat 
more flattened.. The spines, however, are very different. They measure from 15 to 20 min. in length 
and from 2 to 38 min. in diameter. They are much stouter, therefore, atid are also somewhat flattened 
and abruptly pointed. Their color varies from pale, dull pink, through reddish brown to dark green, 
the spines having violet tips; in some more than half the spine is violet. 

It varies greatly in form and proportions, but especially in color. 

The spines are slender, 20 mm. long, and less than 2 min. in diameter. 

8. Echinometra viridis A. Agamic. 

This species closely resembles the preceding in size, shape, color, and habits, sild soenis to be 
distinguished only by the bare apical system. It is recorded from Florida, Cuba, and Haiti. Two 
specimens from the reefs at Playa de Ponce seem to be referable to this species. They are of about 
average size and color. The test is brownish; spines light green, alniost yellow at base, violet tipped. 
There are no spines within the anal area, and only about 12 to 15 in the whole abactinal system. 

7.  Toxopneustes variegatus (Lamarck). 

The common sea-urchin of the tropical western Atlantic, abundant froin Bermuda and North 
It varies greatly in color from rich violet (Bermuda) to bright green and Carolina to Rio Janeiro. 
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white (.J:trriaicd). 
itself with bits of seaweed and other d6bris. 
which is only 4 inm. in diameter. 
Catafio, and Ilucares. 
often tipped with reddish, and the specimen from Hucares has the spines rose pink. 

Like the following species, it is usually found 011 sandy 1,ot tom atid often covers 
The collection contailis 28 speciirietts, the sinallrst of 

They were collected at Ponce, Arroyo, Boqueron Bay, Sail Juan, 
The spines arc The color varies considerably, but is usually green and white. 

8. Hipponoij esculenta (hake) .  

A very large urchin, sometimes 160 min. in diaineter. Adults are easily recognized by their 
white color and great size, but the young are not readily distinguished froni those of the preceding 
species. Occurs froin Bermuda to Surinam. Tha eggs are sometimes nsed for food. Froiri Porto 
Rico there are fifteen of these large urchins, bwides several fragments. Several of them ineasure 140 
mm. in diameter and 95 nint. high, while the smallest is only 19 mm. in diameter. They were collected 
at Ponce, Arroyo, Aguadilla, and Guanica Bay. 

9. EEhinanthus rosaceus (1,inn:eus). 

In life this species is reddish, yellowish, or greenish brown in color. I t  reaches a length of 140 
It occurs in the sand, often under 

Only one 
mm., and the height is from one-third tonearly one-half the length. 
stones and in very shallow water, and is found from South Carolina to Guadeloupe. 
example of this species in the collection, a fair-sized specimen from Fajardo. 

10. Mellita sexforis (Lamarck). 

This very flat and thin “keyhole urchin” is usually light olive-green (rarely brown) when alive. 
It reaches a diameter of 70 or 80 rnm., and is found on sandy bottoms in shallow water, from South 
Carolina and Bermuda southward throughout the Rest  Indies. One large specimen, 74 by 72 mm., 
from Arroyo, and four smaller ones from station 6085. The color of all these is pale olive-green. 

11. Mellita testudinata Klein. 

This “keyhole urchin” is slightly larger and thicker than the preceding, but of the SUlKle color 
and habits. It has a wider range, having been found from Nantucket to Brazil. The Fialc I ~ c , ;  
collection contains 10 specimens, varying in size from one 3 mm. in diameter to one 80 mm. broad by 
70 mm. long. The specimens less than 12 min. in diameter 
show very nicely the formation of the lunules. In the smallest specimen no lunules are visible from 
above, but on the oral surface, in the posterior interambulacrum, there is a little depression which 
marks the position of the first lunule. The specimen 12 mm. in diameter has this lunule fully 
formed, while the other four lunules appear simply as notches in the rdge of the test. Found at 
Ponce, Arroyo, Mayaguez, Puerto Real, and station 6053. 

The color varies from light to dark green. 

12. Brissopsis lyrifera Agassiz. 

This spatangoid is usually found only in deep water, rarely in less than 10 fathoms. It can not be 
c.onfused with the following. It iu found not only throughout the West Indies, but in the eastern 
.ltlantic also, from Norway to the Mediterranean. There are 3 specimens of this form froin station 
ti059, the largest of which measures 40 by 33 mm. The color is light yellowish brown. The fascbiole 
connecting the subanal with the peripetalous famiole is not complete and is only distinct close to the 
subanal. These specimens thus resemble European examples of the species more closely than they 
do those from Florida. 

13. Palrsopneustes hystrix A. Agassiz. 

This rare form, oc*c.urring only in deep water, is not likely to be met with. I ts  size (125 by 90 111111. ) 
and color are sufficient to distinguish it from the preceding species, but an additional character is to be 
found in the broad, spatulate ends of the long spines. 

Of this rertiarkable spatangoid the collection contains one whole speciinen, half of a se(*ond, 1111tl 
fragments of others, all from station 6070. The specimens iiieavurc about 125 n t i i i .  Ivng by 90 1)roatf 
by 55 high; color dark purplisli red; spines somewhat lighter. 

I t  is known only from the Caribbean Sea. 
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Besides thc foregoing thirteen species, several other common West Indian cchi- 
noids may be expected to occur along the shores of Porto Rico. These are Clypustrta 
suhdepressw (Gray), Ahcup einnrqimta (Gmelin), Encupe michelini Agassiz, E'ch i- 
7 u ~ n ~ b s  s m  L il unaris (Gmeli n), Br is.szls uniculor Klein, illeoin n veri tr  icosa (Lain arck) , 
&!&alia pectoralis (Lamarck), and ,Wuiru atropos (Lamarck). The first four will fall 
under thc heading C in the key on page 252, the last four under thc heading D. Clype- 
aster. resembles Echimntlws, but nky be easily distinguished by its Iarger, much 
flatter test. It occurs from South Carolina to Brazil and eastward across the Atlantic. 
Thc two Enmpes resemble &llita, but are larger (up to 140 mm. in diameter), and 
the lunules are different. Those in the radii differ from the one in the posterior 
interradius and are inclincd to be elliptical or even oval. The two species of Encupe 
may be distinguished froin each other by the fact that in emarginata the posterior 
lunule is longer than any of the others, while in michelini it is geiierally smaller 
than the others. In the latter Rpecies, moreover, the anterior lunules often disappear 
with the growth of the animal, so that the test has only one or three lunules left. 
2hcope emar!qinnta occurs from South Carolina to Brazil, while inichelini is found 
throughout the Gulf of Mexico. 

-4lthough properly a 
spatangoid, the mouth is central, so that 'in the key on p. 252 it would come under 
C rather than D. The test is a somewhat flattened ellipse, from 15 to 40 mm. long, 
covered with short, light-brown spines, and with the bright-red feet (in living animal) 
arranged in five double rows, radiating from the center of the aboral side. It lives 
in  the sand in shallow water, often undei. stones, and occurs throughout the West 
Indies. 

Brimu unicolur resembles Brissopsis &rif@u, but may be distinguished from 
that species by the position of the center of the ambulacral system. In Brissupsis 
this point is near the center of the test; in Briwus it is far forward. Moreover, 
B~isscvpsis is a deepwater form occurring only occasionally in a few fathoms, while 
B.r&sus is found in very shallow water, in the sand, often under stones, in company 
with Echinoneus. Brissus has a wide distribution, being found all through the West 
Indies and eastward across the Atlantic into the Mediterranean. 

Mmmn and Metalia are both very large spatangoids (up to 200 mm. or more in 
length) and occur in comparatively shallow water, 1 or 2 fathoms. X&lia is much 
more flattened; the ambulacra are very slightly sunken, and the spines, especially on 
the upper side, are very coarse. Betulin is brown; 1ieoma varies from light- 
yellowish to deep-reddish brown. 

Xoira trtrcpos is easily distinguished from all the preceding by the very deeply 
sunken ambulacra, which give the test almost :t deformed appearance. It reaches a 
length of 50 mm., and the color is yellowish brown. It occurs southward from 
South Carolina into the West Indies and Gulf of Mexico. 

Owing to the firm structure of the test, all echinoids (except the flexible sea- 
urchins) can stand the wearing of water for some time after the death of the animal. 
In  such cases the spines drop off and the organic matter is washcd out, leaving the 
tests as delicate white or dull-colored shells, more or less granular, according to the 
size of the spines with which they were covered. These shells are sometimes called' 
( 6  sea eggs." Such tests are oftcn of value to t h  zoologist, nnd should be preserved. 
Usually they arc suacient for the determination of the species to which they belonged. 

E c h i n m  is quite different from any of the others. 

It has been recorded in the past from Porto Rico. 

Both occur throughout the West Indies. 
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H 0 LOTH LT RI 0 I D EA. 
HOLOTHURIANS, SEA-CUCUMBERS, SEA-SQUIRTS, ETC. 

The holothurians of the West Indies are not nearly so well known as the sea- 
urchins, so that every new collection is likely to contain undescribed species, or at  
least to extend the range of those previously known. About 35 species have been 
described from the West Indian region, or are known to occur there, and of these less 
than half a dozen are exclusively deep-water forms. It appears, therefore, that the 
great majority of the holothurians of this region are littoral forms, and many of them 
ace apparently quite limited in their range. But as yet we know too little of their 
natural history, or‘ of what constitute good specific characters in the group, to draw 
any important conclusions. Species have been made on form, color, size, number of 
tentacles, and other inconstant characters to such an extent that the whole subject 
of West Indian holothurians needs a thorough overhauling, especially since they 
constitute one of the most characteristic groups of the shallow-water fauna. 

The Fish I h w k  collection contains 85 specimens of sea-cucumbers, representing 
10 species, all but one of which are littoral forms. ‘ Curiously enough, all these littoral 
forms belong to the single family Aspidobchirotm, so that probably only a small part 
of the holothurian fauna of Porto Eico appears in the collection. 

The following artificial key will help to distinguish adult specimens of the above 
given species, and also includes one other species collected by Mr. Gray. It is hard 
to give distinguishing characters among holothurians, except by means of t.he micro- 
scopic calcareous particles in the skin. As far as possible the characters used below 
can be easily seen without the aid of a microscope; but it must be remembered that 
the number and arrangement of the tentacles, pedicels, and papill8 are often very 
different in the young from what they are in the adult. They are usually fewer in 
number and show a more orderly and definite arrangement. - 
A. Tentacles long, slender, unbranched. Body-wall Arm and spiny. Color white. Deep-sea form. 

B. Tentacles (normally 20) comparatively short, with numerous branches, crowded into IL flat disk a t  
Zcliinocricrimia m]imL71iu. (1) 

the end. Body-covering soft. Shallow-water forms. 
I. Size large, up to a foot or more in length. Found on Randy or muddy bottom. 

a. Brown or black above; yellowish, reddish, or almost white below, and more or less on sides. 
Body-wall tough and leathery. Pedicels nlimeroils on vcntrirl bide, not arranged in 
rows ............................................................................... .lfolothuria mexicana. (8) 

b. Color extremely variable; the extremes are unlform blttckish-brown, without markings, and 
uniform light buff with a few Hmall q o t s  of drirk brown. Between thew two extremes 
all possible combinations of light trnd ditrk occur, but the commonest form is buff, con- 
siderably blotched with large patches of dark brown. Body-wall, though thick, soft and 
slimy. Pedicels numerous, arranged distinctly in  three broud longitudinal rows on 
ventral surface.. ........................................................................ .Slicliqiux trr6bsi. (2) 

11. Sizesinall, rarely8incheslong. Usuallyfound amongrocks, often buried insand undcrlooseslabs. 
a. Body covered with more or lemwart-likeconical papilla?. Pedicelsfew, i r re~~lar lyscat tered,  

or none ............................................................................ .Z€oZd/t?~i zu ivipatirnra. (7) 
b. Pedicels arranged in  3 longitudinal series on ventnil surface. Cuvier’s organs very notiec- 

able, pure white in living animal ................................................... .IIolothui~in capfioa. (3) 
c. l’edicels thickly crowded ventrally, less numerous domally; few papilla?, if any. ___. .Ifolotkuria ylaberri?nu. (6) 
d. Body very thickly covered with pedicels ventrally and with papillrs and pedicels dorsiilly. 

IIololhuria dentiipedes. (4) 
e. Body elongated, with scattered and rather few papilla? on dorsal surface, iind irregularly 

scattered pedicels on ventral. 
1. BlackiRh and whitish or light gray, mottled with darker; Honiclimcs more or less tinged 

with yellow.. ......................................................................... .Ilolothuria grixeu. (6) 
2. Grayish, but more or lexv decidedly yellow, with line purplc miirkingriuncl blotches of the 

enme color .................................................. ................... .lfiil~i~liuriu ralli6uni. (0) 
3. Brownish or purplish,.more or le% indistinctly xisrked with darker blotcheq.. Iiolotliuriu surinamenxix. (10) 

0. Tenltrcles 15, pinnate. Body long und blender, without pedicels ................................... .8psuplu lappa. (11) 
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1. Echinocucumis asperrima The61. (PI. 16, fie. I - i . )  

This extraordinary holothurian is 1 or 2 inches long, including the long neck and slender, tapering 
tail. It has been recorded from only the Caribbean Sea, and there only in deep water. 

There is one specimen of this species dredged at station 6066, in 170 fathoins of water. 1 t is just 
24 mm. long, and the delicacy and glassiness of its appearance make it an object of unusual interest. 
The species was first described by The61, in 1886, from specimens collected in the vicinity of Jamaica 
and Cuba, at depths of 150 fathoms or over. . As he published no figures of the species, it seems worth 
while to give with this report some illustrations of such a noteworthy form. The tentacles (fig. 4) 
are apparently only eight in number, and differ from the tentacles of all other pedate holothurians in 
being perfectly simple, without branches of any kind. The calcareous ring (fig. 2) is very small; no 
stone canal or Polian vessel .found. Respiratory trees very delicate. 
No Cuvier’s organs. Respiratory trees and intestine with numerous brownish spherical bodies in 
their ~ a l l s ,  possibly waste matter. Intestine very long and much coiled. Pedicels very scarce, almost 
wanting, except near head and tail. Body-wall (fig. 3) very hard and firm, as though mailed, pure 
white. It is composed of more or less regular polygonal plates, each of which bears a single, long, 
stout and sharp spine. Calcareous bodies (figs. 6 and 7)  consisting of irregular plates with numerous 
holes, very abundant, especially in and near the tentacles. 

Genital filaments few, but thick. 

- ______ _-- 
Specimens. 

_-- 
Smnller specimen . 

2. Stichopus m e b i i  Semper. 

A common species and very interesting on account of the great variety in the color, shape, 
appearance, and number of tentacles. The body-wall contains 
numerous tables and C-shaped bodies; the former with well-developed disk and numerous teeth at 
top. Known from Bermuda and the West Indies. There are 8 specimens of Stichopus in the Fish Hawk 
collection, varying in size from 90 to 220 mm. Though differing somewhat in color, they all show the 
light background with large dark spotor and blotches. The number of tentacles varies from 16 to 20, 
there being 1 with 16, 1 with 17, 2 with 18, 1 with 19, and 3 with 20. It is worthy of note that the 
two largest specimens have 20 tentacles and the two smallest have 18 and 16, respectively. This 
species was collected at Boqueron Bay, San Juan, and Mayaguex, and ‘these specimens agree in a11 
essentials with those from Jamaica and Bermuda. 

It reaches a Iength of 300 mm. or so. 

- _ _ _ _ _ _  
Pedicels. PapilIrc. Tentacles. 

-_ - __ 
15 in a row; a sin le row on Six lon tudinal rows with 10 

each side u dou%le row in 
middle of bentral surface. 

6 pap&e in n row. 

Larger specimen . . ., 18 in a row; row8 as above.. . . . 

4. Holothuria densipedes, nov. sp. (PI. 17, fig. 1.) 

There is o single specimen, from the light-house reef at Playa de Ponce, of a holothurian unlike 
any yet described. On account of the very numerous and crowded pedicels, I have given to i t  the 
name dempedes. The color is brown, with a few 
scattered dull purple or blackish blotches. The papillse have a reddish tinge, while the pedicels are 
much lighter, with o touch of yellow. The pedicels are crowded on the ventral surface, and are 

It is 88 mm. long and about 20 mm. in diameter. 

Zd-F, C. B. lWQ-17 

Six rows with 10 in t& row _ _  14 
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nuuivrous, though soniewhat sinaller, dorsally. The papillse are numerous and confined to the dorsal 
Furface. Tentacles very 
small and pale, apparrn tly 20. I'olian vessel 7 .  Stone canal 1. Water-ring with many small bead-like 
bodies on it. Genital glands with nuinerous infrequently 
branched filaments. The calcareous deposits consist of tables and smooth buttons, with numerous 
supporting rods in pedicels, papilla?, and tentacles. The buttons usually have three pairs of holes, 
but not infrequently there are only 3 or 4 holes. The tables hare the disk with 4 large central 
holes or a single deeply ;-lobed hole, surrounded by a circle of smaller holes, 4 larger alternating with 
4 smaller, to romplete the rircle. The spire is comparatively low, with only 1 crossbeam and few (not 
more t m n  10 or 12) teeth. 

Those from 
the pedicels are i:mally broader and pierced by holes more or less synirnc~trically arranged. There are 
often i or 8 pairs of these holes. The calcareous ring is composed of 5 large radial pieces and 5 bmall, 
narrow, pointed interradial plates. The calcareous ring and the various calcareous deposits are 
exactly like those of H. rutlibmi Laiiipert, from which species this form is otherwise radically different. 
(See pl. 17.) It differs from its nearest allies i n  the crowded papillse on the dorsal surface, as well as 
in the detailed strncture of the tables, while it differs iiiarkedly from If. gZtrbrrrirncc in the large size of 
the pedicels and papilla?, aiid in their crowded arrangcwent. I t  is known as yet only from Porto 
Rico. 

There is no eign of arrangcnicwt in r o w  of either the pedicels or papillze. 

Cuvier's organs present; siiiall, greenish. 

The tables of the pedicels are usually much reduced. 
The supporting rods of the tentacles are simple, slightly rough or knobbed at  ends. 

5. Holothuria glaberrima Selenka 

Especially coniinoii i n  cavities in coral rocks oil tlie reds and a l (~~ ig  shore. I t  is rather nhort and 
The color varies greatly froiri pale yellowish Imiwn to alniost 

The body-wal1 caontaiiw o d y  scattered 1)ranching rods. 
Six specimens from I3ucares vary in 

In fire the color is 1)lackisli l)rowii, the tentacles black; the sixth is light 

stout, seldom more than 100 i i i i i i .  long. 
})lark, l)ut  is generally uniforrii over the body. 
It is found throughout the ('aribr)ean Sea and Gulf of Mexico. 
length from 65 to 110 i i i i i i .  

yellowish brown, with light tentacle&. 

* 6. Holothuria grisea Selenka. 

This species reaches a length of E50 to 200 mni. The body-wall containa tables aiid small forked 
It has been recorded 

Two sperimens from Arroyo, 50 and 110 mm. long, and 
rods, the latter gathered in little circles or spots, often visible to the naked eye. 
from the West Indies, Snrinanr, and Brazil. 
one from Hucaren 70 mm. 

7. Rolothuria impatiens Forskal 

This is one of the most widely distributed of holothurians, being known from tlie warmer seas 
of all parts of the world. I t  reaches a length of 150 to 200 mm., and is grayish purple in color, some- 
tiriies blotched with darker. Tentacles often very light colored. The body-wall contains tables 
and buttons with 3 pairs of holes. Front (Mebra there is oiie typical specimen 85 mm. long, and from 
Ponre there are two specimens (110 to 125 inm.) which are dark gray in color with no trace of purple. 

8. Holothuria mexicana Lndwig. 

This is one of  tire largest Wwt Indian holothurians, ofteii reaching a leiigth of 450 n i i i i .  or more. 
Thr color varies greatly; sonie speririiens, nsually sinall ones, are liglit brown above and piilk or 
flesh-color h i e a t h ,  tlie pedicels k)rown; others are alniost jethlack with, scszrcely any liglit below. 
I3etween these two estrenies all sorts of intergradations occur. The thick, leathery body-wall, which 
contain8 simple tables and nninerow perforated plates of two kinds, helps greatly to distinguish this 
species. Described first froni the Gulf of Mexico, and known only froin the West Indian region. 

Of this very coninion species, there are Home 20 specimens in the collection, from 110 to 300 mm. 
in length. Four individuals 
have 18 tentacles; six have 19; nine have 20; one has 21. Two individuals have 1 Polian vessel ea(-h; 
two have 2; five have 3 ;  two have 4; three have 7; one has 8; one has 9. These specimen8 were 
~ . o l i ~ ~ . t  c d  :it Culelmi, Fajardo, Boqueron Bay, Guanica, Pucrto Itenl, Mayaguex, and San Juan. 

There is great diversity in the number of tentacles and Polian vessels. 
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9. Holothuria rs thbuni  Lani~)ert. (PI. 17, f i p ~ .  2 l u  10.) 

This spevieb rearlies a leiigth of 200 I I I U I .  The body-wall cwiitaius tables and buttoiis with three 
pairs of holes. 

There is a stiiall holothuriaii in the collection froiii Culebra, which I have tinally decided to con- 
sider a young speriiiien of this species. 11. vrrfhbuiLi waa first described by Mr. Richard Rathbun from 
specimeus collected at Rio Janeiro, but lie gave no iiaiiip to it. In 1885 h n p e r t ,  without any further 
information, gave the species the name mtl&mi. Anioiig holothurians which I collected in Jamaica 
in 1896 and 1897, there are iiiiiiierous specimeiis which may be referred without doubt to Mr. Kathbun’s 
species. In I899 the New York lini\vrsity party collected similar specimens on the south shore of the 
Bermuda Islands. Tlit1se speciinens all agree in coloration, size, and calcareous parts, as well as in 
habits, with the speciineiih froiii Brazil, as described by Mr. Rathbun. The I’orto Ricari specimen 
before me is only 50 mm. lc~iig, and is rather spindle-shaped, tapering towards both ends. The pedicels 
are confined to the ambulacra, where they form fire double rows, which are very distinct near the two 
ends, bu t  rather indistinct >it the middle. Color light gray 
with a decidedly yellow tiiige ventrally, more or less distinctly marked on the interambulacra with 
purplish black. There is no genital gland, which 
adds strength to the opinion that this is a young indiridnal. I t  differs froin adultsin the arrangement 
uf the pedicels, which are iu them irregularly scattered. As no figures have ever been published of 
the calcareous p ~ r t s  of IL rulhbuni, it scwins wise to give them in connectiLn with this individual 

Occ~urs from Her~iluda to Brazil. 

Teutacles 20 in number, small and pale. 

Cuvier’s organs are present, dirty green in color. 

10. Holothuria surinamensis Ludwig. 

This \.c.ry (‘01111n011 spcvirs reaches a length of about 150 nim. The body-wall i H  often very thin. 
I t  ( ~ ~ i i t a i i i ~  R few irregular rods ittit1 iiuinerous iinperfoct tables which lack thr disk. Occurs from 
Bermuda soutliNard to Surinaiii and into the Gulf of Mexico. About half of the. holothurians collecvted 
by the Ykh IJ1zwk consist of this species, of which there are 40’specheris, 50 to 140 nim. in length, 
from Ponce, Hoqiieroii Ihy ,  San Juan, Puerto ReaI, and Gutmica. In soirie the “ bars ” in the skin 
iire iiuirierous and very noticeable and the tables are heavy, while iu othtm the “ bars ” are rather 
infrequent and the tables inore delicate. 

11. Synapta lappa Muller. 

This large synapta reaches a length of GOO mm., or even more. The color varies considerably, 
from light gray to dark brown. The body-wall is thin and contains numerous “anchors and plates” 
(characteristic of the genus) and great quantities of niiliarp granules. It is found under rocks on 
sandy bottom in shallow water tliroughout the West Indies. Mr. Gray’s collection contains R single 
speciiiien, foulid under :L rock near Sari .Juan. 

Besides the species with the “ shield-shaped ” trntarles, there will doubtless be 
found along the shores of Port0 Eico representatives of another family of holothu- 
rians, the Dendroch&otm. Of this family Cucumria punctata Ludwig and species 
of 7’lrLyonc~ are almost sure to occur. Of the Sy?zapti&J, besides Synapta lappa 
Miiller, Synapta viw@ara (a rs ted t )  and (;hXdoota wt+ra Pourtales will very 
probably be collected. Moreover,  nothe her genus of the Asp/:docl%irof(a (of which 
JZolothwt*i(t is IL typirtLl genus), 1MiilLwic4 may occur. This latter genus can he easily 
recognized by the five prominent calwweous teeth in  the anus. It is brown, mottled 
with darker and lighter shades, and reaches a length of 300 nm.,  or therettbouts. 
171; tcguxwkii Selenka, with 25 to 30 tentacles, h w  been cdlectcd in Florida, Haiti, 
the Tortugas, Bimini, nnd JamiLictt. (?immaricz ptcnctntcc, which rewhes a length of 
70 or 80 iiim., may be rocognized by tlio 10 much-brancticd dendriform tentacles, 
the bluish-gray color, and the yellowish pedicels, which oc+rur in  double rows along 
tho arnhu1arr:r but It, oecum in  
(SiLvities within and undei*no:ith broken rockh, from Bermuda to Barbados. T,,L~O?JC 

r~ lso solnewhttt S ~ I L  red on the wst of the lmdy. 
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is a genus similar to Ct~cui~~CLria, but has the pedicels much more numerous and 
crowded irregularlr all over the body. 

The members of the Syruptidm may be easily distinguished-from all other holo- 
thurians by the absence of pedicels, papill8, and respiratory “ trees.” The tentacles 
are pinnate and the body is more or less translucent. Synaptu &vipa/ra is a sum11 
species, 20 to 100 mm. long, reddish or greenish brown in color with more or fewer 
white spots. 6’h,i&&t(i 
wh&w is also a small species, rarely 100 mm. long, flesh-colored with little white 
spots, found under stones in the sand. The body-wall contains characteristic wheel- 
shaped bodies. 

It is found living in seaweedv from Bermuda to Brazil. 

It has been collected from Bermuda, Florida, Jamaica, and Brazil. 

DISTRIBUTION OF SPECIES. 

Of the 50 stations where the F?sA Hmk dredged, trawled, OF used the tangle, 
Their distribution is shown in the following tables and 

The first table treats of the west end of the island, the stations being 
The Crinoidea and Holo- 

36 yielded echinoderms. 
statements. 
given a8 nearly as possible in their geographical order. 
thurioidea are given outside of the tables for typographical convenience. 

Only two representatives of Crinoidea were found in this part of the island: 
Aclinometru nieridionulis, a t  station 6063, depth 76 to 76 fathoms; bottoui of rocks, sand and 

anted or^ hugeni, at station 6067, depth 97 to 120 fathoms, coral bottom; obtained with dredge. 
eoral; obtained with 11-foot trawl. 

Specimens of the Holothurioidea were found RS follows: 
Elolotlmriu mexicunu, at Mayaguez, Puerto Real, and Boqueron Bay. 
Ilolothuriu wrinomensi.y, a t  Puerto Real and Boqueron Bay. 
Stichopus mobii, at Mayaguex and Uoqueron Bay. 
Echinoc%cumis uvymrimu, at station 6066, 97 to 120 fins., coral t?ottoiii, a dredge being used. 

- 

Asteroideu, Ophiuroidea, und Echinoidru collected b!/ the Fiqh Huwk at the western end of Poorto Rico. 

sand and c o r a l ;  
11 ft.iraw1. 

~~ 

Depth, bottom, und 
station. apparatus. __-___ -- 

Aguadilla ...... .I.. ..................... 
I 

Station 6055.. .... 137 fms . sand mud 
and s<ells; dredge: 

Mayagues .............................. 
I 

hteroidea. 

....................... 

....................... 

........................ 
Astropecten duplicutur 

Echinaster cravvivpintl 

........................ 

........................ 

........................ 

Ophiuroidea. 

....................... 

Amphipholix goesii. 

Amphipholis subtilia. 
Amphiura stim soni 
Ophiactis krebsg. ’ 

lorieata?. 
Ophiohrix angu1a.h 

cerstedii. 
Amphipholis goesii. 

Amphipholis goesii. 

Amphipholis goesii. 

Amphipholin goesii. 

Amphipholis goesii. 

Amphi holis ooSii. 
OphiogPypha ijungmani. 

Amphipholis goesii. 

Astroporpa annulata. 
Ophiomudum eburneum 

SubtiliH. 

elegans. 

Echinoidea. 

Echinometra suban 

eseulen ta 

Hrisaopsis lyrileru. 
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Axleroirleu, Ophiuroidea, tcnd .Echinoidea collected by the Fish. EIawk at w)estem end of Porta Rico-Cont’d. 

161 to 172 fms.; sand, 
mud. 11 ft. trawl. 

97 to i20 fmu.; coral; 
dredge. 

- .. 

Station. 

....... :. .............. 

...................... 

Stirtion 6064 .... 
Station GOD5 .... 

220 to 225 fms.; rocks; 
9 It. trawl. 

Slution Wili .... 
Station 6067 .... 

....................... Station 6070. _. ._ 

guluris. 
Echinometra viridis. 
IIi onoc esculenta. 
Me%a testndinah. 
Toxopneuuteu vnrie- 

gatus. 

Cidaris tribuloides ... 
Diadema setosum. 
Echinometru suban- 

I’uerto Real .... 

Holothuriu griseu. 

Station 6072.. ... 

Station 6076.. ... 

Hoqucron Bay.. 

Station 6070.. ... 

Station 6077.. ... 

ooratedii. 

cinerea. 
brevicauda. 
vlli,ir.alna’l 

Ophiura appressn. 

Astropectcli antillensis. 

_-I. ”-_ 
Ophiozona impressa. 

Ophiuni brevispina. 
Ophiothrix wrstedii. .. 

....................... Astropecten untillen- 

Echinaster c r a 8 8  i - 
I a inu. 
1 Lurdia seneealensis. 

7+ fms . coral sand ’ Astropecten- d n p l i -  

Echinaster rr IL H I i - 
und &ells; ;angle.’ 1 catus. 

IpillU. 
....................... 

.............................................. 

10 fms.; coral a n d  ................... 
sand; tangle. 

lo& fms . coral u n d  ....................... 
sand; ‘iang~c. 

Ophiuroidcri. 

Ophioglyphu ljungmuni 
Ophiothrix unguluta. 
Amphiodiu plunispinu? 
Ophiothrix angulatu. 

ocrstedii. 
Amphiodia riisci. 
Amphiuru Acxuosu. 

Astroschemu oligactc\. 
Ophioglyphu robusts. 
Ophiomusium sculptum 
Ophioplinthacu spinis 

Ophiothrix ungulutu. 
suensonii. 

Ophiothyreus goesii. 
Ophiozona tesselluta. 
Ophiacuntha bidentutn. 
Ophiomusium e b II r 

Ophiomusium validum, 
Ophiopristis hirsuta. 
Ophionereis rcticulutii 
Ophiothrix ungulatu. 

centedii. 
Ophiuru brevicauda. 

hrevispinu. 
Ophiothrix angulrits. 

Ainphioplus sterrrnsii.. . 

sima. 
0phiopsila fulva. 

neum clegans. 

Ophiothrix mgnlatn ... 
Ophiura brcvicaudn. 
Ophiothrix angulata ... 

suensonii. 

Ophincanthu o p h  i R C  

Ophiocomu pumila. 
Ophiocomn pumila. 

toides. 

Echinoidea. 
~ ~- 

DoricMaris pupillalir. 

Asthenosoma hystrix. 
Dorociduris papillatu. 
Pulscopneustcs 11 y s-  

trix. 

Mcllitn testudinatn. 

qidtrris tribuloides. 

Echinomctru s n l ~ a i i  - 
Toxopncustex vurie-  

gularis. 

gutus. 

On the southern side of the island the only echinoderms collected were in 
shallow water ut the three following places: 

Station. 

Guunicvi ... 

I’oncc. (L.. .. 

. .___ 

Arroyo .... 

Asteroidea. j Ophiuroidea. 

......................... Ophioiiereisreticulatn. 
~ Ophiothrix angulata. 

Asterina folium ....... 
Linckin guildingii. 
Uphidiuster guildillgii. 
I’cii tueeros rct iriilii t II+. 

Ophiura a preXw. 

Ophialcrea glabru. 
Oohiocoma cchinutu. 

Ophiaotis Ercbsii ...... 

Erhinoidcu. Holoihurioidea. 
I -I-- -- - 

HipponoB csculcntn . . Holothuria mexicana. i surinamensis. 
; Holothuria dcnsipedes. 

Diadema sctosum.. ... I impatiens. 
Echinomctra xuban- snrinunicnslh. 

ct Of tho 24 species taken a t  l’once, 7 were not taken a t  any other point, aud 2 are new to science. 
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.............................................. 

At the eastern end of the island the cdlecting was extended to within a Pew milch 
of St. Thomas, and included both Vieques and Cu1el)ra islands. This region provtd 
rich in brittle.stars, 21 species being taken, of which fj were not tnken elsewhere, 
and 2 are apparently new to science. 

Of the  Crinoiden, Act inom~tt*a  wd;qh,osu was taken with the tangle, from c.or:tI 
hottom, ti t  station 6088, i n  93 fathoms, and station 6090, in 16 fathoms. 

Of the I-Iolothurioiden, IfiAoth rwia cupthu, ff. glubm.riinci, rLnd / I .  g r im w ( ~ . Y ~  
obtained at  Huc.twes; ZI. i~npnt?;./rs, IT i n m b n u ,  and Zf. w/tlrhr(niat, Ensenada Holltiit 

(Culebra), rind IT vmr i cxna  at  Fajardo. 

Y'alilc shoining ilic ilsierm'dm, Opliiuroiden, and Echinoidea obtained b!i ikr nlrcrmer ICdi I h u k  a1 the r m f r m  
mad of f l i p  ixlnnd ?f Poorto Rim. 

-. ... - .  

Hncares 

..... 

..... ....................... 
1 t nngl e. 

Stntion GO84 .... 

Caballo Rlnnc!o. 

Station 8084.. ... 
Station 00%. .... 

Station 60M. .... 
Ensenadn Hon- 

da  (Cblebrn). 

Station 6087.. ... 
Station 60%. .... 
Station6090.. ... 
Stution 6091.. ... 

Fajardo ........ 

.............................................. 

11 fms.: coral, snnd, 
~ i n d  R ~ c I I H ;  tnngle. 

14 fins.; cornl, sand, 
xliells; 7 ft. trnwl. 

143 fms.: coral nnd 
mnd: dredge. 

...................... 

Astropectc!n dnp1ic.n- 

Luidin c:1iitlirntn. 
Astropectcii diipliw 

tiis. 

tns. 
....................... 
Linckin guildingii. .. 

I 
1.41 fms.: coral and I ....................... 
23 fm8.f coral: tangle./.. ..................... snnd. tangle. 

Ophiiiroiclrn 

Opliiocorrin pnmilri.. .. 
Opliiothris iingiilatir. 
Onhiurn riihicundii. 
Opliioiicreia retiviilii ta. 
Ophiopsilii riisci. 
Ophiostigmir isir('iriit1iiirii 
Ophiotlirix angiilati~ 

snyiiqoiiii. 
Opliiura brevis i i i i i i .  , 
opliinctis k r e d i .  
Ophioooinn pi i i i i i  lu. 
Ophioiicrcis rolii~nl~it~i. 
Ophiopsilri Eiilva. 

riisei. 
Ophiotlirix nngulittii. 
Ophiurn brevispinn. 
Ophiocoinn erliinntn. 
Ophionereiv rcticiilnta. 
Onhiothrix mrsterlii. 

........................... 

...... 

Oplilolepis clegnns. 
Ophiurn brevispinn. 
Opliiowma cchinnta ..... 

piimilu. 
Ophiom yxu flnccids. 
Ophinncrcis reticuliitli. 
Opli i nt h ri x iinguln t t i .  

mrstedii. 
Ophiiirn appreswi. 

brevicitiida. 
brevixpinii. 
cineren. 
rubicunda. 

Ophiothrix nngulatn ..... 
Opliionereis reticulnttr. 
OpliiIi~IL apprcsso. 
Opliioncrcin dubio. 
........................... 

Dphiurn appressn. 
Ophiocoiua pnmila. 
Oph!actis longibruchin. 
Dphiocwmn echinatn. 
Dpliionrreis olivuccii. 
Dphiotlirix i rngul ir t i .  

mmtcdii. 
Ophiurn brevispinii. 
Dphioromir echiniitti .... 

ifcllitn sexforis. 

khinometrn suban- 
gulnris. 

Maris tribiiloidos. 

Cchinometra Hubnn- 

Cchinniithus r o u n -  
gularis. 

ceiis. 



Station. 

Sari Juiin ... . . . . 
_ _ .  - 

Collected by Mr. 
Gray from vi- 

Juan. 
c in i ty  of Sa11 

Station GO60 . . . . , 

Station GO61 . . . . 
Station 6053 . . . . . 
Station GO54 . . . . . 

Dcpth, bottom tinii 
i1ppsratus. 

...................... 

91 fms.; sand and 
mud: 7 f t .  trawl. 

dredge. 
4: to 5t  fms.; sand 

tmd mud: drcdae 
mid tangle. 

Amphiodia pulchellii. 

Ophiothrix anguliitn. 

Ophiocoma echinata. 
Ophioooma pumiln. 
Ophioroma riisei. 
Ophiomyxa Ruccidn. , 
Ophiurt~ appressti. 
Ophiura brcvicaiida. 
Ophiura cinereti. 
Amphiura bihumulu. 
Ophiogly ha robusta. 
ophioscogx serratus. 
Ophioeoiiii iiivca compta. 
Ophioglypha ljungiii ,mi. 

A mphipholis limbiitti. 

Amphipholi~ gocsii. 

- _ -  

SUMMARY. 

. .  

I~chinometrii snblin- 

Toxopneustes varie- 

Cidaris tribuloidcs. 

gularis. 

gatus. 

Diademri setouum. 
Hipponoi; eaoulentri. 

bfcllitn tcnt11;linntu. 

Holothuroideii. 

Holothuriii m e x i -  

IIolothuria sorillam- 

Stichopus mobii. 
I%o!othuria glaber- 

I-folothuriti grisca. 
1Iolothuritt i m p  a- 

Synaptir lappa. 

cana. 

ensis. 

rimti. 

tieriu. 

An examination of the collections m ~ d e  :It the vnrioos stntions as given :il)o\-(~ 
shows that Mayaguez mid its vicinity proved to he the best locxlitg for the collecting 
of echinoderms, although the vicinity of Culebix Ishiid mid that of San  duan Harl~or, 
each offers a very good field. At  Mayaguoe, witliiii :b radius of 9 miles, 43 species 
were collected (2 crinoids, 5 asteroids, 25 ophiuroids, 8 echinoids, and 8 holothurians), 
of which 24 were not taken elsewhere and 1 is new to science. In the vicinity of 
Culebra about 40 species were taken (1 crinoid, 5 asteroids, 21 ophiuroids, 5 echi- 
noids, and 8 holothurians), of which 11 were not taken elsewhere and 2 are new. S t  
San Juan, within a radius of 13 miles, 35 species have been collected (6 asteroids, 16 
ophiuroids, 6 echinoids, and 7 holothuri:tns), of which 8 were not taken elsewhere 
and 2 are new. The littoral collecting at Sail ,Juan proved the best, perhaps because 
inore thoroughly done, but Yonce is R c*losc Second, atid nearly a third of the species 
taken at the latter place were not found elsewhere. San ,Ju:in proved to be the best 
place for starfishes, Yonce or Culehrtt for littoral 1)rittle-stars, d i ~ o g o  or Ponce for 
littoral echinoids, and San Juan for holotburitlnu. Of littoral fornis, the comrnoncst 
starfish is apparently 1’mtacwos rtztictclatw, the commonest brittle-star OpA/iocom ( I  

eclhhata or Ojihiothria: ungulata, tho commonest sea-urchi ti Z)mqi77m~f~~v vnraie{pr- 
t~ or  Ecliinometm src6ai,gulnris, and 1sf ichqitrrs w6hii  is p1*obr~bly the comnloiicst 
holothurian. 

OLIVET COLLEGE, Sqtmz6er 16, 1900. 
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