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Ix the following pages we give some zoological descriptions
of certain mew genera and species of Blastoids which have
come under our mnotice during the preparation of our joint
memoir on the group. We propose in this memoir to limit
our zoological work to the British species® only, though this
18 by no means the case with our morphological researches.
These have led us to establish three new geuera for some very
singular types, which are deseribed in the following pages, as
thcjy do not occur in this country. Their 111011}1101@*') will
be discussed in full in our larger work, with the aid of the
beautiful figures which are being prepared by our friends

Messrs. C. bu]ulu and P. ]Il”]llt‘

* A revision by competent hands of the American species of Blastoidea,
lilke that of the Palmocrinoidea which is being so ably conducted by
Messrs. Wachsmuth and Springer, is a very great desideratum.  We have
.Lttunpu,d in vain to work out the synonymy of many so-called species,
owing to the want of material or of satisfactory desc 111111011\ and iwluu-
The so-called Codaster puhfmr’ffh of Miller gnd Dyer []uum (‘incinn, Soc,
Nat. Hist. 1878, i. p. 35) is a case in pl St "here s no mention of
hydrospiral slits in the specific diagnosis ; noy are any shown in the figure ;
and we cannot help suspecting that this species represents a type very
different from the original Codaster of M‘Coy.

Ann. & Mag. N, Hist. Ser. 5. Vol. ix. 16
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The basis of the classification which we have been led to
adopt is the morphology of the hydrospires and of their ex-
ternal openings, the so-called spiracles. We find that the
structure and dlbtllbutl(‘-‘ll of these organs, together with the
arrangement of the various elements cnmlao»«nw the ambulacra,
pmbent characters of much systematic value.

Besides discovering various new generie types, both British
and foreign, we hcwu been led to form cnhldv new concep-
tions of some of the already existing genera, c. g. Oropho-
erinus (Codonites) and (rmmdmmnw' while we are able to
%1\(: more preeise definitions of 1)00630(: wnus and of 7Thricelo-
erénus than have hitherto been attempted.

In order to facilitate the comprehension of our specific
descriptions, we give the following explanation of our termi-
nology :

The plates forming the calyx are the basalg, radials or fork-
pieces, and the deltoid pieces or orals #,

In Codaster trilobatus and 1 the more tlat- ’[ol}pLd American
species of the genus the middle line of each oral is occupied
by a more or less strongly marked ridge, the oral ridge. But
in other species of Codaster and 1n the allied genus Plhano-
selisma this ridge 1s represented merely by an edge, from
which the sides of the orals slope she nplv downw (udv tcm ards
the ambulacra.  This oral ridge 1s often very prominent at
the central ends of the oral p]afm of Inze’;cmzf(w SO as more
or less LUll]ll]l tely to separate the proximal ends of the passages
which lead to the hydrospires of adjacent ambulacra.

In most Blastoids each radial 13 more or less fu1L—u]mped
the handle of the fork being the body of the radial (which is
separated from the basals by the basiradial suture), while the
two prongs are tlu limbs. Between them is the Jc(u’ml stnus,
which 15 occupied by the ‘nnbulduum. This terminates in ‘1
more or less prominent ““Zp " on the upper edge of the body
of the radial T.

Of the ambulacral structures which together fill up the

* As far as we can JHL]“E‘ from various passages on pp. 12 and 13 of

]IL ‘ Revision of the Paleocrinoidea’ by Messrs, W achsmuth and

Springer, these authors seem to hold the same view as we do re specting

the humc]lnn\ of the deltoid plates of the Blastoids with the “consoli-

dating pl: ates” of C ‘yathocrinus and the orals of the Pentacrinoid. But
they make no definite statement to this effect.

+ According to Messrs, Wachsmuth and Springer, “The lower part of

the forked pI- == *o the ar~bulacrum is the first radial—in Blastordo-
crinus, the ol n Blastoid, the suture is visible—and the two sides
of the fork, 1 bum“ interradial, form together a second radial ”
(Revision, - We are sorry that we cannot agree with the American

palzontolog.sis in this view., We have unfortunately been unable to
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radial sinus to a greater or less extent, the most important is
the lancet-plate, which is excavated lengthways by the food-
groove or ambulacrum proper. Upon or against it rest the
side plates (pore-plates, litt.), which thus conceal it more or
less completely ; they ave marked by minute pits, from
which delicate grooves slant outwards towards the marginal
pores. The latter are unconnected with the pinnules, which
are arranged in a single or double row at the sides of the
ambulacra, Their bases are apparently inserted into the
above-mentioned pits or pinnule-sockets. In many species the
distal edge of each pore is bounded by an cuter side plate
(supplemental pore-plate, ftt.).

Between and more or less beneath the ambulacral fields are
the interradial systems of lamellar tubes or Ahydrospires. 'The
openings of these tubes directly on the ventral surface of the
calyx, as in Codaster and Phewnoschisma, ave the hydrospire-
slits.  When these organs are concentrated beneath the am-
bulacra, the gap between the edge of the lancet-plate and the
sides of the radial sinus is the fz?,m') ospire-cleft; it leads down-
wards into the /Aydrospire-canal, into which the hydrospires
open by their slit-like upper ends. The hydrospire-cleft is
much reduced and somewhat modified in the American species
of Orophocrinus, but is widely open in the Kuropean species,
especially in the Belgian ones, so as to expose some of the
hydrospire-shits.  In LPentremites proper it 1s also wide, but 18
bridged over by the side plates, between which are the Aydro-
spire-pores. In Granatocrinus and Schizoblastus the inner wall
of each hydrospire, 7. e. that nearest the median line of the am-
bulacrum, is often carried upwards in certain parts of the
ambulacra towards the ventral surface. Here it appears as a
narrow plate-like edge between the lancet-plate and the side
of the radial sinus. We have seen this Zydrospire-plate very
distinctly in Schezoblastus melo and i some of the British
species of Granatocrinus (. ellipticus, . derbiensis). It
bears a number of lateral processes, which meet corresponding
ones upon the sides of the radial sinus, so that the hydrospire-
cleft is represented merely b} a Tow of pores alternating with

examine any specimens of Blustoidocrinus, which we only know from the
figures of ])ﬂhan and Schmidt. Lut we imagine the suture referred to
bv Wachsmuth and *‘\pnuum to be the suture between the radials and
orals (oro-r adial), just as is ahmx n in the ]HPU‘L]li_‘tlLdl figure given by
Billings (‘ Canadian Decades,” iv. p. 20), in whose interpretation of the
calyx we entirely concur,

The form of the radialg in the Mesozoic Dhyllocrinus also indicates
clearly that the fork-pieces of the Blastoids are prir itively simple and
undivided. s
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these processes. The ]thllOsl]llL pores, therefore, are formed
without the intervention of any * pore- platc-_., which, for this
and other reasons, we prefer to call ¢ side plates.”

The hydrospire-canals open externally by the spiracles,
which are arranged at the summit, round the peristome ; they
may be either single (Granatocrinus) or paived (Schizoblastus,
Troostocrinus). 'The spiracle or spiracles of the anal inter-
radius may be confluent with the anal opening to form the
anal Sj)uuci'e

In the better-preserved examples of many American Blas-
toids the mouth and peristome are concealed beneath a vault
of minute rrecular srcmnu.ﬂyn’nfr* s, any definite arrangement of
which 1s 1% lldv traccable.  This vault is sometimes wutlnuu{l
down the ambulacra by a series of tiny covering-plates, whicl
close in the food-grooves completely and convert them into
tunnels just as in recent Crinoids.  In none of the Kuropean
Blastoids that we have seen has any indication of these struc-
tures been preserved.

As some considerable time must still elapse before the pub-
lication of our memoir, we wish to direct the attention of our
fellow workers to one or two morphological points of interest.

In the ovdinavy LPentremites the ]1\’(110-»]]11‘11 tubes beneath
the ambulacra extend along the entire length of the radial
sinuses and communicate with the exterior by the marginal
pores ; butin the little 7 conoidens, Hall, and P. Koninclianus,
Hall, of the Warsaw limestone * 1]1(‘ hydrospiral tubes d[ill(’dl
to l;o absent trom the terminal t]md of the ambulacra. 'T'he
sinus 1s considerably shorter on the inner than on the outer
aspect of the ddlalJ and the hydrospiral tubes end abruptly on
the inner face of the plate, while the ambulacra extend much
further towards the base of the calyx. Examples of both
species are common with the shell filled up by a foraminiferal
matrix, which thus forms a complete cast of its interior. This
may be readily exposed by the removal of the shell ; and 1t is
then seen that the length of the ambulacra externally is
oreater than that of their internal casts. We have been un-
able to detect this peculiarity in any other species of Pentre-
mites, but we think it very probable that our American col-
leagues may be more fortunate. Sections through the upper
part of the calyx of . conoideus show that it possesses hydro-
spires constructed on the ordinary Fentremites type. We have
not, however, been able to obtain thoroughly satistactory sec-
tions through the distal portions of the ambuldcm ; but from

# We cannet help suspecting the identity of these two so-called
species.
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what we have seen we think it possible that the hydrospiral
tubes may be continued onto the ends of the ambulacra actu-
ally within the substance of the radial plates. This is at any
rate the case throughout the greater part of the length of the
ambulacra of 7% ;ca?/om tnus, as we have found from hLCtIDI‘lh of
1. Woodmant, and from the examination of some large
isolated radials which may, we think, possibly belong to 7.
obliquatus, Romer, sp.  We take this species to he an en-
tirely dlffuent one from that which was described later by
Meek and Worthen under the same name.

Some valuable observations ]m,v been recently made by
Messrs. Wachsmuth and Springer®, and by Dr., lI:lnﬂJdchT
on the structure of the ambulacra of the Blabtoul\ This is
more especially the case with regard to the subambulaeral
canals, which were first discovered by Rofe in G'ranatocrinus
PH!}!L‘!(HS although their true nature was misinterpreted by
him; for he believed the lancet- plate of this type (then re-
fmled to Pentremites) to consist of two lateral halves. As
Hambach has pumtu[ out with respect to other Hpccms, this
does sometimes appear to be the case in worn specimens ; for
when the superficial portion of an ambulacrum has been re-
moved the canal within the lancet-piece (which was seen,
though misinterpreted, by Rofe) is not unfrequently L‘\l)ﬂ‘wl.d

“ e have had the advantage of examining the whole of Mr.
Rofe’s collection, together w 1t]1 many specimens of Granato-
crinus Nor zcooch' mel we are convinced that in Granato-
crinus, as we  define the genus I, there 1s but one subam-
bulacral plutu, the lancet-plate, which is pierced by a
longitudinal canal.  Messrs, -Wachsmuth and ‘Sprinﬁcl S,
]mwev er, have deseribed and figured the lancet-plate of Pen-
tremites 113 imperforate, but as resting on an underlancet-plate
which encloses a can: 1i .lLI.lllblLllu on the other hand, de-
scribes the lancet-plate of ty plcal Pentremites i ﬂo.»cufexs B
sulcatus, P. pyriformis, &c.) as ‘“pierced tlmlu"h the centre,
in its whole length, by a vu} fine canal;’ and we are in-
clined to think that he 1s right.

For although we agree with Wachsmuth and Springer in
tinding two subamulacral pieces in entremites, it secems to us
more }nulmh]c that the canal should be in the upper or lancet-

* ¢ Revision of the Paleeocrinoidea.—arts 1., ii.,” Proc, Philad. Aead.
1879, 1881.

+ ¢ Contributions to the Anatomy of the Genus Penfieinites, with De-
seriptions of new Species,” Trans, St. Louis Acad. vol. iv. no. 1, pp. 145
160.

1 See postea.

§ Revision, part i. pl. iii. fig. 5. || Loc. eit, p 149,
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piece than in the lower and much thinner underlancet-piece,
which we have also found in Orophocrinus (Codonites), The
former corresponds to the perforate lancet-plate of G'ranato-
crinus, which is the only subambulacral plate figured by
Wachsmuth and Springer in G. Norwoodi; so that in this
respect our observations appear to be in accordance with
theirs.

According to Hambach® there is also “a longitudinal duct
or vessel resting in the concave furrow of (7.e. beneath) the
lancet-piece, and running from the apex of the ambulacral
field to the summit, where it connects with a circular duct
(cesophageal ring ?) swrounding, on the interior side, the
central orifice or annulus centralis.”

But no mention is made by IHambach of the particular
species in which this second canal oceurs—though, so far as
we can judge from the figure to which he refers in connexion
with the above passage, he appears to be speaking of a Pen-
tremites. In this case he must have seen canals both in the
lancet-plate and in the underlancet-plate of this type ; while
Wachsmuth and Springer have only seen the latter, and we
have only been able to make out the former, viz. that within
the lancet-plate.

We believe it to have lodged the radial water-vessel. In
LPentremites and Orophocrinus, which have two subambulacral
plates, there is an opening at the proximal end of each ambu-
lacrum, between the edges of two adjacent oral plates and
the end of the underlancet-piece. It was first discovered and
figured i Pentremites by Wachsmuth and Springert, whose
observations we are glad to be able to confirm. In Granato-
crienus 1ts distal side 1s incomplete, owing to the absence of an
underlancet-piece. The vessel contained in the canal within
the lancet-plate passed downwards through this opening on its
way to join an oral ring. By careful grinding down of the
summit of well-preserved specimens we have heen able to
demonstrate the presence of this organ and its connexion with
the canals within the lancet-plates in the following species—
Pentremites pyriformis and P. burlingtonensis, Granatocrinus
Norwoodi and G'. ellipticus, Schizoblastus Sayi, Pentremitidea
d’ Avehiact, Orophocrinus inflatus and 0. stelliformds, and
Codaster trilobatus.  We venture to think that there can be
but little doubt as to its being the water-vascular ring ; but
we cannot say whether 1t 1s identical with the ¢ circular duct
(cesophageal ring ?)  desceribed by Hambach f, as his state-

* Loc, cit. p, 151, T Revision, part i. pl. iii, fig. 4,
1 Loc, cit. p, 151,



the Morphology of the Blastoidea. 219

ments about it are somewhat obscure. He says that he has
been so fortunate as to obtain this structure entirely from a
well-preserved specimen of Pentremites (1. e. Granatocrinus)
Norwoodz, but that it is connected with the longitudinal duct
or vessel beneath the lancet-piece. As, however, no second
subambulacral canal has been detected in this species either
by Messrs. Wachsmuth and Springer or by ourselves, we
cannot help suspecting that Dr. Hambach must have seen
the “ longitudinal duct ”’ in a Pentremites and the * civenlar
duct” 1 Granatoerinus Norwoodi; but, in default of further
information, we cannot absolutely identify this “ circular
duct” with the oral ring described above.

Messrs. Wachsmuth and Springer® have suggested that
““ the passage directly beneath the (ambulacral) field is pro-
bably the dorsal or axial canal (¢.e. of the Crinoid arm),
which by the inverted position of the arms became the inner
instead of the outer passage.” We are not sure that we
quite understand Mr. Wachsmuth’s theory of the ambulacra
of the Blastoids. It they represent the inverted arms of a
Crinoid, surely the food-grooves ought to be internal and not
external. But if by this and similar expressions Mr. Wachs-
muth means to describe a Blastoid ambulacrum as a Crinoid
arm partially bent upon itself, we are disposed to agree with
him. ;

It is probable enough that the Blastoids possessed a cham-
bered organ and axial cords radiating from it, as in the
Crinoids ; but we do not think that these cords were lodged
within the lancet-plates or underlancet-plates of the ambulacra,
as supposed by Wachsmuth and Springer.

We propose to limit the name Pentremites to those Blas-
toids which resemble P. Godon?, Defr., P. sulcatus, Romer,
and P. pyriformis, Say, in their structure and general appear-
ance. '1'he ambulacra are broad and petaloid ; and in most
species the side’ plates merely rest against the edges of the
lancet-plate, without covering any partof it. T'he central end
of each oral plate is flat and laterally expanded, with a more
or less marked oral ridge in the middle line that divides it
into two lateral halves. Iach arm forms the floor of a passage
leading along the lower part of the radial sinus over the upper
ends of the hydrospire-slits. It is converted into a canal (the
hydrospire-canal) by the side plates, which are wedged in
between the lancet-plate and the side of the radial sinus.
Those nearest the centre may either meet one another over the

* Revision, part ii, p. 33 (207),
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oral ridge or abut against its sides. So far as we are able to
judge from the material at our disposal, the American species
of Pentremites ave all similar to /. Glodon?, and readily recog-
nizable as belonging to this generic type as defined above.
In 1857 Mr. Sydney S. Lyon * announced the discovery in
certain species of Pentremites of three small pieces situated
below the basals, which he considered to represent the true
basals ; and he'emended the formula of the genus accordingly.
This view was afterwards supported in part by Messrs. Meek
and Worthent, who bore out Lyon’s statement as to the pre-
sence of a dicyclic base in the calyx of Pentremites, but re-
garded the lower series as supplementary basals rather than as
true basals.

We have given great attention to this important question,
and must confess that up to the present time we have quite
failed to detect any plates which could be regarded either as
supplemental or as under basals. We cannot help thinking
that the plates so regarded are nothing more than the upper-
most stem-joint more or less modified.  Indeed it appears to
us that Messrs. Meek and Worthen were themselves not alto-
gether clear on the subject; for in the description of their
figures of Orophocrinus (Codonites) stelliformis, O. & 5., they
say :—* Fig. 5, a. A side view of a small specimen, showing
the part under the base that has been, by some, supposed to
be in the Peniremites the true basal pieces, to be really only
some six of the upper joints of the column, anchylosed to-
gether and to the base 7 .

In the meantime we wish it to be distinetly understood that
we do not commit ourselves to either view, but leave the
question an open one for further consideration and investi-
gation.

Genus PENTREMITIDEA, d’Orbigny, 1849
(emend. E & C. 1882.)

Pentremitidea, d’'Orbigny, Prodrome de Pal. 1849, i, p. 102,
Pentremitidea, d'Orbigny, Cours Elémentaire, &e. p. 139.

Gen. char. Calyx varying in outline from elongately
clavate-pyramidal to pentagonal obpyriform ; summit trun-
cate or convex ; base usually long and conical. Number and
disposition of the plates similarto those of Pentremites proper,
but the orals inconspicuous, confined to the summit, and never
visible in a side view ; radial plates always strongly lobate.

* D. D. Owen’s 3rd Report Geol. Survey, Kentucky, 1857, p. 468,
+ Illinois Geol. Survey Report, 1873, v, p. 464 (note).
{ Loe, ett. v. expl, of pl. ix. fig. 5.
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Ambulacra narrow in all but one species, not greatly de-
pressed within the radial sinuses. Side plates lying actually
on the lancet-plate, and usually hiding it from view. Spira-
cles usually large, and, as well as the hydrospires, con-
structed like those of Pentremites. Anal aperture confluent
with the two spiracles at its sides, to form a common anal
spiracle.

Obs. The name Pentremitidea™ was proposed by D’Orbigny
in 1849 for two Devonian Blastoids from Spaimn, which he
believed to be peculiar in having a calyx composed of but
two rows of plates, the basals and radials. Rémerf showed,
however, that the two species in question, P. Paillettd, d’A.
& de Vern., and P. Schultzii, d’A. & de Vern., are provided,
like other Blastoids, with the third row of plates or orals.
On these grounds, therefore, Pentremitidea has not been
adopted by later writers on this interesting class. It appears,
however, that P. Padllett/, in common with a limited number
of other forms, possesses peculiarities of calicular structure
which separate it at once from Pentremites as understood by us ;
and we propose, in consequence, to rehabilitate d’Orbigny’s
name for such species,

It may be contended that an entirely new name would
have been preferable in this case. I'rom the fact, however,
that d’Orbigny’s types, although unknown to him, happen to
possess the chief points of structure on which we propose to
separate the genus from ZPentremites, we prefer to adopt his
name rather than unnecessarily burden science with a new one,

Pentremitidea has a more slender and elongate calyx than
Pentremites, or else one approaching in outline to that of
Orophocrinus.  These apparently dissimilar forms possess, in
common, a slender base, narrow ambulacra, and oral plates
entirely limited to the summit. The side plates of the ambu-
lacra lie directly on, and in a great measure cover, the lancet-
plates, except in one species. Such characters are diametri-
cally opposed to those of Pentremites, when restricted (as we

* It may be well to state here that, in a paper read at the York meet-
ing of the DBritish Association in September 1331, one of us referred to
the genus Pentremitidea and to P. Palletti as having the hydrospiral slits
more or less concealed by the ambulacra, but partially visible at their sides.
We have since found, however, that a species presenting these characters
(which will be described under the generic name Pheenoschisma) has been
hitherto confounded with the true Pentremitidea Pailletti, from the same
locality, which 1t somewhat closely resembles in external form,

This fact seems to have escaped the notice of the donors of these
fossils to the national collection, both types sharing in a common label—
“ Pentrenmutidea Palletti.”

T ¢ Monographie der Blastoideen,” Borlin, 1852, p. 49,
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propose that this name should be) to such species as P. Glodons,
Detrance, sp., P. suleatus, Romer, and P. pyriformas, Sa},&c

The V‘unblh‘ry of external form is perhaps as marked in
this genus as in any member of the Blastoidea. Two distinct
types are met with, the pyriform and clavate. Starting with
the type species, . Pailletti, representing the former, we have
in the onc direction a gradual transition through 2. lusita-
nica to the much more L]O]l"“tte(l calyx of P. Schultzvi, with
its truncated summit and e\pamh,d ambulacra. In the other
direction we observe a gradual change in outline through
P. eifelensis to P, cé’m*rzm and P. acutangula, and so on to
the Orophocrinoid species P. angulata and P. simifis.

The amount of truncation of the summit also varies consi-
derably. In P. Schultzii we see the limit of variability, the
%umnnt being broad, flattened, and extending across the whole
wulth of the calyx. The width of the %lllllllllt 18 decidedly
less in P. P ailletts, again smaller in P, lusitanica, and still
more so in the aberrant P. angulata and P. stmilis. Similarly,
the broader the summit the wider the ambulacra; hence we
meet with the greatest development of this kind in 2. Sehultz1d,
the ambulacra gradually becoming narrower n P lusitanica
and P. Pailletti, and reaching the limit in the same two forms
mentioned nhnve

As regards the more intimate structure of the ambulacra,
we may deulbr' three examples. In the first of these, P.
Schultzii, the ambulacra are very wide, flattened, or a little
concave, and more or less deltoid in form. The Lmut -plate
clongately petaloid, more markedly so than i most Blastoids.
The side 1;1 tes d])llttlll“ against 1t are fourteen on each side,
narrow, and oblong. The outer side plates are very sma[l
placed qmtv at the extremities of the side plates, and nuuly
on the same level with them. In the clavate and pyriform
types the structure is more or less similar, as, for nstance, in
P. clavata and P. lusitanica. The side pla,tu:. do not 1mlcll
the edges of the radial forks; but the intervening spaces are
blul'-e-cl over by the outer side plates, .lltullﬂtlllf‘l with the
pores, which are very large.

We are .wqmmtud with the hydrospires of only two species,
P. Sehultzed and P. Pailletti, in both of which these organs are
eight in number on each suh, of the ambulacra.

One of the most important features i Pentremitidea is
given by the oral plates, which, in consequence of their very
small size and close connexion with the summit, afford one of
the most stable characters of the genus. In most of the
species they are quite inconspicuous, and cannot be distin-
ouished except as forming the dividing septum of the spira-
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cles. They are visible in P. lusitanica, and again in P,
Schultziz, but are of a much more elongated formin the latter
species,

The species we propose to place in Lentremitidea ave the
following :—

Pentremites Pailletti, d’Orb.  Devonian ; Asturias.

P. Schultzit, d’Orb.  Ditto.

P. acutangulus, Schultze. Devonian; Iifel.

P. clavatus, Schultze. Ditto.

P. eifelensis, I'. Romer. Ditto.

Pentremitidea lusitanica, nobis.  Devonian; Spain
(? Asturias).

P. angulata, nobis.  Ditto.

P. similis, nobis. Devonian ; Eifel.

Pentremitidea appears to be essentially a Devonian genus,
being altogether unrepresented in the Carboniferous rocks.
Halt its known species occur in the Eifel, and the rest
in the Asturias. The fine collection of Mr. Wachsmuth
contains an unnamed Blastoid from the Upper Silurian or
Lower Devonian of Charleston, Indiana, which we cannot
distinguish from the Spanish Pentremitidea Pailletti, So far
as we know at present, this is the only species of Blastoid
which 1s common to Kurope and America. We think it
very probable that some of the more obscure American species
of Pentremites will also have to be referred to this genus.

Pentremitidea lusitanica, sp. nov.,

Sp. char. Calyx clavate-pyriform, elongated, expanding
gradually upwards; peristome truncate; base elongate and
pointed. Basal plates only a trifle shorter than the radials
forming an elongated cup, the lower portion of each plate
bearing a strong central ridge, which assists in the ornamen-
tation. Radial plates rather narrow, elongated, and arched
from the lip downwards along the body. Three impressed
lines diverge from the lip, one to each infero-lateral angle
and one along the middle line. Radial sinuses with sharp
erect margins, making an angle of about 134° with the trun-
cated peristome; lips a little thickened and simply rounded.
Ambulacra elongately petaloid; lancet-plates broad, almost
wholly filling up the radial sinuses; side plates large and
oblong, their outer margins rounded, about fifteen in number
on each side the ambulacra; outer side plates narrow, hent
down at a much greater angle than the side plates. Surface
ornamented by fine close concentric raised lines parallel to the
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margins of the various plates, those on the lower portions of
the basal plates being of a peculiar V-shaped pattern.

Obs. This is a well-marked species, which may be at once
distinguished from Lentremitidea dfm.:m, ‘-)chultfe, P. acutan-
qula, bdiultm, P. Schultziiy de Verneuil, and the two species
next to be described, by the outline of the calyx. It differs
sharply from 7. Paille tti, the type of the genus, in the lobation
of the radials, the smaller angle of inclination of the radial
sinuses, and in their shorter l(_ngtll P. lusitanica to a cer-
tain extent resembles P eifelensis, F. Romer, of which
Schultze has given a figure. Indeed, this species is its closest
fllh but here, ﬂ&dl]l, the radial ang 1{, 1s quite dlﬁ'u'ent, and
gives to the Bifel species the appearance of possessing a longer
and more curved sinus in each radial, and a very much less

breadth across the peristome.
Loc. and Horizon. Asturias, Spam ; Devonian (Mus. Nat.

History).
Pentremitidea r't.iagufm’u, Sp. nov.

Sp. char. Calyx pentagonal obpyriform, enlarging upwards
to the distal extremities of the .unhulacm, which are nearly
equatorial ; section decagonal, without re-entering angles be-
tween the :unbulacm f-mmmT small. Basal plates a little
less than half the lLll“t]l of the radials, forming a strongly
triangular cup, with ﬂn‘co prominent anu!m, one correspon-
ding to an mtou‘ulma, the two others opposite ambulacra;
qmiau of the plates between the angles hollowed out; ]Jd‘:aL
of attachment for the column hld]l”llldl Radial plates elon-
gated, their surfaces i two pliuwa which cut one another at
the qumtmml line of the calyx: the upper, sloping away to
the summit, consists of the limbs ; the Iowu, or the body
below the 1 adial lips, extends to the basiradial sutures 'md
is hollowed out; a median ridge passes downwards from each
lip to the 1 asiradial suture, whilst the angle produced by the
union of the two planes in:m% the ﬂlcdte-t periphery or
equator of the calyx. The lateral margins of the radial imbs
are not placed in dqnuamna but the line of union of every
two adjacent limbs forms a prominent angle of the calyx.
Radial sinuses very narrow and long, with prominent lips.
Oral plnm quite apical. Ambulacra long and very narrow,
maintaining almost the same width throughout their w llDIL
course ; lancet- plates mearly as w ide as the sinuses ; side
lates about twenty in number on each side of an ambulacrum,
short but broad. ‘wlm acles close round the mouth; .uml
R]nmd{, with a prominent outer margin.  Surface ornamented

in the usual way.
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Obs. This is a very interesting and peculiar species, repre-
senting, with that next to be described, one extreme type of
the genus. The form of the calyx and the angulation of the
radial plates will readily separate P. angulata from all the
described species.  The abruptly clavate outline indicates an
approach to P. clavata, Schultze ; but no other resemblance is
observable ; whilst with /% similis (nobis), although after the
same general type, no definite comparison can be made.

There is a curious resemblance in external form between
Pentremitidea  angulata and  Phanoschisma caryophyllatum,
de Koninck sp., a member of a distinet genus that differs
altogether from Pentremitidea inits other characters,  Pentre-
mitidea angulata 1s the aberrant species of the one genus as
Pheenoschisma caryoplyllatum is of the other.  Both agree to a
certain extent in outward form, and differ in this particular
trom the other species of their respective genera.

Loc. and [orizon. Asturias, Spain; Devonian (Mus. Nat.
History).

Pentremitidea similis, Sp. nOV.

Sp. char. Calyx pentagonal obpyriform, expanding rapidly
upwards above the basiradial sutures; section strongly pen-
tagonal, the greatest periphery being nearer the summit than
the base; the latter is sharp, and the former depressed.
Basals forming a small slightly "expanded cup. Radials
arched, broad at their bases, expanding very slightly upwards
to the level of the lips, the limbs then rapidly decreasing to
the summit, and forming strong projecting lobes around the
calyx ; sinuses very narrow, straight, the angle about 134°.
Orals almost mvisible,  Ambulacra narrow.

Obs. Although we are only able to give a limited definition
of this species, it is nevertheless suflicient to show how clearly
distinet 1t 1s from any other Pentremitidea. On the other
hand the resemblance of the calyx in general form to that of
an Orophocrinus, especially that of the typical species 0. stel-
liformis, is very remarkable ; but here, of course, the resem-
blance ceases. Theradial angle, the length of the ambulacra,
and the greater amount of calycular surface between their
distal extremities and the base of the calyx in 2. similis
separate it from ZP. clavata, Schultze, to which it is nearly
related. The form of the radial plates in . angulata, irre-
spective of other characters, at once separates the latter from
P. similés. The Messrs, Sandberger have described a peculiar
form from the Rhenish Devonian rocks, which is much too
depressed a species to be confounded with ours, even supposing
the former to be a Lentremitidea,

Loc. and Horizon. Eifel; Devonian (Mus. Nat. History).
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Genus PraNoscHISMA, gen. nov.

Gen. char. Calyx elongately clavate or obelavate ; the
number and disposition of the plates and general compoutmn
of the ambulacra similar to those of Pentremites. The oral
plates are very small, inconspicuous, and always confined to
the summit, where they are either horizontally placed or in-
clined inw a1r]- The radials bear three more or less distinet
folds diverging from the lips; and the two contiguous limbs
forming the anal side are more or less abortive. Radial
sinuses wide and deep, generally with steep sides. Spiracles
as distinct apertures dbwllt the hydrospires opening externally
by a series of elongated slits with interven ing ridges, distri-
buted in f«11bp:1ull(:l series on the ~]n]nun sides of all the
radial sinuses; they are either both radial and oral or only
radial in composition ; and being only partially covered by the
ambulacral plates, their distal ends (or even the entire length
of some) are vigible on the sides of the radial sinuses Lancet-
plate concealed by the side plates (in all but one wpocw s
outer side plates very small.  Anus a separate opening, and
further removed from the summit-centre than in Pentremites.
Column, when compared with the size of the calyx, larger
than in the last-named oenus.

Obs. We have established Phenoschisma for a small num-
ber of interesting species hitherto included in Pentremites.
The late Mr. E. Billings, in a remarkable article “On the
Structure of the Limmdea, Cystoidea, and DBlastoidea” #,
referred as follows to the peculiar structure of the ambulacra
in Pentremites caryophyllatus, de Koninck T:—* The ends of
the fissures of the hydrospires are seen along the sides of the
angular ridges, which extend from the apices of the pyramidsf
to the angles between the arms. I do not think that such
species can be referred to Pentremites ; andif 1 had specimens
before me instead of figures only, I would most probably in-
stitute a new genus for their reception.”

It affords us much pleasure to adopt the suggestion of M,
Billings by proposing the name Phanoschisma for Blastoids
possessing these characters, They differ from Pentremites in
four essential points of structure—the absence of true spi-
racles around the peristome, the presence of a distinet anal

* Amer. Journ. Se. 1869, xlviii. p. 80.

1 DBillings seems to have merely copied De Koninck's figure of this
species (L. c. P 79, hg 11), which is erroneous in that the d]lucilcln of
these fissures 1s given 110111 below the ambulacia outwards, whereas in
reality they are -ubpamlle1 to the latter (see ¢ Crinoides du Terr, Carb,
Belgique,” 1854, t. 7. f. 3, b).

1 1.e. the oral plates (-- deltoids of authors).
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orifice, the oral plates being of inconspicuous size and con-
fined to the summit, and the “marked change in the disposition
of the hydrospires and their method of opening externally.

In Pentremites it will be remembered the hydrospires are
situated internally immediately right and left of each ambu-
lacrum, then communicate above w rith the common hydrospire-

canal, which opens externally by means of the pores ranged
{11011}_; cach side of the ambul: acra, and also through the spi-
racles at the apex. But no part of the hydrospiral apparatus
15 visible C\tunall} the whole of 1t being concealed by the
lancet-plate and side plates of the wide ambulacra.

In Pheenoschisma, on the other hand, the radial sinuses are
much wider and deeper than are those of Pentremites. The
lancet-, side, and outer side plates fail to fill them com-
pletely, and are confined, generally speaking, to the bottom
of the cavity of each smus. The spaces so left uncovered,
consisting of the sides of the sinuses, formed by the mtumcd
edges of the radials and orals, but chiefly, and sometimes
wholly, of the former, are OLCIII)IUI by a variable number of
sub[mmllcl slits, w lnch are in fact the openings of the hydro-
spires exposed to view. The slits near the bottom of the
cavities are the longest and most completely covered, and
those near the top of each sinus the shortest, the outer ones
being sometimes visible throughout their entire length. The
number of the slits exposed and the amount of their exposure
entirely depend on the relative size of the side and outer side
plates, and how far they extend in a lateral direction towards
the sides of the sinuses. In this way the hydrospiral canal
and true spiracles are dispensed with, the ]1\*(110-1}]10-5 com-
municating (llle{,tl} with the exterior without the aid of any
intermediate orifices.

Phenoschisma is allied to the genus Codaster, M‘Coy, both
in the structure of its respiratory organs and also in the
absence of ambulacral pores. It d]ﬂth, however, from
M‘Coy’s genus in the partial exposure only of the ]1}(]10\1)11‘11
slits, and in their presence in the anal interradius, as well as
in the four others. Pha noschisma, In consequence, possesses
ten groups of hydrospires, whilst Codaster has only eight.
Further, the former genus has relatively smaller orals than
the latter, and it may possess outer side plates to the ambu-
lacra.

Phanosclisma differs from Orophocrinus in the fact that the
ambulacra are nowhere 1 contact with the sides of the radial
sinuses, as in Von Seebacl’s genus, and that the oral plates
never show in a side view of the calyx. To Pentremitidea
Pheanoschisma stands in the same relation that it does to
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Pentremites, except as regards the oral plates, which resemble
those of the former genus.

Spiracles, in the true sense of the word, do not exist in
Pheenoschisma. At the same time there are visible in Pr.
acutum, Phill. sp., some small openings at the central ends of
the ambulacra, which may serve as such, and coexist with the

exposed hy dmspm, slits. ~ They are imperceptible in P%.
Archiaci, nobis, but are present to some extent in L%,
ca;yop/xlﬂ?m‘mn, de Kon. s Sp-

The species vary considerably in the amount of exposure
of the hydrospiral slits. In Z%. acutwn one slit is usunally
visible for the greater part of its length, though it may some-
times be entuel},r concealed upon one side of an ambulacrum.
Ph. caryophyllatum shows one uncovered slit and the distal
ends of four or five others, while in Ph. Archiaci two slhits
are completely visible and four others partially so

Finally, the exposure is carried to the greatest extent in
Ph. Vernewili, nobis, which has the majority of its slits
uncovered.

So far as the genus is at present known to us, the form,
with one oxceptlcm is elongately pyriform. The abnormal
species 1s Fh. Cfuy(ysfgh’m‘um, which is a shorter, rounder,
and more depressed species than any of the others,  Similarly
the ambulacra are narrow in all but this species, where they
become to a certain extent petaloid. Again, the side plates,
except in the same species, lie actually on the lancet-plate,
and not against 1t as in Pentremites.  This 13 a feature which
18 very characteristic of the cenus Granatocrinus, and 1s again
seen in Pentremitidea.

The retention of the small and inconspicuous orals at the
summit of the calyx, so that they are invisible in a side view,
1s a very marked feature in Phwnoschisma, and a constant
character throughout the genus. 'They are of larger size in
the aberrant P ((UJfTﬁJ:’/czfm;a than in any of the other
species.  We have succeeded in exposing the watervascular
ring of this genus, and find that it is of essentially the same
character as that of Pentremites, Orophocrinus, and Granato-
crinus. It is perhaps a little smaller, and the canals leading
from the apertures in the lancet-plate rather longenr.

The anal aperture varies in its character according to the
species.  For instance, in . Archiaci the contiguous limbs
of adjacent radials t01111111<__=, the anal interradius are shortened
and truncated, so as partially to surround the anus. In L%,
acutum, P hill, sp., on the other hand, the cristiform aspect of
the other interradii is in no way altered in the anal inter-
radius, and the surface of the oro-anal plate is hollowed out
for the partial reception of the aperture.
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We propose to include the following species in the genus
Pheanoschisma :—

Pentremites acutus, Phillips.  Carboniferous Limestone,
England.

Lentremites caryophyllatus, de Koninck. Carboniferous
Limestone, Belgium.

Phenoschisma Vernewili, nobis. Devonian, Spain.

Pleenoschisma Archiaci, nobis.  Devonian, Spain.

Our researches have not disclosed the existence of the
genus during Silurian times ; but it appears to have made its
first appearance during the Devonian period, as represented
by the Devonian rocks of Asturias, Spain. Phenoschisma
reappears in the Carboniferous Limestone of England and
Belgium, but, so far as we can ascertain, is unrepresented in
the American Palwozoic rocks, unless Pentremites kentucki-
ensts, Shumard ¥, from the Subcarboniferous rocks near
Louisville, Kentucky, be referable to this interesting type.

Phanoschisma Vernewili, sp. nov.

Sp. char. Calyx elongately pyramidal, with a sharp-
pointed base and a lmllow summit excavated in the direction
of the rays. The ambulacra are separated by strong inter-
radial plf}was, each of which is formed by the union of the
adjacent limbs of two contiguous radials. Section distinctly
pent.«umtml at the distal (,ml:, of the ambulacra. DBasal plates
forming an elongated cup about two thirds the length of the

radials and a little longer than the bodies of those plates.
Radial plates large, amhell with prominent lips, from which
three folds diverge dowmmuh limbs long and projecting
above the summit, except the tw contiguous ones forming
the anal 111t911¢1{11t1-, which are flattened or depressed ; sinuses
very wide and deep, with high sloping sides. The four
similar oral plates very small, “but the anal- oral larger and
diamond-shaped. Ambulacra’ linear, scarcely increasing in
width ; lancet-plate narrow, e“tuuly concealed ; outer side-
plates very small and triangular; side plates 11'um twenty to
twenty-five, apparently nl;lrmg ; ln drospire-slits from twelve
to eighteen, crowded together. Mouth small ; anus roundly
tnfuwulcu. Surface ornamented by sharp stmu parallel to
the margins of the plates. A distinet border follows the
margin of each radial plate, defined by a faint groove.

Obs. Phanoschisma Verneuili needs no comparison with
other species of the genus, except with Ph. acutum, Phill. sp.,
* Trans. St. Louis Acad. i. p. 239, t. ix. £. 13.

Ann. & Mag. N. Hist. Ser. 5. Vol. ix. 1T
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from which it differs in size, in the elevated nature of its
interradii, and in its greater mmﬂJe] of hydrospiral slits.  As
regards fmm Ph. Verneusli represents one extreme modifica-
tion of the ﬂonu-, and Ph. caryophyllatum another.

Loc. and Horizon. Asturias, Spain; Devonian (Mus. Nat.
History).

Phenoschisma Archiact, sp. nov,

Sp. char. Calyx clavate, becoming more pentalobate with
age. The angles of the ponhwnn cmlo«pm]d to the distal
ends of the ambulacra ; and its sides are concave, not straicht.
Base long and sharp; oro-anal surface truncate. Basal
plates very long and slender, longer than the radials, expand-
ing very gradually into a small cup, the surfaces ornamented
with concentric strie having two different directions. Radial
plates small, lobate about the lips, projecting somewhat up-
ward, and nl)llquvh truncate on their upper margins ; those
of the anal interradius are a little flattened.  Surface somewhat
angular in the middle line from the lips down to the basi-
radial suture. Sinuses short, having a radial angle of about
130°, and somewhat pet taloid. Orals confined to the immediate
neighbourhood of the mouth. Ambulacra short, a little peta-
loid ; lancet-plate lanceolate, narrow, deqnh tn(m“nim m
soctmn side plates few, six to eight or nine, ohlnnu; outer
side 1]-1?% triangular, xen’ small. ]1\'(110-p1m~sht- SIX on
each side, the sixth pa]’[m]h covered by the lancet-plate, two
only bcmn entirely exp josed when the side plates are in
position, Hydrospires in the form of long, pendent, slender
sacs. Mouth small; anus roundly tlldli“llldl Surface of
plates ornamented with concentric siris.

Obs. Ph. Awchiaci does not possess the elevated inter-
radial spaces of Ph. Verneuild, and 1s thereby distinguished
from it, apart from their differences in other characters. The
outline Of the calyx generally, the form of the anal interradius,
and the general features of the ambulacra and hydrospire-
slits sepmatg it from Ph. acutum. 1t 1s also unlike Ph. caryo-
phyllatum, but may be said to be a transitional form between
the two former c«pecw% and the latter. The ornamentation of
the basal plates 1s quite similar to that of a species of Pentre-
mitidea (. lusitanica), and might lead to a confusion of the
two species should the generic characters not be properly
attended to.

Genus CopasTter, M‘Coy, 1849.
Codaster, M‘Coy, Ann. & Mag. Nat. Hist. 1849, ii1. p. 250,
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Forfrrsfer vel Codonaster, M‘Coy, Brit. Pal. Foss. 1851, fase. i. p. 122,
3D (expl.).
('or?mmafﬂr FF. Romer, W 150111{11]11::_&10111\ fur Naturgeschichte, 1851,
xvii. Bd. i. p- 981.

Obs. Without absolutely redefining Codaster, we may say
that, on the whole, we accept M Cm* s definition as accurately
dec:cnbmn the characters of the genus.  Some few emenda-
tions and additions are necessary. IFor instance, the radial
plates (M‘Coy’s suprabasals) not only “reach to the trun-
cated summit,” but they are more or less inturned at the edge
of the Summlt towards the apex, so as to form limbs in the
usual way, which enclose narrow radial sinuses like those of
other Blastoids. Oral plates also are present, appearing as
diamond- almpml plates on the truncated summit in well-pre-
served specimens. Four of these bear 'dumg their median
line the ¢ thick, rapidly tapering ridges” of M‘Coy, which
are In no way an abnormal structure, but only re plea{-nt the
crests of the orals (and sometimes tlle combined orals and
radials) of other genera.

So far as our own researches have gone, we have been quite
unable to detect the supplemental basals deseribed by Mz. S.
S. Lyon ¥ in any species examined by us. The “rough
]malld strize’ and the “impressed lines” between them of
M‘Coy appear to have been a great stumbling-block to the
earlier investigators of this genus. Lyon 10111(111 “the de-
pressed tri anﬂuhu 1111(1\0111110 spaces are filled with seven or
nore thin pieces lying par: allel to the pseudambulacral fields,
articulating with the summit of the second radials, and the
prominent 11(!1*0 lying between the pseudambulacrae.  These
pieces were ev uhnth capable of being compressed or CEL,«-
1J1t>~-(‘~=1 +. It is almost needless to observe that the view
asceribing to the hy dlf)*-]llldl grooves the nature of distinct
pieces is na longer tenable.

In 1861 Prof. James Hall observed that the striated inter-
radial spaces of his Codaster Wihiter ** appear to be composed
of separate linear plates like the pectinated rhombs of the
Cystideans ; and in one place, where broken through, t]nty
are seen to l}f_ digcontinued almost to the mner Llu, of the
subst: mco giving the appearance of numerous thin parallel
lamellae”f.  These remarks may be said to have foreshadowed
the important discoveries which were afterwards made by the
late Mr. Rofe, and published in 1865. He found, by cutting

#* D. D. Owen’s 3rd Kentucky Report, p. 493.
t Loc. cit. p. 494.
1 Boston Journ. Nat. History, 1861, vii. no. 2, p. 327,

17®
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thin sections for the microscope, ““that the ridges on the
striated interradial surfaces are the tops of a series of folds of
a thin test or membrane, the alternate folds being so united at
the ends as to form a series of long but very narrow sacs ;”’ and
he further suggested their wplmtnw character #.  These
organs were c: alled hydrospires by Billings T, who has con-
hlmod Rofe’s observations ; and after a cawtul examination
of Rofe’s material, we are ﬁltid to be able to add our own
testimony as to the accuracy of his descriptions. The full
complement of hydrospires is dchuent, as Mr. Billings has
very justly pointed out, by two sets, in consequence of one
interradius being (,mnpla,tel} occupied by the large vent?
there are therefore eight sets, instead of ten as in the cloaely-
allied Phanoschisma, " Pentremites s, and other genera. Owing
to the direct mmmunuatmn of the ll\{]lu'ﬁi)ll(}*‘ﬁllta with tlu,
exterior, there are no hydrospire-canals or spiracles.

l*mm an examination of the British Codasters we can con-
firm the IICHL‘IIPHU]] civen by ];Lllmf_-h of the structure of the
ambulacra i a Canadian species §.  As there are no hydro-
spire-canals, there are no pores ; and we doubt whether outer
side plates ‘nc present in all species. Although we agree
with most of Billings’s du«ulptwus of .‘-»tlll(.,ﬂl.ldl dmml.tu«
we cannot accept his deductions from them as to the Cy -stld
affinities of Coodaster, a point which we shall touch upon lat(*. 3

Messrs. Meek and Worthen have suggested || that the
puncta in the hydrospiral grooves communicate dno”tly with
the hydrospires, and 1:>pluult the spiracles of other Blastoids,
We cannot assent to this; nor are we at all clear that puncta
exist in the impressed lines on the interradial areas of

Codaster. M‘Coy only deseribed them with doubt; and no
definite evidence has lil(“wt'llt('fl itselt amongst the lu“e num-
ber of DBritish specimens of Codaster e\fumnvd by us.
Neither do we see the slightest reason to suppose that any
portion of the hydrospire- alr]mmtus was capable of movement,
as suggested by the following remark of S. S. Lyon{ :—

b th(‘w I]lLLL‘b were evidently c: qmblu of being compressed and
depressed.”

The number of In’ﬂm»pnos varies considerably according
to species. In M‘Coy’s C. trilobatus there are as many as

#* Geol. Mag. 1865, ii. p. 251.

T Amer. Journ. Se. 1869, xlviii. pp. 78-80.

1 Loc. cit. 1870, xlix, p. 54.

§ Loc. cit. 1869, xlviii. p 79.

|| Proc. Acad. Nat. Sei. Philad. 1869, p. &4 (note).

€ D. D.Owen’s 3rd Report Geol. Survey of Kentucky, 1857, p. 494.
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ten exposed in each area, or sometimes nine exposed and one
partly concealed under the side of the adjacent ambulacrum,
In other varieties of this species we meet with seven grooves
or slits; and some may be seen with eight. In C. acutus,
M- Coy, the number varies from three in tlm young condltmn
to four, five, or six, according to the state of growth; but
invariably one and sometimes one and a half are concealed, as
mm C. trilobatus¥*. The hydrospire-slits i C. pyramidatus,
Sllumald, are six or seven in number, and seven or more in
C. alternatus, Liyon. Lastly ,m C. Huzdc , nobis, there are
seven :1pmtmes on each of the interradial sp(u,es one of which
1s more or less covered by the edge of the ambulacrum.

We see no reason to doubt ﬂldt Codaster possessed the usual
plated integument over the central aperture, as noticed by
Mr. Bil 1111%1‘ but we have not been fortunate enough to
discover it in any of our DBritish “\l']C‘Lll'I'lLllb The outlme of
the ambulacra varies but little. 'T'hey are lanceolate in the
British species, narrow and linear in C. americanus, narrow
in C. Whiter, and petaloidd m C. pyramidatus. 'The side
plates do not cover the lancet- -plate entirely, but rest on its
sides, leaving about a third of its width uncov ered. The sides
of the lancet-plate are always deeply notched for the reception
of the side-plates. The latter vary in number according to
species ; the DBritish form possesses from six to ten on mch
side. (. Whited has twenty-three or twenty-four {, whilst in
C. pyramidatus there are twenty-two. We have not been
able to detect outer side plates in the Briti*sl species ; and, as
before mentioned, there are mno pores ; but each side plate
carries a large socket for the ](’.U?]Jtll)ll of the appendages.
The structure of the ambulacra in the American Codasters
appears to be somewhat different.  Lyon described the ambu-
lacra of C. alternatus as ‘“divided into four equal parts by
three indented lines.” Shumard deseribed and figured the
same thing in C. pyramidatus ; and the structure of our C,
Hinded is 1identical. The middle one of the three indented
lines is the ambulacral groove, the two lateral ones bounding
the side plates, which here lie on and almost entirely conceal
the lancet-plate.  The outer side letu are placed outside the
lateral ““indented lines,” and project somewhat upwards;
pores were not observed.

The interradial or oral ridges present some marked pecu-

* These two so-called species appear to graduate into one another ; and
some doubt if they can be regarded as distinct.

t Loc. cit. ]baU xlix. p. Jl
1 DBoston Journ, Nat. Hist. 1861, vii. no. 2, p. 327,
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liarities ; and the outline of the summit depends very consider-
ably upon the flatness or arched character of the pldtL‘c which
bear these ridges. In C. pyramidatus they are flat, broad,
and lanceolate, sharp in (. Whitei, and barely separ atmn' the
slits of adjacent interradii at their outer extremities. DBut
they becoine wider towards the mouth; and their proximal
ends in this species and in C. alternatus bear small tubercles.
In the latter ‘%[}C(‘i(_‘ the oral ridges project somewhat above
the general surface of the summit and slope inwards ; but in
C, j;J;(.rmufams they are inclined outwards, and to a certain
extent also in C. Hinder.

The radial sinuses are short in all the species, and usually
triangular. The anus is either rhombic, as in C. pyramidatus
and C. trilobatus, or ovate (C. alternatus). 'I'he column
appears to have been circular and very small.

Clodaster differs from Pentremites and Granatoerinus in the
greater distinctness of the summit from the remainder of the
calyx, in the abgence of “']Jil'élt_‘.lfs and the presence of the
large ‘interradial anal opening, in the reduction in the number
of the groups of hydrospires from ten to eight, owing to their
absence from the anal interradius, in this opening directly
to the exterior mstead of being withdrawn beneath the ambu-
lacra, and, lastly, in the .L]mn( of hydrospire-pores. The
same dlﬂldeLl‘: lllm separ ate Codaster from fueiuum‘u('ca,
bdnuuﬁ[{fsms Tricaelocri Lnus, and Zroostocrinus. 'There 1s a
nearer aﬂmlT_} L‘\l“«tllls_’J between Codaster and Phaenoschisma
in the exposure of the hydrospiral slits on the surface of the

calyx, and in the absence of definite spiracles ; but in the
latter genus the anal interradius is occupied by h}uuapuu&,
and ﬂl(} outline of the calyx in the two genera 18 quite
different.

Codaster was established by M‘Coy as a Blastoid; but
Mr. Rofe # regarded it as a connecting-link between the
Crinoidea and Cystoidea, Fentremites being more closel
allied to the former, and Codaster to the latter. On the other
hand, BillingsT duhmtd} referred it to the Cystoidea, because
tllc,le 1s no connexion between its hydrospires and tlu, cavities
of the pinnulee borne on the ambulacra, such as he assumed
to exist in Pentremites. ,

We cannot learn that any other palmontologist but Prof.
Zittel § has definitely adopted this view, which is far from
commending itgelf to us. It Codaster 1s a Cystoid, so are

# (zeol. ).la:;_:‘. 1865, 1i. p- 251.
T Amer. Jouru. Se. 1869, .\1\111. p- 80.
{ Handb. d. Pal. 1820, Bd. i. Abth. 1, p. 424.
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Orophocrinus and Phewnoschisma, which are also devoid of
pores at the sides of the ambulacra leading into the hydrospires.
But Codaster is a true Blastoid in every respect; and we
think that Billings was led to this erroneous conception by
his not having emancipated himself from the old doctrine of
the pinnules of Pentremites being placed directly over the
hydrospire-pores bordering the ambuldcm, a theory now
abandoned by all the more prominent writers on the Blastoidea.

The following species are comprised in the genus Co-
df..",‘if:’;' gt

*Codaster acutus, M‘Coy.  Carboniferous Limestone,
England.
C. nifruzafue Lyon. Upper Helderberg group (Lower
Dev r_ml'm)j Kentucky.
C. americanus, Shumard. Upper Helderberg group
(Lower Devonian), Kentucky.
C. pyramidatns, Shumard. Upper Helderberg group
(Lower ‘Devonian), Kentucky.
(. trilobatus, LL(,-U.). Carboniferous Limestone, Eng-

land.
C. Whited, Hall.  Burlington group (Subcarboniferous).

Codaster thus appeared first in the Lower Devonian of
North America, and was represented by three species. It
extended into the Carboniferous Limestone of the same con-
tinent and of the British Islands; but we believe it to be un-
known in the Upper Palxozoic 1001 of the continentof Europe.

If the Blastoid described by Messrs. Miller and Dyer as
Codaster 7mfdmfhcs+ belongs to this genus, which we very
much doubt, Codaster will theu range back i 111 time as far as
the Niagara group (Wenlock).

Codaster Hindei, sp. nov.

Sp. char. Calyx obtuscly conoid and wall-sided ; summit
more or less truncated and decagonal; oral crests of nearly
equal length with the aml bulacra. Imml and radial leth
about ulual m luwtll the latter convex, most shtupl_} SO In
the middle line; but tlu, limbs are plaul at such an tmgle
that the union nt every two produces a perfectly flat side to
the calyx; sutures not m: arked by any depression ;  sinus
yhombic. Four regular oral pLitu rhomboid and arched,
with a narrow sharp oral ridge, either in the same %110141
plane w ith the summit or inclined very slightly Oll!]“"aldr:,

# Probably identical.
+ Journ. Cincinnati Soe. Nat. Hist. 1878, t. 1i. f. 13.
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and terminating around the mouth in blunt processes. Am-
bulacra lanceolate-petaloid, tapering but lttle, with a well-
marked food-groove, and another groove on each side sub-
parallel to it. Lying on the lancet-plate between the food-
groove and these lateral grooves are the side plates, that
portion of the ambulacra outside the latter being n all proba-
bility firmly anchylosed outer side pl: ites ; pmnula-ﬁoe]mf%
large. Il}dlo%lm -slits seven in number in each interradius,
lm]i exposed, and one covered by the edge of the ﬁ[l].ltﬁﬂt
ambulacrum. Mouth very small; anus rhomboid.  Surface
smooth in the example under examination, but probably
ornamented by strize following the margins of the ])thva

Obs. We are indebted for this interesting species to our
friend Dr. G. J. Hinde, who bL‘]IL\(Hlt to bv identical with
Codaster canadensis, DBillings (MS.). The few remarks #
made by Mr. Billings ahunt ( canadensis are quite msuffi-
cient for 1its ulultlhutmn and we have therefore much
pleasure in associating 0111 specimen with the name of its
discoverer, who has so earnestly worked in the field of
Canadian pnh'nlltulcwv

The form of the racial thtu mcmpcdnc of other charac-
ters, at once distinguishes . Ifinded from C. Pg;(mud’uhm
Shumard, and therefore probably also from C. ameriecanus ot
the same author. The diagnosis of C. Wiite, Hall, partakes
more of a generic than of a C:p((.iﬁc character ; but 1t also
appears to bL a distinet species. The length of the radial
sinuses and ambulacra, and the angle at which they are
mclined to the ucnuml plane of the ammmt ahmplv distin-
guish C. a(!uﬁm’m Lyon, from C. .Umc!u? and give the
two ﬂpccms a very diﬂLrent appearance. Further, in the
summit of the former, when viewed from above, pmtlunb of
the inturned upper e.(lb-c-: of the radial plates are VibllJEL‘-; but
i C. Hindei the perpendicular position of the sides of these
plates quite prevents their appearing on the ventral aspect,
where nothing is visible but the true summit-characters.

Loc. and Ilorizon. Arkona, Ontario, Canada. Ilamilton
Group, Upper Devonian (Coll. G. J. Hinde, Ph.D., F.G.5.).

Genus GRANATOCRINUS (Troost, 1850, MS.), Meek &
Worthen (redef. E. & C. 1882).
Orbitremites, J. k5. Gray (MS.), Synop. Brit. Mus, 1840, p. 63.

(uru.*ut‘nuum’u Troost” (Ms.), Proc. Amer. Assoc. .hh Science for
1849, p. 62,

* Amer. Jeurn. Se. 1869, xlviii. p. 79
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Granatocrinus, (pars) Hall, 15th Annual Rep. State Cab. N. York,
1862, p. 146; (pars) Shumard, Trans. St. Louis Acad. 1865 (?), ii.
p. .‘,}"[}. (11&1«1 Meek & W 01tllen, Illinois Geol. Survey chmt
1866, 1i. p. 274.

Obs. The majority of American paleontologists have agreed
to distinguish as a separate genus a series of forms having
the ﬂeneml .stluctum of Pcntmuu!e Norwoodi, O. & S., “.
'me?u O. & S., and P. Sayi, Shumard. To these have been
ap])hcd the name Granatocrinus, which was first proposed by
the late Dr. G. Troost as Granatocrinites, the type being the
(. cidariformes, Troost.  Neither of T]lL’.\L ever became more
than a MS. n: unc; and, according to Dr. Shumard #, the
species 18 identical with FPentremites granulatus, Romer.
The latter unfortunately 1s equally little known, having
been described 01|l} from an internal cast, no mention being
made of the summit- lemdc rs.  Under these circumstances,
and for a due appreciation of the generic characters, we fnL
obliged to seck another type. We believe this may bv most
]f‘:l[ill} found in Pentremites Norwood?, O. & S., not only
from 1ts general acceptance as a hlnui Granatocrinus, but
as one of tlse species first referred to this genus.

We believe that Prof. James Hall was the first to use the
name Granatocrinus T, although without any precise defi-
nition, and after him Dr. Shumard {, who included in it a
larger number of species than have been retained by later
Amul an writers. The first actual deseription of Granato-
crinus to appear was by Meek & Worthen§, who supplement
their definition by the following remarks :— The generic
formula of this group is exactly “he same as that of Pentre-
mites, Say, so far as vegards the number andar rangement of
the 1}1{(05 1mmm<= the Lmh though the form and ]Jlt)})Ull]O]]‘n
of these I)lL’L('a are so lllllll\{., as to give a very different out-
line and general physiognomy to tht, cmllc fossil.  They are
therefore readily distinguished from Nay’s genus, as properly
1'est11cted by the Jllonulm oval, elliptical, or subglobose torm,
concave or less IllollllJC‘lﬂllt ])me, and much narrower and
more elongated pseudo-ambulacral areas, which m\tcud the
entire length of the body, so as to give 1t more the appear-
ance of an Echinoid. 111(\ hkewise present Lllfcum,t m
the arrangement of the mlmtmk) openings of the summit,
which are more intimately connected with the 11|tc11¢u.l|al
pieces, being sometimes excavated one into each lateral

* Trans. St. Louis Acad. ii. p. 375.

T 15th Annual Report State Cab. Nat. Hist. New York, 1862, p. 146.
I Op e,

§ Iliinvis Geol. Survey Report, 1866, ii. p. 274.
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margin of these pieces (G. Suayi)—or, in other instances,
piercing directly through them, so that each pair appears
externally as a single opening (G melo and G. Norwoodi),
though they divide into two distinct canals before passing
entirely through the plates. The typical forms of this genus
also have the interradial pieces proportionately much larger
than in the true Pentremites, though this is not a constant
character.”

On a comparison of the species thus separated from Pen-
tremites and united under Granatocrinus, we find that they
belong to two well-defined morphological groups. To the
first of these, having for its type Pentremites Norwoodi, 0. &
S., we propose to restrict the name Franatocrinus ; and to the
other, typitied by Pentremates Sayi, Shum., we apply the
name Schizoblastus.

The lancet-plate of an ordinary Pentremites does not fill the
radial sinus, but only occupies its central portion. Between
it and the walls of the sinus therefore a groove 1s left, at the
bottom of which are the slits of the hydrospires. This groove
is continued from the peristome on either side of the apical
end of each oral piece and down to the end of each ambula-
crum. It is not, however, left open, but is converted into the
“ hydrospire-canal”” by the side plates, which are wedged in
between the lancet-plate and the walls of the sinus.  In the
proximal portions of the ambulacra these walls are formed by
the oral plates, the central ridge of which is sometimes com-
paratively prominent, so as to separate the proximal side
plates of adjacent ambulacra, but sometimes so reduced that
these plates meet their fellows over the top of the oral ridge.
In either case, however, the passage from the peristome be-
tween the lancet-plate and the calycular plates becomes con-
verted into a canal, which 1s rooted over by the side plates
and opens at the summit by the so-called spiracle. T'his is
the structure of the summit in Pentremites proper.

In Granatocrinus Norwoodi, and in all the species met
with in DBritish rocks, with one exception, the lancet-plate
almost entirely fills up the radial sinus, and the narrow
hydrospiral canals are continued upwards through the substance
of the oral plates *, opening externally usually by five, but in
one case (G Lofid) by ten, apertures T. Most ot the other

* This structure was originally described by Dr, C. A, White in G,
Norwoodi (Boston Journ, Nat. Hist. 1303, vii. no. 4, p. 433).

t We have a specimen of &. Norwoodi in which one of the oral plates
is pierced by two spiracular openings instead of by one only. This 1s the
natural condition of four of the oral plates of the British &' Lofii, the
fifth one having a large anal spiracle as in all the species of this genus.
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American species referved to Granatocrinus, as G. melo and
G'. Sayi, have ten notches 1n the sides of the oral plates,.
instead of pores, and will constitute our genus Schezoblastus.
The species forming Granatocrinus so emended are the
ibuuwing —
I. Typical Species.
G. Norwoodi, O. & S. DBurlington Limestone (Sub-
carboniferous), Towa.

(. ellipticus, Phill.  Carboniferous Limestone, England.
(/. derbienses, Phill.

é i Bl 3 ” »
(. orbicularis, Phill, 35 b ”
(r'; C{!-N?f{{uiugitf(!é‘} Moy v o i =
#G. pisiformas, sp. nov. yy o ”
G. M Coyi, sp. nov. 9 55 o

11. Aberrant and Dumﬂfﬁef :5};{’0&1?3.
(/. elongatus, Phill. ; G Rofit, sp. nov. Both from the
Carboniferous Limestone.

The form and general appearance of the calyx presents a
remarkable uniformity of type throughout the species which
we have restricted under the name of Granatocrinus. T'wo
broad divisions may be traced—the first after the type of .
Norwoodi, the second after that of (/. ellipticus. In the first
the form is subglobose; and, includes all the British species
except the one named. The latter forms a division of itself
and 1s elongately elliptical.

The summit 1s more or less flattened in all, or even at times
a little depressed. ‘I'he base is usually small, flattened, or
concave, the amount of the concavity varying according to
species, the basal plates never being visible mn a side view :
in . Norwoode 1t 1s narrow and deep, in (. orbicularis
broad and shallow, the same in . ellipticus, rather deeper n
G derbiensis, broad and almost flat in &', campanulatus, in
fact broader in this species than in any other,

The proportions ot the radial and oral plates of Granate-
crinus vary considerably; some species have large radials
and small orals, others small radials and large orals. Generic
subdivision has before now been attempted according to the
relative sizes of these plates; but, as Messrs. Meek and
Worthen have very justly observed, speaking of the orals in
particular, “ there are so many gradations in this character,
however, that it does not seem to be possible to make it a
means of separating the species into two well-defined sec-

# These will be described in our more extended work on the Blastoidea.
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tions ¥, In this we entirely concur.  G. Norwoodi possesses
very large radial plates, extending from the edge of the
holiow base almost to the v ery apex of the calyx, and corre-
spon(linﬂly small orals. On the other hand, in the British
upeut 8, although thom']mls maintain their gene ral supeuon‘ry
of size in all but one species, the orals are larger than in the
American type. A gradation, however, is traceable in @.
pisiformis, in which they are knml]ca’r to . orbicularis,
which possesses the 111“(‘-3[ oral plates w 1t11 the exception nt
G derbiensis.  In the !Altu they attain an 11101:1111L1t013 large
size, the radial ]J]‘ifl s being unly just sufticiently high to en-
close within their simuses t]n(‘ distal ends of the long ambu-
lacra. The spiracles open in all the species, whether tllO oral
plates are large or small, on the lll‘lnli”:i}‘Y projections at the
apices of the latter T ; ]1111‘ ih @ ]uw)‘m imis they are bounded
externally by nodular elevations of the plates. Dr. C. A.
White has shown that the anal spiracle in G. Norwoodi i
bordered on the outer side by a solid projection formed by a
part of the oral platef. Meek and Worthen suggested that
the anal plate umwlattd of three pieces§; but we have not
met with any evidence confirming this view.

The ambulacra of Granatocrinus ave alw ays long, curved,
and narrow, and reaching to the base—the calyx U-\ll;l“‘}
resting, \\.lmu placed on its base, on the distal ends of the
illllbll]d(.-l: . This appears to be ‘m essential character of the
genus, and is one of the points in which it agrees with Sclizo-
blastus. 'The side plates in the ambulacrum of G'ranatoerinus,
unlike those of Pentremites, do not lie against the sides or
edges of the lancet-plate, but actually upon it, so as to conceal
the greater part of it. The portion left E‘{lmt»&(d 1s the crenu-
latcd ridge of the lancet- lalau_ bearmg the zigzag ambulacral

tuud-f'lum e. This 1s thu structure in (_r ellipticus, (.
(‘(HH?JHN?{[{!IHQ? G. orbicularis, and G. cw?uuaus, whilst in

. Norwoodi it is perhaps mum exposed than in any other
epeum we have as yet buw able to refer to this genus. The
side plates are variable in number according to species (from
twenty to eighty), and are usually tltma\mnt]} elongated.
The ambulacra are at times deeply impressed \uthm the
prominent edges of the ladml forks.

A good dcdl of variation i1s shown in the formation of the
pores. In G.orbiculares they are enclosed between the margin

* Illinois Geol. Report, ii. p. 275.

t First pointed out in 6. Norwoodi by Owen and Shumard (Journ,
Acad. Nat. Sciences Philadelphia, 1850, 1i. pt. 1, p. 64).

i Boston Journ. Nat. Hist. 1263, vi1. no. 4, p. ' 483,

§ Illinois Geol. Surv. Rep. 1873, p. 465.
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of the radial, the lower margin of the side plate above, and the
upper 0bl1que margin of the outer side plate, and are, roughly
speaking, tu’mgulal n S]mpc The result of this is th(lt the
pores are excavated wholly in the outer side plates; but in G.
ellipticus a slightly different arrangement 1s met with. Here
the pores are excavated out of the side plates themselves, the
upper edge of the outer side plates being quite straight and not
at all utt into. In G. campanulatus the pores are scarcely
excavated in the ambulacral plates at all, but are almost wholly
so in the edges of the radial plates. lhue also appear to be
shght modifications in the arrangement of the sockets placed
on the 'side plates.  In G, or Bioularis they terminate narrow
grooves which arise from the lower sutures between the side
plates and the r‘nutu side plates, running almost straight on to
the centre of each side plate. There is a similar structure in

G. elongatus, a somewhat aberrant form, which will pl‘t')bahly
have to be referred to the present genus. But in G ellipti-
cus the aroove cmnmummtm“ w11:|1 the socket arises hOm
the suture separating the &ll.lit plates themselves, and must
have been in direct communication with the pore,

We have come to the conclusion that in Granatocrinus, as
understood by us, there is no under lancet-plate, as there is
in Pentremites and Orophocrinus ; and we are glad to find our-
selves in accord with Messrs. Wachsmuth and Springer on
this point #.

In Granatocrinus the hydrospires are few in number. G.
Norwoodi possesses two on each side of an ambulacrum,
whilst G. campanulatus, G. orbicularis, G. elhptzcm and
G. derbiensis have only one each. The abnormal species G.
elongatus, to which we shall refer further on, possesses three
on each side.

T'he central aperture and spiracles in the type species G.
Norwoodi, as originally pmntcd out by Messrs. Owen and
Shums 11(1, are closed by a conical integument of small plates T
but our researches amongst the British species have not
rewarded us by the discovery of a similar feature. Through
the disinterested kindness, howev er, of Mr. Charles W’d{,hs-
muth we have been afforded the Oppmtumtv of examining
some fine examples ot (/. Norwoods in that condition. It has
also been pointed out by Dr. C. A. White that in the same
species this plated integument passes down and covers the
central food-groove of the ambulacra .

* ¢Revision,’ pt. 2, t. xx. £. 6.
¥ Journ. Acad. Nat. Sciences Philadelphia, 1850, ii. pt. 1, p. 65; also
see Shumard, in Swallow’s Missouri Geol. Report, l*:), . 186,

1 Boston lmmml [.c.p. 434; see also Meek fuul Worthen, Proc, Acad,
Nat. Sciences PlnLdephm 1869, p. 85.
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The calyx in G'ranatocrinus 13 highly ornate. Concentric
striae, often becoming reticulate, or fine granules arranged in
lines, cover the plates.

We append a list of doubtful species of ¢ Pentremites,”
which we have been unable to refer either to Granatocrinus
or to Schizoblastus. We have not seen specimens of any but
the first mentioned ; and though figures have been ]mhh‘ahed
of some, they are of as little use as most of the specifie diag-
noses fm the determination of the generic affinities of theae
doubtful forms :—

Pentremites angularis, Phillips.  Carboniferous Lime-
stone, Iingland.

P. curtus, Shumard. Archimedes Limestone (Subcarbo-
niferous), Missourl.

P. Shumardi, M. & W. DBurlington group (Subecarbo-
niferous, Jowa.

P. Reemerd, Shumard.  Chemung group (Upper Devo-
vian), Missouri,

?P. calyce, Hall.  Hamilton group (Upper Devonian),
W. New York.

?P. leda, Hall. Hamilton group (Upper Devonian),
W. New York.

e h/r*m fas, Hall. Hamilton group (Upper Devonian),
W. New 5 ork.

e wmn, Hall.  Hamilton group (Upper Devonian) ;
Moscow, New York.

P. cornutus, M. & W. St.-Louis group (Subcarbonife-
rous), Illinois.

P .f;;rumfuz‘m Roemer.

P, lotoblastus, White. Subearboniferous, Arizona.

We possess in our English Carboniferous Limestone a
species, Pentremites cmngama Phillips, which is to all intents
and pul;m«(' a Granatocrinus, so far as general appearance
goes. The ambulacra, however, are relatively wider than in
a ty pu al G:mmmmnms and the spiracles are formed more
after the type of Pentr eﬁ'mim proper.  The contracted apex and
base, with concavity of the latter, the long curved ambulacra,
long radials, and small orals, umupmld nevertheless so
clmely with thoxu of the former genus that we feel somewhat
undecided at present whether to place it there or frame a
separate genus for its reception.

In its emended form Granatocrinus is strictly conﬁued to
rocks of Carboniferous age—one %pocma being found in the
United States of North Amcnc , and six in Iulwhmd On the
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other hand, the number of American species may at an

moment be augmented by one or more of the doubtful ones.
Further, if certain forms deseribed by Prof. James Hall are
Rul)%cr]ucnﬂy found to be referable to this type, the genus will
have commenced its existence in the Upper Devonian of North
America.

Genus SCHIZOBLASTUS, gen. nov.

(Zen. char. Calyx resembling that of (Zranatocrinus in form
and composition of the am m]fw ra. Oral plates of variable
size, but usually small.  Spiracles double, being linear or
oval clefts between the lancet- phto and notched Et]”‘(‘% of the
orals, further removed from the peristome than in Pentremites,
and not floored by the oral plates (as in the latter genus);
those in the anal interradins may or may not be confluent with
the anal aperture.

(Obs. 'That some restriction of the then existing genus
Glranatocrinus was felt to be necessary by American p'!lfeon-
tologists may be gathered from the following remarks by
Messrs. Meck and W orthen, who, speaking of Pentremites
melo and P. ]u’()j((‘fi“i" say, “ Both Of these forms differ from
the typical species of ﬂ’)lf)(’?h’éfr’ﬁ} in having each pair of

ovarian openings distinctly separate, instead of closely united,
with merely a thin cwptum between . . They constitute a
subgenus of Pentremites "¥. The form of tlm Calr\ n Sehizo-
blostus i 18, a8 a mlo, peuhﬂ*nml subglobose, or melon- Q]npeﬂ
and when viewed in section is either qtmplx pentagonal, as in
;5 Sayi, or imperfectly decagonal, as in S. melo , S, melonoides,

-~ S. missourtensts. The summit and base are much cnn-
‘rmrh‘-d when compared with the apices of other genera. The
former 1s, gmlemll\ speaking, to some extent ﬂattoned whilst
the latter varies between very concave, truncate, or ahuhtly
plr:tubemnf In S. melo, S. Sayi, b mefum)errpe and 8.
missouriensis the CO]]C’[\IT\ 15 but -l|”h‘r In some mlh\ iduals
so much o as to appear almost flat, w hilst in 9. glaber 1t 1s
broad and flpparcntly truncate. On the other hand, in S.
granulosus the base is deeply concave, the radial plates being
qulte hidden in the depression, so tlmt they are nwlalble n a
side view. A similar concavity also exists in S, pisum,
Lastly, in S. neglectus and S. projecius the base plfl]t(.t"a to a
greater or less degree, and 1s visible when the calyx is placed
in an erect pnaztmn befme the observer.

The radial plates resemble those of Granatocrinus by their

extreme variability in size. In S. melo, S. melonoides, and

* Proc. Acad. Nat. Sciences Philadalphia, 1861, p. 142.
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S. projectus they are very large, extending through all but
the whole length of the c,aiy\ J.Il!‘-'t‘ of b Sayi, on the con-
trary, are exceedingly short, exte nding upwards only suffi-
ciently far to enclose the (].l"\tlll ends of the long ambulacra in
their forks or sinuses. - In S. gf’(aﬁw and S. missouriensis the
Luli s are again 51101t but not quite to the same extent as in

bru;z whilst in thu former they are much incurved below,
to assist in forining the truncate base. The radial sutures are
placed in Lunctwnn or re-entering angles of the cttl} x in 48,
melo, and, to a certain extent, in b missouriensts, giving to
the entire body a markedly lobate appearance, and to the CrOSS
sections a roughly decagonal outline.  The om,l plates of this
genus have no IlL‘]_}l{,,*wt'll apical tongues more or less divided
by a median ridge into two later al halve es, each of which
forms the floor of a spiracle, as is the case in Peatremites.
The size of the orals 1s 11l1tumﬂy In inverse proportion to
that of the radial plates. For mst: ance, they are very small in
S. melo, S. melonoides, and S. puyufm and confined llllltb to
the swmmit. IhL_) are compar atly Ll\,* -4111{111 &1'n1111 I 8. /u,aum,
but of medinm size in S, glaber and S. guueufmses? and more
than one third the length of the body in S. neglectus. In S.
Sayi, on the contrarv, the orals reach their extreme limit of
size, to compensate for the diminished radial plates. This
apccms occuples. the same pwtiull . Sehizoblastus that G.
derbiensis does in Granatocrinus, the relation of the two sets
of plates in question affording a very marked point of resem-
blance between the two genera.

The spiracles are oval or linear slits, one on either side of
each ambulacrum, but situated at a relatively greater distance
from the centre than those of Pentremites. 'The hydrospire-
cleft bf*tween the edge of the lancet-plate and the side of the

radial sinus is roofed over and converted into a canal by
the side plates, the outer faces of which rest against the
straight edges of the orals at the proximal ends of the ambu-
lacra. These straight edges, however, are not continued right
up to the peristome. Some little distance before reaching it
they bend inwards towards one another, and then curve out-
wards again before converging towards one another at the
apex of the plate. At ﬂl{}-\(. pumt« therefore, the hydrospire-
clefts are shightly wider than at the more (hntﬂl parts of the
ambulacra ; and as the latter decrease in width the side plates

fail to fill up the gap between the lancet- plate and the orals,
which is thus left open as a spiracle, and 1s not closed by the
summit-plates when these are present. The spiracles of
Schizoblastus, speaking generally, are much more outside the
orals than t]lObb of Pentremites. It is well shown in S. Sayi,
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where the anus perforates one of the oral plates, while the
spiracles are partly formed by notches in its side®. The
spiracles vary but little in size, and, as a rule, are very small,
as in S, pisum, S. neglectus, S. melo, &e., but of larger size
in 8. glaber. The anal spiracle is always very L]l:nl)l{)pl'_ll.-
tionate in size as compared with the others. - It 1s frequently
bounded on its outer margin by a tubercle or boss of greater
or less elevation, as in S, n.eg?ec,mc,, S. granulosus, and S, melo.
The anal opening is said to be circular in S. pisum, ovate in
S. Sayi, and py ntmm in S. melo. The summit of S. melo
presents some departures from the type described above, which
approximate it to Pentremites proper. This is especi: lllymlulxed
in specimens which have the side plates e site at the central
ends of the ambulacra. A wide median ridge rising from the
apex of each oral plate separates two nplmulllr openings,
which are apparently constructed upon the same type as those
of Pentremites, viz. floored by oral plates and leading into a
hydrospiral ctmal roofed in by side plates.

The real state of the case, however, is as follows :—The
lancet-plate is separated from the radial plates by the thick
upper edge of the inner wall of the hydrospire-tubes.  Minute
cross pieces between this plate and the sides of the radials
convert the hydrospire-cleft into a canal opening externally
by pores between these cross pieces, whilst the side plates,
resting on the latter, alternate with the pores as usual. DBut
this ll}(lllhl)llc plllle terminates at the oro-radial suture; and
at the central end of the ambulacra the lancet-plate comes into
direct and continuous contact with the orals without leaving
any intervening pores, although the side plates rest on it as
usual. Between the converging edges of the lancet-plate and
the large notches in those of the oral plate at its sides are the
smmcuLLr openings, which lead Llumm rards beneath the lancet-
plate into the 11}:110-p11<1l canal, and are not floored by the
oral plates, as are those of Pentr emites. But the anal spiracle

#* The peculiar manner in which the spiracles of Schizoblasfus ar
formed is excellently shown in Wachsmuth and Springer’s ficure 0?
S. Sayi (Revision, 1i.). DBut we cannot at all acquiesce in their in-
terpretation of the calycular plates of this type. It is generally supposed
to have larze orals which form the grveater pdlt of the calyx. [Iu: above=
named nul]mr~ however, limit their name to small thomboid pieces im-
mediately muml the mmuut which we take to be merely the apical ends
of large oral plates. F ||1lhel, they represent a suture as occurring below
these tongues and the great ]rlgltlw outside them, which they Hlilll,lLi‘ as
the fork-piece (radials). We cannot, however, make out either this
suture or the interradial one represented by them as hetween the two
limbs of adjacent radials; for the latter occupies the middle line of what
we, like earlier writers, ia]u, to be large deltoid or oral plates.

A nn. & Mag. N. Hist. Ser. 5. Vol. ix, 18
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1s so large as to remove all trace of the broad median ridge
sepflratmﬂ' the two spiracles at the sides of the coueqpondmﬂ
oral pl‘ltes ; and the lateral tubes are therefore fused with the
anus into one large anal spiracle—a character which 1 Increases
the resemblance between the summit-structure of this species
and that of Pentremites proper. Lxceptin S. melo, the spiracles
of Schizoblastus are at the sides of the proximal side ])th(ﬁ‘-
whilst those of DPentremites are between the latter and the
mouth.

We have not succeeded 1n ascertaining whether or not the
lancet-plate is double, as in Pentremites ; but we believe that
it 1s not.  In S. Says it 1s lilldtrllbtc-(lb traversed by three
canals, one Leing that of the water-vessel. The nature of the
other two is not at present clear tous; but we hope to discuss
the question fully in our larger work. 'The side plates in
Schizoblastus rest on the lancet- pldto, partially hiding it from
11(’“, and not &.lmplv J“tumt 1t as i Pentremites.,

It 1s scarcely visible in S. melonoides, S. pisum, and S. neg-
lectus, rather more exposed in S. ?n(.f'o, and still more so in
8. Sayi, in which 1t occupies the median third of the ambu-
lacrum. The side plates vary from about twenty to cighty
in number on each side of the ambulacrum. They numbu
about twenty-sixin S. pisum, from twenty-five to thut} in .
neglectus, S. glaber, and 8. guma:fﬂs us, ¢ and eighty in S. Sayi.
Outer side plates are unknown in S. mci’omudcs " pisuimn, S.
neglectus, and S. glaber.

We are acquainted with the number of hydrospires in only
S. Sayi, in which there are four on each side.

Not unfrequently a sulcus of variable depth occurs on each
side the ambulacra, between the ends of the side plates and
the edges of the radial sinuses. The ambulacra are either
on the same level with the general surface of the calyx, as in
S. Sayi and S. projectus, or a little below it, as in S, granu-
losus.

The surface of the plates in Sckizoblastus is usually highly

Lornate; but S. glaber is described as smooth. The species
deﬁnitcb included in this genus are :—

Pentremites melo, Owen and Shumard. Subcarboniferous,
Towa, Missouri, llinois, &e.

P. Sayi, Shumard.  Ditto.

Granatocrinus melonoides, Meek & Worthen, Burling-
ton group (Subcarboniferous), Iowa.

G. pisum, Meck & Worthen. Burlington group, Iowa.

G'. neglectus, Meck & Worthen.  Ditto.

G. glaber, Meck & Worthen. St.-Louis group, Illinois.
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Granatocrinus granulosus, Meek & Worthen. Keokuk
group (Subcarboniferous), Illinois.

Pentremites missouriensts, Shumard., Chemung (Devo-
nian), Missourl.

Granatocrinus projectus, Meek & Worthen. Burlington
group (Subcarboniferous), Iowa.

Pentremites Potteri, Hambach. Ditto.

With the exception of one species, S. messouriensis, which is
found in the Chemung group (a division of the North-Ame-
rican Devonian), the whole of the species are of Carboniferous

age, and con‘mcd to Aunerica.

Genus TROOSTOCRINUS, Shumard, 1865.

Troostocrinus, Shumard, Trans, St. Louis Acad. 1865, ii. p. 384 (note) ;
Meek & Worthen, Illinois Geol. Report, 1873, v. p. 007

Obs. This genus was proposed by Dr. Shumard, in his
useful Catalogue of North-American Palaozoic fossils, for
subfusiform species of Pentremites, after the type of P. Rein-
wardtii, Say, possessing a slender outline, triangular base,
and linear ambulacra. The genus was never described in
detail, but was adnpted by Messrs. Meck and Worthen pro-
thnall}. Lot they ascribe species with a triangular base,
flattened on all three sides, a narrow fusiform body, elongate
and tapering below, and narrow ambulacra.

Dr. Shumard’s remarks arc as follows:—* There appear
to me good reasons for removing this and other subfusiform
species, as FPentremites Retwwardtii, P. lineatus, P. bipyra-
midalis, P. Worthen?, and perhaps B Gr osvenort, from among
the Pu:t:emif(.s and grouping them together in a sepalate
subsection undcr another name. T'hese ‘md allied forms are
remarkable for their slender subfusiform shape, linear pseud-
ambulacral fields, triangular base, and simple summit-struc-
ture. These external differences would seem to imply cor-
responding modifications in the internal economy of the animals
of more than specific importance. 1f; from a more thorough
study of such species, it should be dcemed advisable to sepalate
them from the genus Pentremites, 1 would propose the name
T'roostocrinus fm the group,” &e.*

In this proposal we entirely concur; but as our acquain-
tance with the genus depends simply on the structure of 7.
Reitnwardtii dnd T. lineatus, we shall contine our descriptive
remarks to these species. 'l he most important mor pholoo‘lcal
difference between 7roostocrinus and Pentremites lies in the

# Lce. cit.

18



248 Messrs. R. Etheridge, Jun., and P. H. Carpenter on

structure of the spiracles. Those of Troostocrinus are at the
sides of the proximal side plates, as in Schizoblastus, while
those of Pentremites are between the proximal side plates and
the mouth. The spiracles, more especially those of 7' lineatus,
are Intermediate in structure between those of Pentremites and
the American species of Oroplocrinus. The distal portions
of the ambulacra. resemble those of a Granatocrinus, the
lancet-plate and its superposed side plates almost completely
filling up the radial sinus, so that the hydrospiral pores are
small and inconspicuous. Towards the summit, however, the
width of the deep radial sinuses increases cnnm]omhlv while
that of the ambulacra decreases a little, and the side platu do
not meet the orals, The 1]}'(11“&1)[1&1 canals therefore open
out 1to linear spiracular apertures, those of the anal side
being nearer the centre than, and quite distinet from, the anus.
If the distal portion of the lancet-plate were in continuous
instead of interrupted contact with the sides of its radial sinus,
T. lineatus would have the same form of respiratory openings
as Orophocrinus gracilisy, M. & W. sp., a slit extending for
a short distance along each side of the ambulacra.

On the other lmml if the summit were rounder, the radial
sinus shallower, and 'the spiracles shorter and wulel, T'roosto=
crinus would Dbe essentially a Pentremite with narrower am-
bulacra than usual. Therein lies the difference between the
two types, and also between Zroostocrinus and Pentremitidea.
We believe that this form of spiracle, coupled with the cha-
racters indicated by Dr. Troost, will prove to be of generic
value; and we propose to adc:pt Troostocrinus d(Cﬂl(lln*'h .

The peristome is more contracted in 7. Reinwardtii and T.

lineatus than 1 almost any other Blastoids. The oral plates
are very minute, entirely ‘confined to the summit, as well as
meonspicuous, like those of Pentremitidea and Phenoschisma,
The ambulacra are deeply set in the radial sinuses, but deeper
in 7. lineatus than in the other species. The side plates are
few in number in 7% Reinwardtd, but much more numerous
in 7. lineatus. 'T'he lancet-plate 1s almost entirely concealed
by the side plates, as in some species of Granatocrinus and
Schizoblastus. In 1. lineatus 1t contains three canals ar-
ranged 1n a triangle, similar to those of Sehizoblastus. The
hy [ilOb}]llC in the 0111\' two forms in which we have seen
them, are three or four in number on each side ; 7. Reinwardtiv
possesses three, and 7% lineatus four.

The follow: 1110 1s a full list of the %110@103 which will pro-
bably be L0111[:11-m1 i Zroostocrinus *

* We are acquainted by examination with the two type species only,
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Pentremites bipyramidalis, Hall. Keokuk limestone
(Subcarboniferous), Missouri.

P. clavatus, Hambach*®. Subcarboniferous, Illinois.

P. G'rosvenort, Shumard. Archimedes limestone (Subcar-
boniferous), Indiana.

P. lineatus, Shumard. Encrinital limestone (Subcarbo-
niferous), Illinois.

L. Retnwardtii, Troost. L. Helderberg group (Upper
Silurian), Kentucky.

P. subcylindrica, Hall.  Niagara group (Upper Silurian),
Ohio.

P. subtruncatus, Hall. Hamilton group (Up. Devonian),
lowa.

P. Wortheni, Hall. Keokuk limestone (Subcarboni-
ferous), Towa &e.

If all the above species are rightly placed under Zroosto-
crinus, the genus then made its first appearance in the Upper
Sllanan, 1U1ppe{m,d in the Upper Devonian, and culminated
in the Carboniferous. We are not acquainted with any
Troostocrinus from the Paleozoic rocks of this country or of
the continent ; so that it appears to be entirely an American
genus.

Geenus OrorHOCRINUS, Von Seebach, 1864.

Oroplocrinus, von Seebach, Nachr. k. Gesellsch. zu Gottingen, 1864,
. 110,

(u}rfumfu, Meek and Worthen, Proe. Acad. Nat. Sei. Philadelphia,
1869, p. 84 (note) ; Meek and Worthen, Illinois Geol. Survey Report,
1873, v. p. 465,

Obs. Von Seebach was the first to point out the distinetion
of this generic type from that of the 01dmaly Pentremautes ;
and althnuo'h it received the name Codonites five years later,
we feel bound to follow Ludwig and Zittel in using Von
Seebach’s name rather than t]mt of the American dllt]lOla
Both chose for their type the Pentremites stelliformes, Owen
and Shumard.

The second deseription by Meek and Worthen is sufficiently
explicit to make it unnecessary for us to redescribe the genus;
we need only at present 1)0111t out a few of its 1}Lullmr1t1{,q
more upumilv in connexion with the lKuropean species.

But two species of Orophocrinus are at present Lnowu,
both of them from the American Carboniferous series, viz,

1. Reinwardti and T'. lineatus; but the other species agree so well in form
and outline with these, that we can hardl y doubt tlan generic identity,
* Non P. clavatus, .‘\L,hultfe, Devonian, Eifel,
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0. stelliformis, O. & 8., sp., and O. gracilis, M. & W. In

European rocks of corresponding age five species are now
known to occur. There are two Bllflhll Blastoids referable to
this type, viz. Pentremites inflatus, Phillips, and P. pentan-
gularis, Miller, sp., whilst the other three are met w ith 1n
the C‘nbomh TOUS Luve«’mne of Belgium— Pentremites Puzos,
Miinster, £. Orbignyanus, de Koninck ;and P. W u!a_afmusu.mus,
de Kon. The first two of these are somewhat aberrant forms,
presenting considerable differences from the American species,
which approximate ihem to Lhanoschisma and Codaster,

The gap, however, is bridged over so completely by O. in-
ﬂae"m ].)lll“llh sp., aml 0. W ufmfou.srumu de IKon. oy 8Psy 1 that
we lm*\e no choice but to refer ther to this genus.

Orophocrinus differs from Pentremites proper, Granatocrinus,
Schizoblastus, Pentremitidea, and probably also from 7roosto-
crinus and Tricwlocrinus, in the absence of marginal pores to
the ambulacra and of circumoral spiracles. The place of these
organs is taken by the ten clongated slits which run parallel

or subparallel to the ambulacra. T'urther, the anal aperture
of Omp]wc:mm 1s separate and distinct trom these hy f:llO‘\])llJ,l
openings, having no connexion whatever with the llttu as 18
the case with the fifth or complex spiracle of the gt_nem men-
tioned above. Lastly, the orals, in consequence of the absence
of distinet spiracles , are 1}11])01101‘110 Orophoerinus thus pos-
sesses only one series of openings lcadmu to the hydrospires,
viz. the ten elongated slits bordering the tunhultlua The appa-
rent difference in number betw centhc latter and the five spiracles
of a Pentremite 1s lessened when we recollect that in the last-
named genus the spiracles are divided internally by a septum,
whilst in  Sehizoblastus they are separately developed and
correspond in number to the h*,dmalmc clefts of Or o]n’wumuq

In the widening of these clefts in the Belgian species, O.
puzos, Mimster, sp., and O. Orbignyanus, de Kon. , Sp., and
the pmtnl c-\posum of the hydrospire-slits, we see a fore-
shadowing of the conditions met with in I’i;((ﬂu&r,/"zgsﬁ:(& and
Codaster. In both these genera there is likewise a separate
anal aperture, whilst the anal interradius bears hydrospire-
clefts in Phancschisma and Orophoerinus, but not in Codaster.

A tendency towards the form of the true Pentremite is ex-
hibited by one species in particular, the O. gracilis, M. & W . %,
more than in any of the others. Although possessing the cha-
racteristic features of Orophocrinus, the upper portion of the
calyx is much higher and less depressed than in the typical
O. stelliformis. 1t also bridges over the gap between the
American and European species ; for not only are the hydro-

* Loc.cit.v. 5. 8.1 6
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spire-clefts in the latter much wider than in the former, but
they are also contiguous to the ambulacra, without the inter-
vention of a part Ot the radial plate.

D’Ocbigny’s Dimorphicrinus® is undoubtedly congeneric
with Orophocrinus. In the original definition 1t is said to
have cnly two rows of plates; but de Koninck has since
shown ¢ that it was founded on Platycrinites pentangularis,
Miller, which he considered a Pentremite deprived of its
oral pldtch, whilst we hope to definitely show its relation to
O ophocrinus,

We agree with the late Mr. Billings in regarding the struc-
ture of Orophocrinus as of more than generic importance when
compared with that of other Blastoids; and we follow Meek
and Worthen, as does Zittel, in regarding Orophocrinus as a
Blastoid and not a Cystidean, as it was asserted to be by
Billings f. Ile seems to have been led to this conclusion by
the discovery of specimens with the peristome closed by
minute plates, and by his peculiar views as to the mouth bem“‘
confluent with the anal aperture. The absence of hy {]105]_)11'6-*
pores and spiracles we believe to be points of the greatest
structural importance within the Blastoidea, but not sufficient
in themselves to eliminate Oroplocrinus trom that class.

The oral plates, except in well-weathered specimens, are
difficult to see, but are usually acutely arrowhead-shaped
(0. W (fe.ffrou.suwub &5 r)uaufe.s, and O. Or f)ujnJrzmzb) or
double diamond- :lhl]]t.‘.(lj with a constricted middle, as in O,
stelliformis. 'The anal aperture is large, and either oval, asin
the last-named species, or elongately and roundly triangular.
In O. stelliformes it also has an outer raised margin; but we
have not observed any tube or small proboscis as deseribed in
this form by Messrs. Wachsmuth and Springer .

The ambulacra are linear in all but O. Orbignyanus, where
they broaden out, and they possess only one groove, the food-
groove, not three as in Codaster.  We have not succeeded in
detecting any sien of outer side plates, unless it be in O, Or-
Zn.r}nu/(mus; but of this we cannot be sure. Meek and Worthen
say they are unknown in O. stelliformis; but they appear to
figure them in O. gracilis||. The length of the hydrospire-
clefts is a variable character., They are shortest in O. stelli-
)‘u;um but extend nearly the w lmh- length of the ambulacra
in O. Waterhousianus and 0. jmcmmyrchu ts, and quite that in
O. inflatus and O. Orbignyanus. As before stated, no true
spiracles are present ; but the clefts enlarge upwards towards

* Prodrome de Pal. 1849, 1. p. 155.

T Rech. Crinoides Terr. Carb. lh-l,-_jit'ino, p. 194,

f American Journ. Se. 1870, L. p. 234. § Revision, pt. 2.
|| Iliinois Geol. Surv. Re pult 1873, v. t. 8. 1. 6,
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the peristome and form a kind of spurious spiracle; this is
particularly noticeable in O. stelliformas.  The lancet-plate
appears to be exposed in all the species m its upper part; but
towards the distal extremity the side plates meet in the middle
line and close over it, the amount of covered surface varying
according to qlwuc

The side plates are very numerons in O. inflatus and O.
pentongulares ; hut the state of preservation of our specimens
does not ];0111111 of the actual number being ascertained. 0.
stelliformis 1s said to possess fifty; and twenty-two exist in
0. gracilis.  There are at least twenty-five in 0. Waler-
housianus, and something under twenty in O. Orbignyanus.
The ]1\(110&1;11(» so far as we are acque ainted with them, vary
from four to eight. There are five m O. .sm’h)‘mum i'rnm
seven to eight m O. inflatus and 0. jJrnranguhuu; and
least four in the two Belgian species.

We have not observed in either of the K aropean c]wmes a
plated peristome as deseribed by Dr. C. A. White¥* ; but we
entertain little doubt that it existed m the perfect form.

The following are the species we refer to Oroplocrinus :—

Codonites gracilis, M. & W, DBurlington group (Sub-
carboniferous), lowa.

Pentremites inflatus, Gilb.  Carboniferous Limestone,
England.

F ();Ja:gu?ﬂmm de Kon. Carboniferous Limestone ;
Belgium,

Platycrinus peniangularis, Miller.  Carboniferous Lime-
stone, England.

Pentremites puzos, Minster. Carboniferous Limestone,
Belgium.

Codonties stelliformis, O. & S., sp. Burlington group
(Subcarboniterous), lowa &e.

Pentremites Waterhousianus, de Kon. Carboniferous
Limestone, Belgium,

IFrom the above list 1t will be seen that Oroplocrinus is
entirely confined to rocks of the Carboniferous period, occur-
ring, however, in those of Britain, Belgium, and Amm]m
Tt thus has a wider geographical distribution than any of the
other genera occurring in Britain, Granatocrinus being as yet
unknown on the ummnnt, while the Pentremitidea of Spain,
the Lifel, and the American Devonian rocks does not oceur n
Britain ; and Phanoschisma of England, Belgium, and Spain
18 but very doubtfully recognizable among the American

Blastoids.
* Boston Journ. Nat. Hist, 18C3, vii. p. 486,
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