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when Micier & Gurrey described A. gibsoni, and thus
this name has priority over 4. multiramosus (WAcHsMuTH
& Serincer), Previously Micrer & Gurrey (1890) de-
scribed A. grandis from Washington County, Indiana;
however, this name was preoccupied (Lyon & Cassepay
1859, p. 240) and thus it is a primary homonym. MiLLEr
& Gurrey's name was questionably considered a synonym
by Wacusmuri & Serincer (1897, p. 564) of A. muli-
ramosus and also placed in synonymy of this species by
BassLer & Moopey (1943, p. 272). Examination of the
type of A. grandis clearly indicates that it is an entirely
different species and was renamed A. grandissimus by
me (1964).

Of particular interest is the fact that WacHsmurs &
Serincer (1897, p. 566) reported approximately 20 speci-
mens with either Platyceras attached to the tegmen, or
Onychaster coiled around the anal tube.

Actinocrinites  gibsoni most closely resembles A.
magnificus (WacHsmurH & Seringer), but the latter
can be distinguished by its much larger and more elongate
dorsal cup, well-developed ridges produced by folds on
the cup plates, numerous iRR, and shorter, more slender
tapering arms.

Type. MiLLER & GuRLEY's type is UCWM no. 6631 and one of
WacHsMUuTH & SprINGER's syntypes of A. multiramosus is USNM
no. S-1170.

Occurrence. This species is restricted to the Borden beds in
Montgomery County, Indiana. It is represented by approximately
40 well-preserved specimens in the Springer Collection from Indian
Creek but was apparently rare in the Crawfordsville crinoid beds.

[ Actinocrinites lobatus (Hart, 1860)
BassLer & Moopey, 1943 ]

Basster & Moobey (p. 92, 271) state that this species
has been reported from Crawfordsville, but published
descriptions do not confirm this.

Family BATOCRINIDAE Wachsmuth & Springer, 1897

[Miss. (U.Kinderhook-L.Chester), ¥.Am.]

The batocrinids are one of the most abundant groups
of camerate crinoids known and some species are repre-
sented by extraordinarily large numbers of individuals.
Study by Lane (1958), although unpublished, not only
contributed much to understanding of morphological
features and evolution among batocrinids and camerates
in general, but showed that considerable individual varia-
tion exists in the camerates. Many characters previously
considered to be of specific value were demonstrated to
represent merely natural variations within species popu-
lations. Study of rather extensive collections of bato-
crinids from Crawfordsville not only confirms Lane's
conclusions, but indicates that in some groups even more
variation existed than he recognized. Some of LaNE's
results and description of two new batocrinid genera
were published recently (1963a); however, students of
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this group of crinoids are advised to consult his unpub-
lished thesis, since much information contained 1in it will
not be included in the paper just cited.

Prior to LANE's revision of this family nine genera and
approximately 217 species were assigned to the Bato-
crinidae. Many previously named species were differen-
tiated solely on the basis of slight differences in the total
number of arms or the number of arms in particular rays.
Study of relatively numerous specimens which now are
judged to represent a single species indicates that many
nominal species should be considered to be junior syno-
nyms. LANE recognized only 78 valid species (Table 31).

The primary reasons for this large reduction in num-
ber of species accepted as valid can be illustrated best by
reviewing species assigned to Barocrinus type-genus of
the family. Prior to 1958, 135 species had been assigned
to this genus. Of these, 106 were described by S. A.
Mirier and MiLer & GurLEy when genera now assign-
ed to Batocrinidae had not been named and Lyon &
CassepAy's Eretmocrinus was considered by MiLLer &
Gurrey to be a synonym of Batocrinus. Consequently
all batocrinids described by these authors were called
Batocrinus and many are now placed in other genera of
the family. Further, MiLLer & Gurrey believed that
the single most important character of spacific importance
is the number of arms in each ray. This concept of
speciation allows no individual variation in arm structure;
however, as shown by Laxg, the arms are among the
most variable features in many camerate genera. Un-
doubtedly, similar revisions of many crinoid families will
also result in decrease of valid species recognized.

Tasce 31. Comparison of Batocrinid Species Recognized
as Valid Prior to 1958 with Those Recognized by Lane,

Number of Species

Laxg, 1958
Genera Pre-1958 1963

Abatocrinus LANE 15
Allaprosallocrinus Cassepay & Lyon 2 1
Azygocrinus Lane 3
Batocrinus CAsSEDAY 135 7
Dizygocrinus WACHSMUTH & SPRINGER 28 12
Eretmocrinus Lyon & CAsSEDAY 27 19
Eutrochocrinus WACHSMUTH & SPRINGER 4 4
Globocrinus WELLER 1 1
Macrocrinus WACHSMUTH & SPRINGER 6 5

Sunwapticrinus LAaunon, PaRks & SPRENG 1 Not batocrinid
Uperocrinus Meek & WoRTHEN 13 11
Total 217 78

Genus ABATOCRINUS Lane, 1963

[Miss., Towa, Ind., Ky., Tenn.|

Lane (1963a) proposed Abatocrinus for 16 species
ranging in age from Kinderhookian into Keokuk time;
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previously all of these were assigned to Batocrinus.
Abatocrinus is distinguished from Batocrinus in having
a higher, narrower dorsal cup, more prominent B circlet,
less prominent tegmen which is not strongly nodose or
spinose, and small semicircular arm facets with fine
radial striations. The only significant taxonomic char-
acter that is shared by the two genera is arching of all
interrays by BrrF; because several other batocrinid genera
also exhibit this feature, it cannot be considered to be
significant in defining genera.

As now understood, Abatocrinus arose from an
Aorocrinus-like ancestor in Kinderhookian time. The
genus culminated in the lower Burlington, but con-
tinued through the upper Burlington and finally became
extinct in rocks of Keokuk age. Batocrinus is judged to
have evolved from Keokuk species of Dizygocrinus and
is restricted to beds of Warsaw, Salem, and Ste. Genevieve
age.

Abatocrinus is represented in the Crawfordsville beds
by A. grandis, a large, advanced form of the genus. It
and the other known Keokuk form, A. steropes, are
easily distinguished from Burlington species by their
larger, more nodose theca, more abundant arms, and the
development of fewer iRR.

The occurrence of specimens bearing paired arms is
of utmost interest; however, in my opinion this merely
necessitates a slight revision to Lang's description of the
genus, It supports judgment that arm structure is so
variable that it has little significance as a taxonomic
feature in defining species, and in most cases genera of
batocrinids and other camerate families. The fact that
paired arms have not been previously reported in this
genus is the result of (1) most batocrinids do not have
the arms preserved, (2) early investigators commonly
had only a few species available for study, thus, compari-
sons of individual variations could not be recognized or
studied, and (3) the desire on the part of early workers
merely to describe as many new species as possible and
not to re-study faunas. All specimens of A. grandis are
so similar in all features of the theca that no need for
detailed studies of arms was necessary to identify them.
As a result, collectors and curators with little understand-
ing of crinoid paleontology could easily identify this
species by gross aspects of the theca.

Abatocrinus grandis (Lyon & Cassepay, 1859)
Lang, 1963

Plate 7, Aig. 5-8; text-Ag. 17,2; 19,4; 36

Actinocrinus sp. nobis (grandis) Lyon & Cassepay, 1859, p. 240,
241,

Batocrinus grandis WacHsmutH & Sprincer, 1897, p. 381, pl. 1,
fg. 2; pl. 27, fg. 1a, b, 2a, b, p. 567.

Abatocrinus grandis LaNg, 1963a, p. 697.
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A B

Fioure 36. Diagrammatic representation of proximal portion of

paired arms of Abatocrinus grandis. A. Normal development of

brachials in which initial plate is uniserial and subcentral, X4.——

B. Abnormal specimen (WC no. 74) showing inital single bisenial
arm bifurcating into paired arms (X4).

Actimocrinus wachsmuths Wrrre, 1880, p. 162, pl. 40, hg. la, b;
1881, p. 510, pl. 7, fig. 6 (non Waire, 1862, = Actinocrimites
seitulus).

Actinocrinites urna Troost, 1849, p. 419, nom. nud.

Diagnosis. Theca large, with strong nodose plates;
BB having prominent transverse proximal nodes that
extend down around stem, arms 22 te 26, commonly
single, rarely paired.

Description. Dorsal cup large, gradually expanding
from RR to IIAxx, then abruptly to base of free arms;
plates convex, nodose, BB, RR, IBrr, and II1Brr bearing
transverse nodes that decrease in width distally: Anals
with prominent central nodes, IIIBrr with small nodes or
flat. BB wide, thickened in proximal portion, interbasal
sutures deeply grooved; RR and IBrr large, 4 IIBrr,
each ITAxx followed by 6 to 8 11IBrr in 4, B, and E-rays;
IIBrry—» may be axillary; iRR 3 1o 4, all arched by
BrrF; anal X large, narrower than RR, but slightly
higher, followed by 6 to 9 Anals. Tegmen of medium
height, sides convex, plates large, those on posterior side
commonly smaller, bearing small- to medium-sized nodes,
circular or slightly elongate in shape; anal tube long, sub-
central, extending above distal end of arms, plates nodose.
Arms 22 to 26, commonly single, rarely entirely or partly
paired, 4 Amb openings in A4, B, and E rays and 4 to 7
in € and D rays, long, slender, commonly slightly
flattened distally; arm facets small, directed obliquely up-
ward, arm ossicles subtriangular in out-line. Stem large,
nodals considerably larger than internodals and angular
at their edges,

Remarks. The trivial name grandis was omitted from
the title of the original description, but Lyon & Cassepay
used it when comparing this species with closely related
forms (p. 241). Thus, the name is properly credited to
Lyon & Cassepay, although some bibliographic sources
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(e.g., WeLLER, 1898, p. 127) cite WACHSMUTH & SPRINGER
as authors of the species. Many specimens in museum
collections credit only Lyon as the author, probably be-
cause it was cited in this manner in WacHsMUTH &
Serincer's monograph (1897, p. 381). Wwure's Actino-
crinus wachsmuthi differs in no way from a typical aver-
age-sized specimen of Abatocrinus grandis.

The presence of specimens with paired arms is signifi-
cant in emphasizing the amount of variation found in
arm structure of batocrinids and camerate crinoids in
general. This variation is best shown from the Craw-
fordsville material in Dizygocrinus indianaensis, which
has 1, 2, 3, or 4 arms originating from a single Amb
opening. The presence of paired arms in Abatocrinus
has not been reported before and might be used as the
basis for recognizing a new genus except that no other
significant feature separates the dorsal cups of single and
paired-armed specimens (Fig. 36). The presence of
both types of arms on a single individual supports the
conclusion that arm structure alone is not a valid criterion
for proposal of a new genus.

Paired arms developed in Abatocrinus grandis are
constructed in a similar manner to those observed in
Dizygocrinus. The initial Br is uniserial and in a sub-
central position. It supports more distal Brr that are
arranged biserially. The innermost Brr are somewhat
smaller and commonly in contact with each other laterally.
The only observed variation (WC no. 74) has one bi-
serial arm that developed initially as a single arm, but
above the first 3 Brr the arm splits into two dichotomous
biserial arms (Fig. 36-B).

Abatocrinus grandis can be distinguished from the
only other known Keokuk species, 4. steropes (Havrr,
1860), by its smaller size, more numerous arms, and
fewer iRR. Eretmocrinus magnificus Lyon & CAssepAY,
1859 resembles A. grandis in large size of the nodose
tegmen, and superficially in appearance of the BB. The
large lobed transverse nodes on the BB of the latter
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species somewhat resembles the slightly concave base of
E. magnificus, but the two species are totally different.

Curatorial Problems. Many specimens of Abatocrinus grandis
are mislabelled Erermocrinus magnificus, resulting largely from
misinterpretation of the nature of BB as discussed above. Further,
the auther of A. grandis is commonly incorrectly given as Lyox or
WacHsMUTH & SPRINGER,

Type. The holotype 1s USNM no. S-1084. One of WHiTE's syn-
types of Actinoecrinus swachsmuths is UC no. 3256 and Troost's
type of Actinocrinus urna is USNM no. 39896,

Occurrence, Known from Borden beds at Crawfordsville, and
from the Ft. Paync Chert at White Creek Springs, Tennessee.

Material. Thirty-five specimens were available for my study, of
which 17 were selected for measurements,

Dtmensions. Measurements made on selected specimens avail-
able for study are shown on Table 32,

Genus ALLOPROSALLOCRINUS Casseday & Lyon, 1862
[Miss; (Keokuk), Ky., Ind., Tenn.]

This monotypic genus closely resembles, and accord-
ing to Lane (1958), is directly derived from the coelo-
crinid genus, Agaricocrinus. Both have almost flat dorsal
cups, high prominent tegmens, and the same number of
arms (10 to 12) articulating from large circular arm
facets. However, Alloprosallocrinus has a well-developed
anal tube and BreF that arch over the iRR. It is quite
distinct from other batocrinid genera in general appear-
ance, but in features used to define the family it un-
questionably belongs to the Batocrinidae.

Previous authors (e.g., WAcHsMUTH & SPRINGER, 1897;
Sprincer, 1913; Lang, 1958) placed importance on the
fact that most specimens of Alloprosallocrinus conicus
possess only a single IBr in each ray. It has been sug-
gested that the IBrry have been ankylosed so that these
plates form the proximal portion of the IAxx. Evidence
from a well-preserved specimen used in this study (dis-
cussed below) shows that the IBrr; were probably elimi-
nated from the dorsal cup rather than fused with the
[Axx as suggested by previous authors. The presence

Tasre 32. Measurements of Abatocrinus grandis in mm.

Measurements il AL ey

Specimens
> & S 89 100 11 12 13 14 15 16 17

Dorsal cup height oo
Dorsal cup width .o

Basal circlet height ...
Basal circlet width
Stem diameter

34.8 30.9

12.4 13.1 12.7

44 52 50 50 5.0

83 69 73 10.0

28.6 23.7 24.6 28.0 26.0 175 26.7 16.4 29.7 22.0 30.0 25.0 15.0 22.0 24.0 31.0 27.8

26.8 31.0 24.2 38.0 25.0 33.0 34.0

40 55 35 40 47 55 40 30 45 40 32 47
122 95 14.0 10.0 12,0 10.8 125 125 9.0 115 12.0 15.0 125
62 50 65 6.0 65 56 73 75 5.0 65 7.0 10.0 8.0

Tegmen height oo 15.0 19.0 17.0 19.0 12.0 18.0 18.0 20.5 17.0 21.0 17,0
NHIMDr G AP oo i e ocass 23 -23. 24 22. 25 2% 25 24 22 23 23

Arm length 72.0 47.0 41.0

Arm facet height ... 23 3.0 27 3.0 24 3.0 20 10 25 25 35
AT e N 27 23 2.8 3.0 26 24 25 30 27 2.6 34

1-12, UCWM 26481 A-D, 8924 A-D, B925, 3211A, 51837, S1838; 13-14, WC 2, 74; 15-16, UC 3156, 22464; 17, NYSM 11538,
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or absence of these plates is merely a matter of individual
variation in the growth of the individual and not of
significant taxonomic importance. In most specimens
the IBrr; are axillary,

Alloprosallocrinus conicus Cassepay & Lyon, 1862
Plate 7, fig. 2-4; text-fig. 17,5; 11, 37

Alloprosallocrinus conicus Cassepay & Lyon, 1862, p. 29; Wachs-
MUTH & Sprincer, 1897, p. 407, pl. 42, fig. 14; Rowrey, 1906,
p- 10, pl. 3, Aig. 14, 15;: Woon, 1909, p. 71.

Alloprosallocrinus gurleyi MiLver, 1892a, p. 668, pl. 10, fig. 1, 2.

Alloprosallocrinus tubercudosus Woon, 1909, p. 69, pl. 5, fig. 14, 15.

Conocrinites leac Troost, 1849, p. 419, nom. nud.

Conoerimites tuberculosus Troost, 1849, p. 419, nom. nud. non
Alloprosallocrinus celsus MiLer & Guruey, 1894, p. 47, pl
4, hg. 9-11 (= ?Eretmocrinus praegravis); non Alloprosallo-
crinus depressus Cassepay & Lyown, 1862, p. 31 (= Agarico-
crinus? depressus).

Diagnosis. Dorsal cup almost flat, basally impressed
bowl-shaped; IBrr; partly developed or absent, commonly
being eliminated from dorsal cup; tegmen high, conical,
anal tube stout, subcentral; arms 10 to 12.

Deseription. Theca subpyramidal, dorsal cup plates
almost invisible from side view, smooth. BB short, re-
cessed in center for reception of stem; RR wider than
high, proximal portions bent inward forming part of
recessed center; IBrr; commonly eliminated from cup,
more rarely fully developed or greatly reduced in size
so that part of proximal sutures of IAxx are in contact
with RR below; 10-armed specimens have 4 IIBrr in
each ray above IAxx, specimens with an additional arm
in € and D rays having the posterior 1IBrr; axillary and
supporting 2 or 3 IIIBrr on each side; distal BrrF elongate,
outer portions arcuate, curving distally, in contact with
BrrF of adjoining rays; iRR large, arched by BrrF; anal
X and 3 Anals in CD interray, all arched by BrrF; thecal
pores large and prominent, located to side of Amb open-
ings toward theca. Tegmen high, conical, straight-sided,
rising abruptly from margins to anal tube, composed of
large nodose plates; anal tube large, subcentral, or arising
toward anterior side in specimens that have orals pushed
to anterior side. Arms 10 to 12, structure unknown, but
judging from size and shape of arm facets, they were
large and well-developed; arm facets large, crescent-
shaped, and directed slightly upward, each facet com-
posed of portions of 2 different BrrF, one of which over-
laps slightly so that in the median portion of the facet
the uppermost BrrF is slightly higher; facets located on
inner sides of BrrF toward median axis of each ray,
rather than occupying middle of the plate so that arms
appear grouped.

Remarks. Five species of Alloprosallocrinus have
been described; however, all but A. conicus are con-
sidered to be synonyms or are invalid. MiLLers A.
gurleyi (1892) is similar in all significant taxonomic
characters except number of arms, and is considered
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merely a morphological variant of A. conicus. The
former has 11 arms, 3 being developed in the C ray. 4.
celsus and A. depressus do not belong to this genus and
should be referred to forms of Eretmocrinus and
Agaricocrinus, respectively. Woon's A. tuberculosus ap-

Ficure 37. Dorsal view of Alloprosallocrinus conteus, showing

arrangement and number of primibrachs. A. Typical arrange-
ment of dorsal cup plates with a single pnimibrach (axillary) in
each ray, X2. B. Abnormal specimen (UCWM no. 8922) with
two primibrachs in each ray suggesting that the first primibrachs
are eliminated from the theca rather than ankylosed as thought
by previous authors, X2. [Exeranarion: Primibrachs ruled.]
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pears to be properly assigned to the genus; however, the
specimens upon which the description was based have
been subsequently lost (Woon, 1909, p. 70) and until
found it is considered a synonym of 4. contcus. Troost
(1849) first used the name tuberculosus, but the species
was not described and illustrated until Woop published
Troost's manuscript. A. tuberculosus supposedly differs
from A. conicus in having large iRR that are in contact
with the tegmen in all interrays and in having spines
on the tegmen. However, it is possible that TroosT mis-
took the arcuate outer portion of the distal BrrF for iRR,
which they closely resemble.

The development of IBrr in Alloprosallocrinus is in-
teresting and deserves special note. WacHsMUTH &
Sprincer, as well as others, have suggested that one
feature of particular taxonomic importance is that the
IBrry are fused with the IAxx so that only a single dis-
tinct pentagonal axillary plate is visible. One specimen
examined, however, has 2 IBrr developed in the 4, B,
and C rays and in the D and E rays this plate is reduced
in size, so as not to extend the entire width of the RR.
Consequently, part of the proximal sutures of the TAxx
are in contact with the RR (Fig. 37-B). This peculiar
development suggests that the IBrry, rather than being
ankylosed with the [Ax, may become so reduced in size
that it is eventually eliminated from the dorsal cup of
typical specimens of Alloprosallocrinus. The rather short
sides of the plates in forms with only a single IBr in each
ray also indicates that elimination, rather than fusion, has
occurred. If plates had been fused, one would expect
the sides of the single enlarged IAx to be relatively long.

Type. Two syntypes (USNM no. S 783A.B) were designated
by Cassepay & Lyon. Specimen S-783A, the better preserved and
more complete specimen, 15 herein selected as lectotype.

Occurrence. This species has been reported from the Fr. Payne
Chert at Whites Creck Springs, Tennessee, and from Hardin,
Barren, and Metcalf Counties and Knob, south of Louisville, Ken-
tucky, It is rare in the Borden beds of Montgomery County,
Indiana.

Matersal. In addition to plaster casts of the types, a single
well-preserved specimen from Crawfordsville (UCWM no, 8922)
was available for study,

Dimensions. Measurements of specimens assigned to this
species are shown on Table 33.

Genus DIZYGOCRINUS Wachsmuth & Springer, 1897

[Miss. (Keokuk, Warsaw), Ill.-Ind.-Ky.-Mo.-Tenn. ]

Lane (1963) proposed the genus Azygocrinus for
Burlington species formerly referred to Dizygocrinus,
and as now known, the latter is restricted to beds of
Warsaw and Keokuk age. Azygocrinus lacks ornamenta-
tion such as nodes and ridges, distinct sutures between
plates of dorsal cup, and paired arms.

One of the most characteristic features of Dizygo-
crinus is the presence of paired arms, which originate
from a single Amb opening. Commonly, both single and

111

double (paired) arms occur on the same specimen; how-
ever, variants with all single arms to those in which all
the arms are paired were observed in the Crawfordsville
species D. indianaensis. One highly abnormal specimen
has as many as 4 arms arising from a single Amb open-
ing. The great majority of specimens studied possess
paired arms, and more rarely a few single arms are de-
veloped with the paired ones. Only one specimen was
observed with all single arms.

The structure of the proximal portion of the double
arms in Dizygocrinus is similar to those reported here
for the first time in Abatocrinus grandis. The mode of
development in Eutrochocrinus, which is the only other
batocrinid reported to have double arms, is quite different.
In Eutrochocrinus all Amb openings possess paired arms
and the proximal portions of the arms are eventually in-
corporated into the dorsal cup of some specimens.

Specimens of Dizygocrinus form one of the most
abundant components of the camerate fauna in beds in
which they occur. Of the 3 species described from
Crawfordsville, specimens of D. indianaensis are most
abundant in number of individuals found. D. crawfords-
villensis and D. montgomeryensis are represented by
only 2 and 4 known specimens, respectively.

Dizygocrinus crawfordsvillensis (MiLLer, 1891)

‘WacasmuTH & SPprINGER, 1897

Batocrinus crawfordsvillensis MiLLer, 1891, p. 64, pl. 10, fg. 11,
12; 1892a, p. 674, pl. 10, Ag. 11, 12.

Dizygoerinus crawfordsvillensis WacHsMUTH & SPriNGER, 1897,
p. 417; Laxne, 1963, p, 699,

Batocrinus decrepitus MiLLer, 1892¢, p. 34, pl. 5, fig. 24; 1894, p.
288, pl. 5, fig. 24.

Diagnosts. Dorsal cup small, sides gently convex to
nearly straight; strong radiating ridges on iRR;, thin
well-defined angular ridges along median portion of RR
and BrrF, arms 16 to 18, paired, short.

Description. Theca small to medium-sized; dorsal
cup plates with ridges from RR to distal BrrF and trans-
verse ridges on RR and anal X, BB low, slightly wider
than column; RR considerably wider than long, elevated
above interrays; IRR 3 to 5, appearing depressed be-
cause of well developed ridges on BrrF; 3 to 4 IIIBrr
above each ITAxx. Anal X followed by 3 anals in first

TasLe 33, Measurements of Alloprosallocrinus conicus

mnmm.
Specimens
Measurements USNM S783A USNM S783B UCWM 8922
Dorsal cup height .......... 4.2 7.9 8.0
Dorsal cup width s 263 32.7 328
Tegmen height ................ 17.2
Arm facet height e 6.0
Arm facet width ... 6.2
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circlet, and two in distal portion of interradius. Tegmen
convex, composed of small nodose plates; anal tube long,
slender, central. Arms short, delicate incurved, and ex-
tending slightly above tegmen; 16 to 18, paired, 2 in A
ray, 3 or 4 in C and D rays, and 4 in B and E rays.

Remarks. Dizygocrinus crawfordsvillensis was rare
in the Crawfordsville crinoid beds and only two speci-
mens were found in the collections studied. D. decrepitus
differs from D. erawfordsvillensis only in having an addi-
tional paired arm in the € and D rays and is herein
considered to be a synonym of the latter species. Orna-
mentation of the dorsal cup superficially resembles D.
indianaensis, with which it is associated, but it can be
casily distinguished by its short, delicate arms.

Type. Mirer's type, UCWM no. 6492, was preserved in an
oily solution and parts of the specimen have been softened and
broken. The holotype of MitLer's Batocrinus decrepitus is
USNM no. 5-836. The only speaimens available for study were
the types.

Ocecurrence. This species is known only from the Crawfords-
ville crinoid beds.

Dimensions. Measurements of specimens of this species are
given on Table 34.

TasLe 34, Measurements of Dizygocrinus crawfords-
villensis in mm.

Tue University oF Kansas PaLeonToLoGicaL CoNTRIBUTIONS

Dizygocrinus indianaensis (Lyon & Cassepay, 1860)
Wacnsmurs & SPRINGER, 1897

Plate 8, hg. 5-8; text-fig. 13,1,7; 38; 38; 40

Aesnocrinus indianaensis Lyon & Cassepay, 1860, p. 75.

Dizygocrinus indianensis (misspelling) WacHsmMutH & SPRINGER,
1897, p. 415, pl. 33, fg. 6a, b; pl. 35, fg. 5.

Dizygocrinus indianaensis Lang, 1963a, p. 699,

Dizygocrinus indianensis var. simplex WACHSMUTH & SPRINGER,
1897, p. 416, pl. 33, hg. 7.

Diagnosis. Theca large, subglobose; dorsal cup plates
with irregular nodes and ridges; BrrF with strong radial
ridges; all interrays in contact with tegmen; arms typi-
cally 18, paired, rarely partly single.

Description. Theca about as high as wide: dorsal cup
slightly higher than tegmen, with gently convex sides
from top of B circlet to arms; all plates ornamented with
strong irregular nodes and ridges from RR to distal
BrrF. BB short, wide, projecting slightly below proximal
columnal, restricted distally; RR wider than long, strong
transverse ridges confluent with radial ridges; iRR com-
monly 5, rarely 6, all in contact with tegmen; IBr; quad-
rangular, shorter and narrower than RR, 1Brs commonly
heptagonal, wider than IBry; IIBrr typically 4 in each ray,
IIBry axillary except in A ray 3; IIIBrr below each arm
opening. Anal X narrower than RR, heptagonal, fol-
lowed by 7 to 12 Anals. Tegmen straight-sided, of
medium height, composed of small nodose plates; anal
tube long, narrow, subcentral. Arms typically 18, paired,
with 2 in A ray, more rarely 16, 17, or 20 arms some of
which may be unpaired, long, tapering distally.

Remarks. In more than 40 specimens examined, all
possessed 18 paired arms, with 2 arms developed in the
A ray and 4 in each of the other rays. Considerable

EXPLANATION OF PLATE 5

All figures are X1, specimens from Crawfordsville, Indiana, unless otherwise indicated.

Specaimen
Measurements USNM 6492 USNM S836
Dorsal cup height 8.2 8.9
Dorsal cup width 12.2 16.2
Basal circlet height ... 1.1 1.0
Basal circlet width 5:1 5.0
Stem diameter ... 3.0 33
Tegmen height .o 5.7
s Jenpthie e ey 10.0 12.3
FIGURE PAGE

1. Saroerinus granilinens (MiLLER & GURLEY); CD view
of holotype (UCWM 6260) . 98
2.5. Histoerinus graphicus (MiLLer & Gurrey); 2, BC
view of crown (NYSM HSO) 5, €D view of holo-
type (UCWM 6170A) .. NI e 9
37,14, vapm'of:rmm mdmnmn.r (MEFK & WORTHEN) 1
CD view of holotype (ISM 10133, X1089); 7, 7B ray
view of MiLer & Gurrey's holotype of Poreriocrinus
crawfordsvillensis (UCWM 6398); 14, A view of in-
complete crown (UC 25032A) i 95
46. Scytalocrinus disparilis (MiLLEr & Guriey); 4, 7EA
view of lectotype (UCWM 6170B): 6, 74 ray view
of crown with attached part of stem (UCWM 6171,

not: balotype,/as marked)) M2 s crmmitis 96
Histacrinus coreyi (WorTHEN); &, CD view of crown
(UCWM 8911D); 9, € ray view of another specimen
(UCWM 8911A); 12, €D view of incomplete large

crown (UCWM 8911B) e 93
10,11,13,15. Seytalocrinus robustus (Havv); 10, EA view of
crown (WC 17); 11, AB view of small crown (ISM
10167); 13, €D view of robust crown showing thick
arms and stout pinnules (YPM 6444A); 15, CD view

of incomplete crown (UCWM 51826) .o, 97
16. Hypselocrinus hoveyi (WortHEN); D ray view of
specimen doubtfully asslgned to this species (NYSM

11481) e - S )

89.12.
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variation, however, exists in the number of arms origi-
nating from a single Amb opening in some specimens and
in the structure of the fixed-brachials,

Fixed-brachials, which represent proximal portions
of the arms in larval stages that are incorporated into the
dorsal cup in the adult stage, vary in number and ar-
rangement of plates (Fig. 38). Two IBrr commonly are
followed by 2 IlBrr except in the portions of the rays
that do not branch above the IAxx. The A4 ray in all
specimens observed bears 2 paired arms that begin on the
IBrry. Other rays may also partly have only IIBrr de-
veloped, but these are not constantly oriented as in the
A ray. Four or 5 IIBrr are common in portions of the
rays not possessing IlIBrr, and in those rays in which
IIIBrr are present, 3, 4, or 5 IIIBrr develop. The greater
number commonly is found adjoining the CD-interray
where a greater distance needs to be arched by the BrrF
because of the development of large Anals,

Single arms seem to develop in no consistent arrange-
ment and their location appears to be completely at
random. The structure differs from those observed in
Abatocrinus in that the initial Br is not a single plate,
but the biserial condition begins at the most proximal
portion of the arms and continues distally. Single arms
normally do not differ in size and shape from individual
arms of a pair; however, WacHsmuTh & Sprincer (1897,
p- 416, pl. 35, fig. 5) described an abnormal specimen in
which the size and shape of the arms varied considerably.
It has 12 single arms and 6 paired ones with some arms
of greater width. Seven of the 12 single arms are twice
as long as the others, which have the same length and
width as paired arms, This difference indicates that the
specimen originally had single arms and that the smaller
paired arms probably replaced ones that were injured and
discarded or broken off.

113

Paired arms are typical for this species and most
specimens have them entirely developed in all rays; how-
ever, variations from 13 to 18 pairs were noted. Speci-
mens with 3 and 4 arms originating from a single Amb
opening are extremely rare (Fig. 39). On Brr in which
3 arms are borne, a single rather large plate, similar to
the initial plate in paired arms, is followed by 2 Brr upon
which the 3 biserial arms are developed. No crowding of
the arms is apparent and the arm widths correspond
closely to those of more typical paired ones. However, in
specimens with 4 arms, the most proximal portion begins
with 2 initial plates arranged laterally. The outer arms
are slightly twisted, so that the sutures between the
biserial plates are not facing outward but are along the
sides in the proximal portion of the arms. This abnormal
development was undoubtedly caused by crowding be-
cause of the greater number of arms.

The number of arms appears to be developed early
in the ontogeny of an individual. Except for the abnormal
specimen described by WacHsMUuTH & SPRINGER, no evi-
dence is found that any of the arms were the result of
reconstruction because of injury. The increase in num-
ber of arms is judged to be genetic and not phylogenetic,
The number of arms developed did not seem to add any
particular advantage in feeding, as one might expect, be-
cause individuals with 13 pairs of arms are just as robust
as those with 16 or 18 pairs.

The number and arrangement of Anals also shows
considerable variation in Dizygocrinus indianaensis (Fig.
40). Most commonly 10 anals are present above anal X;
however, the observed variation ranges from 7 to 12.
Constant development of plates was found only in the
circlet of 3 Anals directly above the anal X. The num-
ber and size of plates in the CD-interray varies with
different size and shape of dorsal cups.

EXPLANATION OF PLATE 6

All figures are X1, specimens from Crawfordsville, Indiana, unless otherwise indicated.

FIGURE

1.3-5,10. Taxocrinus colletti Wiite; 1, AB view of typical
crown showing globular form (UCWM 51835C);
34, EA and C views of small crown (UCWM
8933A); 5, A ray view of neotype (UCWM 26479);
10, €D view of robust crown (UCWM 7054) ............ 103

2,7.9. Onychocrinus ramulosus (Lyon & Cassepay); 2, A

PAGE

ray view of typical crown (UCWM 51834B); 7, DE
view of larger specimen (UCWM 51834A); 9, D ray
view of small crown with proximal portion of at-
tached stem (NYSM 11485) et 101
6,8. Onychocrinus wlrichi MiLiern & Guriey, Indian
Creek; 6, CD view of typical specimen (UCWM
6169); 8, AB view of another crown (UCWM 6169) 100
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B-ray A-ray

Ficure 38. Variation in arrangement of fixed-brachials in four specimens of Dizygocrinus indianaensis. Plates are spread for clarity;

normally they would be in lateral contact. [ExpranaTion: Numbers at right indicate number of paired arms and single arms, respectively,

that are supported by most distal fixed brachials. Paired arms are shown by short lines on distal plates. “P” designates posterior; axillary
fixed brachials are suppled.]

WacHsMUTH & SeriNGeRr's Dizygocrinus indianaensis
var. simplex is considered only a morphological variant
of this species. It differs from more typical specimens
in the development of 18 single arms, rather than paired
arms.

Type. Lyon & Cassepay’s original specimen 1s USNM no.
S-841. WachsmuTH & SpriNcer’s figured specimens are USNM
no. S-842A,B and their holotype of Dizygocrinus indianaensis var.
simplex is USNM no. S-854.

Occurrence. This species occurs both in the Crawfordsville and
Indian Creek crinoid beds in Montgomery County.

Material. Approximately 70 specimens, including plaster casts
of the types, were available for my study. Seventeen specimens were
selected to be measured.

Dimensions, Measurements made on selected specimens of this
species are given on Table 35,

Dizygocrinus montgomeryensis (WortHEN, 1884)
WacHsmuTH & SPRINGER, 1897
Plate 7, fig. 9, 11, 13; text-fig. 17,2; 19,7

Batocrinus montgomeryensis WontHen, 1884, p. 25; 1890, p. 83,
pl. 12, fig. 2, 2a.

Tasre 35. Measurements of Dizygocrinus indianaensis in mm.

Measurements 1 2 3 4

Specimens
5 6 7 8 9 10 11 12 13 14 15 16 17

Dorsal eup height ..

12.2 12.4 13.0 10.6 11.6 12.3 12.2 13.1 11.6 13.5 123 134 11.0 75 129 16.3 11.6

Dorsal cup width 202 22.1 142 159 192 17.5 22.0 20.0 21.0 14.0 135 23.4 185
Basal circlet height 1.8 1.6 15 1.4 L3 1.7 3 A () B 1 S B i o
Basal circlet width v 69 74 66 54 46 64 64 65 64 62 70 66 50 55 63 75 6.2
Tegmen height 96 8.0 10.1 85 98 89 12.0 103

Arms length e 300 DL 36.0 41.0 45.6 42,5 47.5 44.5 265 375
Number-ob armi® cocs = inasnnascas 18 17 1343 1642 17 16 18 18 17 18

® First number refers to pairs of arms, second to single arms (e.g., 164-2=16 pairs plus 2 single arms),

8925, 8923 A-1; 15, UC 25008A; 16-17, YPM 1978 A, B.

1-3, USNM S841, SB42A, S842B; 4-14, UCWM 19198,
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Dizygocrinus montgomeryensis WacHsmurn & Seringer, 1897, p.
428, pl. 33, fig. 3, 4; pl. 46, fig. 10; Lane, 1963, p. 700.
Batocrinus subconicus Wortrew, 1884, p. 26; 1890, p. 84, pl. 13,
fig. 4. non Batocrinus gurleyi Rowrey & Hare, WacHsmuTH
& Seringer, 1897,

non Batocrinus sweett Rowrey & Harg, WAcHsMUTH & SPRINGER,
1897.

non Dizygocrinus monigomeryensis var. unibrachiatus WacHsMuTH
& Semincen, 1897 (= D. biturbinatus).

Diagnosis. Dorsal cup bowl-shaped, lower than teg-
men; plates smooth; CD interray in contact with teg-
men; tegmen high, conical, plates nodose; arms 16, paired
and single.

Description. Theca medium-sized to large; sides of
dorsal cup gently concave, plates smooth, flat to slightly
elevated, faint transverse ridges on RR and small, poorly
defined nodes on BrrF and iRR;. BB small, low, slightly
wider than column, with raised rim around proximal
edge; RR low, wider than high, with distal faces gently
concave; iRR 3 to 4; commonly 2 IIBrr, except above
each side of [Ax in A ray and on anterior side of C and
D rays, which have 3 IIBrr; 2 IlIBrr above each ITAxx,
rarely 3. Tegmen nearly straight-sided, with flat plates

A

Figure 39. Variation of number of arms from a single arm-bearing
fixed-brachial and arrangement of free-brachials on specimens of
Dizygocrinus indianaensis.

Figure 40. Variation in anal plates of Dizygocrinus indianaensis,
X2. [Expranation: Initial anal plate, designated anal X is stippled.]

bearing small- to medium-sized nodes that originate from
the central part of each plate; anal tube long, narrow,
plates smooth or slightly convex. Arms 16, paired or
partly single, 2 in A4 ray, 3 in C and D rays, 4 in B
and E rays.

Remarks. WacHsMUTH & SPRINGER placed Batocrinus
gurleyi and B. sweeti in synonomy of Dizygocrinus
montgomeryensis, but these species do not have a high
conical tegmen with nodes on all plates, which is char-
acteristic of D. montgomeryensis and thus should be
assigned to D). biturbinatus (Hawv). D. montgomeryensis
var. unibrachiatus from the Keokuk Limestone, near
Keokuk, Towa, resembles D. montgomeryensis, but it
lacks paired arms, and except for slight differences in
dimensions, represents a typical D. biturbinatus as recog-
nized by Lane (1963).

Duizygocrinus montgomeryensis can be distinguished
from other forms of the genus occurring at Crawfords-
ville by its smooth dorsal cup and high conical tegmen.
It closely resembles D. mutabilis WACHSMUTH & SPRINGER,
1897, from Indian Creek but this species has a more
conical dorsal cup and 13 to 14 arm openings.

TasLe 36. Measurements of Dizygocrinus montgomery-
ensis in mm.

Specimens

Measurements IGS X68 1GS 8212 USNM S843
Dorsal cup height ........... 8.2 9.0 9.1
Dorsal cup width ... 235 23.8 17.0
Basal circlet height 0.8 1.0 0.9
Basal circlet width ... 6.1 6.8 45
Stem diameter ... 3.5 4.6 2.8
Tegmen height ... 12.9 15.0

Arms length i 53.5
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Type. Wortuen's holotype is IGS no. X-68; however, another
specimen from the Worthen Collection (IGS no. 8212) is also
labelled “Type" (probably a hypotype). WacHsmuTH & SPRINGER'S
figured specimen (1897, pl. 33, fig. 4) is USNM no. S-843.

Occurrence. This species is known from the Borden beds at
Crawfordsville, and WacHsMuTi & SvriNGeR's specimen (USNM
§-843) is from the Keokuk Limestone of Towa.

Material. Only specimens listed as types were available for
study, Additional specimens were too poorly preserved for detailed
study and measurements.

Dimensions. Measurements of specimens available for study
are given on Table 36.

[ Dizygocrinus whitei (WacusmuTs & Serincer, 1881)
WacHsMUTH & SprINGER 1897 ]

Remarks. BassLer & Moopey (1943, p. 93) report that
this species was found at Crawfordsville but it has been
cited only from near Canton and Edwardsville in Indiana.

Genus ERETMOCRINUS Lyon & Casseday, 1859
[Miss. (Kinderhook-Keokuk), Towa, 111., Ind., Ky., Mo., Tenn.]

Lyon & Cassepax’s original description of Eretmocrinus
was unsatisfactory and partly incorrect. As a result, much
confusion is found in early descriptions of forms belong-
ing to this group of crinoids. Harw (1860, 1861a, 1861b)
apparently ignored the name entirely and referred species
with typical characters of Eretmocrinus to Actinocrinus.
Others, including original authors, SHumarp (1866) and
Zirtew (1879), considered Erermocrinus as a subgenus of
Actinocrinus, and Meex & WorTHEN referred to it as a
subgenus of Batocrinus. The name was not recognized,
as it should have been, until WacHsMUTH & SPRINGER
(1881) re-described Eretmocrinus and elevated it to the
rank of a genus.

In defining Eretmocrinus as a new subgenus Lyon &
Cassepay suggested that the oarlike arms suggest “. . . a
difference of habit in the animal.” Apparently they
thought that the modified shape of the arms was used for
swimming, as well as for their normal functions. The
presence of a well-developed stem in all known species
unquestionably indicates that these forms were not
nektonic.

Detailed study of arm structure of Eretmocrinus by
Lane (1958), and confirmed in the examination of well-
preserved specimens from Crawfordsville, indicates that
ambulacral grooves and pinnules on the inner sides of
the arms are not present in the expanded portions. Thus,
this part of the arms could not have functioned in feeding.
LanE suggested, probably correctly, that they formed a
continuous roof over the tegmen and prevented fecal
matter from dropping onto the tegmen and food grooves,

In general, Keokuk species of Eretmocrinus can be
distinguished from Burlington forms by a larger, more
nodose dorsal cup and tegmen, and by having more arms.
E. commendabilis, the only known species occurring in
the Crawfordsville beds, however, more closely resembles
Burlington species.

Tue University oF Kansas PaLeontorocicar CoNTRIBUTIONS

Eretmocrinus commendabilis MiLLEr & GurLey, 1895
Plate 7, hg. 12

Eretmocrinus commendabilis MieLer & Gurrey, 1895, p. 25, pl.
2, hg, 15.
Batocrinus commendabilis S. A. MiLrer, 1897a, p. 736.

Diagnosis. Dorsal cup large, plates slightly convex
and granulose; BB short, truncated below, expanded into
width twice diameter of stem; arms 20, expanding rather
abruptly in distal portion into broad spatulate arms.

Description. Dorsal cup twice as wide as long,
straight-sided. B circlet trilobed, thin, notched at distal
sutures; RR medium-sized, elevated above interrays; iRR
2, depressed, arched by BrrF; iRR; large, followed by
smaller pentagonal plate (only one iR observed in avail-
able specimen); 1 BrrF consist of 4 IIBrr and 8 IIIBrr
in each ray, ITAxx largest plate in ray. Anal X about
same in width as RR but slightly higher, followed by 5
Anals. Tegmen and anal tube unknown. Arms 18 or
20, expanding gradually a short distance below wide
spatulate portion of arms; commonly coarse nodes or
spines on all or part of the free brachials.

Remarks. This species most closely resembles WacHs-
MUTH & SpriNceR's Eretmocrinus granuliferus WacHs-
MuTH & Sprincer (1897) from Indian Creek; however,
it can be distinguished by its more expanded B circlet,
fewer and more depressed iRR and less gradually expand-
ing arms. It is possible that these two forms should be
placed in the same species, but only a single specimen of
each was available for study. Both species resemble
Burlington forms of Eretmocrinus, such as E. casseday-
anus Mitter & Gureey (1893), more than Keokuk
species. In general, the latter species are larger, with
more nodose plates and more arms. E. magnificus and
E. praegravis 8. A. MiLLer 1892, also described from
Montgomery County, can be easily distinguished from
E. commendabilis, The former has 20 to 22 arms, nodose
BrrF, and a high nodose tegmen; the latter species has
12 to 15 arms and strongly nodose thecal plates.

Type. Mmrer & Gurrey's holotype, and the only specimen
available for my study, is UCWM no. 6475. A plaster cast of
Wacnsmura & Serincer's Eretmocrinus  granuliferus was also
available for comparative study.

Occurrence. Eretmocrinus commendabilis is known only from
the Borden beds at Crawfordsville.

Dimensions. The following measurements, in mm,, were made
on the holotype: height of dorsal cup, 12.8 mm.; width of dorsal
cup, 22,4 mm.; width of B circlet, 13.0 mm.; height of B circlet,
2.0 mm.; proximal width of arms, 2.5 mm.; maximum width of
arms, 12.0 mm.; proximal width of stem, 6.1 mm.

[ Eretmocrinus granuliferus WacksmuTH & SPRINGER,
1897]

BassLer & Moopey (1943, p. 93, 456) erroneously
report this species from the Crawfordsville beds, but
specimens have been found only along Indian Creek
and near Canton, Indiana.



CrawrornsviLLE (Inpiana) Crivom Stubies

Genus MACROCRINUS Wachsmuth & Springer, 1897

[Miss. (Burlington, Keokuk), lowa-11l.-Ind.-Mo.]

Prior to WacHsMuTH & SprINGER's monograph on
camerate crinoids (1897), species now assigned to
Macrocrinus were commonly included in Barocrinus and
Eretmocrinus. However, the two latter genera lack the
truncate base, nodose RR and iRR, small high dorsal
cup and stout anal tube characteristic of Macrocrinus.
Also, Keokuk species of Batocrinus (now referred to
Abatocrinus) are large, strongly nodose forms,

Macrocrinus is represented in the Crawfordsville
beds by a single species, M. mundulus, which prior to
this study was referred to M. jucundus. It was common
in the Indiana Creek crinoid beds but rather rare at
Crawfordsville.

Macrocrinus mundulus (Hact, 1860) Van Sant
(n.comb.)

Plate 8, fig. 6, 13

Actinocrinus mundulus Havw, 1860, p. 39,

Actinocrinus similis Havy, 1860, p. 40.

Actinocrinus lagunculus Hary, 1860, p. 41,

Batocrinus jucundus MiLLer & Guriey, 1890, p. 19, pl. 4, fig. 6
(Private publ.); 1890, p. 341, pl. 4, fig. 5, 6.

Batocrinus agnatus MiLer, 1891, p. 53, pl. 8, fig. 1, 2.

Batocrinus mundulus Wacnsmute & Serincer, 1897, p. 382, pl
30, Ag. 4, 5.

Macrocrinus lagunculus Wacusmuth & Serivcer, 1897, p. 453, pl.
35, fig. 4; Van Tuv, 1925, p. 30, pl. 5, hg. 3.

Macrocrinus jucundus WachsmuTh & Serivcer, 1897, p. 451, pl.
4, fig. 15; pl. 30, Ag. 13, 14.

Diagnosis. Dorsal cup in the form of a high truncated
cone, sides slightly convex, sutures not deeply grooved;
RR with rounded transverse nodes; arms short, 16 to
20.

Deseription. Theca small to medium-sized, width
slightly greater than length, dorsal cup higher than teg-
men, sutures between plates distinct, truncated at base.
BB medium-sized to large, wide, with straight sides, B
circlet twice as wide as stem; RR large, with short distinct
or indistinct rounded nodes; iRR 1 to 4 in each interray;
I1IBrr 2 to 6. Anal X higher than RR, followed by 5 or
6 Anals not in contact with tegmen. Tegmen conical,
low, consisting of large plates with small, subcentral
nodes; anal tube subcentral, stout, gradually tapering
distally, extending beyond arms, plates medium-sized to
large, with indistinct nodes. Arms short, thin, 16 to 20.

Remarks. Lane (1958, p. 206) placed many names
in synonomy of Macrocrinus mundulus, but since this
study was unpublished, it has no status nomenclaturally.
Comparative study of plaster casts of types with speci-
mens from Crawfordsville, formerly referred to M.
jucundus, supports Lane’s conclusions. The general size,
shape, and ornamentation of the dorsal cup are similar
and the only apparent difference between the several
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species previously described is the number of arm open-
ings to the theca. This is judged only to represent normal
morphological variation. Species grouped here in syn-
onymy are all reported from beds of Keokuk age in
llinois, Towa, and Indiana. Batocrinus mundulus, the
name-giver to the species, because of priority, has 20 arms
and represents the upper extreme in number of arm
openings. B. lagunculus and B. agnatus were named
for forms possessing 17 arms, B. similis for species with
18 arms, and B. jucundus for 16 arms. B. cantonensis
Mmier & Gureey (1890), though probably also a
synonym, 15 not included herein because no specimens
were available for study.

In general, Keokuk species of Macrocrinus differ from
Burlington forms in having 16 to 20 arms rather than
12 to 15. However, some overlap exists; for example, the
Burlington species M. verneuilianus (SHumarp, 1855) is
reported to have 12 to 18 arms, although specimens with
greater than 15 arms are rare. This species somewhat
resembles M. mundulus, but it can be distinguished by
having lobed ray areas,

Type. Holotype of Macrocrinus mundulus (1GS no. 1848)
was not available for study; however, a plaster cast of this speci-
men (UCWM no. 15774) was examined. In addition, the follow-
ing types have been examined: plaster cast of the holotype of
Barocrinus agnatus (USNM no. 5-795); hypotype of M. lagunculus
(USNM no. S-798); Mirer & Guriey's syntypes of M. pucundus
(UCWM no. 6259), and a plaster cast of onz of WacHsMuTH &
SeriNGeR's hypotypes (1897, pl. 30, fig. 13).

Occurrence. This widely distributed species has been found in
the Keokuk Limestone at Keokuk, Iowa, Nauvoo and Warsaw,
Illinois, and the Borden beds at Crawfordsville and Indian Creek.

Material, In addition to the types, the following specimens
from Montgomery County, Indiana, were available for study:
UCWM no. 8944A,B, UCWM no. 51839A, and NYSM no. 11539,

Dimensions. Measurements made on the specimens available
for study are given on Table 37,

Tasre 37. Measurements of Macrocrinus mundulus
mmm,

Specimens
Measurements FRERCO 35 6§ 7 B 9

9.8 10.8 11.0 10.7 115 11.8 11.0 11.6 102
Dorsal cup width  12.8 12.0 13.4 143 13.7 125 11.2 12.0 112
Basal circlet height 2.0 23 24 23 2.0 2.0 22 2.0 2.0
Basal circlet width 5.0 62 69 64 68 67 64 8.0 54

Dorsal cup height

Stem diameter 30 3.1 30 35 33 29 34 34 29
Tegmen: height 8.3 74 75
Anal tube length 19.0 25.0 26.0 24.0

Arms length 269 344 24.0 32.8 32.4 30

Arms number 15 16 16 16 16 15 17 20

1-3, UCWM 6259 A, B, 5135A; 4, NYSM 11539, 5.6, UCWM 8%44 A, B; 7.8,
USNM 5795, 5798; 9, UCWM 15774,

Genus UPEROCRINUS Meek & Worthen, 1865

[Miss. (Burlington, Keokuk), lowa-1ll.-1Ind.-Mo.-Ky.-Tenn.]

Meek & WorrHeN proposed Uperocrinus as a sub-
genus of Actinocrinus, based on a single species (Aetino-
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crinus pyriformis), but subsequently it was abandoned
by them. Wacusmurs & Serincer (1897) and BatmEer
(1897) recognized the need for grouping species similar
to A, pyriformis, and proposed Lobocrinus and Hypero-
crinus, respectively, Both considered Uperocrinus in-
appropriate because it had been abandoned by Mk &
WortHeN in later publications. Lobocrinus gained wider
acceptance than BAreEer's name, probably because the
genus is restricted to this continent and American
paleontologists tended to follow WacHsMUTH & SPRINGER
in matters concerning crinoid studies. Uperocrinus and
Lobocrinus were subsequently used for species having
similar characters and not until Serincer (1913, p. 196)
recognized Lobocrinus as a junior synonym was this
name discontinued.

Only a single specimen of this genus is known from
the Crawfordsville beds, the holotype of MiLLEr &
GurLey's Batocrinus marinus. As discussed below, this
species cannot be considered as belonging to Batocrinus
and is herein judged to be a typical small species of
Uperocrinus.

Uperocrinus marinus (MiLLer & Gurrey, 1890)
Van Sant (n. comb.)

Plate 8, fig. 3

Batocrinus marinus MiLLer & Guriey, 1890, p. 19, pl. 4, fig. 3,
4 (private publ.); 1890, p. 340.

Lobocrinus spiniferus WacHsmuTH & Serincer, 1897, p. 439, pl
30, fig. 11, 12.

Diagnosis. Theca small, nodes on BB, RR and anal
X, all plates granulose; R and B circlet moderately large
for size of dorsal cup; 1 iBr in each ray between ITAxx
and above IIBrry.

Deseription. Dorsal cup small, wider than high, sides
gently concave, expanding above IAxx; plates slightly
convex or flattened. BB rather large, bearing elongate
nodes; RR medium-sized to large with single, small
transverse nodes; anal X slightly narrower than RR and
of about equal height, Anals above arranged 3-3-2; 5
to 6 iRR, commonly 2 in contact with tegmen; 4 IIBrr
in all rays, ITAxx followed by 2 large IIIBrr each sup-
porting an arm that is grouped into pairs. Tegmen not
visible in known specimens, but judged to be concave and
low; anal tube rather long and stout composed of convex,
slightly nodose plates, a short distance distal to end of
arms 7 to 8 slender spines are developed, 5 to 6 mm. in
length arranged almost normal to the longitudinal axis
of the anal tube. Arms 20, single, short, only slightly
tapering distally and incurved.

Remarks. Presence of grouped rays, iBrr, and the
contact of all interrays with the tegmen prohibits assign-
ment of Uperocrinus marinus to Batocrinus as proposed
by MiLer & GurLey. As previously mentioned, the
name Uperocrinus was abandoned shortly after Meex
& WorTHEN proposed it and not until WacHsMUTH &
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SeriNcer (1897) recognized need for grouping species
with characters now considered typical of the genus
were these species distinguished from Batocrinus.

WacHsmuTH & SPRINGER's Lobocrinus spiniferus from
Keokuk beds at Indian Creek agrees in all essential char-
acters of dorsal cup and arm structure and probably is
a synonym of Uperocrinus marinus, Detailed comparison
of anal tubes cannot be made since the only known speci-
men of MiLLER & GURLEY's U. marinus has the anal tube
broken off at the top of the arms,

Type. Mirer & Guriey's holotype of Batocrinus marinus is
UCWM no. 6164,

Occurrence. Known only from the Borden beds at Crawfords-
ville and Indian Creek.

Material. Only the holotype was available for study.

Dimensions. The holotype is distorted so that accurate measure-
ments of many features are impossible; however, the following
measurements, in mm., were made: height of dorsal cup, 10.0
mm.; width of B crclet, 8.0 mm.; width of R circlet, 11.4 mm.;
diameter of stem, 3.0 mm.; approximate length of arms 30.0 mm.

Family COELOCRINIDAE Bather, 1899

[ 5il.-Miss.]

Genus AGARICOCRINUS Hall, 1858

[Miss. (Kinderhook, Osage), lowa-11l.-Mo.-Ark.-Ind.-Ky.-Tenn.]

Agaricocrinus americanus { RoEmER, 1854)
Keves, 1894

[emend. Kiem, 1900]
Plate 8, fig. 1: text-fig. 17,3

Amphocracrinus americanus Roemer, 1854, p. 250, pl. 4, fig.
15a, b.

Agaricocrinus americanus Keves, 1894, p. 168, pl. 22, fig. 8ab.
WacHsmuTH & SprinNGer, 1897, p. 488, pl. 42, fig. la, 2ab;
Woon, 1909, p. 58, pl. 5, Ag. 9.

Agaricocrinus ( Amphocracrinus) americanus Kiesm, 1900, p. 181,
184. Considered 18 species as junior synonyms.

Agaricocrinus dissimilis MiLLer, 1891, p. 665, pl. 8, fig. 11.
non Agaricocrinus tuberosus Harr, 1858,
non Agaricoerinus bullatus Harr, 1858.
non Agaricocrinus pentagonus Havr, 1860 (= A. bullatus).
non Agaricocrinus excavatus Havv, 1861,
non Agaricoerinus nodosus Meex & WortHeN, 1869,
non Agaricocrinus crassus WETHERBY, 1881,
non Agaricocrinus elegans WeTHERBY, 1881 (= A. tuberosus).
non Agaricocrinus macadamsi WortHEN, 1889 (= A. tuberosus).
non Agaricocrinus nodulosus WortHeN, 1889 (= A. ruberosus).
non Agaricocrinus splendens MiLLER & Gurrey, 1890,
non Agaricocrinus gorbyr MiLLer, 1891 (= A. splendens).
non Agaricocrinus indianensis MiLLer, 1891 (= A. splendens).
non Agaricocrinus arcula MiLLeR & GurLey, 1895,
non Agaricocrinus profundus MiLLER & GurLEY, 1895,
non Agaricocrinus tugurium MiLLeR & GurLey, 1895,
non Agaricocrinus towensis MiiLer & Gurrey, 1897 (= 4.

profundus).

non Agaricocrinus keokukensis MiLLer & Gumiey, 1897 (= 4.

profundus).

Diagnosis. Dorsal cup plates slightly convex, granu-
lose; tegminal plates granulose to pustulose, many
highly convex in both Amb and iAmb regions, large;
anal X followed by 3 to 5 Anals arranged in 2 series,
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these supporting numerous irregularly arranged small
plates, which form a large anal protuberance that is
depressed laterally.

Deseription. Theca medium-sized to large, hemis-
pherical to subpyramidal, moderately concave base; all
dorsal cup plates slightly convex, those within concavity
commonly flatter, sutures distinct. BB small, hidden by
stem; RR and IBrr; commonly small, 1Brry and IIBrr
somewhat larger and more convex, in 2 armed-rays arms
supported by IIBrr and in 3 and 4 armed-rays posterior
arms are borne on IlIBrr; 3 iRR, iR; very elongate, nar-
row, followed by 2 smaller iRR; anal X longer than RR,
length greater than width. Tegmen composed of numer-
ous highly convex plates. TAmbb commonly somewhat
less convex to almost flat, all plates granulose. Arms 11
to 14, tapering to a point distally; arm facets normal
to longitudinal axis or directed slightly upwards.

Remarks. Kuem (1900) considered 18 species to be
synonyms of Agaricocrinus americanus; however, re-
study indicates that many of her junior synonyms repre-
sent distinct species based on characters now judged to
have significant taxonomic importance. An attempt was
made to re-allocate species assigned to A. americanus by
Kiem, but until a complete review of the genus is
undertaken, using actual specimens and not merely de-
scriptions and illustrations, correct placement of several
species must remain doubtful.

Only a single specimen of Agaricocrinus americanus
was found in all material available for study from Craw-
fordsville. This is the first reported occurrence of this
species from this locality, but it has been described pre-
viously from equivalent Indian Creck beds. It can be
distinguished easily from the more commonly occurring
Crawfordsville species, A. splendens, by its more granular
plates, and large highly convex tegminal plates. Many
of these plates are found in both Amb and iAmb
regions.

Of particular interest is the fact that the CD pseudoral
is separated from other pseudorals and these from each
other by much smaller supplementary plates. This
feature was one of WacHsmuTH & SpriNGER’s diagnostic
characters of Agaricocrinus splendens. Therefore, isola-
tion of pseudorals cannot be of specific importance, be-
cause no regularity exists in their arrangement. It is
possible that environment had considerable effect on the
development and arrangement of these plates. Thus,
when conditions were favorable for growth a few large
plates were formed, and during times when conditions
were less satisfactory numerous small plates developed.

Type. RoeMER's types were reported by WacHsmutH &
Serivcer (1897, p. 489) to be in the Mineralogical Museum,
Breslau, Poland; however, this could not be confirmed.

Occurrence, Agaricocrinus americanus has been reported from
the Keokuk Limestone in Clark County, Missouri, Keokuk, Towa,

and numerous localities in western Illinois; Ft. Payne chert at
Whites Creek Springs and Livingstone, Tennessee, and from Allen,
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Barron, and Metcalf Counties, Kentucky; Edwardsville Formation,
Indian Creck and Crawfordsville, Indiana.

Materal. Only a single speamen (UCWM no. 8921) was
available for study.

Dimensions. The following measurements were made on the
specimen available for study: height of theca, 23.4 mm.; height
of tegmen, 18.0 mm.; maximum width of tegmen, 29.0 mm.;
height of largest arm facet, 6.0 mm.; width of largest arm facet,
5.4 mm.

[ Agaricocrinus nodulosus macadamsi WorrreN, 1889]

BassLer & Moopey (1943, p. 92) reported that speci-
mens of this species were found at Crawfordsville but
these actually came from near Canton and Indian Creek,
Indiana.

Agaricocrinus splendens MiLLer & Gurrey, 1890
Plate 8, fig. 2, 4; text-fg. 19,3; 20,26

Agaricocrinus splendens MiLer & Guriey, 1890, p. 18, pl. 4,
fig. 1, 2 (Private publ.); 1890, p. 340, pl. 4, fig. 1, 2; MiLLER,
1892a (adv. pub., 1891) p. 665, pl. 8, fig. 10; WacHsMUuTH &
Serincer, 1897, p. 495, pl. 40, fig. la-<.

Agaricocrinus indianensis MiLLer, 1892a (adv. pub. 1891), p. 663,
pl. 8, fig. 5.

Agaricocrinus gorbyi MiLLer, 1892a (adv. pub. 1891), p. 664, pl. 8,
fig. 9.
non Agaricocrinus americanus (Roexen), 1854,

Diagnosis. Theca small; dorsal cup plates almost
flat, smooth; iR area rather wide and deep; Anals small,
distally forming a rounded ridge, which extends from
proximal to distal portions of the theca; posterior
pseudoral large, highly convex, other pseudorals and
radial dome plates distinctly smaller and less convex,
remaining tegminal plates small, slightly convex to
nearly flat.

Description. Dorsal cup slightly to deeply concave,
plates almost flat with moderately distinct suture lines.
B circlet hidden by stem; RR and IBrr rather small;
IIBrr commonly long, 11Brra bearing 2 arms in 4, B,
and E rays, in 3- and 4-armed rays the posterior portion
of € and D rays have arms borne on IIIBrr; 3 to 4 iRR;
anal X longer than RR, supporting 3 large Anals distally
irregular rows of 3 to 5 small plates form a rounded ridge,
which is somewhat inflated around anal opening. Teg-
men commonly subpyramidal, all plates small except
highly convex pseudorals, 4 orals and radial dome plates
slightly larger and more convex than other tegminal
plates. Arms 12 to 14, stout proximally, tapering uni-
formity distally; pinnules long.

Remarks. MiLLer's Agaricocrinus gorbyi and A.
indianensis agree in all essential features with A. splen-
dens and herein are considered to be synonyms. The
former species was proposed because it had 13 rather
than 12 arms. A. splendens can be distinguished from
the only other form of this genus occurring in the Craw-
fordsville beds, A. americanus, by its smaller and flatter
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tegminal plates, structure of the A series, and almost
smooth dorsal cup plates.

Type. MirLer's holotype is UCWM no. 6256. This specimen,
originally described from Crawfordsville beds, actually was found at
Indian Creck (MiLer, 1891, p. 665). Specimen UC no. 3367,
labelled holotype, is not MiLrer's type; however, another speci-
men in the same collection (UC no. 3366) possibly was one of
Mirrer's original specimens (labelled paratype).

Occurrence. This species has been reported from Keokuk rocks
in Washington and Montgomery Counties, Indiana. It was rather
abundant at Indian Creek but rare in the Crawfordsville beds.

Material, Eight specimens from Crawfordsville were available
for study by me, but only two were suitable for obtaining measure-
ments (IGS no. 28P6, UCWM no, 51836). Several Indian Creek
specimens, including the holotype, were measured for comparative
purposes (UCWM no. 6256, holotype; UC no. 3367, mislabelled
holotype; WC no. 19; USNM no. $-1097A, plaster cast of one
of WacnsMuTH & SeriNcER's hypotypes).

Dimensions. Measurements made on specimens available for
study are given on Table 38.

Taere 38. Measurements of Agaricocrinus splendens

in mm,
Specimens
Dimensions 1 2 3° 4* 5% .4
Crown height ..o 16.5
Dorsal cup width . =z 135 18.0 12.0 18.2 21.2
Tegmen height oo 126 11.5
AT TR O D e 59.0 41.3 28.0 50.0
ATis UMb s nnn o 13 12 12 12 12

* Indian Creek specimens. [, 1GS 28P6; 2-3, UCWM 51836, 6256; 4, UC 3367;
5, WC 19; 6, USNM S1097A.

Family DICHOCRINIDAE S. A. Miller, 1889

[Miss.-Perm.]

Genus DICHOCRINUS Miinster, 1839

[L.Carb., N.Am.-G.Brit.-Eu.]

The stem and arms of Dichocrinus were particularly
susceptible to modification without any significant
changes occurring in the theca. The stem in most forms
is round, without cirri except for distal branching roots,
and composed of short columnals or alternating short and
long ones arranged in various plans. In other forms cirri
were well developed and served their normal function
of aiding in attachment. Some highly specialized forms,
such as the Burlington species D. angustus Warre (1862),
had medified cirri that seemingly functioned partly in
protection. This rather bizarre form has numerous
whorls of long cirri developed in the proximal 8 cm. of
the stem, which completely envelop a small theca and
also probably the arms. As discussed below, an extreme
modification of the stem occurred in the genus Campto-
crinus, which has a coiled bilateral stem and a Dicho-
crinus-like theca. This type of stem occurred in un-
related forms and was undoubtedly protective in origin,
Early Paleozoic forms possess an inadunate theca, but
Mississippian and Permian species have a typical camerate
theca.
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Arms of Dichocrinus vary considerably from the
usual 10 to forms with 20 or even 40. Both uniserial
and biserial isotomous arms occur, and both types may
be present in the same individual. Paradichocrinus, a
direct descendant from Dichocrinus, developed heteroto-
mous arms,

Some forms of Dichocrinus had more flexible arms
than usual, resulting in a recumbent attitude of the
arms when at rest or dead. Recumbent arms developed
independently in several camerate families, such as acro-
crinids, barrandeocrinids, patelliocrinids, platycrinitids,
and rhodocrinitids, but are rare in inadunate crinoids
(e.g., Oklahomacrinus) and unknown in flexible crinoids.
The last two groups apparently did not have structural
features that could be modified to support such an un-
usual arm habit. The proof that arms were not accidently
preserved in a recumbent position is shown by the fact
that (1) some thecas have distinct grooves resulting from
prolonged continuous pressure by the pendent arms, (2)
all forms have thick stout pinnules with food grooves
exposed to the outer surface, and (3) all individuals
within a species commonly exhibit a similar type of arm

habit.

In typical camerates, mobility of the arms was limited
and no evidence of well-developed muscular articula-
tions has been observed, as in poteriocrinitids and several
other inadunate families, and post-Paleozoic articulates.
BrrF like other plates in the dorsal cup have flat and
generally smooth opposing surfaces. More rarely, the
surfaces are striated with fine radiating grooves. In
both instances the plates were nearly immovable.

The solid tegmen of camerate crinoids had an im-
portant function in most forms that had recumbent arms.
The tegmen in all species, except those of Dichocrinus
and Platyerinites afforded a firm anchorage for the
pendent arms. In some species a slight extension of the
tegmen formed an overhanging roof over the dorsal cup,
and thus it was impossible for the arms to be raised
vertically. Other forms (e.g., Strotocrinus) had large
extensions of the tegmen that greatly limited upward
movement of the arms. Most species, however, had
numerous compactly arranged arms and covering plates
of adjacent arms were suturally connected for some
distance. This modification also prohibited the usual
motion of arms, but aided in support of the recumbent
ones. Lack of similar anchorage devices in inadunate and
flexible crinoids may have been the prime reason why
pendent arms are almost unknown in these groups.

In Dichocrinus the modified tegmen and suturally
connected covering plates do not develop. Study of Brr
taking part in the curved portion of the arms indicates
that they do not differ in any respect from typical Brr.
It must therefore be assumed that recumbent arms as
known in Dichocrinus species having this character
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were merely the result of greater flexibility, caused by
more elastic ligaments between individual arm plates,
This flexibility may be the reason why most specimens
do not have the arms well preserved. In the few speci-
mens that do, no indirect evidence can be found that
abnormal amount of elastic tissue occurred berween
adjacent Brr.

The support or anchorage needed in forms of
Dichoerinus with pendent arms was furnished by fused
IBrr and 1IBrr or possibly by development of syzygies.
In D. recurvibrachiatus several proximal ITIBrr were also
fused, thus forming a rigid upright support for the more
distal recumbent arms. It is possible, though not con-
firmed in this study, that sutures between IBrr were also
fused. In D. pentalobus the BrrF developed a patelloid
process as in some Flexibilia, so that the upper plate of
a pair has a downward extension or lip that fits into a
recess on the upper surface of the plate below. This
peculiar structure prevented the proximal portion of the
arms from bending backward away from the theca. In
fexible crinoids this structure had a similar function, but
it was much better developed and not restricted to the
proximal Brr.

Dichocrinus ficus Cassepay & Lyon, 1862

Dichoerinus fieus Cassepay & Lyon, 1862, p. 24; Meek & WorTHEN,
1873, p. 502, pl. 14, fig. 5 (non WortHEN & MEEK, 1875, p.
515, pl. 29, fAg. 7; fKeves, 1894 p. 204; WacnsmutH &
Serincer, 1897, p. 774, pl. 78, fig. 16a.b.
nan Dichocrinus coxanus WortHeN, 1882,
non Dichocrinus parenlus MiLLer, 1891,

Diagnosis. Theca small, narrow oblong, plates smooth,
widest at middle of R circlet; B circlet forming obconical
portion of dorsal cup, BB about as high as wide; arms
20, commeonly pendent.

Deseription. Dorsal cup narrowing gradually to proxi-
mal portion of BB, more rapidly to base of arms, BE
truncated at base; RR longer than wide, distal portion
deeply excavated for reception of IBrr; R facets narrow,
about a third as wide as RR; 2 IBrr, very short, com-
monly fused, IBr; and portion of IBre within R facet;
2 to 3 IIBrr; anal X as large as RR, proximal margin
distinctly angular, followed by numerous small Anals
forming a small rounded anal protuberance. Arms com-
monly pendent; pinnules long, stout.

Remarks. In number and pendent position of arms
Dichocrinus ficus is similar to D. recurvibrachiatus, n. sp.,
which also occurs in the Crawfordsville beds; however,
the latter species differs in having a bowl-shaped theca
and much wider dorsal cup. The shape of the dorsal
cup of D. ficus somewhat resembles the Burlington form,
D. pendens, which has a considerably smaller theca, how-
ever, and only 10 arms,

WortHEN & MEEk (1875) described a specimen from
Crawfordsville (actually Indian Creek), which they re-
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ferred to Dichocrinus ficus, but it has 10 arms and differs
significantly in shape of the theca. This specimen is
judged to represent a new species and is described below.
Keves (1894) described specimens from Boonville, Mis-
souri, that he referred to D. ficus; however, his descrip-
tion was generalized and not accompanied by an illustra-
tion, and thus it is impossible to judge if his specimens
were correctly assigned. He considered WorthEeN's D.
coxanus and Miceer’s D. parvulus as synonyms of D.
ficus, but these are entirely different and distinct species.
D. coxanus differs in having a considerably smaller
theca, more narrowly pointed base, small irregular ridges
on the surface of all cup plates, and 10 arms. MiLLER'S
species has slightly convex plates with a granular sur-
face, with R facets with only a slight depression for recep-
tion of IBrr, and 10 arms. It is possible that Keves'
specimens represented one of these 10-armed forms.

Type. Cassepay & Lyon's holotype is USNM no. S-1500, and
the hypotype used by WacnsmuTh & SpriNceR in their monograph
on camerate crinoids 1s USNM no. S-1499. Meex & WORTHEN'S
hypotype 1s IGS (ISM) no. 2399,

Occurrence. ‘This species has been reported from Keokuk and
equivalent rocks at Crawfordsville and Hardin County, Kentucky.
Keves questionably identified specimens from ?Warsaw rocks at
Booneville, Missouri. Judging from the number of specimens avail-
able for study, this species was extremely rare at Crawfordsville.

Matersal. Only Meex & WorTHEN's hypotype was available for
study. In addition, plaster casts of the holotype and Wacnssumn
& SprINGER's hypotype were examined.

Dimensions. Measurements made on specimens of this species
are given on Table 39.

Tasre 39. Measurements of Dichocrinus ficus in mm.

Specimens
Measurements USNM 51500 USNM 51499 1GS 2399
Dorsal cup height 12.1 11.4 12.8
Dorsal cup width . 9.4 9.2 8.9
Basals height .o 6.5 27 62

Proximal part
basals width ..o 2.0 2.4 2.8
Radial to arm
facet height ...
Radial width .

7.0 11.0 6.4
52

Dichocrinus recurvibrachiatus Vax Sant, n.sp.
Plate 8, fig. 16

Diagnosis. Dorsal cup medium-sized, wide, bowl-
shaped, plates smooth; arms 20, recurving into pendent
position; distal Brr rectangular.

Description. Dorsal cup almost straight-sided above
B circlet. BB low, evenly bowl-shaped, truncated only
slightly for stem impression; RR about as wide as long,
R facet in distal one-fourth of plate, almost a third as
wide as RR; 2 IBrr, very small, commonly fused; [IBrr,
axillary: proximal IIIBrr moderately large, rounded,
IIBrry-4 partly or entirely fused. Anals and tegmen un-



122

known. Arms 20, uniserial, long, pendent, recurving
above IlIBrry5; distal Brr becoming longer and less
rounded, cach bearing a long, stout, fattened pinnule;
pinnules beginning on IIBrr; or IIAxx. Stem round,
every 3 or 4 columnals separated by a thin, expanded
stellate-stem ossicle.

Remarks. Dichocrinus recurvibrachiatus most closely
resembles D. pendens Wacusmura & Serincer (1897)
from the upper Burlington Limestone of Iowa in gen-
eral shape of theca and pendent position of arms. How-
ever, the latter species differs in hayving a large theca,
wide R facets, and alternating cuneate Brr. D. ficus,
which is associated with D. recurvibrachiatus in the
Crawfordsville beds, can be distinguished easily by its
small, narrow oblong dorsal cup.

The arm structure of this species differs from other
known species in several important and interesting
aspects. Unlike Dichocrinus pendens, the proximal Brr
in D. recurvibrachiatus are fused, and thus IBrr, IIBrr,
and IIBry—4 form a rigid upright support for pendent
portion of arms. Several other species have fused IBrr
and [IBrr and these undoubtedly served as a similar sup-
port. Fusion of proximal Brr or development of syzygies
was necessary in forms with pendent arms because the
distal portions of arms are much more flexible than more
typical arms of camerate crinoids. As discussed above,
muscular or even highly-developed ligamentous articula-
tions are unknown in most camerates, and thus if arms
became rather flexible, as in certain species of Dichocrinus,
a modified support probably developed. It is more reason-
able to assume that in these forms a fusion of lower Brr
plates occurred rather than development of specialized
articulations. The nature of the R facet and facets of
the Brr in D. recurvibrachiatus or any other species of
this genus does not suggest that well-developed articula-
tions occurred.

Pinnules of Dichocrinus recurvibrachiatus do not differ
significantly in size, shape, and structure from those of
other species with recumbent arms (e.g., D. pendens). It
is interesting, however, that in this species pinnules first
appear on IIBrr so that these plates support the IIAx and
a pinnule. Pinnules on IIBrr and ITIBrri—4 were not
observed on the specimen available for study; however,
they undoubtedly also existed on these plates.

Type. The holotype and only known specimen of this species
1s UCWM no. 51832.

Occurrence. Known only from Borden beds at Crawfordsville.

Diniensions. The following measurements were made on the
holotype: height of dorsal cup, 10.5 mm.; width of dorsal cup,
10.0 mm.; width of distal portion of B circlet, 8.5 mm.; diameter
of stem, 1.8 mm.; height of RR, 6.8 mm.; width of R facer, 1.8
mm.; length of preserved portion of arms (along curvature), 33.2
mim.

Dichocrinus sp.
Plate 7, hig. 1
Dichocrinus ficus WorTHEN & Meex, 1875, p. 515, pl. 29, fig. 7.
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Wortnen & MeEk described a single specimen
(UCWM no. 8942) of Dichocrinus from Indian Creck
(not Crawfordsville as they stated), which was referred
to D. ficus. It differs from this species in having 10,
rather than 20, arms and in general shape of theca, and
unquestionably was not properly assigned. Because the
dorsal cup is rather badly crushed, and only represented
by a single specimen, it is not re-named herein. Curi-
ously, the original authors thought that the narrow R
as shown in their illustration was the anal plate and
that it supported 2 IBrr and arms. Examination of the
specimen, however, indicates that this is a R and its
narrowness is the result of adjacent RR being forced over
this plate when the specimen was crushed.

Genus CAMPTOCRINUS Wachsmuth & Springer, 1897

[L.Carb., N.Am .-5¢ot.; Perm., Timor-USSR]

Development of a coiled bilateral stem distinguishes
Camptocrinus from all other camerate crinoids. This
peculiar type of stem is also found in otherwise un-
related genera of inadunate (e.g., Myelodactylus, Her-
petocrinus) and flexible (e.g., Ammonicrinus) crinoids
and in both subclasses the stem exhibits a similar type of
organization, In most specimens the proximal portion
of the stem is composed of very short and uniform
ossicles, which do not bear cirri. Distally the stem be-
comes flattened or concave on the inner side and colum-
nals become elliptical or crescentic in cross section. The
cirri instead of occurring as whorls arranged completely
around the stem, as in typical cirrus-bearing crinoids,
are commonly restricted to two rows at or near margins
of the flattened sides. The crown is typically bent back
upon the stem and completely enclosed by it and covered
by well-developed cirri. The development of such a
modified stem was undoubtedly protective in origin, but
judging from the comparatively few known species and
specimens, it was not a particularly satisfactory modifica-
tion and was never widely adopted. Crowns did not
undergo significant changes throughout the range of
genera and most changes that did occur took place in
the stems, Commonly, many parallel changes can be
traced independently in Silurian and Devonian forms
of Myelodactylus and Ammonicrinus and Mississippian
forms of Camptocrinus.

Camptocrinus possesses a  Dichocrinus-like crown,
which did not change significantly from Burlington to
Chesteran time. The stem, although commonly appearing
similar to forms of Myelodactylus, furnishes good specific
characters, and has been used almost exclusively in
classifying various species. Beyond the proximal round
portion of the stem ossicles become elliptical and of
different lengths. The marginal cirri arise from paired
nodals, which are separated from each other by one to
four internodals.

Several variations from the typical Camptocrinus-type
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Ficure 41. la. Diagrammatic representation of the crown and portions of the stem of Camprocrinus crawfordsvillensis. Note Dicho-
erinus-like crown and lack of cirri in the proximal portion of stem, X3.——Ib.c. Portion of stem in two specimens representing this

species, X5.

2. Portion of stem in C. plenicirrus showing development of cirri whorls completely around stem, distal toward left, X5

(after Springer, 1926).

plan (Fig. 41) are illustrated by the Crawfordsville
species, and these indicate a tendency of the species to
resume the typical arrangement of cirri in whorls around
the stem. In C. erawfordsvillensis small rudimentary cirri
consisting of only one or several cirrals occur, in addition
to the long, well-developed marginal ones (Fig. 41.1).
C. plenicirrus possesses well-developed cirri in whorls of 5
around the stem, and the ossicles are only slightly ellipti-
cal (Fig. 41,2).

Camptocrinus crawfordsvillensis SpriNGER, 1926
Text-fig. 41

Camprocrinus crawfordsvillensis Serancer, 1926, p. 30, pl. 8, fig.
1-3e.

Dichocrinus ( Camptocrinus) myelodactylus WACHSMUTH & SPRINGER,
1897, p. 779, pl. 75, fig. 1 (non fAg. 2ab).

Diagnosis. Stem coil open, not closely enveloping
crown; cirri commonly doubled, rarely single or tripled,
arising from a pair of short nodals; marginal cirri long,
rather stout, composed of 20 to 25 cirrals; towards distal
end of stem remnants of smaller secondary cirri formed
at back of some columnals, extreme distal portion of
stem round; commonly 2 or 3 internodals interposed be-
tween pair of nodals, rarely 4.

Remarks. Only three specimens of this species are
known (USNM no. 1518A-C) and nothing significant
can be added to SeriNGER’s original descriptions. Camp-
tocrinus crawfordsvillensis differs from the other Craw-
fordsville species, dsecribed below and C. myelodactylus
from Indian Creek, in having two or more internodals
and in possessing marginal rows of long cirri.



124

Type. Serincer’s syntypes (USNM no. 1518A-C) represent
all known specimens of this form. Specimen USNM no. 1518C
1s herein selected as lectotype.

Occurrence. Known only from Borden beds at Crawfordsville.

Material. Plaster casts of the lectotype and paratypes were avail-
able for study,

Dimensions. Approximate measurements of the specimens avail-
able for study are given on Table 40.

Tasre 40. Measurements of Camptocrinus crawfords-
villensis in mm.

Specimens

Measurements USNM 1518A USNM 15188 USNM 1518C
Dorsal cup height ... 5.0 6.0
Dorsal cup width ... 5.2 6.2
Arms length 17.2 212
Diameter stem proximal .. 2.0 1.8 1.4
Stem diameter

MAXIMUM e 2.6 4.0 2.6
Cirn maximum preserved

length oo 12.3 143 17.4

Camptocrinus plenicirrus SeriNGer, 1926
Text-fg. 41,2

Camprocrinus plenicirrus Serancer, 1926, p. 30, pl. 7, fig. 6, 6a.
Camptocrinus planicirrus (misspelling) Basster & Moopey, 1943,
p. 355.

Diagnosis. A small species with 5 cirri developed
around each pair of nodals; paired short nodals interposed
between single internodals.

Remarks. No specimens of Camptocrinus plenicirrus
were available for my study. In arrangement of columnals
C. plenicirrus is similar to C. myelodactylus from Indian
Creek, but cirri are distributed on a different plan. It
differs from C. crawfordsvillensis in having single inter-
nodals, rather than 2 or more and in the short, tapering
cirri that are not arranged in marginal rows.

Type. The only known specimen of this species is USNM no.
1522.
Occurvence. Known only from Borden beds at Crawfordsville.

Genus PARADICHOCRINUS Springer, 1926

[Miss. (Keokuk), Ind.]

Only two species have been assigned to this genus,
and both are restricted to Borden rocks at Crawfordsville
and Indian Creek. In all known specimens the hetero-
tomous arm branching is developed on a similar plan,
with the ray dividing into two main branches, from
which 3 to 5 subordinate branches are given off to the
outside of the dichotomy (see pl. 8, fig. 7, 11). The
Crawfordsville species, Paradichocrinus polydactylus, is
represented by more than 100 well-preserved specimens
and forms a conspicuous aspect of the camerate fauna at
this locality. At Indian Creek specimens of D. planus
were rare and only 5 specimens are known.
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Paradichocrinus polydactylus (Cassepay & Lyon, 1862)
SeriNGER, 1926

Plate 8, fig. 7, 11; text-fig. 17,6,7; 19,56.8

Dichoerinus polydactylus Cassepay & Lyon, 1862, p. 18; Wachs-
MuTH & Serincer, 1897, p. 756, pl. 77, fig. lab.

Paradichocrinus polydactylus Sexincer, 1926, p. 51, pl. 10, fig.
5, 6.

Dichocrinus expansus Meexk & Wortnexn, 1868b, p. 343; 1873, p.
500, pl. 14, Ag. | (non pe Konmnck & re Hown, 1854).

Dichocrinus stelliformis Meex & WortHen, 1868b, p. 344; 1873,
p. 502,

Diagnosis. Dorsal cup plates thin, with small irregu-
lar nodes commonly arranged in vertical rows; tegmen
high, 6 to 10 arms in each ray, uniserial portion with
well-developed ligamentary fossa.

Description. Dorsal cup widening gradually along
BB, abruptly to distal edge of RR, plates thin, convex. BB
large, nodes commonly coalescing near proximal portion,
forming rim around lower margin; RR becoming much
wider distally, R facet bounded by a large, thickened
rim; longer and wider than RR, strongly convex. Teg-
men higher than dorsal cup, plates large, slightly con-
vex, commonly with a small subcentral node; Ambb
well developed; small anal protuberance. Arms exo-
tomous, slightly tapering distally; 2 IBrr, short, com-
monly fused; 2 to 3 I1Brr; most commonly 4 arms in
each half ray, borne on outside of the IIBrg, I1IBrs, and
above IVBrs; arms becoming biserial above the fourth
or fifth individual arm plate; pinnules numerous, moder-
ately long. Stem round, nodals slightly wider than
internodals.

Remarks. Paradichocrinus polydactylus differs from
P. planus Serincer, 1926, the only other known species,
in having nodose cup plates, rather than smooth ones,
and a high tegmen. It differs also in commonly having
fewer arms. Meex & Worrnen's Dichocrinus expansus
differs only in possessing 6 arms in each ray, rather than
more typical 8 or 10.

In the description of Dichocrinus expansus Mk &
WorrneNn suggested that considerable variation exists in
ornamentation exhibited in this species and some speci-
mens show a tendency for the nodes to coalesce into
definite ridges. For these specimens they proposed the
name D. stelliformis, but stated “It is possible this would
be found to be a distinct species, if we could examine a
specimen showing the arm. If so, it may be called. . . .”
Strict interpretation of the rules of nomenclature would
make this species valid even though the authors only
suggested the name and did not propose it formally.
They thought their specimens were distinct even though
no arms were preserved, and the authors described their
specimens. In short, they proposed and described a valid
new species even though it was named provisionally.
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Examination of several specimens having ornamentation
described by Meek & WorraeN indicates that these repre-
sent only one extreme within the species, and thus D.
stelliformis is considered a junior synonym.

Type. Wachsmuth & Serincer's holotype is USNM no. S-1575
and Meek & WortHEN's figured specimens of D. expansus are
IGS (ISM) no. 1815, 1815.

Occurrence. Known only from Borden beds at Crawfordsville,

Material, Approximately 30 specimens of this species were
available for my study, including Meek & WorrtHEN's hypotypes
and a plaster cast of the holotype. A majority of the specimens
could not be adequately measured because they were cither badly
crushed, owing largely to the thinness of plates, or only a portion
of the crown was preserved., Serincer (1920, p. 51) reported
that in his collection he had over 50 well-preserved crowns of this
species, Speaimens selected for measurements include the follow-
ing: plaster cast of USNM no. S$-1575 (holotype); IGS (ISM)
nos. 1814, 1815 (hypotypes of D. expansus); UCWM nos. 26480,
8918A,B; YPM nos. 6447A,B,C; 22754A,B; UC nos. 25035A,B.

Dimensions. Measurements made on selected specimens available
for study are given on Table 41.

Suborder GLYPTOCRININA Moore, 1952

[Ord.-Perm.]

Family PLATYCRINITIDAE Austin & Austin, 1842
(Bassler, 1938)

[Dev.-Perm.]

[nom. subst. Bassien, 1938, p. 23 (pre Platycrinidae Auvstiv & Avstiv, 1843,
p. 199, nom. correet. pro family Platycrinoidea Avstin & Avstin, 1842, p. 109)]

Genus PLATYCRINITES J. S. Miller, 1821

[Dev.-Perm., N.Am.-G.Brit.-Eu.-Timor]

Although Platycrinites is represented in the Craw-
fordsville beds by a single species, in numbers of in-
dividuals, it was probably one of the most abundant
forms present. In addition the characteristic elliptical
and twisted stem ossicles, which are connected by synar-
thrial articulations, form an important aspect of crinoidal
fragments found in the matrix. Presence of very abun-
dant Platyceras in these beds is explainable, in part, by
the large numbers of specimens of Platycrinites. The
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nearly flat tegmen and widely spaced arms provided an
excellent attachment for these coprophagous mollusks.

Platycrinites hemisphericus (Meex & WorTHEN, 1865)
Basster & Moobey, 1943

Plate 8, fig. 9, 17; texe-fig. 17-4; 19-1.2

Platyerinus hemisphericus Meex & Worthen, 1865b, p. 162; 1868a,
p. 511, pl. 20, fig. 2a,b; 1873, p. 506, pl. 16, fig. A-C; WaiTE,
1882, p. 368, pl. 41, fig. 1;: WacasmuTH & Sprinces, 1897, p.
703, pl. 66, Ag. la-d.

Platycrinites hemisphericus Bassuen & Moopey, 1943, p. 621.

Diagnosis. Dorsal cup bowl-shaped, nearly twice as
wide as high; plates covered with rather large, rounded
nodes, commonly arranged in rows, with smaller, ir-
regularly arranged nodes; 6 to 8 arms in each ray.

Description. Theca subglobose, large in proportion
to arms; base slightly excavated for reception of stem;
sutures mostly distinct, not deeply grooved. Basal sutures
indistinct; RR subquadrangular, wider than high, moder-
ately expanding in width distally, sides of distal portion
sloping proximally except in CD interray where they
form a broad, deep notch; R facet horseshoe-shaped,
about one-third of height and width of plates, directed
obliquely upward, face concave, smooth, distal portion
deeply notched; IBr, very small, nearly triangular, axil-
lary; 2 IIBr, free; anal X very small, pentagonal. Teg-
men somewhat hemispherical, nearly flat but slightly
bulging at sides; plates large, nodose, nearly uniform
in size; OO commonly larger; anus low, near periphery
of tegmen. Arms 6 to 8 in each ray, branching alternately,
tapering uniformly to point distally, commonly uniserial
in proximal portion, composed of 5 to 8§ cuneate Brr
above dichotom, distally becoming biserial; median por-
tion of proximal Brr with small distinct fossa and
serrated outer margins, distal Brr faces almost flat,
with finely serrated margins; pinnules long, thin. Stem
moderately large, circular in extreme proximal portion,
elliptical throughout most of length and distally; cirri
short and circular.

TasLe 41. Measurements of Paradichocrinus polydactylus in mm.

Specimens
Measurcments 1 2 3 4 5 6 7 8 9 10 11 12 13
Dorsal cup'height - oucooananins 209 180 168 153 144 160 190 124 128
Darsal cup Width oo cereenercaceecanea 336 22.0 23.0 19.6
Basals height 93 7.5 83 8.3 8.2 6.7 8.0 8.0 5.2 5.4 54
Radials height 14.0 8.0 8.0 8.5 8.3 8.7 9.0 11.0 9.0 L3 T 8.0
Radiil tacet Width s 44 3.8 3.7 33 3.0 34 28 2.9 2.7 38 25 3.0 24
Tegmen height v oo i 265 202
Arms length 74.4 81.0 726 69.0 600 51.0 50.8
Arms number Per ray v 8 6 §-9 8 8-9 8-9 8 8 8-9 8 8 8
Stem diameter 5.0 25 3.0 5.1 3.9 3.0 5.0 4.1 3.7 34

1, USNM S1575; 2.3, IGS 1814, 1815; 4-6, UCWM 26480, 8918 A, B; 7-11, YPM 6447 A-C, 22754 A, B; 12-13, UC 25035 A, B.
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Remarks. In shape of theca, type of ornamentation,
and arm structure Platyerinites hemisphericus more
closely resembles lower Burlington forms than those
found in rocks of Keokuk age. The older species [e.g.,
P, pocilliformis (Hav, 1958), P. spinifer (WacHsMUTH
& Springer, 1897), P. verrucosus (Wwire, 1865), P.
yandelli (Owen & Smumarp, 1850)] are characterized
by a more or less cup-shaped theca that widens slightly,
but uniformly, distally, distinct and well-developed nodes,
and arms of moderate size. P. hemisphericus differs from
these forms, in having a large somewhat more bowl-
shaped dorsal cup, proportionally less robust arms, and
a low, nearly flat tegmen. It also can be distinguished by
its rather large, rounded, prominent nodes. Indian Creek
species closely resemble upper Burlington and other
Keokuk species and can be easily distinguished from P.
hemisphericus. Hawl's P. brevinodus (1861) is a rather
small species with low dorsal cup, in which the sides are
nearly straight and the base flat. It also has low, angular
radiating ridges on the RR and 4 to 6 arms in each ray.
P. saffordi (Havrv, 1858) is characterized by its large,
oblong theca, which is covered by numerous, coarse nodes
that are commonly arranged in transverse rows follow-
ing the margins of the cup plates. Also the R facets are
extremely small and confined to the distal portion of
the RR.

Type. Meex & WorTHEN's holotype is IGS (ISM) no. 1818A.

Occurrence. Platycrinites hemisphericus was extremely abun-
dant in the Crawfordsville beds. It has also been reported from
rocks of Keokuk age at Keokuk, lowa, but is reladvely rare at
this locality.

Material. More than 100 specimens of this species were avail-
able for study, including the holotype and several hypotypes. Fifteen
mature specimens were sclected at random for measurements.

Dimensions. Measurements made on the selected specimens
are given on Table 42.

APPENDIX A

TERMINOLOGY AND ABBREVIATIONS
USED

The numerous discrete parts of crinoids necessitates
an elaborate terminology in order to describe and dis-
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cuss these organisms adequately. Early workers employed
widely different names, commonly for the same skeletal
elements, and it was not until Barser (1900) wrote his
treatise on both fossil and living crinoids that a standard
system of terms was widely adopted. Moore & Laupon
(1941, 1943) revised Barmer's system of designating
structural elements. Moore (1950, 1952) further revised
the terminology and symbols for morphological features
and these papers have served as a standard for recent
crinoid investigations. Two important additional studies
by Moore (1962a, b) have discussed terminology of the
specialized inadunates, the calceocrinds, and ray structures
of certain inadunate crinoids. The terminology used in
this study accords with that proposed by Moore (1950-
62) and these terms are not re-defined here; however,
slight modifications of terminology to be adopted in the
crinoid volume of the Treatise on Invertebrate Paleon-
tology are defined below. As this section of the Treatise
is not yet completed and final agreement on terms and
symbols has not been decided, some abbreviations and
designation for plates employed in my study may undergo
further revision.

ORIENTATION

For purposes of description and illustration crinoid
crowns are oriented with the arms directed upward.
Specimens in which the arms are not preserved (or in a
few forms that were armless during life) the dorsal cups
are similarly oriented with the ventral (oral) side placed
upward. Most crinoids lack perfect pentamerous sym-
metry and one interray area is noticeably different from
other interray regions. It may contain supplementary
plates, be much larger or support an anal tube. This
region by convention is designated posterior and the ray
opposite is then defined as the anterior ray. When a
dorsal cup is viewed orientated in the normal living con-
dition the anterior ray is held away from the observer
and left and right can be differentiated directly (e.g.,
left-posterior, right-anterior, etc.); however, when view-
ing a specimen from the dorsal (aboral) side it is neces-
sary to place the anterior ray toward the observer, if
consistency of left and right directions are to be main-

TasLe 42. Measurements of Platycrinites hemisphericus in mm.

Measurements 1 2

Specimens
3 4 5 5 &8 B a0 M 3213 14 15

Borsal eapibeight. e e s o

13.4 9.0 11.4 165 15.0 15.8 14.6 150 124 85 11.7 13.0 17.0 14.0 20.8

Dorsal cup width ... 26.6 15.6 22.0 23.0 24.0 25.0 18.1 12.3 19.0 14.0 24.5 287
Basal circlet width .o 14.4 10.0 9.2 15.3 12.2 11.5 7.3 13.0 11.9 155 15.0 18.0
Radial heighe ... 87 7.4 72122 11.9 13.0 14.0 123 10.0 56 7.0 85 11.8 14.2
Radial width 156 82 93 15.5 14.6 11.0 7.3 10.0 14.0 14.0 13.2 15.8
Arm facet width ... 46 36 40 43 50 54 6.0 50 34 40 4.0 5. 6.8
Arms length 32.2 47.0 488 51.0 40.0 51.0 39.0 29.3 45.3 48.0 52.0 47.9 56.2

1, IGS 1818A; 2-3, IDG 10120A, E1220A; 4-5, NYSM 11540, 11541; 615, UCWM 3214 A, B, 8919 A-E, 51850, 15235, 51851.
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tained. This system has been used almost without ex-
ception in previous studies but the unnatural designa-
tion of rays and interrays has caused many unnatural
arrangements of illustrations and description.

A much more usable method of designating rays and
interrays was proposed by Carpenter (1885) and it has
the advantage of being concise and easy to use regardless
of position of observer or orientation of the specimen.
This system was used in my study and it has been
adopted in the Treatise on Invertebrate Paleontology. Un-
doubtedly it will become the standard method for orien-
tation followed by future crinoid students. According
to the CArPENTER system the anterior ray (as defined
above) is designated by the letter 4 and other rays are
distinguished as B, C, D, and E rays in a clockwise direc-
tion when viewing the ventral (oral) side. Adjoining
interray areas are designated by combining the terms
of adjacent rays. Thus, the posterior interray is termed
the CD interray, the interray between the E and A rays
is designated EA interray, etc. For the sake of uniformity,
views of the dorsal side are similarly designated but in
a counter-clockwise succession.

NONSTANDARDIZED TERMS AND
ABBREVIATION USED IN THIS STUDY!

Anal (Anal, Anals). Any plate of CD interray, mostly confined 1o
dorsal cup but excluding fixed-pinnulars and among inadunate
and flexible crinoids including plates of € ray other than
radials, radianals, brachials, aniradials, and pinnulars, This
term is used in the present study mostly to distinguish plates in
CD interray of camerates immediately following first anal
plate designated primanal or anal X (see anal X).

anal X (anal X). Special anal plate in inadunate, flexible, and
camerate crinoids typically located between CD radials (pos-
terior) distal to and upward left of radianal, if present. Pre-
viously the term tergal was used to designate this plate of
camerate crinoids, but studies by Moore (not yet published)
suggest that the first anal plates in all Paleozoic forms are
homologous, and thus should be similarly designated.

armlet. Bifurcating or nonbifurcating minor branch of arms, differ-
ing from pinnules in less regular occurrence and in some forms
by presence of supplementary branches termed ramules.

brachial (Br, Brr). Any ray plate, exclusive of pinnulars, beyond
radials, In camerates this term applies to only those plates that
are free above the dorsal cup (free-brachials). See fixed- and
free-brachial.

fixed-brachial (BrF, BrrF). Any ray plate except pinnulars and
radials incorporated into dorsal cup. These plates were pre-
viously called cup-brachials,

free-brachial (Br. Brr). Any ray plate except pinnulars not in-
cluded in dorsal cup.

primanal (anal X), Most proximal anal plate. This term has
been used by some authors instead of tergal plate in camerates
(see anal X).

ramule (ramule, ramules). Supplementary small arm-like series of
plates branching off of an armlet.

subaxillary (SAx, SAxx). Axillary brachial that gives rise to an
arm branch and one bearing an armlet; opposed to normal
axillary plate, which is a brachial supporting two arm branches.

! Abbreviations or method of designating these plates are shown in paren-
theses; singular first followed by plurals,
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theca (theca). Crinoid skeleton exclusive of column and free
arms. Previously the term calyx was used instead of this term.
Some authors have used calyx as an equivalent to dorsal cup.

MEASUREMENTS USED

Measurements are important elements of taxonomic
descriptions because they provide both an idea of the
size of specimens and a basis for comparison of sizes of
various structures between individuals of the same
species. No standard method of designating measure-
ments has been generally adopted in crinoid studies, and
thus it is important to provide definitions of measure-
ments used. Measurements of most of the species occur-
ring at Crawfordsville were not previously given in taxo-
nomic descriptions and so little information pertaining to
size of various circlets of plates and structures was
available prior to the present study. Because the same
plates commonly vary slightly in size, in this study the
largest plate (in a series) was measured. It was impossible
to measure the same plates on all specimens (e.g., C
radial, BC basal, etc.) because most specimens were
not completely separated from the matrix. Thus, only
one or two rays are commonly exposed.

APPENDIX B

CHECK-LIST OF NAMES APPLIED TO
CRAWFORDSVILLE CRINOIDS

Because many specimens in various collections are
now incorrectly labelled with names considered to be
synonyms, it is desirable to provide some system that
will enable the names to be corrected readily. The fol-
lowing alphabetical list includes all names that have been
applied to Crawfordsville crinoid species, except those
misidentified or used with wrong combinations of generic
and trivial names. Valid species are marked with an
asterisk and synonyms are unmarked; however, num-
ber indicating valid name is included in parentheses at
end of each citation.

1. *Abatocrinus grandis (Lyon & Cassepay), 1859,

2. *Abrotocrinus coreyr (Meek & WorTHEN), 1869,

3. A. cymosus MiLLER & Gureey, 1890 (=4).

4. *A. unicus (Harvr), 1861,

S. *Actinocrimites gibsomi (MiLLER & GURLEY), 1894,

6. A, urna Troost, 1849 (=1).

7. Actinocrinus grandis Lyox & Cassepay, 1859 (=1).

8. A.indianaensis Lyon & Cassepay, 1860 (=1).

9. A lagunculus Havr, 1860 (=105).
10.  A. multiramosus WacusmuTH & SpriNger, 1897 (= 5).
11. A. mundulus Harr, 1860 (=105).
12. A, sionlis Havy, 1860 (=105).
13.  A. wachsmuthi Warre, 1880 (=1).
14 *Agaricocrinus americanus (Roemer), 1852-1854,
15. 4. (Amphoracrinus) americanus Roemer, 1852-1854

(=14).

16. A. gorbyi MiLLer, 1892 (=18).
17. A.indianensis MiLLEr, 1892 (= 18).
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18. *A. splendens MiLLer & GurLey, 1890, 52. C.indianensis (Meek & Wortnex), 1865 (=101).
19. *Alloprosallocrinus comicus Cassepay & Lyow, 1862, 53. *Cyathocrinites benedicts (MiLLer), 1892 (adv. pub. 1891).
20. A gurleys MiLLer, 1892 (=19). 54, *C. insperatus (Lvox), 1869,
21. A tuberculosus Woop, 1909 (=19). 55. *C. multibrachiatus (Lyon & Cassepay), 1859).
22, Amphoracrinus americanus RoeMer, 1852-54 (=14). 56. *C. oprmus (MiLLER & GurLey), 1890,
23. Baryerinus angulatus (Meex & WortHex), 1860 (Craw- 57. *C. poterium Meex & WortHeN, 1870,
fordsville specimens=24). 58. Cyathoerinus arboreus Meek & WortHeN, 1865 (=55).
24. *B. asteriscus VAN SaNT, 1. sp. 59. C. corrugatus Troost, 1849 (=26).
25. B. herculens (MEER & WorTHEN), 1868 (=26). 60. C. crawfordsvillensis MiLLER, 1882 (=121).
26. *B. hoveyr (Havp), 1861, 61. C.dekadactylus Lyon & Cassepay, 1860 (=97).
27.  B. hoveyi var. hereuleus Meex & Wortaen, 1868 (=26). 62. C. harrisi MiLLer, 1880 (=94),
28. B.lyoni (HaLL), 1861 (=123). 63. C. hexadactylus Lyon & Casseoay, 1860 (=123).
29. *B. neglecrus MiLLer & Gurrey, 1896. 64. C. hoveyi Havvr, 1861 (=26).
30. *B. princeps MiLLER & GurLEY, 1890. 65. C. inspiratus WACHsMUTH & Serincer, 1886 (=54).
31, B. stellarus (Harvr), 1858 (Crawfordsville specimens=24). 66. C.lIyomi Havv, 1861 (=123).
32. Batoerinus agnatus MiLLer, 1891 (=105). 67. C. multtbrachiazus var. squarrosa Harr, 1878 (=55).
33. B. commendabilis MiLLER & Gurrey, 1895 (=85), 68. C. tembrachiatus Lyon, 1869 (=54).
34. B. crawfordsvillensis MiLLer, 1891 (=80). 69, C. tumidulus MiLLer & Guregy, 1894 (=73).
35. B. decrepitus MiLLer, 1892 (=80). 70. *Cydrocrinus concinnus (Meex & WortHeN), 1870,
36. B. grandis (Lvon & Cassepay), 1859 (=1). 71. *Decadacrinus depressus (MeEg & Wortaen), 1870.
37. B. pcundus MiLLer & Gurrey, 1890 (=105). 72. D. grandis WacnsmuTH & Springer, 1897 (error pro 73).
38. B. marinus MiLLER & Gurrey, 1890 (=171). 73. *D. tumidulus (MiLLER & GURLEY), 1894,
39. B. montgomeryensis WorTHEN, 1884 (=84). 74,  Dichocrinus (Camptocrinus) myelodactylus WacusmutH &
40. B. mundulus (Harv), 1860 (=105). Serincer, 1897 (pl. 1, fig. 1=43).
41. B. subconicus WorTHeN, 1884 (=84). 75. D. expansus MeEk & WortHEN, 1868 (=119).
42. Calceocrinus bradleyi Mex & WorThen, 1869 (=96). 76. *D. ficus Cassepay & Lyow, 1862.
43. *Camptocrinus crawfordsvillensis Seranger, 1926, 77. D. polydactylus Cassepay & Lyon, 1862 (=119).
44. C. planicirrus (misspelling) BassLer & Moopey, 1943 78. *D. recurvibrachiatus VAN SANT, n. sp.
(=45). 79. D. stellifornis Meex & Worthen, 1868 (=119).
45. *C. plenicirrus Serancer, 1926, 80. *Dizygocrinus crawfordseillensis MiLLEr, 1891,
46. Catillocrinus bradleyi Meex & Worthen, 1868 (=86). 81. *D. indianaensis (Lyon & Cassepay), 1860.
47. Conocrinites leae Troost, 1849 (=19). 82. D.indianensis (misspelling) WacHsmuTH & SPrinGer, 1897
48. C. tuberculosus Troost, 1849 (=19), (=81).
49. *Corythocrinus fragilis Kivg, 1946. 83. D. indianensis var, simplex WacHsMuTH & SerinGer, 1897
50. *C. gracilis Kmg, 1946. (=81).
51. Cosmetocrinus crawfordsvillensis (MiLLer & Gurrey), 1890 84. *D. montgomeryensis WorTHeN, 1884,
(=101). 85. *Eretmocrinus commendabilis (MiLLer & Gurrey), 1895,
EXPLANATION OF PLATE 7
All figures are X1, specimens from Crawfordsville, Indiana, unless otherwise indicated.
FIGURE PAGE 74); 8, A ray view of calyx showing long anal tube
1.  Dichocrinus sp.; lateral view of crown identified by (UCWM 8925) 108
MiLLER & GuRLEY as D. ficus (UCWM 8942) ... 122 9,11,13. Dizygocrinus montgomeryensts (Worthen); 9,11,
24, Alloprosallocrinus conicus Cassepay & Lyow; EA, E, B ray and Idorsal views of !mlotype (IDG Xl_SE);
and dorsal views of typical calyx (UCWM 8922) ... 110 13, dorsal view of crown showing nature of proximal
5.-8. Abatocrinus grandis (Lyon & Cassepay); 5, EA view Be (UG 624) A

of large calyx showing details of ornamented surface
(NYSM 11538); 6, C ray view of first crinoid calyx
found at Crawfordsville (Horace Hovey, 1842); 7, A
ray view of crown showing pairs of arms arising from
single ambulacral openings at top of dorsal cup (WC

10.

12.

Onychocrinus exculptus Lyon & Cassepay: CD view
of typical crown (UCWM 8929C) ..,
Eretmocrinus commendabilis MiLLER & Gurrey; D
ray view of holotype showing well flattened distal
parts of arms (UCWM 6475)

100

116
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86. *Eucatillocrinus bradleyi (Mesx & WortHen), 1868, 121, *Parisocrinus crawfordsvillensis (MiLLer), 1882,
87. Forbesiocrinus meeki Quenstevt, 1885 (=166). 122, P. subramosus (MiLLer & GurLey), 1890 (=121).
88. F. monroensis Mgk & Worthen, 1861 (=107). 123, *Pellecrinus hexadactylus (Lyon & Cassepay), 1860.
89, F. norwoodi Meex & Wortnes, 1860 (=107). 124. *Platycrinites hemisphericus (Meex & WorTHEN), 1865,
90, F. ramulosus Lyon & Cassepay, 1859 (=111). 125. Poteriocrinites (Graphiocrinus; Scaphiocrinus) coreyi MEEK
91, Gilbertsocrinus ( Gomasteroidocrinus) tuberosus (Lyon & & WorTtHen, 1869 (=2).
Cassepay), 1859 (=92). 126. P. (Scaphiocrinus) corey: (Meex & WorTHeN), 1869 (=2).
92, *G. tuberosus (Lyon & Cassepay), 1859, 127. P. (Scaphiocrinus) mecadamsi Meex & Wortuey, 1873
93, Gomasteroidocrinus  tuberosus Lyon & Cassepay, 1859 (=95).
=92, 128, P. (Zeacrinus?) concinnus Meer & Wortnen, 1870
94, *Gonmiocrinus harrisi (MiLLER), 1880, (=70):
95, *Graphiocrinus meadamsi (Mee & Wontnen), 1873, 129, Poteriocrinus  circumtextus Miier & Gurrey, 1894
96. *Halysiocrinus bradleyi (Meex & WortHEN), 1869, (=121).
97. *Histocrinus coreyr (WorTHEN), 1875, 130. P. coreyi WorTHEN, 1875 (=97).
98. H. grandis (WacHsmute & Spmincer), 1879 (1880) 131, P. crawfordsnillensis MiLLer & Guroey, 1890 (=101).
(=97). 132, P, granilinews MuLER & GurLey, 1890 (=148).
99. *H. graphicus (MiLLER & GurLey), 1890. 133. P. hoveys WorTnEN, 1875 (=100).
100. *Hypselocrinus hoveyi (WortHex), 1875, 134. P.indianensis Meex & Wortnen, 1865 (=101).
101. *H. indianensis (Meex & WorTtHeN), 1865, 135. P. magniventrus Sprincer, 1911 (=163).
102. Lobocrinus spiniferus WacHsmutH & Serivger, 1897 136. P. (Pachylocrinus) concinnus (Meex & WortHen), 1870
(=171). (=70}
103, Macrocrinus jucundus (MiLLer & Gurrey), 1890 (=105). 137. P. (Pachylocrinus) subaequalis WAcHsMUTH & SPRINGER,
104. M. lagunculus (Harr), 1860 (=105). 1879 (1880) (=112).
105. *M. mundulus (Havrp), 1860. 138. P. (Scaphiocrinus) aequalis (Harr), 1861 (=112).
106. Ollacrinus tuberosus (Lyon & Cassepay), 1859 (=92). 139. P. (Scaphiocrinus) coreyi (MeEk & WortnHeN), 1869
107. *Onychocrinus exculptus Lyon & Cassepay, 1860, (=2).
108. 0. exsculprus WacHsmutH & Sprivcer, 1879 (1880) 140. P. (Scaphiocrinus) depressus (Meex & Wortnen), 1870
(=107). (=71).
109. 0. monroensis (Meex & WorTHeN), 1861 (=107). 141. P. (Scaphiocrinus) gibsons (Waire), 1878 (=115).
110. 0. norwoodi (Meex & WortHeN), 1860 (=107). 142. P. (Scaphiocrinus) gurleyi (Warre), 1878 (=112).
111. *0. ramulosus (Lyon & Cassepay), 1859, 143. P. (Scaphiocrinus) unicus (Harr), 1861 (=4).
112. *Pachylocrinus acqualis (Harvr), 1861. 144. P. (Scytalocrinus) grandis WacHsmMuTH & Sprincer, 1879
113. P. coreyi (Meek & WorTHEN), 1869 (=2). (1880) (=97).
114, P. disparilis (MiLLER & GurLEy), 1890 (=160). 145. P. (Scytalocrinus) indianensis (Meek & WorTtHEN), 1865
115. *P. gibsons (WHiTe), 1878. (=101).
116. P. granuliferus (MiLLER & Guriey), 1890 (=71). 146. P. (Scytalocrinus) robustus (HaLr), 1861 (=162).
117. P. gurleyi (Warre), 1878 (=112). 147. P. subramosus MiLeR & GurLey, 1890 (=121).
118. P. porrectus (MiLLER), 1892 (=162). 148. *Sarocrinus granilineus (MiLLER & GurLey), 1890,
119, *Paradichocrinus polydactylus (Cassepay & Lyoxn), 1862. 149. Seaphiocrinus acqualis Hary, 1861 (=112).
120. *Parichthyocrinus crawfordsvillensis (MLLER & GURLEY), 150. §. depressus Meek & WortHEN, 1870 (=71).
1894. 151. §. disparilis MiLLER & GurLEy, 1890 (=160).
EXPLANATION OF PLATE 8
All figures are X1, specimens from Crawfordsville, Indiana, unless otherwise indicated.
FIGURE PAGE
1. Agaricocrinus americanus (Roemer); A ray view of 7, A ray view of incomplete crown (UCWM BI18A);
typical calyx (UCWM 8121) 118 11, 4 ray view of nearly complete crown (YPM
24. Agaricocrinus splendens MitLer & Gurrey, Indian 64474) 124
Creek; dorsal and D ray views of holotype (UCWM 9,17. Platyerinites hemisphericus (Meer & WorTHEN); 9,
6256) 119 D ray view of typical crown (UCWM 51853); 17, 4
3. Uperocrinus marinus (MiLLEr & Gurrey); oblique ray view of larger specimen (UCWM 51852) ......... 125
dorsal A ray view of holotype (UCWM 6164) ....... 118  10,12,14,15. Gilbertsoerinus tuberosus (Lyon & CAssEDAY);
58. Disygocrinus indianaensis (LYoN & CASSEDAY); crown 10,12, A ray and tegminal views, latter showing stmall
from € side with arms removed to show part of teg- delicate arms between tubular appendages of tegmen
men and E ray view (UCWM 19198) oo 112 (1GS 1893); 14,15, lateral and oblique tegminal
6,13, Macrocrinus mundulus (HALL); C ray views of speci- views showing attached shell of Platyceras, a copro-
mens originally designed as syntypes of Barocrinus phagous gastrapod (UCWM 8920) ... 105
jucundus MiLLER & Gurrey (UCWM 6259A, 6259B) 117 16. Dichoerinus recurvibrachiatus Vax SanT, n. sp.; lat-
7.11. Paradichocrinus polydactylus (Cassepay & Lyow); eral view of holotype (UCWM 51832), X2 ... 121
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152. S. gibsoni Wiute, 1878 (=115).

153. 5. granuliferus MiLLER & Gunrey, 1890 (=71).
154, §. graphicus MiLLer & Gurrey, 1890 (=99).
155. 8. gurleyi Wurre, 1878 (=172).

156. S. lyoni MiLLer, 1894 (=2).

157. §. porrectus MiLLer, 1892 (=162).

158. S. robustus Havvr, 1861 (=162).

159. S, untcus Harv, 1861 (=4).

160. *Seytalocrinus disparilis (MiLLER & Gurrey), 1890.
161. 8. hoveyi (Wortren), 1875 (=100),

162. *S. robustus (Harr), 1861.

Tue University oF Kansas PALEONTOLOGICAL CONTRIBUTIONS

163. *Springericrinus magniventrus (Serivcer), 1911,

164. *Synbathocrinus swallovi Harv, 1858,

165. §. swallows Beevg, 1906 (=164).

166. *Taxocrinus colletti (Wrire), 1880,

167. T. crawfordseillensis MiLLEr & Gurrey, 1894 (=120).
168. T. multibrachiatus var. colletts Winre, 1880 (=166).
169. T. nerwoedi Mk & Wortsen, 1860 (=107),

170. T. splendens MiLLER & GurLey, 1896 (=166).

171. *Uperocrinus marinus (MiLLer & Gurrey), 1890,

172. Zeacrinus stimpsont Lyon, 1869 (=2).
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