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The periechocrinidae was a long-ranging (Early Silurian to Mississippian), 
cosmopolitan family that originated on Laurentia as part of the Early Silurian 
diversification of the Middle Paleozoic crinoid evolutionary fauna (Bau-
miller, 1994; Ausich et al., 1994). This family belongs to the monobathrid 
camerates within the suborder Compsocrinina (see Ubaghs, 1978a). Al-
though present on Avalonia, Baltica, Gondwana, Kazakhstan, and Lauren-
tia, on the basis of the known fossil record, the major diversifications of 
periechocrinids occurred on Laurentia and Gondwana during the Silurian 
and Devonian (Figs. 8.1, 8.2). Reported here are two new genera, which are 
surprising because they originated during the final phase (Mississippian) of 
the family’s history and on the former Avalonian terrane of easternmost Eura-
merica (Laurentia plus Avalonia). Thus, the final originations of Periecho-
crinidae evolution was on a paleocontinental block and in facies where it had 
experienced only modest success. This curious evolutionary pattern prompted 
a thorough examination of the phylogenetic, paleoenvironmental, and paleo-
geographic evolution of this important middle Paleozoic family.

Character analyses used here follow the stepwise approach to the develop-
ment of a phylogeny (Ausich, 1998a, 1998b). In the present case, temporal 
and paleogeographic subsets of the Periechocrinidae are evaluated to de-
velop a more realistic phylogeny than possible when evaluating the entire 
data set. This method partially eliminates the impact of asynchronous 
convergent, iterative, and paedomorphic evolution within the Periecho-
crinidae. This is necessary because a cladistic analysis of all genera in this 
Early Silurian to Mississippian family has several problematic aspects, as 
described below.

Parsimony-based character analyses were performed by PAUP 3.1.1. 
For analyses presented in this study, all characters were unordered and 
equally weighted. The search methods were heuristic, with random step-
wise addition. Search results are presented as 50% majority-rule trees or as 
single trees. Rohlf ’s consistency index is given for majority-rule trees. Sim-
ple consistency indices (CI), retention indices (RI), and rescaled consis-
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tency indices (RC) are given, as indicated in output from PAUP analyses. 
Details for each cladogram are presented below.

Data on the Periechocrinidae are taken directly from the literature 
(summary in Webster, 2003) with minimal reevaluation, except for the 
Carboniferous of England and Periechocrinus prumiensis geometricus 
(Schultze, 1866), which is too poorly preserved for generic assignment. On 
the basis of our previous experience, some of the species, especially in 
genera with a high species richness, should become junior synonyms when 
these genera are fully reevaluated systematically. Further, generic assign-
ments may also require eventual revision, which are beyond the scope of 
the present study. However, regardless of these potential issues, the current 

Figure 8.2. Generic rich-
ness of periechocrinids 
on various paleogeo-
graphic terranes. Black 
indicates actual known 
occurrences of genera; 
white includes range-
through genera.
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data do give a relative indication of genus and species richness and of pa-
leogeographic occurrence through time for the Periechocrinidae.

Characters for each genus are based on the type species of the genus. 
A list of characters, character states, and characters for each genus are given 
in Appendices 8.1 and 8.2.

Only genus-level diagnostic characters for the Periechocrinidae are 
used in these analyses. As argued in Ausich (1998a, 1998b), species-level 
characters are not used because of the likelihood that these will add noise 
to an analysis that is seeking to uncover the underlying structure of the 
phylogeny of genera. Examples of species-level characters for the Periecho-
crinidae are calyx plate sculpturing, the degree of definition of the median 
ray ridge, the exact fixed brachial (rather than the brachitaxis) where arms 
become free, and the number of posterior interradial plates in contact with 
the tegmen. Character selection for the analyses presented here include 

Figure 8.3. Fifty percent 
majority-rule tree of all 
periechocrinids; outgroup 
Glyptocrinus, Periglyp
tocrinus, and Pycnocri
nus. Twenty-two charac-
ters were parsimony 
informative, derived from 
two equally parsimonious 
trees of length 84. 
Rohlf’s CI = 0.844, CI = 
0.393, RI = 0.628, and 
RC = 0.247.
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those considered to represent basic architectural features of the arms, ca-
lyx, and column. Thus, 22 characters with 59 character states were used to 
analyze the 20 genera of the Periechocrinidae. Additional genus-level di-
agnostic characters (Appendix 8.1) were eliminated during preliminary 
analyses because these characters are known for too few taxa.

The choice of an outgroup was problematic. The Late Ordovician 
tanaocrinids have been taken to be the ancestral clade to the Periechocrini-
dae (Ubaghs, 1978b; Witzke and Strimple, 1981; Ausich, 1987). However, 
analyses that use Compsocrinus Miller, 1883, and Canistrocrinus Wachs-
muth and Springer, 1885, resulted in extremely poorly resolved trees that 
yielded unrealistic results. The three basal periechocrinids (Acacocrinus 
Wachsmuth and Springer, 1897; Ibanocrinus Ausich, 1987; and Tirocrinus 
Ausich, 1987) are distinctly older than other members of the family, and 
these were also used as the outgroup for a series of analyses. The results 

Figure 8.4. Fifty percent 
majority-rule tree of all 
pre-Mississippian 
periechocrinids; outgroup 
Glyptocrinus, Periglyp
tocrinus, Pycnocrinus. 
Twenty-two characters 
were parsimony informa-
tive; derived from eight 
equally parsimonious 
trees of length 80. 
Rohlf’s CI = 0.859, CI = 
0.412, RI = 0.598, and RC 
= 0.247.
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that used these basal periechocrinids were significantly better resolved, 
and although they were not without problems, they yielded much more 
realistic cladograms. A true outgroup is preferred, so another common 
Ordovician family, the Glyptocrinidae, was utilized. Analyses with the 
three glyptocrinid genera gave results that largely parallel those resulting 
from the outgroup composed of Acacocrinus, Ibanocrinus, and Tirocrinus, 
and the results are significantly more robust than those that use the Tanao-
crinidae. Thus, for this study, we present PAUP results from analyses de-
rived from the Glyptocrinidae as the outgroup. These results question the 
standard assumption for the origination of the Periechocrinidae, but that 
must be addressed in future studies.

Results from various character analyses on periechocrinid genera are 
presented in Figures 8.3 to 8.7. Figure 8.3 is a character analysis of all 20 
periechocrinids, and the outgroup is the Ordovician Glyptocrinidae (Glyp

Figure 8.5 Fifty percent 
majority-rule tree of all 
Gondwana periechocri-
nids; outgroup Glypto
crinus, Periglyptocrinus 
and Pycnocrinus. Nine-
teen characters were 
parsimony informative; 
derived from 22 equally 
parsimonious trees of 
length 53; Rohlf’s CI = 
0.513, CI = 0.585, RI = 
0.651, and RC = 0.381.
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tocrinus Hall, 1847; Periglyptocrinus Wachsmuth and Springer, 1897; and 
Pycnocrinus Miller, 1883). Twenty-two characters were parsimony informa-
tive. The 50% majority-rule tree is derived from two equally parsimonious 
trees of length 84, and the tree has the following values: Rohlf ’s CI = 0.844, 
CI = 0.393, RI = 0.628, and RC = 0.247.

Character analysis of all pre-Carboniferous periechocrinids is given in 
Figure 8.4. Twenty genera were analyzed, and the outgroup is the Glypto-
crinidae. Twenty-two characters were parsimony informative. The 50% ma-
jority-rule tree is derived from eight equally parsimonious trees of length 80, 
and the tree has the following values: Rohlf’s CI = 0.859, CI = 0.412, RI = 
0.598, and RC = 0.247.

Figure 8.5 is the cladogram for character analysis of all 10 Gondwanan 
genera with three glyptocrinids as the outgroup (total of 13 genera). Nineteen 
characters were parsimony informative. This analysis yielded 22 most parsi-

Figure 8.6 Fifty percent 
majority-rule tree of all 
Laurentian-Avalonian-
Euramerican pre-Carbon-
iferous periechocrinids 
(except Aryballocrinus 
and Gennaeocrinus); 
outgroup Glyptocrinus, 
Periglyptocrinus and 
Pycnocrinus. Nineteen 
characters were parsi-
mony informative; re-
sulted in a single tree of 
length 68. Rohlf’s CI = 
0.458, RI = 0.615, and RC 
= 0.280.
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monious trees with a length of 53, and the 50% majority-rule tree had the fol-
lowing values: Rohlf’s CI = 0.513, CI = 0.585, RI = 0.651, and RC = 0.381.

All Euramerica, pre-Mississippian genera (15 total), with the exception 
of Aryballocrinus Breimer, 1962, and Gennaeocrinus Wachsmuth and 
Springer, 1881, are analyzed and presented in Figure 8.6 (as explained be-
low, elimination of these two genera commonly greatly improves the reso-
lution of the analyses). The Glyptocrinidae is the outgroup. Nineteen char-
acters were parsimony informative. The analysis resulted in a single tree of 
length 68, and the tree has the following values: Rohlf ’s CI = 0.458, RI = 
0.615, and RC = 0.280.

Figure 8.7 is from character analysis of all Laurentian–western Eura-
merican periechocrinids with the exception of Gennaeocrinus. The outgroup 
is the Glyptocrinidae, so 15 genera are included in the analysis. Nineteen 
characters were parsimony informative. The 50% majority-rule tree is derived 

Figure 8.7. Fifty percent 
majority-rule tree of all 
Laurentian and Western 
Euramerican periechocri-
nids with the exception 
of Gennaeocrinus; out-
group Glyptocrinus, 
Periglyptocrinus and 
Pycnocrinus. Nineteen 
characters were parsi-
mony informative; de-
rived from seven equally 
parsimonious trees of 
length 61. Rohlf’s CI = 
0.744, CI = 0.508, RI = 
0.595, and RC = 0.302.
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from seven equally parsimonious trees of length 61, and the tree has the fol-
lowing values: Rohlf’s CI = 0.744, CI = 0.508, RI = 0.595, and RC = 0.302.

Paleozoic paleogeographic models follow standard interpretations 
(<http://www.scotese.com/earth.htm>) with recognition of Avalonia, Baltica, 
Gondwana, Kazakhstan, and Laurentia continental areas; Euramerica com-
prises the combined Laurentia and Avalonia. Paleogeographic definition is-
sues for this study are the division of Germany during the Devonian and the 
separation of Euramerican faunas from the former Laurentian and Avalonian 
terranes. Herein, we follow Franke (2000), Robardet (2002, 2003), and K íž et 
al. (2003) by recognizing Germany as divided by the Devonian Rheic Ocean, 
separating western and northern Germany (including, for example, faunas 
from the Coblenzian), which were part of Avalonia, from other regions in 
western and southern Germany that were part of Gondwana.

Stratigraphic nomenclature follows Heckel and Clayton (2005) that 
outlines recent changes adopted by the Subcommission on Carboniferous 
Stratigraphy. Accordingly, the Carboniferous Period is divided into two 
subsystems, the Mississippian and Pennsylvanian.

Temporal, geographic, and paleoenvironmental occurrence.
The oldest members of this family are from the Llandovery (Aeronian) 
reef-associated carbonate setting of the Brassfield Formation (Ohio) on 
Laurentia (Ausich, 1987; Schneider and Ausich, 2002), including Acacoc
rinus, Ibanocrinus, and Tirocrinus (Fig. 8.3). During the Wenlock, periecho-
crinids became dispersed to Avalonia and Baltica. On Laurentia, generic 
turnover resulted from extinction of two Llandovery genera and origina-
tion of two new Wenlock genera. The dominant genus was Periechocrinus 
Morris, 1843, which underwent significant species diversification during 
the Wenlock and Ludlow on Laurentia and principally during the Wen-
lock on Baltica and Avalonia. Periechocrinids became extinct on both 
Avalonia and Baltica before the end of the Ludlow.

Figure 8.8. Temporal pat-
tern of major environ-
mental preferences of 
Periechocrinidae on each 
paleogeographic terrane.

Evolutionary 
history of the 
Periechocrinids
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Although the Llandovery periechocrinids were associated with reefs, 
those of the Wenlock, Ludlow, and Pridoli were adapted to a wide array of 
habitats (Fig. 8.8). Laurentian species of Periechocrinus occurred in reef-
associated and other carbonates (e.g., Racine Dolomite of Illinois and Lau-
rel Limestone of Indiana, respectively), siliciclastic facies (e.g., Waldron 
Shale of Indiana and Rochester Shale of New York), and in mixed silici-
clastic-carbonate facies (e.g., Brownsport Formation of Tennessee). Avalon-
ian species of Periechocrinus are only in the Much Wenlock Limestone 
Formation (England), and on Baltica, it occurred in several reef horizons 
on the Isle of Gotland, Sweden. Stiptocrinus Kirk, 1946, also occurred in 
a variety of carbonate facies during the Wenlock (Indiana) through the Pri-
doli (Tennessee).

Devonian periechocrinids are only known from Euramerica, Gond-
wana, and Kazakhstan. Euramerica will be discussed as western Euramerica 
(former Laurentia terrane) and eastern Euramerica (former Avalonia ter-
rane). Periechocrinids migrated to Gondwana, with the first occurrences 
being Corocrinus Goldring, 1923, and Mandelacrinus Jell and Theron, 1999, 
in the siliciclastic Gydo Formation of South Africa (Jell and Theron, 1999). 
Megistocrinus Owen and Shumard, 1852, was also reported from the Early 
Devonian of New Zealand (Prokop, 1970). On Gondwana, periechocrinids 
again adapted to both carbonate and siliciclastic facies. The Gondwana ge-
nus richness peaked during the Emsian with six genera (Fig. 8.2).

On western Euramerica, Devonian genus richness was low and static 
until the Eifelian, peaking during the Givetian (Fig. 8.2). In contrast, species 
richness slowly increased through the Emsian, with periechocrinids poorly 
known during the Eifelian. During the Givetian, they attained a maximum 
in both genus and species richness. In addition, the Givetian represents the 
maximum species richness for the family as a whole. As during the Silurian, 
Devonian periechocrinids from western Euramerica adapted to a variety of 
facies. Gennaeocrinus and Megistocrinus have the highest species richness, 
and species of both genera occur in both carbonate and siliciclastic facies 
(e.g., carbonate: Columbus Limestone of Ohio, Alpena Limestone of Michi-
gan, Cedar Valley Limestone of Iowa; siliciclastic: Moscow Shale of New 
York, Arkona Shale of Canada, Silica Shale of Ohio). Although species of 
Megistocrinus occurred in both carbonate and siliciclastic settings, this ge-
nus was predominantly in carbonate paleoenvironments.

Four genera—Corocrinus; Gennaeocrinus; Lenneocrinus Jaekel, 1918; 
and Pyxidocrinus Müller, 1855—first appeared during the Devonian of 
eastern Euramerica. These are all from localities in western Germany, 
were confined to the Givetian, and occur only in siliciclastic facies. 
Periechocrinids are unknown from the Frasnian of Laurentia, but during 
the Famennian, two genera, Gennaeocrinus and Megistocrinus, occurred 
in mixed siliciclastic and carbonate facies of the Sappington Formation of 
Montana (Gutschick and Rodriguez, 1979).

The only Devonian occurrence outside of Euramerica and Gondwana 
was Athabascacrinus Laudon et al., 1952, from Kazakhstan (Waters et al., 
2003), which was endemic to Kazakhstan during the Famennian (Fig. 8.2). 
As presently understood, for the Devonian, Corocrinus; Lenneocrinus; 
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Megistocrinus; Pithocrinus Kirk, 1945; Pyxidocrinus; and Stamnocrinus Bre-
imer, 1962, are recognized from both Euramerica and Gondwana. Bey
richocrinus Waagen and Jahn, 1899; Mandelacrinus; and Pradocrinus de 
Verneuil, 1850, were endemic to Gondwana. Acacocrinus; Thamnocrinus 
Goldring, 1923; and Stiptocrinus were endemic to Euramerica. During the 
Devonian, western Euramerica had nine genera and eastern Euramerica 
had four genera. Only two of these, Corocrinus and Gennaeocrinus, were 
common between these two regions.

The Frasnian–Famennian extinction crisis greatly affected crinoid 
richness (Baumiller, 1994), but it did not change the overall clade-domi-
nance patterns among major crinoid groups (Kammer and Ausich, 2006). 
Periechocrinids are poorly known through this extinction crisis, with one 
Frasnian and three Famennian genera known. The major crisis for 
periechocrinid genus and species richness occurred between the Givetian 
and the Frasnian, similar to other crinoids, blastoids, and other groups. 
Peak diversity for the entire clade occurred during the Givetian, after 
which it dropped precipitously. The Frasnian had the lowest levels of genus 
and species richness for the periechocrinids, with richness levels rising 
from the Famennian through the late Tournaisian.

During the Mississippian, three genera occurred in western Euramerica 
(Kentucky, Iowa, and Missouri): Athabascacrinus (early Tournaisian); Megis
tocrinus (early to late Tournaisian); and Aryballocrinus, Breimer, 1962 (early 
Tournaisian to early Viséan). Three genera also occurred in eastern Eura-
merica on the former western Avalonian terrane (Ireland and England), in-
cluding Aryballocrinus (early to late Tournaisian); Mcoycrinus new genus 
(late Tournaisian); and Clitheroecrinus new genus (late Tournaisian to early 
Viséan) (Fig. 8.2). On Euramerica, periechocrinids principally adapted to 
carbonate ramp settings, such as the Burlington Limestone, and the two new 
genera, Mcoycrinus and Clitheroecrinus, occur associated with Waulsortian 
mudmound facies, which were deeper-water carbonate facies (Lees and 
Miller, 1985). The only exception is Aryballocrinus, which occurred on the 
mixed carbonate-siliciclastic ramp of the Hook Head Formation in Ireland 
(Ausich and Sevastopulo, 2001) and also in the Nada Member of the Borden 
Formation, which is a siliciclastic facies (Lee et al., 2005). The mudstones of 
the Nada Member anomalously contain many elements of the Burlington 
Limestone fauna. However, as suggested by Lee et al. (2005), the Nada fauna 
does not represent typical delta platform siliciclastic deposition because this 
occurrence represents conditions associated with a high abundance of glau-
conite and phosphate.

Phylogeny. Character analysis of all genera yielded two most parsi-
monious trees with two polytomies and agreement in all other branches 
(Fig. 8.3). This analysis has three Laurentian Ordovician glyptocrinids 
(Glyptocrinus, Periglyptocrinus, and Pycnocrinus) as the outgroup, and are 
all basal on the cladogram. The three Llandovery taxa (Acacocrinus, Ibano
crinus, and Tirocrinus) are also from Laurentia and are all low in the topol-
ogy of half of the cladogram. Several aspects of this tree topology are note-
worthy. First, Gennaeocrinus (Devonian) and Aryballocrinus (Mississippian) 
are seated deeply in the topology, which is phylogenetically problematic. 
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This is typical of results generated in this study, and elimination of these 
two taxa commonly significantly reduces the number of most parsimoni-
ous trees resulting from analysis. For example, here, if Aryballocrinus is 
eliminated from the analysis, a single tree (not shown) is generated, which 
otherwise is identical to Figure 8.3. As noted on some analyses below, Ary
ballocrinus and/or Gennaeocrinus are eliminated. Compelling aspects of 
this tree are that all Mississippian periechocrinids are closely linked. All 
except Aryballocrinus are within a single clade, although these are also 
grouped with the Pragian genus Beyrichocrinus Waagen and Hahn, which 
is endemic to Gondwana.

Aspects of Figure 8.3 that are problematic include 1) the position of 
Beyrichocrinus (listed above); 2) the close and deeply rooted linkage of Ti
rocrinus (Llandovery) to Pyxidocrinus (Emsian to Eifelian); 3) Corocrinus 
and Mandelacrinus, which first appeared during the Lockhovian of Gond-
wana, linked high within the topology; 4) Stiptocrinus (Wenlock through 
Pragian) positioned high in the topology; 5) neither Stiptocrinus nor 
Periechocrinus (with first occurrences during the Wenlock of Laurentia) 
linked with any of the Llandovery forms also from Laurentia; and 6) nei-
ther major group with the association of genera endemic to a particular 
paleogeographic terrane. Because of these issues, a single comprehensive 
cladistic analysis is unsatisfactory, and additional analyses are performed 
to examine subsets of the complete data.

An analysis was run (not shown) with only periechocrinid genera and 
with the three Llandovery forms designated as the outgroup. Similar to the 
topology of Figure 8.3, this cladogram linked Mississippian genera to Bey
richocrinus. However, other genera were not divided into two major clades, 
and relationships among post-Llandovery and pre-Mississippian genera are 
different.

Character analysis of all pre-Mississippian genera yielded eight most 
parsimonious trees (Fig. 8.4). The three glyptocrinid outgroup genera are 
on the basal polytomy, from which also branches the clade of all pre-Mis-
sissippian periechocrinids. Three of the four oldest periechocrinids (Acaco
crinus, Ibanocrinus, and Periechocrinus) are deeply rooted in the clado-
gram, whereas the Llandovery Tirocrinus is not. In both Figures 8.3 and 
8.4, Tirocrinus and the Devonian Pyxidocrinus are closely linked, which 
undoubtedly represents a case of convergence by Pyxidocrinus during the 
Devonian. In this analysis, the pre-Mississippian periechocrinids are sub-
divided into three groupings. The first is a group of Silurian and Devonian 
forms with Periechocrinus, the most deeply rooted genus. Two of the three 
genera (Pradocrinus and Mandelacrinus) are endemic to Gondwana with 
other Silurian and Devonian forms from Avalonia, Baltica, Gondwana, 
and Laurentia. Second, a group of genera, discussed below, led to Missis-
sippian periechocrinids. This group has Ibanocrinus as the most deeply 
rooted genus and also includes the Devonian taxa Gennaeocrinus, Megis
tocrinus, Beyrichocrinus, and Athabascacrinus. In aggregate, these genera 
occur on all Devonian terranes. Third is the small group with anomalous 
linking of Tirocrinus and Pyxidocrinus.
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Figure 8.5 is the analysis of all Gondwana taxa with, again, the three 
glyptocrinid genera as the outgroup. Periechocrinus does not occur on 
Gondwana, but it is included in the analysis because it was paleogeographi-
cally the most widespread genus during the Silurian. It is rooted deeply in 
the topology of this cladogram. This analysis yielded 22 most parsimonious 
trees, but two major groups are clearly delineated. The grouping of Coroc
rinus, Mandelacrinus, Lenneocrinus, and Pradocrinus is consistent with 
previous analyses (Figs. 8.3, 8.4). Similarly, the association of Beyrichocri
nus and Megistocrinus is consistent with other analyses, but this second 
cluster also includes Stamnocrinus, Pithocrinus, and Pyxidocrinus, which 
are not closely associated with Beyrichocrinus and Megistocrinus in previ-
ous analyses.

Analysis of all Euramerican pre-Mississippian genera with the three 
glyptocrinids as the outgroup yielded 23 most parsimonious trees (not shown); 
however, both Aryballocrinus and Gennaeocrinus are deeply rooted in these 
cladograms. If these two genera are eliminated from the analysis, then a sin-
gle tree outcome results (Fig. 8.6). The outgroup and two of the Llandovery 
genera are most deeply rooted along with Periechocrinus, the cosmopolitan 
Wenlock genus. Two major groupings exist. Mississippian crinoids are clus-
tered together along with Pithocrinus, Pyxidocrinus, and Tirocrinus. The 
second cluster includes only Silurian and Devonian forms with Periecho
crinus, the most deeply rooted genus, except for outgroup genera.

If only Laurentia and western Euramerica genera are considered, the 
resulting cladogram (not shown) had 112 most parsimonious trees, with the 
basal polytomy having the outgroup genera (Glyptocrinus, Periglyptocri
nus, and Pycnocrinus), two from the Llandovery (Ibanocrinus and Tirocri
nus) and Gennaeocrinus from the Pragian to Famennian. Gennaeocrinus 
is clearly rooted too deeply, and if this genus is removed from the analysis, 
seven most parsimonious trees result (Fig. 8.7). With minor differences, 
Figures 8.6 and 8.7 delineate the same topology.

The various iterations of Periechocrinidae character analysis yield a 
diverse array of results, and two observations are noted. First, Aryballocri
nus (Mississippian) and Gennaeocrinus (Pragian to Famennian) typically 
are independently rooted much more deeply in the cladogram topology 
than expected on the basis of other data. These two genera evolved mor-
phologies with more primitive character states. For example, Aryballocri
nus has a fairly consistent array of primitive character states, especially the 
high, bowl-shaped calyx; absent basal concavity; thin calyx plates; radial 
plates higher than wide; first primibrachial higher than wide; primaxil 
pentagonal; and CD interray proximal plating 1–2.

Second, in contrast, certain pairs of genera are always closely linked 
and positioned high within the cladogram topology, even though these 
pairs have a low probability of being closely related phylogenetically. These 
pairs are Beyrichocrinus (Pragian) with Athabascacrinus (Famennnian to 
early Tournaisian), and Tirocrinus (Llandovery) with Pyxidocrinus (Emsian 
to Givetian). These must be cases of convergent evolution.

Evolution of the Periechocrinidae. As currently understood, the 
Periechocrinidae evolved on Laurentia as part of the Early Silurian radiation 



Evolution and Extinction of a Paleozoic Crinoid Clade 157

of monobathrid camerates associated with the diversification of the Middle 
Paleozoic crinoid evolutionary fauna. The oldest crinoids are Acacocrinus, 
Ibanocrinus, and Tirocrinus. These crinoids were adapted to shallow, reef-as-
sociated carbonate facies. In the various character analyses used here, Ibano
crinus is consistently the most primitive taxon for the Periechocrinidae (ex-
cept in Fig. 8.7). In contrast, solely on the basis of Llandovery genera, Ausich 
(1987) concluded that Tirocrinus was the most primitive, and Acacocrinus 
and Ibanocrinus were more derived. These conflicting views may result be-
cause Tirocrinus is closely, and presumably inappropriately, linked with 
Pyxidocrinus (Fig. 8.3), as discussed above, which may be distorting the rela-
tionships among Llandovery forms. When Pyrixocrinus is not included, Ti
rocrinus plots in the most primitive position (Fig. 8.7).

The Wenlock was a time of periechocrinid dispersal. Periechocrinus 
and Stiptocrinus evolved on Laurentia during the Wenlock adapting to a 
wide diversity of facies. Periechocrinus also migrated to Avalonia and Bal-
tica, where species were specialized for specific facies on each terrane. 
Perhaps because this genus was more stenotopic on both Avalonia and 
Baltica, Periechocrinus, and consequently the Periechocrinidae, became 
extinct on these terranes by the close of the Ludlow. Periechocrinids did 
repopulate Avalonia during the Devonian, but these crinoids never reap-
peared on Baltica. Stiptocrinus was probably derived from Periechocrinus 
or a similar form.

The history of Devonian periechocrinids is complex. This was the 
peak of their evolutionary success, as gauged by genus and species richness 
and adaptation to many facies. Devonian periechocrinids had wide geo-
graphic distribution occurring on Laurentia-Euramerica, Gondwana and 
Kazakhstan, and demonstrated considerable faunal interchange between 
Laurentia-Euramerica and Gondwana.

Taking systematic and occurrence data at face value, the oldest Devo-
nian periechocrinids are Lockhovian. On western Euramerica, Stiptocri
nus ranged into the Devonian from Ludlow and Pridoli forms. Megistocri
nus, Corocrinus, and Mandelacrinus first appeared on Gondwana during 
the Lockhovian, presumably by origination through migration. Corocrinus 
and Mandelacrinus are closely linked in every analysis completed (Figs. 
8.3–8.5); however, Megistocrinus is consistently in a clade separate from 
Corocrinus and Mandelacrinus. Gennaeocrinus, which first occurred dur-
ing the Pragian of western Euramerica, is problematic as noted above, and 
because it is variously associated with the two groupings defined by Megis
tocrinus and CorocrinusMandelacrinus. However, because it is linked to 
Megistocrinus in Figure 8.4, it may have been derived from Megistocrinus 
during a migration event to Euramerica. Megistocrinus appears to be de-
rived from Llandovery forms, whereas CorocrinusMandelacrinus are prob-
ably derived from Periechocrinus or Stiptocrinus.

From these beginnings, two primary radiation events occurred during 
the Devonian: an Emsian event on Gondwana, and a Givetian expansion 
on both eastern and western Euramerica. On Gondwana, it is probable 
that the Emsian radiation was entirely endemic. Beyrichocrinus, Pithocri
nus, and Pyxidocrinus evolved within the Megistocrinus lineage, whereas 
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the CorocrinusMandelacrinus lineage gave rise to Pradocrinus and Stam
nocrinus. This Emsian radiation was short lived, and these genera do not 
occur later on Gondwana. Emsian periechocrinids occurred in both silici-
clastic and carbonate settings, but this paleoenvironmental diversity was 
insufficient for them to radiate further on Gondwana.

Stamnocrinus and Megistocrinus presumably migrated to Euramerica 
from Gondwana during the Eifelian, but peak richness of the Periecho-
crinidae on Euramerica was during the Givetian. This radiation occurred 
on both eastern and western Euramerica (Figs. 8.1, 8.2). Givetian periecho-
crinids on western Euramerica are a combination of reoccurrences after 
Lazarus gaps, migrations from Gondwana, and endemic radiation. The 
former include Acacocrinus, Megistocrinus, and Periechocrinus. Corocrinus 
and Pithocrinus presumably migrated from Gondwana to western Eura-
merica, and Thamnocrinus evolved through migration from within the 
CorocrinusMandelacrinus lineage, presumably from Stamnocrinus or 
Periechocrinus.

Periechocrinids reappeared on eastern Euramerica (former Avalonia) 
during the Givetian, presumably with Corocrinus and Pyxidocrinus migrat-
ing from Gondwana, Gennaeocrinus migrating from western Euramerica, 
and Lenneocrinus origination through migration from the Corocrinus
Mandelacrinus lineage. The ancestor of Lenneocrinus is unclear, but it is 
always closely associated with the Corocrinus and Mandelacrinus (Figs. 
8.3–8.6).

Late Devonian occurrences on Gondwana and Kazakhstan are anom-
alies. Presumably, Lenneocrinus migrated to Gondwana from eastern Eu-
ramerica, and Athabascacrinus originated from the Megistocrinus lineage 
through migration. Athabascacrinus is commonly closely associated with 
Megistocrinus on cladograms (Figs. 8.3, 8.4, 8.6) and may very well be de-
rived from this cosmopolitan form.

This complex and not completely resolved Devonian history is the re-
sult of apparently common migration among terranes. As periechocrinids 
were expanding into a wide diversity of facies, genera were migrating and 
were also originating, both endemically and through migration events.

In contrast, the final diversification of the periechocrinids is more 
straightforward. Mississippian periechocrinids evolved into carbonate fa-
cies, and the most probable ancestor of these crinoids was Megistocrinus. 
Athabascacrinus migrated from Kazakhstan to appear during the Missis-
sippian of Euramerica. The exception is Aryballocrinus, which, as dis-
cussed above, is commonly rooted anomalously on cladograms (Fig. 8.3), 
but which also evolved into mixed siliciclastic-carbonate paleoenviron-
ments or into unusual siliciclastic facies. However, phylogenetically, it 
must be rooted within the Megistocrinus lineage.

On Euramerica, periechocrinids evolved presumably onto carbonate 
ramps at middle-shelf facies. This includes Megistocrinus and Aryballocri
nus in the Burlington Limestone of the Mississippi River Valley and Atha
bascacrinus in the Banff Formation of the Canadian Rocky Mountains. 
Mcoycrinus and Clitheroecrinus adapted to Waulsortian mudmounds on 
the toe of the slope in Lancashire, England (Lees and Miller, 1985). Dur-
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ing the Mississippian, migration routes existed between eastern and west-
ern Euramerica, but a considerable degree of endemism also existed (Lane 
and Sevastopulo, 1987). The periechocrinids displayed a similar trend. 
Eastern and western Euramerica each have three periechocrinids, with 
one genus shared and two endemic. This latest periechocrinid radiation 
was unsuccessful and was also the terminus of the family. Similar to the 
Silurian on Baltica and Avalonia, the Mississippian occurrences were con-
fined to carbonates, so they had relatively little paleoenvironmental 
diversity.

Discussion. The Periechocrinidae had a long and successful history 
but did not survive the Mississippian. The Devonian–Mississippian was a 
dynamic time for crinoids, including the affects of the rise of durophagous 
predators (Signor and Brett, 1984) and the adaptive radiation that led to the 
Age of Crinoids (Kammer and Ausich, 2006). Several factors may have 
been significant for periechocrinid evolution.

First, the adaptive radiation of durophagous predators beginning by at 
least the Early Devonian is believed to have affected many benthic inver-
tebrates (Signor and Brett, 1984). Crinoids were not an exception. Meyer 
and Ausich (1983) and Signor and Brett (1984) hypothesized that increased 
levels of predation led to crinoids that were more spinose, had thicker calyx 
plates, were reduced in calyx size, and had more compact, boxlike calyx 
design. This increased predation was further documented by Baumiller 
and Gahn (2004). Waters and Maples (1991) hypothesized that the changes 
in dominance of pinnulate crinoids, from camerates to advanced cladids, 
occurred due to this increase in predation. In general, the primitive 
periechocrinid condition and the CorocrinusMandelacrinus lineage had 
morphologies that would presumably have been more susceptible to preda-
tion. Alternatively, the Megistocrinus lineage in general had shorter, more 
compact, and thick-plated calyxes.

In contrast, the Mississippian Aryballocrinus is exceptional in having 
a higher, more thinly plated calyx. Predation pressure may therefore have 
been an important factor in the morphological evolution of periechocri-
nids. However, no periechocrinids developed spines. The genera that sur-
vived to the Mississippian, with the exception of Aryballocrinus, possessed 
a morphology that should have afforded them some predation resistance.

Second, Mississippian crinoids adapted to a wide array of paleoenvi-
ronments (Lane, 1971; Ausich et al., 1979; Kammer and Ausich, 1987), 
with individual clades displaying preferences for different environmental 
conditions. The majority of Devonian and Mississippian camerate crinoids 
displayed a distinct preference for carbonate paleoenvironments, although 
in many parts of Euramerica Mississippian, these became increasingly 
more siliciclastic. This was hypothesized to have caused a shift in faunal 
composition (Lane, 1971; Ausich et al., 1994). With these paleoenviron-
mental preferences and changing paleoenvironmental conditions, Kam-
mer et al. (1997, 1998) demonstrated that more eurytopic crinoids had 
longer durations.

Figure 8.8 is a general depiction of the paleoenvironmental occur-
rences of the periechocrinids through time and space. Periechocrinid suc-
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cess appears to be correlated with paleoenvironmental disparity—that is, 
the temporal duration of these genera was shorter on paleogeographic ter-
ranes where periechocrinids were adapted to only a restricted range of pa-
leoenvironments. For example, periechocrinids dispersed from Laurentia 
to Avalonia and Baltica during the Silurian. On Laurentia, periechocrinids 
were part of communities in carbonate, siliciclastic, and mixed carbonate-
siliciclastic paleoenvironments, and the clade persisted. In contrast, 
periechocrinids occurred only in carbonate facies on Avalonia and Baltica, 
and the clade did not persist after the Ludlow. Similarly, Mississippian 
periechocrinids existed only in carbonate paleoenvironments and did not 
persist beyond the early Viséan. The exception to this trend was the Devo-
nian of Gondwana, where, despite periechocrinids living in both siliciclas-
tic and carbonate paleoenvironments, they did not persist past the Emsian, 
although they reappeared as a result of the migration of Lenneocrinus to 
Gondwana during the Frasnian.

Periechocrinids reached a pinnacle of success during the Silurian and 
Devonian, although they persisted as a relatively minor clade into the Mis-
sissippian. Regardless, post-Devonian trends in Periechocrinidae evolu-
tionary history, although minor in genus and species richness, paralleled 
those of the more dominant Mississippian clades. For example, morpho-
logical trends of calyx design for predation resistance is similar to other 
crinoid clades from the Silurian to the Devonian (Meyer and Ausich, 1983; 
Signor and Brett, 1984), and both new Mississippian genera from England 
display these morphologies

The major radiation of camerate crinoids during the Mississippian ra-
diations of the Age of Crinoids occurred among the Actinocrinitidae, Bato-
crinidae, Coelocrinidae, Dichocrinidae, and Platycrinitidae in western 
Laurentia and the Actinocrinitidae, Amphoracrinidae, Dichocrinidae, and 
Platycrinitidae in eastern Laurentia. This radiation was largely the expan-
sion of camerates into the newly formed, expansive carbonate ramp set-
tings that formed after the Frasnian–Famennian extinction of reefs (Kam-
mer and Ausich, 2006). The final Mississippian radiation of periechocrinids 
mirrored this major expansion of camerates, both in its timing and origina-
tion within largely carbonate facies. Finally, the early Viséan extinction of 
the periechocrinids correlates to the major extinctions among camerates 
and other important Mississippian clades.

Terminology follows Ubaghs (1978c), and supergeneric taxonomy follows 
Moore and Teichert (1978) with modifications by Ausich (1998b). Speci-
mens are housed in the National History Museum, London (BMNH), the 
National Museum of Scotland (NMS), and the British Geological Survey 
(BGS). Measurements are in millimeters; * indicates incomplete 
measurement.

 Class CRINOIDEA Miller, 1821
Subclass CAMERATA Wachsmuth and Springer, 1885

 Order MONOBATHRIDA Moore and Laudon, 1943

systematic 
Paleontology
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Suborder COMPSOCRININA Ubaghs, 1978a
Superfamily PERIECHOCRINACEA Bronn, 1849
Family PERIECHOCRINIDAE Bronn, 1849

Emended diagnosis. Typically elongate, many-plated calyxes (may be 
reduced in both features); first primibrachial tetragonal to hexagonal in early 
forms and hexagonal in later forms; two to five fixed secundibrachials; pri-
manal hexagonal or heptagonal with two or three plates above; tegmen many 
plated, ambulacrals and orals rarely distinct; 10–40 arms that are uniserial 
or biserial and simple or branching (modified from Ausich, 1987, p. 554).

Genus MCOYCRINUS new genus
Type species. Actinocrinus globosus Phillips, 1836, by monotypy.
Diagnosis. Calyx shape low bowl, basal concavity present, no calyx 

lobation, thick calyx plates, median ray ridges absent, basal plate circlet 
low, radial plate wider than high, orientation of radial plate nearly horizon-
tal, radial plates equal in size, radial circlet only open in CD interray, fixed 
first primibrachial nearly as high as wide, primaxil pentagonal, second 
primibrachial axillary, fixed brachials branch isotomously, fixed rays sym-
metrical, highest fixed brachial in the tertibrachitaxis, numerous interra-
dial plates, regular interray plating not in a biseries, regular interrays not 
depressed, CD interray proximal plating P-3, anitaxial ridge absent, CD 
interray wider than regular interrays, tegmen high, tegmen robust, tegmen 
not depressed interradially, ambulacrals and orals are not differentiated on 
the tegmen, anal tube present, anus positioned centrally, character of the 
free arms unknown, and gonoporoids absent.

Description. See species description below.
Etymology. This name recognizes Frederick M’Coy, a pioneer in 

early crinoid studies in Ireland and England.
Occurrence. Mcoycrinus is regarded as being only from the lower 

Chadian (upper Tournaisian, Tn3c) of England.
Discussion. Both Mcoycrinus n. gen. and Clitheroecrinus n. gen. have 

the following characters that ally them with the Periechocrinidae: hexago-
nal first primibrachial, two to five fixed secundibrachials, interradials con-
nected to tegmen, posterior interray wide, primanal followed by two or 
three plates, many-plated tegmen, and 10 to 40 biserial or uniserial arms. 
Previously, only Aryballocrinus, Athabascacrinus, and Megistocrinus were 
recognized from the Lower Mississippian. Diagnostic characters for these 
Lower Mississippian (Lower Carboniferous) genera are distinguished as 
follows. Aryballocrinus has a medium bowl-shaped calyx, basal concavity 
absent, calyx lobation absent, thin calyx plates, median ray ridge either 
present or absent, vertical radial plate orientation, first primibrachial higher 
than wide, primaxil pentagonal in shape, second primibrachial the pri-
maxil, highest fixed brachial within the secundibrachitaxis, few regular 
interray plates, proximal CD interray plating P-3, anitaxial ridge present or 
absent, posterior interray much wider than normal interrays, tegmen height 
low, incompetent tegmen strength, unknown whether tegmen is depressed 
interradially, unknown whether tegmen has ambulacrals and orals differ-
entiated, anal tube absent, and eccentric positioned anal opening.



162 Ausich & Kammer

Athabascacrinus has a low cone-shaped calyx, basal concavity present, 
slight calyx lobation, thick calyx plates, median ray ridge absent, horizontal 
radial plate orientation, first primibrachial wider that high, primaxil pen-
tagonal in shape, first or second primibrachial the primaxil, highest fixed 
brachial within secundibrachitaxis or tertibrachitaxis, numerous regular 
interray plates, proximal CD interray plating P-3, anitaxial ridge absent, 
posterior interray wider than normal interrays, tegmen height low, robust 
tegmen strength, tegmen depressed interradially, tegmen with ambulacrals 
and orals differentiated, anal tube absent, and eccentric positioned anal 
opening. Megistocrinus has a low cone- to medium bowl-shaped calyx, 
basal concavity present, calyx lobation absent, thick calyx plates, median 
ray ridge absent, horizontal radial plate orientation, first primibrachial ap-
proximately as high as wide, primaxil pentagonal to heptagonal in shape, 
second primibrachial the primaxil, highest fixed brachial within secundi-
brachitaxis or tertibrachitaxis, numerous regular interray plates, proximal 
CD interray plating P-3, anitaxial ridge absent, posterior interray much 
wider than normal interrays, tegmen height low, robust tegmen strength, 
tegmen depressed interradially, tegmen with ambulacrals and orals differ-
entiated, anal tube absent, and eccentric positioned anal opening.

Mcoycrinus has a low bowl-shaped calyx, basal concavity present, ca-
lyx lobation absent, thick calyx plates, median ray ridge absent, horizontal 
radial plate orientation, first primibrachial approximately as high as wide, 
primaxil pentagonal in shape, second primibrachial the primaxil, highest 
fixed brachial within the tertibrachitaxis, numerous regular interray plates, 
proximal CD interray plating P-3, anitaxial ridge absent, posterior interray 
wider than normal interrays, tegmen height high, robust tegmen strength, 
tegmen not depressed interradially, tegmen without ambulacrals and orals 
differentiated, anal tube present, and centrally positioned anal opening.

Clitheroecrinus has a low bowl-shaped calyx, basal concavity present, 
calyx lobation absent, thick calyx plates, median ray ridge absent, horizon-
tal radial plate orientation, first primibrachial wider than high, primaxil 
pentagonal in shape, second primibrachial the primaxil, highest fixed bra-
chial within the secundibrachitaxis or tertibrachitaxis, few regular interray 
plates, proximal CD interray plating P-2 anitaxial ridge absent, posterior 
interray wider than normal interrays, tegmen height unknown, tegmen 
strength unknown, unknown whether tegmen is depressed interradially, 
unknown whether tegmen has ambulacrals and orals differentiated, occur-
rence of anal tube unknown, and position of anal opening unknown. All 
periechocrinids are compared in Appendices 8.1 and 8.2.

MCOYCRINUS GLOBOSUS (Phillips, 1836)
Figures 8.9.1, 8.9.2, 8.9.5–8.9.9, 8.10.1

Actinocrinus globosus PHILLIPS, 1836, p. 206, pl. 4, figs. 26, 29; M’COY, 
1844, p. 128; BRONN, 1848, p. 14; D’ORBIGNY, 1850, p. 155.

Periechocrinites globosus AUSTIN AND AUSTIN, 1842 (non Phillips, 
1836), p. 110 (nomen nudum).

Periechocrinites globosus AUSTIN AND AUSTIN, 1843 (non Phillips, 
1836), p. 204 (nomen nudum).
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Actinocrinus globulus Phillips, 1836 [sic]. DUJARDIN AND HUPÉ, 1862, 
p. 139.

Megistocrinus globosus (Phillips, 1836). WACHSMUTH AND SPRINGER, 
1885, p. 112 (386); BASSLER AND MOODEY, 1943, p. 551; 
WRIGHT, 1955a (in part), p. 191–192, pl. 48, figs. 4, 8 (non pl. 48, 
figs. 1–3); WEBSTER, 1973, p. 169 (in part); DONOVAN, 1992, 
p. 45, fig. 7, no. L; WEBSTER, 2003 (in part); DONOVAN ET 
AL., 2003, p. 1, pl. 1, fig. 3.

New Genus A AUSICH AND KAMMER, 2006, p. 101.
Diagnosis.See generic diagnosis above.
Description. Calyx and tegmen together a globose shape (Fig. 8.9.2). 

Calyx large, low bowl shape with basal concavity (Fig. 8.9.6, 8.9.9), calyx 
plates smooth with impressed sutures. Basal plates three, small, confined 
to basal concavity, and completely covered by proximal columnal. Radial 
circlet interrupted by primanal (Fig. 8.10.1). Radial plates five, as high as 
wide or wider than high, confined within basal concavity. Normal interrays 
widest at mid height (Fig. 8.9.8), plating 1-2-3-3-, narrowly in contact with 

Figure 8.9. New English 
periechocrinids; all to 
same scale, with scale 
bar = 1 cm. 1, 2, 5–9, 
Mcoycrinus globosus 
(Phillips); 1, 2, BMNH 
E6985, 1, tegmen view; 
2, A-ray lateral view 
(note distinct anal tube 
from tegmen); 5–8, 
BMNH E6986, lectotype; 
5, tegmen view of calyx; 
6, basal view of calyx 
with basal concavity; 7, 
CD interray lateral view 
of calyx; 8, A-ray lateral 
view of calyx; 9, GSM 
73326, basal view of ca-
lyx, posterior at bottom 
of photo. 3, 4, Clither
oecrinus wrighti n. gen. 
et sp., NMS 
G.1958.1.1678, holotype; 
3, basal view of partial 
calyx (note basal concav-
ity, posterior, at bottom 
of photo); 4, interior view 
of the basal plating of 
the calyx.



164 Ausich & Kammer

tegmen. CD interray wider than others (Fig. 8.9.7), primanal between C 
and D radials, plating P-3-5-5-4- (Fig. 8.10.1). Fixed ray plates lacking a ray 
ridge; first primibrachial fixed, hexagonal, as high as wide; second primi-
brachial axillary, pentagonal; first secundibrachial fixed, axillary, hexago-
nal or heptagonal. Last fixed brachial approximately third tertibrachial. A 
few fixed intrabrachials medially between tertibrachials and arm facets of 
each ray. Tegmen inverted bowl shape, higher than calyx; numerous, ir-
regular, intermediate-size plates (Fig. 8.9.5). Stout, central anal tube (Fig. 
8.9.1, 8.9.2). Twenty arm openings; facets for arms large, subcircular with 
adoral groove. Free arms unknown. Proximalmost columnal circular, ho-
lomeric, with narrow crenularium, and pentalobate lumen.

Types. Lectotype, BMNH E6986 (Fig. 8.9.5–8.9.8). The label of this 
specimen is labeled as Bolland, Yorkshire. Bolland is not a locality per se but 
is now regarded as a region in Lancashire, north and west of Clitheroe.

Additional material. BMNH E6985 (Fig. 8.9.1, 8.9.2) (Bolland 
area, Lancashire), BMNH E6987 (label indicates Yorkshire?, which today 
could be either Yorkshire or Lancashire), and BGS 73326 (Derbyshire).

Occurrence. As indicated above, only vague locality information 
accompanies specimens of Mcoycrinus globosus. We regard it to be from 
the lower Chadian (Tournaisian, Tn3c) Waulsortian mudmound facies of 
the Bowland area, Lancashire.

Discussion. The label of specimen GSM 73326 is labeled as the lec-
totype. Phillips (1836) only illustrated a single specimen and gave no other 
indication that other specimens were available. The specimen designated 

Figure 8.10. Camera lu-
cida plate diagrams for 
new periechocrinid gen-
era. 1, Mcoycrinus glo
bosus (Phillips). 2, Clith
eroecrinus wrighti n. 
gen. et sp. Radial plates 
with black pattern; inter-
radial plates with stippled 
pattern; P indicates pri-
manal; A, B, C, D, E, indi-
cate ray designations.
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as lectotype (Wright, 1955a) is clearly the specimen illustrated by Phillips 
(1836, pl. 4, figs. 26, 29).

The morphology of Mcoycrinus globosus is well documented. Two 
specimens (BMNH E6985 and BMNH E6986) are complete calyxes with 
tegmen. GSM 73326 is nearly a complete calyx, and BMNH E6987 is a 
large, partial calyx that has been prepared from the inside to reveal the 
proximal calyx plates.

We follow Wright (1955a) by placing Periechocrinites globosus Austin 
and Austin, 1842, in Mcoycrinus globosus (Phillips); however, it should be 
noted that we regard both usages of this name by Austin and Austin to be 
unavailable names that should be designated as nomina nuda.

Measurements. BMNH E 6986 (lectotype): calyx height, 11.2; teg-
men height, 14.7; width at base of calyx, 20.2; calyx width at arm openings, 
31.6; exposed radial plate height, 3.3; radial plate width, 4.3; exposed pri-
manal height, 3.7; primanal width, 4.3. BMNH E6985: calyx height, 12.0; 
tegmen height, 19.8; anal tube height, 4.2*; width at base of calyx, 21.5; 
calyx width at arm openings, 32.2; exposed radial plate height, 5.0; radial 
plate width, 5.3; exposed primanal height, 3.7; primanal width, 4.3. BGS 
73326: calyx width, 45.0*.

Genus CLITHEROECRINUS new genus
Type species. Clitheroecrinus wrighti new species, by monotypy.
Diagnosis. Calyx shape low bowl, basal concavity present, no calyx 

lobation, thick calyx plates, median ray ridges absent, basal plate circlet 
low, radial plate wider than high, orientation of radial plate nearly horizon-
tal, radial plates equal in size, radial circlet only open in CD interray, fixed 
first primibrachial wider than high, primaxil pentagonal, second primibra-
chial axillary, fixed brachials branch isotomously, fixed rays symmetrical, 
highest fixed brachial in the secundibrachitaxis or tertibrachitaxis, few in-
terradial plates, regular interray plating not a biseries, regular interrays not 
depressed, CD interray proximal plating P-2, anitaxial ridge absent, CD 
interray wider than regular interrays, characters of the tegmen unknown, 
characters of the free arms unknown, and gonoporoids absent.

Description. See species description below.
Etymology. Clitheroe, Lancashire, is a center for Waulsortian ter-

rane that is famous for its crinoid faunas. The holotype of this new genus 
and species is from the Bellman Quarry, Clitheroe.

Occurrence. Clitheroecrinus is from either the lower Chadian (Tour-
naisian, Tn3c) or upper Chadian (Viséan, V1a) of England.

Discussion. In his discussion of Megistocrinus globosus, Wright (1955a) 
stated that his new specimens from Bellman Quarry (here Clitheroecrinus 
wrighti) may not be conspecific with the Derbyshire specimens (here Mcoy
crinus globosus) (including the lectotype) and that he did not study speci-
mens of the latter. For comparisons, see discussion of Mcoycrinus above.

CLITHEROECRINUS WRIGHTI new species
Figures 8.9.3, 8.9.4, 8.10.2

Megistocrinus globosus? (Phillips, 1836). WRIGHT, 1955a (in part), p. 
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191–192, pl. 48, figs. 1–3 (non pl. 48, figs. 4, 8).
New Genus B AUSICH AND KAMMER, 2006, p. 101

Diagnosis. See generic diagnosis above.
Description. Calyx large, probably low bowl shape with basal con-

cavity (Fig. 8.9.3, 8.9.4), calyx plates smooth with impressed sutures. Basal 
plates small, confined to basal concavity, and completely covered by proxi-
mal columnal. Radial circlet interrupted by primanal. Radial plates five, 
wider than high, proximal radials within the basal concavity (Fig. 8.9.3). 
Normal interrays widest at mid-height, plating 1-2-1-2-1-, in contact with 
tegmen. CD interray wider than others, primanal between C and D radi-
als, plating P-2-4-4-4-, plates above CD may be elongate (Fig. 8.10.2). 
Fixed ray plates lacking a ray ridge; first primibrachial fixed, hexagonal, as 
high as wide; second primibrachial axillary, pentagonal. Last fixed brachial 
in secundibrachitaxis or tertibrachitaxis. One or more fixed intrabrachials 
medially between tertibrachials of each ray. Tegmen unknown. Eleven or 
more free arms; features of facets for the arms and free arms unknown. 
Most proximal columnal circular, holomeric, with narrow crenularium, 
and pentalobate lumen.

Etymology. This name recognizes James Wright, who contributed 
much to our understanding of Lower Carboniferous crinoids from the 
United Kingdom and Ireland.

Holotype. NMS G.1958.1.1678 is from the Bellman Quarry, Clithe-
roe, Lancashire

Occurrence. This new crinoid is known from a single specimen 
from the Bellmanpark Quarry, Clitheroe, Lancashire, England. Strata in 
this quarry include the lower Chadian (Tournaisian, Tn3c) Bellmanpark 
Limestone Member of the Clitheroe Limestone that is separated by an 
erosional surface from the lower portions of the Limekiln Wood Limestone 
Member of the Hodder Formation, upper Chadian (Viséan, V1a) (Miller 
and Grayson, 1972; Cossey et al., 2004).

Discussion. A key feature of this fossil is the number of free arms. 
Unfortunately, this aspect of the crinoid is not well preserved. The C ray 
has 10 arms with thin secundibrachials leading to the free arms; however, 
one half-ray in the A ray has two secundibrachials, with the second one 
axillary. The thin secundibrachials do not exist in this half-ray. Other rays 
are too poorly preserved to be certain.

Measurements. NMS G.1958.1.1678 (holotype): calyx height, 10.1; 
width at base of calyx, 14.9; calyx width approximately at arm openings, 
22.5*; exposed radial plate height, 1.83; radial plate width, 3.9; exposed 
primanal height, 1.7; primanal width, 3.4.
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Survey, Keyworth). A. Munnecke and A. Stigall helped with paleogeo-
graphic issues, and B. Heath helped with typing. S. K. Donovan, J. A. Wa-
ters, and G. D. Webster suggested important improvements. This research 
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