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Abstract

Late Paleozoic macroevolutionary crinoid faunas were dominated by dendrocrinids, replacing most of the camerata
crinoids that had dominated the Early and Middle Paleozoic macroevolutionary crinoid faunas. Two dendrocrinid taxa, the
Cromyocrinidae and Pirasocrinidae, first recognized in the Mississippian (Viséan), attained their greatest generic diversity
in the late Moscovian to early Kasimovian, declined in the Late Pennsylvanian and Early Permian, and became extinct in
the Late Permian or end-Permian extinction event. The paleontologic record of the Cromyocrinindae and Pirasocrinidae is
best documented from the Midcontinent of the United States and both are recognized worldwide in the Late Paleozoic.
Their diversity in the latest Pennsylvanian and Early Permian is probably greater than currently recognized because
disarticulated ossicles that are ascribed to one or the other of the two families in described faunas are commonly not
recognizable at the genus level. Both families show individual evolutionary trends while following the general evolutionary
trends of the dendrocrinids.
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Introduction

Paleozoic crinoids were broken into three macroevolu-
tionary faunas by Ausich and Kammer (2006) wherein they
recognized that the Middle Paleozoic macroevolutionary
faunas were dominated by camerate crinoids and replaced
by the dendrocrinids in the Late Paleozoic macroevolu-
tionary faunas. Webster (2012) reviewed some of the
classification changes recognized within the Middle and
Late Paleozoic cladid crinoids when he reviewed Devonian
evolution of three superfamilies of the cyathocrininids and
the primitive, transitional and advanced forms of the
Devonian dendrocrinids.

This summary of the evolution and paleogeographic
distribution of cromyocrinids and pirasocrinids does not
include species based on disarticulated plates, or specimens
identified as cf., aff., (?), or spp. Although this review is
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based on the genera and species of both families it should
be noted that I do not agree with all of the species identi-
fications and some species should perhaps be placed in
synonymy with other species of the same or a different
genus. However, a systematic review of the genera or
species is beyond the scope of this paper and no species are
specified although their stratigraphic occurrence and geo-
graphic occurrences are used for stratigraphic range and
paleogeographic distribution interpretations. For complete
references and synonymies of each of the genera listed see
Webster and Webster (2014) which also includes syn-
onymies for all species of each genus.

Geochronologic terms used herein are given in Fig. 1.
Although many boundaries of the international
geochronologic terms for the Carboniferous have been
finalized, a few have working proposals for diagnostic
fossils and stratotypes that still require ratification
(Richards 2013). For example, the Serpukhovian basal
boundary used herein is equated to the base of the
Namurian until a decision is made on one of the two pro-
posed boundary stratotypes and the diagnostic fossil taxon.
The status of the Permian international geochronologic
terms was summarized by Lucas and Shen (2017).
Geochronologic terms used herein follow the ratified

) Birkhauser
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Fig. 1 Correlation of
international geochronologic

and North American stages

International System or International Stages North American Stages
Subsystem
Changhsingian
o Ochoan
Wuchiapingian
Capitanian Capitanian
Permian System
Wordian Wordian
Roadian Roadian
Kungurian
Leonardian
Artinskian
Sakmarian
Asselian Wolfcampian
Gzhelian Virgilian
Kasimovian Missourian
Pennsylvanian Subsystem
Desmoinesian
Moscovian
Atokan
Bashkirian
Morrowan
Serpukhovian
Chesterian
o Viséan Meramecian
Mississippian Subsystem
Osagean
Tournaisian Kinderhookian

boundary terms and proposed working boundaries as given
by Richards (2013) and Lucas and Shen (2017). North
American terms are used for the Pennsylvanian until the
proposed international geochronologic term boundaries are
ratified and because most of the species are from North
America.

Cromyocrinidae

The Cromyocrinidae (Bather 1890) is herein considered a
Late Paleozoic clade that originated in the Mississippian
(Visean) and ended in the Late Permian or with the end-
Permian extinction event. They are characterized by their
moderate to large adult size, elongate cylindrical crown,
globose or bowl-shaped cup, with or without a shallow to
deep basal concavity, relatively thick cup plates in most

genera, with or without coarse nodose or ridge ornament,
one to three anal plates, pores along the cup sutures giving
them a stitched appearance, impressed sutures, intracup
facets bearing fine ridges radiating away from the suture
pores, lack of a plated tegmen, and an arm girdle in the
proximal part of the arms when enclosed (Table 1). The
stem is normally round in cross-section and may be very
robust and lengthy suggesting they were middle and upper
tier feeding organisms.

Disarticulated cup ossicles are easily recognized by the
combination of the general thickness, of cup plates, orna-
ment (if present), and the intracup facet morphology (if
preserved or observable). However, generic identification
of the disarticulated ossicles is commonly not possible
unless articulated cups or crowns are known from the same
stratigraphic horizon at the same or in a nearby locality.
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Moore and Strimple (1978a) in Moore and Teichert
(1978, p. T694, T701), recognized 12 genera in the
Cromyocrinidae and 4 genera in the Ulocrinidae Moore
and Strimple 1973. Webster (1981) revised the Cromy-
ocrinidae and Ulocrinidae, recognizing 20 named genera
and four unnamed specimens assigned to the cromyocrinids
by various authors. He ran a combined cluster analysis and
principal component analysis of the genera of both fami-
lies. He concluded that the two families could be separated
into three groups with a central subgroup of two genera. All
groups were based on the cup shape, arm number and
branching pattern. Because each of those morphologic
characters were considered to evolve polyphyletically
within the family it was not possible to use them for
diagnostic characters for each group or define them as
separate families. Lacking other characters that could be
exclusively used to define a family he judged the Ulocri-
nidae to be a junior synonym of the Cromyocrinidae.

Currently, there are 23 genera and 147 species assigned
to the Cromyocrinidae as compiled by Webster and Web-
ster (2014). Surprisingly, 21 genera are based on crowns
with only two genera (Tyrieocrinus and Hemiindocrinus)
based on cups (Table 1).

Stratigraphic ranges of most cromyocrinid species are
restricted to one series as compiled by Webster and Web-
ster (2014). However, the stratigraphic ranges of most
genera are two to six series (Table 1; Fig. 1). Proble-
tocrinus is only reported from the Missourian, and three
genera (Ureocrinus, Tyrieocrinus, Manikosocrinus) are
restricted to the Viséan and Serpukhovian. All other genera
are known from three or more series. Eight of the genera
have carried through ranges of one to three series in which
they are not currently recognized. The stratigraphic record
of the cromyocrinids is dominated by the numerous reports
from the Midcontinent of the United States as compiled by
Webster and Webster (2014). Clearly, their greatest radi-
ation occurred in the Midcontinent, but a coeval radiation
occurred in the Moscovian Basin of Russia (Trautschold
1867; Yakovlev and Ivanov 1956). The lack of reported
Asselian cromyocrinids reflects their decline in the Late
Pennsylvanian. However, the carry through of four genera
was followed by a slight species recovery and radiation in
the western United States as well as slightly greater radi-
ation in the Tethys of West Timor, Western Australia, and
Oman.

Paleogeographically, the cromyocrinids are first recog-
nized in the middle Viséan of Germany spreading into
Scotland and the United States Midcontinent by the late
Viséan. In the Serpukhovian, they had migrated into
Algeria and Russia. They are first recognized in the
Moscovian or Kasimovian of Brazil, Moscovian of Spain,
and Late Pennsylvanian (Taiyuan) of China. In the Per-
mian, they are found in the Artinskian of Oman and West

Timor as well as the Sakmarian into the Kungurian or
Roadian of Australia. Although most of the occurrences of
the cromyocrinids are in warm equatorial environments, in
Western Australia they were living in the cooler waters of
higher latitudes approaching 60°S latitude (Webster and
Jell 1992).

Dendrocrinids underwent three general evolutionary
trends in the Paleozoic that included; 1, Modification of the
cup shape from a vase to a bowl or disc; 2, Loss of anals
from more than three to one or none; and 3, Brachial
development from uniserial to biserial as noted by
numerous workers over the last century. The cromy-
ocrinids, throughout their increase in diversity followed by
their decline and extinction, paralleled the dendrocrinid
general evolutionary patterns with some additional evolu-
tionary modifications, including the following.

1. Cup shape. The Middle and Late Viséan plesiomorphic
cup of Ureocrinus has a medium vase shape with
weakly upflared infrabasals and gently incurling radi-
als (Table 2). In the late Viséan, the apomorphic
globose cup of Tyrieocrinus and medium bowl cups of
Mantikosocrinus and Cromyocrinus are recognized and
continue into the Permian in Hemiindocrinus (globose)
and Moapacrinus (medium bowl). Many of the apo-
morphic medium bowl cups have gently to moderately
distal incurling radials giving them a globular appear-
ance, but the flat base or basal concavity in these wider
than long cups distinguishes them from the nearly
equal length and width globose cups with upflaring
infrabasals approaching a globe in shape. The low
bowl cups first appear in the Serpukhovian (Ethelocri-
nus) and again in the Morrowan (Diphuicrinus and
Aaglaocrinus) with all three genera continuing into the
Virgilian. Development of the bowl shape cups was
accompanied by development of a shallow to deep
basal concavity. Evolution of the medium bowl and
low bowl cups is considered polyphyletic as noted by
Webster (1981). Evolution of the cromyocrinids in
Moscow Basin of Russia varied from the general
trends in North America with the cup evolving from a
bowl shape into a more vase shape as discussed by
Yakovlev (1922) and Arendt (1981).

2. Loss of anals within the cup from three to one. With
the exception of Ureocrinus, all of the Mississippian
cromyocrinids have three anals in the cup. Ureocrinus
has two or three anals and the next such occurrences
are in the Morrowan (Mathericrinus, Aglaocrinus) and
Desmoinesian (Metacromyocrinus, Parethelocrinus,
Parulocrinus). Cups with only two anals are first
recognized in the Atokan (Paracromyocrinus,
Aaglaocrinus) and again in the Desmoinesian (Ulocri-
nus). Only two genera Minilyacrinus (Desmoinesian—
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Table 2 (continued)

Arms flat

Arms rounded
externally

Arms Arms Arms Arms Arms
14 16

Brachials  Arms Arms
5

wedges

Brachials
chisels

Brachials
cuneate

Brachials

Anals

Anals

Cromyocrinid

genera

externally

18-20

biserial

uniserial

rectilinear

X

Paracromyocrinus

Tarachiocrinus

Aglaocrinus

Diphuicrinus

<

X

Synarmocrinus

>

Mathericrinus

Ethelocrinus

XXX XX

XXX X X

XXX X

XX X

Dicromyocrinus
Cromyocrinus
Manikosocrinus

Mooreocrinus
Goleocrinus

Tyrieocrinus

o

<

Ureocrinus

Artinskian) and Moapacrinus, (Missourian—(?)Roadian
or Wordian) have a single anal. Evolutionary lineages
of the anals are considered polyphyletic because the
apomorphic condition could have been derived from
more than one of the possible ancestral cromyocrinid
taxa.

Arm modification. The five arms of the late Viséan
cromyocrinid (Ureocrinus) are uniserial with cuneate
brachials. However, cuneate brachials are considered
an apomorphic condition derived from an unknown
non-cromyocrinid or cromyocrinid ancestor. Cromy-
ocrinus (late Viséan—Missourian) is the only other
5-armed cromyocrinid and those arms are biserial with
chisel brachials, an even more advanced apomorphic
condition, perhaps evolved from Ureocrinus. Ten arms
are present on 12 of the 23 cromyocrinid genera and
first appear in the late Viséan ((Mantikosocrinus,
(biserial) continuing into the Permian (Moapacrinus).
Six of the 10-armed genera are uniserial and six are
biserial. Cromyocrinds with 14 or 16 biserial arms first
appear in the Atokan (Aaglaocrinus) and Desmoine-
sian (Parulocrinus) and with 16 biserial arms in the
Sepukhovian (Ethelocrinus) and Morrowan (Aglaocri-
nus, Tarachiocrinus). The most apomorphic (18-20
uniserial arms with wedge brachials) are present on
Minilyacrinus (Desmoinesian—Roadian) and with bis-
erial arms with chisel brachials (Probletocrinus, Mis-
sourian). Arms of most cromyocrinds are rounded
externally. However, three genera developed exter-
nally flat arms: Ethelocrinus, Serpukhovian—Virgilian;
Synarmocrinus, Morrowan—Missourian; and Parethe-
locrinus, Desmoinesian—Missourian.

Thickening of cup plates. The cup plates of Ureocrinus
(late Viséan—Serpukhovian) are not as thin as some
dendrocrinids, but not as thick as most cromyocrinids.
Nearly, all younger cromyocrinids have much thicker
plates and with a few exceptions have moderately to
deeply impressed sutures with pores along the sides of
the sutures giving them a stitched appearance. No other
dendrocrinids have the sutural pores and stitched
appearance. Internally to the pores on the intracup
plate facets there are irregular grooves of uncertain
origin and purpose. These characters combined with
the thick plates are quite diagnostic and allow recog-
nition of disarticulated cromyocrinid ossicles in many
horizons lacking articulated cups and crowns.
Ornamentation. Ten of the 23 cromyocrinid genera
bear ornamentation on the cup plates and it may
extend onto the arms as transverse ridges across the
brachials. Where the ornamentation is present it tends
to be prominent coarse nodes or less commonly short
ridges.
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Evolution of the various morphologic characters within
the cromyocrinids is considered polyphyletic because most
characters appear to have evolved more than once and may
have evolved from more than one prospective ancestor as
noted by Webster (1981). The origin of the cromyocrinids
is uncertain, but probably from a five-armed ancestor with
a bowl or vase-shaped cup, three anals within the cup,
plenary radial facets, pinnules on the uniserial arms with
rectilinear brachials, and a holomeric round stem. The first
cromyocrinid or the ancestor may have evolved in the
Tournaisian, because the oldest defined cromyocrinid
(Ureocrinus, late Viséan) has apomorphic characters in the
three anals within the cup and cuneate brachials as noted
above.

Cromyocrinids are most commonly reported from car-
bonate and marlstone environments, but, are also known
from mud and more rarely sand substrates. In the Penn-
sylvanian and Permian of the western United States they
are commonly silicified. Their robust size with 10 or more
arms suggests that they were higher energy, near shore
elements in Biofacies 1 crinoid guilds as defined by
Holterhoff (1997).

Cromyocrinids are commonly associated with other
cladid crinoids (most often other dendrocrinids), some-
times with platycrinitid camerates, brachiopods, mollusks,
and other assorted invertebrates. In marlstones and car-
bonate environments they are commonly associated with
conodonts, but rarely in mud substrates. Platyceratid mol-
lusks are reported living on the oral surface of cromy-
ocrinids in the Pennsylvanian and Permian by various
authors, however, lacking a plated tegmen on the cromy-
ocrinids, it was uncertain if the relationship was parasitic or
coprophagous. Russian authors (Trautschold 1867, 1879;
Yakovlev 1922, among others) show them located on the
CD interlay. Mirantsev (2016) has provided evidence
supporting a coprophagus relationship between the
platyceratids and cladid crinoids. The cromyocrinids
served as an alternate site for the platyceratids to locate
when their previous favorite crinoid site, the platycrinitids,
declined after their acme in the Middle to Late
Mississippian.

Pirasocrinidae

The cylindrical to tapering crowns of genera of the Pir-
asocrinidae (Moore and Laudon 1943) are typically of
moderate to large size with medium- to low-bowl or dis-
coid shaped cups with three anals and a shallow to deep
basal invagination (Table 3). Cup plates are generally
bulbous and primibrachials and axillary brachials com-
monly bear short blunt to elongate sharpened spines. The
tegmen is elongate, extending above the arms capped by a

platform of polygonal plates surrounded by a laterally
projecting flattened spine ring. The stem is round trans-
versely and often not preserved. [llustrations in the treatise
(Moore and Strimple 1978a) of the stem facet is of small
diameter in a few genera (i.e., Aatocrinus, Metaper-
imestocrinus, and Schedexocrinus) suggesting that they
may have been a tether rather than an extended lengthy
structure. These genera may have been low-tier feeding
forms. I suggest some may have rested on the substrate
using inflated radials or spines on the radials and primi-
brachials to keep them from sinking into the substrate as
well as protection from predators or other organisms.
However, I consider most pirasocrinid genera to be middle
or upper-tier feeders with stems of variable length, which
are seldom preserved intact.

There are currently 25 genera and 104 species of pir-
asocrinids recognized in the compilation of Webster and
Webster (2014). Sciadiocrinus was inadvertently included,
but is now excluded from the Pirasocrinidae, as noted by
Lewis and Strimple (1990). The pirasoocrinids were
evolving and diversifying from their origin in the Viséan
through their acme in the Missourian before they began to
decline (Fig. 2). Although the pirasocrinids appear to be
declining in the Late Pennsylvanian and Early Permian,
they are probably more diverse than the named taxa indi-
cate. This is based on the report of disarticulated pir-
asocrinid radials, primibrachials, spinose axillary brachials,
and tegmen spines in some Pennsylvanian and Permian
horizons as reported by Webster and Kues (2006), Webster
et al. (2009), among others, and studies in progress. The
primibrachials and axillary brachials with short blunt to
long, round, pointed spines, often associated with the flat-
tened tegmen spines, are considered to be pirasocrinids but
no articulated cups are found; thus, a genus was not iden-
tified. Twelve of the 25 genera are based solely on cups.

Origin of the pirasocrinids is problematic. Knapp (1969)
considered the pirasocrinids to be derived polyphyletically
from phanocrinid-like ancestors when he restricted the
range of the Pirasocrinidae to the Pennsylvanian of North
America. He subdivided the Pirasocrinidae into six sub-
families, basing their differences on the morphology of the
cup including shape, depth of the basal concavity, lack of
or tumidity of the cup plates and arm branching where
known. Knapp (1969) also recognized that the pir-
asocrinids had a cup similar to the zeacrinitids, differing by
the lack of a prominent outer area on the radial facet. He
considered pirasocrinids to have some similarities to the
laudonocrinids with an elongate tegmen capped by a circlet
of polygonal plates surrounded by a spine ring of flattened
laterally directed spines. Moore and Strimple (1978b) did
not accept the subfamilies as proposed by Knapp, included
most of the genera in the pirasocrinids that Knapp had
rejected and accepted the polyphyletic origin of the family.
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Fig. 2 Cromyocrinidae generic and species numbers. Figures in bold

Moore and Strimple (1978c, p. T723) defined three major
groups within the Pirasocrinidae on the basis of the posi-
tions of the proximal tips of the infrabasals, basals and
radials within the basal concavity, within the base of the
cup, or externally above the base of the cup. Each group
was then subdivided into three or four subgroups. Genera
within each of these subgroups were distinguished on the
basis of various additional morphologic characters includ-
ing cup shape, ossicle tumidity, depth of the basal con-
cavity, and arm branching where known. The subgroups
were not recognized as subfamilies, do not occur as evo-
lutionary lineages, and are here considered to have evolved
polyphyletically within the pirasocrinids instead of inde-
pendently from multiple phanocrinid ancestors.

Paleogeographically, the pirasocrinids are first recog-
nized in the Viséan of the central United States attaining
their acme in the Morrowan through the Virgilian (Mor-
rowan 7 genera, 20 species; Atokan 7 genera, 15 species;
Desmoinesian 14 genera, 31 species; Missourian 10 genera,
40 species, Virgilian, 7 genera, 18 species) (Fig. 3).
Although they are most common in the Pennsylvanian of
the United States, they are recognized in the Atokan of
Brazil, Artinskian of the Cis Urals, and Artinskian(?) of
China. Disarticulated ossicles from the Roadian—-Wordian
of Oman currently under study by me are considered to
belong to the pirasocrinids. Thus, the pirasoocrinids are
considered one of the common Pennsylvanian and Early
Permian crinoid taxa.

I consider the Pirasocrinidae to be a clade that evolved
from an uncertain ancestor (perhaps a phanocrinid) in the
Tournaisian or early Viséan. Plaxocrinus, the earliest
known pirasocrinid, has a range of Viséan—Artinskian, with
carry-throughs of Serpukhovian—-Morrowan and Asselian—
Sakmarian. It has a cup that is a low- or medium-bowl
shape with a shallow basal concavity and the proximal tip
of the radials above the basal plane of the cup externally

include one or more carry-through taxa

(Table 4). There are three anals within the cup, 20 uniserial
arms with rectilinear brachials, and a tegmen extending
above the arms capped by a circlet of plates surrounded by
a spine ring with flattened laterally projecting spines
(Table 4). With the exceptions of Plaxocrinus, Metaper-
imestocrinus and Exterocrinus (low or medium-bowl cups)
the cups of all other pirasocrinids are either low-bowl (15
genera) or discoid/saucer (7 genera) forms, all of which
could be evolved from Plaxocrinus by lowering of the cup
with movement of the proximal tip of the radials into the
basal plane or into the basal concavity and shortening of
the radials.

Evolutionary trends within the pirasocrinids also parallel
the general trends of the dendrocrinds with some additional
modifications as follows:

1. Cup shape Discoid/saucer-shaped cups with the prox-
imal tip of the radials within the basal concavity first
appear in the Serpukhovian (Dasiocrinus) and continue
into the Artinskian (Separocrinus). Low-bowl-shaped
cups with the proximal tip of the radial in the basal
plane first appear in the Morrowan (Metutharocrinus)
and continue into the Artinskian (Hypermorphocrinus).

2. Reduction of anals Most genera (23 of the 25

pirasocrinids) have three anals within the cup, although
many genera have the distal parts of the tertanal and or
secundanal above the radial circlet, obviously migrat-
ing or being pushed out of the cup. Vertigocrinus
(Desmoinesian—Missourian) has only two anals and
Hypermorphocrinus (Artinskian) has two or three
anals, the most apomorphic conditions recognized
within the anal evolution.

3. Arm modifications The three Mississippian genera first

occurring in the Viséan (Plaxocrinus) and Serpukho-
vian (Dasciocrinus and Zeusocrinus) have more than
ten uniserial arms with rectilinear brachials. This
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Fig. 3 Pirasocrinidae generic and species numbers. Most generic figures include one or more carry-though taxa

condition is considered apomorphic, having evolved

from a ten uniserial armed ancestor, and continuing

into the Artinskian on Plaxocrinus and Hypermor-
phocrinus. Uniserial arms becoming biserial distally
are recognized on four genera, three (Schedexocrinus.

Eirmocrinus and Polygonocrinus) in the Desmoine-

sian, and one (Hypermorphocrinus) in the Artinskian.

Ten uniserial arms with rectilinear brachials are

present on Perimestocrinus (Missourian—Artinskian),

and ten uniserial arms with cuneate brachials occur on

(Desmoinesian—Artinskian). Endoto-
mous arm branching is present on Stenopecrinus
(Morrowan—Artinskian), Schedexocrinus (Desmoine-
sian) and Perimestocrinus (Missourian—Artinskian).
Overall, the evolution of the various arm conditions
does not appear to have a definite pattern or trend
suggesting polyphyletic evolution within the arms
occurred repeatedly within the clade.

4. Tegmen The elongate tegmen of the pirasocrinids is
capped by a filled circlet of polygonal plates of
variable number surrounded by a spine ring of laterally
directed flattened spines of different number and length
for each species. The number of plates within the
capping circlet is often unknown because of preserva-
tion or not recorded. The polyphyletic evolution of the
pirasocrinids as suggested by Knapp (1969) is herein
questioned. The earliest known pirasocrinid (Plaxocri-
nus) has an apomorphic cup (low- or medium-bowl

Triceracrinus

shape) and arms (biserial with rectilinear brachials),
both intermediate or advanced characters in the
evolutionary lineage of these morphologies in the
dendrocrinids. This suggests that Plaxocrinus evolved
from a plesiomorphic ancestral lineage with a medium-
bowl or vase shape cup with uniserial arms with
rectilinear brachials, perhaps Phanocrinus as suggested
by Knapp (1969). It is not necessary to require
polyphyletic evolutionary events for the origin of the
pirasocrinids because all taxa assigned to the family
could be derived from Plaxocrinus or an ancestral form
or an intermediate unrecognized taxon with a bowl-
shaped cup and uniserial arms with rectilinear
brachials in the Tournaisian or early Viséan.

An elongate tegmen capped by a laterally directed spine
ring is known only in the pirasocrinids, laudonocrinids and
stellarocrinids among the dendrocrinids. This suggests that
the evolution of this character occurred three times or
perhaps only twice if the laudonocrinids were evolved from
the pirasocrinids. The laudonocrinids are of Serpukhovian
to Wordian age and could have evolved by modification of
one or more of the pirasocrinids with a bowl-shaped cup
and arms with uniserial brachials (such as Plaxocrinus) to
the low bowl or discoid form, development of interradial
notches and retaining the capping spine ring as found in
Anchicrinus and Bathronocrinus. All other laudonocrinid
genera are based on cups lacking the tegmen except
Bathronocrinus, which has a balloon-shaped tegmen
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Table 4 (continued)
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lacking a spine ring. The laudonocrinids differ by having
peneplenary radial facets with radial notches on their low-
bowl or discoid cups with or without a shallow basal
concavity and lack the stitched intra-plate sutures of the
cup. The Laudonocrinidae were included in the Pir-
asocrinoidea by Webster and Maples (2008).

Summary

Both cromyocrinids and pirasocrinids were part of the
highly successful dendrocrinid crinoids that dominated the
Late Paleozoic macroevolutionary crinoid faunas. Both
first appear in the Viséan, although they may have evolved
from unrecognized ancestral forms in the Tournaisian.
Both families radiated to acmes in the Middle Pennsylva-
nian. They declined rapidly in the Late Pennsylvanian, are
unreported in the Asselian and Sakmarian of the United
States. Although the cromyocrinids also radiated separately
and significantly in the Moscovian—Kasimovian of Russia.
Both families radiated again in the Artinskian in the Tethys
(West Timor, Western Australia, Oman) and western
United States.

The youngest pirasocrinid (Hypermorphocrinus) is in
the Artinskian and the youngest cromyocrinid (Minily-
acrinus) in the Roadian or Wordian. Neither family is
reported from post Wordian strata suggesting that they may
have become extinct within the Permian, well before the
End Permian Extinction event. Disarticulated ossicles of
both families are often found, but not identifiable to the
genus level in the Pennsylvanian and early Permian, sug-
gesting that the diversity of both families may be under-
documented therein.

The cromyocrinids were middle to upper tier feeders,
and most of the pirasocrinids were middle to upper tier
feeders and may have had some lower tier feeders. Some
pirasocrinids may have been bottom dwellers with the
small stem serving as a tether instead of a holdfast and
extension to elevate them above the substrate. Both
cromyocrinids and pirasocrinids are often found in asso-
ciation, preferred carbonate or marl substrates, occur less
commonly in mud substrates, are less common in arena-
ceous carbonate environments, and rare in sand substrates.
They preferred relatively higher energy guilds, near-shore
shelf environments, biofacies 1 of Holterhoff (1997). Their
skeletal elements added significantly to many Late Paleo-
zoic carbonate and marlstone deposits.
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