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INTRODUCTION
The multiplated, mesodermal endoskel-

eton of echinoderms enabled a wide array 
of adult lifestyles from infaunal irregular 
echinoids to predaceous starfish to nektic 
holothurians. This is true for the Echino-
dermata as a whole as well as within classes, 
such as the Holothuroidea and Crinoidea. 

All benthic organisms must adapt to  
the myriad of constraints imposed by the 
ocean floor and to water conditions above 
the sediment-water interface, such as the 
benthic boundary layer. Due to friction on 
the sea floor, current velocities approach 
zero close to the sediment-water interface. 
The interval of reduced current velocity near 
the sea floor is referred to as the benthic 
boundary layer (e.g., Rhodes & Boyer, 
1982; Richards, 1990). The depth of the 
benthic boundary layer is a function of sea 
floor topography. In addition to changes in 
velocity, the amount of suspended organic 
particles increases toward the sediment-water 
interface. At positions progressively closer to 
the sediment-water interface (Walker & 
Bambach, 1974), the number of particulate 
organics increases and the current velocity 
decreases. 

Crinoids presumably evolved during 
the late Cambrian. However, the oldest 

fossil crinoids are known from the Early 
Ordovician, and they began to diversify 
during the Early Ordovician in shallow-
marine habitats dominated by hardgrounds 
(Wilson & others, 1992; Guensburg & 
Sprinkle, 1992). Crinoids experienced 
a radiation during the Middle and Late  
Ordovician in mixed-substrata settings 
during the Great Ordovician Biodiversifica-
tion Event (GOBE; Webby & others, 2004). 
As passive, epifaunal suspension feeders, 
crinoids must strike a balance between the 
flux of water moving through their filtra-
tion fans and the concentration of organic 
particulates in the currents from which  
they fed. The stereotypical crinoid Bauplan 
was a set of arms that were elevated up into 
the water for suspension feeding by a column 
that was cemented onto the substratum 
or anchored into the sediment (Macurda 
& Meyer, 1974; David & others, 2006) 
(Fig. 1.1). Column height varied among 
crinoids (and other pelmatozoans), and this 
provided the structure for many epifaunal 
tiered communities characteristic of Paleo-
zoic shallow-marine settings (Ausich, 1980; 
Ausich & Bottjer, 1982; Kitazawa, Oji, 
& Sumamura, 2007; Messing, Ausich, 
& Meyer, 2021). During the Paleozoic, 
crinoids typically occupied the highest  
tier levels.
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since Springer (1926a) and have been 
subject to divergent paleoecological inter-
pretations (for recent comprehensive reviews 
see Seilacher & Hauff, 2004; Hess, 2010; 
Donovan, 2016).

In this contribution we discuss several 
of the extreme morphological departures 
from the prototypical crinoid Bauplan that 
have evolved during their +485-million-year 
history, and we discuss their varied func-
tional interpretations. Categories of highly 
modified crinoids include, among others, 
those with extreme sizes, crinoids that lived 
at the sediment-water interface, nektonic 
and pelagic crinoids, crinoids with a canted 
crown, crinoids without arms, crinoids 

In Unusual Forms of Fossil Crinoids, 
Springer (1926a) discussed morphological 
departures from typical crinoids in several 
taxa known to him. Among others, he 
discussed crinoids with planispirally coiled 
columns, crinoids with recumbent arms, 
and Gilbertsocrinus Phillips, 1836. These 
and other crinoids from numerous clades 
abandoned the iconic crinoid Bauplan and 
adopted a wide variety of crinoid morpholo-
gies. Further, many of these alternative 
morphologies evolved iteratively in sepa-
rate clades and times, implying that these 
unusual morphologies had a positive adap-
tive value. Predictably, these alternative 
morphologies have garnered much attention 

Fig. 1. Extant crinoids. 1, stalked isocrinid Cenocrinus asterius (Linné, 1767) 2, a large hexactinellid sponge  
inhabited by eight individuals of Endoxocrinus parrae Gervais, 1835, and two comatulid taxa (two Neocomatella 
specimens (orange, upper center) and three yellow Crinometra Clark, 1909) 3, 4, comatulid crinoids Crinometra 
sp. and Neocomatella sp. (red arrows), respectively, from the island margin of Isla de Roatán, depths: ~ 150 m (1) 
and ~ 360 m (2,3,4). Photos: P. Gorzelak (1–3), M.A. Salamon (4). 
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with the holdfast modified into a bulb, and 
crinoids with highly modified columnal 
shapes. In addition, several crinoid genera 
are mentioned with extreme morphologies 
for which paleoecological interpretations 
are needed. 

CRINOIDS WITH  
EXTREME SIZES

Adult crinoids have a wide range of adult 
body sizes, and the average size for an adult 
aboral cup or calyx varied significantly 
during the Phanerozoic (Salamon & others, 
2023). Notably, there are clearly extremes. 
Microcrinoids are anomalously small and 
are defined as adults having an aboral cup 
≤ 2 mm in height (Fig. 2). The question 
one might ask is, “Aren’t these just juvenile 
specimens of a ‘normal’-sized crinoid?” 
Indeed, there are examples where this has 
been demonstrated (e.g., Moore & Ewers, 
1942). However, the majority of known 
microcrinoids do not exceed 2 mm in height 
(Fig. 2). Most microcrinoids are from well-
sampled strata. A growth sequence of many 
microcrinoids is known (e.g., Lane & Sevas-
topulo, 1981), but so-called normal-sized 
crinoids that could be considered adults of 
these microcrinoids do not exist. 

Two major clades of Paleozoic microcri-
noids are recognized: the disparid Allagecrin-
idae (Devonian to Permian) and the eucladid 
Codiacrinoidea (Silurian to Permian) (e.g., 
Arendt, 1970; Moore & Teichert, 1978; 
Lane & Sevastopulo, 1982). Post-Paleozoic 
examples include the Roveacrinida (e.g., 
Gale, 2023). Microcrinoid arm number 
varies from none to 16 or more; and, as 
known, their arms are atomous. In the case 
of Paleozoic forms, based on the presence of 
a columnal facet at the proximal end of the 
aboral cup, microcrinoids had a column, but 
it is presumed to have also been correspond-
ingly small. No firm evidence for their paleo-
ecology is established, but it can be hypoth-
esized that they were attached to the sea 
floor and/or cemented to other organisms 
making them secondary tierers (Bottjer & 

Ausich, 1987). They must have either fed on 
very small organic particles and/or gathered 
nutrition by epithelium uptake (see discus-
sion below). Paleoecology of some post-
Paleozoic roveacrinids is discussed below.

The largest crinoids are the pseudoplank-
tonic crinoids. As discussed below, these 
Mesozoic crinoids had large crowns and, in 
some cases, extremely high columns.

LIFE AT THE SEDIMENT-
WATER INTERFACE

Crinoids evolved as suspension-feeding 
organisms in which the column elevated 
the arms above the sediment-water inter-
face into higher levels within the benthic 
boundary layer that had higher current 
velocities, which was advantageous for a 
passive suspension feeder. However, rather 
than being positioned in tiers above the 
ocean floor, many clades evolved morpholo-
gies adapted to life at the sediment-water 
inter face.  Examples include crinoids 
whose crowns were cemented directly to 

Fig. 2. The microcrinoid Litocrinus punctatus (Lane & 
Sevastopulo, 1981), Scale bar = 2.5 mm. (from Lane 
& Sevastopulo, 1981, text-fig. 1).
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the substratum, crinoids that were unat-
tached, free-living benthos (including living 
feather stars; Fig. 1.2–1.4), calceocrinids, 
and species of Hoplocrinus Grewingk, 1867.

Crowns cemented  
directly to the substratum

Among stemless crinoids, there are 
forms that are directly cementing to hard 
substrates. The most striking examples are 
members of cyrtocrinid families: Hemibra-
chiocrinidae Arendt [including Brachio-
monocrinus Arendt, 1974, known from 
the Lower Cretaceous (e.g., Arendt, 1968; 
Hess & Messing, 2011, Benyoucef & 
others, 2022); Eudesicrinidae, with Eudesic-
rinus de Loriol, 1882, in 1882–1889 
known from the Lower Jurassic–Upper 
Jurassic (Tithonian); e.g., Hess, Salamon, 
& Gorzelak, 2011)]; Cotyledermatidae 
(with Cotylederma, Quenstedt, 1852, 
known from the Lower Jurassic (e.g., Hess 

& Messing, 2011; Salamon, 2019); and 
Holopodidae (with Holopus d’Orbigny, 
1837 and Cyathidium Steenstrup, 1847), 
which are both known from the fossil record 
and modern oceans. Among the latter family, 
Holopus (Fig. 3) is known from as early as 
the Early Cretaceous (see Arendt, 1968) 
and has been recorded from a number of 
paleoenviroments (including shallow sea) 
across Europe; today, Holopus is only present 
at great depths (typically below 200 m) in 
the Caribbean Sea and in New Caledonia 
(Hess & Messing, 2011). Cyathidium is 
known from as early as the Late Jurassic and 
was also recorded from various paleoenviron-
mental settings (including inner shelf and 
reefs), but it is currently confined to deeper 
environments with weak or negligible flow 
conditions in the Caribbean Sea, the Azores, 
and the Comoros (Hess & Messing, 2011).

Holopus and Cyathidium are morpho-
logically similar. They have a cup-shaped 

Fig. 3. Different arm postures in adult Holopus d’ORBIGNY, 1837; off Half Moon Bay, West End, Isla de Roatán, 
Honduras, 350 m depth: almost completely closed (upper left), almost fully open (upper center), and partially 
closed with distal arm tips curled (upper right), red asterisk indicates a dead individual. Photo by P. Gorzelak.



Paleoecology and Functional Morphology of Unusual Crinoids 5

theca directly cementing to the substrate. 
It is comprised of fused radials and short 
arms (sometimes asymmetric), which can 
be rolled spirally, protecting the oral side 
of the cup (Grimmer & Holland, 1990; 
Donovan, 1992). Both taxa typically occur 
attached to vertical boulders, overhanging 
walls, and cave ceilings (e.g., Macurda & 
Meyer, 1974) (Fig. 3). It was speculated that 
these crinoids can be raptorial feeders; i.e., 
they are capable of contracting their arms 
to capture larger prey items (Grimmer & 
Holland, 1990). However, several submers-
ible observations revealed that the arm 
closure is due to external stimuli (e.g., water 
movements generated by the approaching 
submersible); thus, arm closure may have 
a defensive function (Syverson & others, 
2015). The arms of Holopus are arranged in 
a funnel facing down current or are cone-
shaped and opened outward or sideways 
(Macurda & Meyer, 1974; Donovan & 
Pawson, 2008; Syverson & others, 2015), 
and its theca can be asymmetric, which 
might be affected by prevailing unidirec-
tional flow conditions (Žitt, 1983). 

Crinoids as unattached,  
free-living benthos

Through the Phanerozoic many different 
crinoid clades shed their column during 
ontogeny and as adults were free-living 
benthos on the sea floor or epizoic on other 
organisms (Fig. 1.2). These crinoids were 
primarily in the lowest suspension-feeding 
tier that had a high density of particulate 
organics but low current velocities. Paleozoic 
examples, among others, include the Ordo-
vician Trecrinus Semenov & others, 2021, 
and some species of Hoplocrinus; Devo-
nian eucladid Edriocrinus Hall, 1858; the 
Mississippian to Permian Agassizocrinidae; 
the Mississippian Staphylocrinidae; and 
the Permian Timorocidaris Wanner, 1920. 
During the post-Paleozoic, examples among 
the Articulata include some members of 
Roveacrinida (Middle Triassic–Late Creta-
ceous?), and the largest group of stemless 
crinoids—the feather stars of the order 

Comatulida (Jurassic? to Holocene) that 
are present throughout the oceans today. 
Examples of this morphology are described 
in several sections below.

Agassizocrinus Owen & Shumard,  
1852 and Paragassizocrinus  
Moore & Plummer, 1940

Agassizocrinus and Paragassizocrinus are 
late Mississippian and Pennsylvanian exam-
ples, respectively. Juveniles of these genera 
had a narrow column that was truncated 
proximally through ontogeny and overgrown 
by the large, robust, fused infrabasal circlet 
called the infrabasal cone. The shape of the 
infrabasal cone varied from high conical to 
low bowl. Isolated infrabasal cones of Agas-
sizocrinus are quite common in many upper  
Mississippian marine strata in the United  
States (Ettensohn, 1975, 1980, 1981, 1984).  
These crinoids have been interpreted to have  
inserted their infrabasal cone into the sub- 
stratum with longer arms erect for feeding 
and shorter arms spread along the substratum 
for stability (Ettensohn, 1975, 1980)  
(Fig. 4). The lifestyle of these crinoids may 
have been similar to Uintacrinus Grinnell, 
1876 and Marsupites Mantell in Miller, 
1821, discussed below, and to the living 
crinoid Comatula rotalaria Lamark, 1816 
(see Messing, Ausich, & Meyer, 2021).

Hybocrinidae
The Hybocrinidae is an Ordovician family 

with morphologically unusual crinoids that 
include variations in thecal symmetry, posi-
tion of ambulacra (only on the arms, on the 
arms and on the surface of aboral cup plates, 
and only on the surface of aboral plates) (for 
the latter, see the discussion of Tripatocrinus 
Sprinkle, 1973 and Cornucrinus Regnèll, 
1948 below in the section on “Crinoids 
without arms”).

Another unusual character among some  
hybocrinids is the lack of a column in 
adults. As discussed in Männil (1959) 
and Rozhnov (1985a, b) (e.g., Hybocrinus 
usvensis Rozhnov, 1985b) had a typical 
crown with arms and Hybocrinus a medium 
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cone/bowl-shaped aboral cup, but the column 
was absent in adults. Presumably, the life 
position of these species was similar to that of 
Agassizocrinus and Paragassizocrinus that had 
the aboral cup inserted into the substratum 
and were low-tier suspension feeders.

Even more striking is Trecrinus (Fig. 5). 
Trecrinus lacks a column as an adult and 
has an aboral cup comprised of five basal 
plates, five radial plates, and a radianal plate. 
However, only three of the radial plates have 
arms, and these arms extend straight outward. 
The result is a crinoid with three stout arms 
that laid directly on the substratum. If on an 
unconsolidated substratum, Trecrinus would 
have employed the “snowshoe” strategy to 
keep from sinking into the sediment. It fed 
from water directly above the sediment-water 
interface (Semenov & others, 2021).

Feather stars
Feather stars are used herein to refer as 

a general term for the Comatulida (Articu-
lata) that lack a column as an adult. The 
term “feather stars” is used because, with 
genomic phylogenetic study, Rouse & 
others (2012) demonstrated that columns 
re-evolved through paedomorphsis at least 
twice within the Comatulida.

Various lifestyles have evolved among 
feather stars (Messing, Ausich, & Meyer, 
2021). The basal-most plate of the feather 
star aboral cup is the centrodorsal to which 
grasping cirri are attached. Some feather stars 
attach directly to the sea floor and project 
their arms upward to form a filtration fan 
(Fig. 1.3, 1.4). The fan posture can be disk-
shaped, parabolic, or conical (Messing, 
Ausich, & Meyer, 2021). Some feather stars 

Fig. 4. Life reconstruction of Agassizocrinus papillatus Worthen, 1882. Reconstruction: Magdalena Łukowiak 
(based on Ettensohn, 1975, text-fig. 8). Width of the calyx ~1.0 cm.
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attach to reefs. Many of these may form a 
filtration fan while perched on a high point 
to take advantage of current flow, whereas 
others are semicryptic and tucked within 
the reef infrastructure. The currents in and 
around shallow-water reefs have a wide range 
of turbulence with multiple current direc-
tions. Feather stars adapt to a unidirectional 
flow regime by extending one or more arms 
upward or by forming a filtration fan. Alter-
natively, crinoids in more cryptic reefal niches 
assume a multidirectional posture (Messing, 
Ausich, & Meyer, 2021). Some feather stars 
are secondary tiers that attach to other organ-
isms well above the substratum into a higher 
suspension-feeding tier (Fig. 1.2).

Perhaps the most radical departure from the  
crinoid Bauplan are crinoids that can swim. 
Widely considered an antipredation adapta-
tion (e.g., Meyer & Macurda, 1977), if 
disturbed, some feather stars can detach from 
the substratum and, with coordinated arm 
and pinnule motion, can gain positive buoy-
ancy and swim away from potential danger.

Uintacrinids
The stratigraphically important Late Creta-

ceous uintacrinoids (Uintacrinoidea sensu 
Zittel, 1879) are among the most peculiar 
of all feather stars. These stalkless crinoids had 

a large, globular and non-cirriferous theca 
with long arms comprised of low brachials 
with muscular and syzygial articulations 
(Rasmussen, 1961). Two uintacrinoid genera 
are known. Marsupites is characterized by a 
theca consisting of 16 plates that are almost 
equal in size and shape (i.e., one centrale, 
five infrabasals, five basals, and five radials). 
Uintacrinus, in turn, had longer arms and had 
a theca comprised of many small plates (one 
centrale, up to five infrabasals, five basals, 
five radials, ten primibrachials, and a vari-
able number of fixed interradial and pinnular 
plates, and secundibrachials). Structurally, 
the theca of both genera reveals similarities 
to carbon fullerene and fulleroid molecules, 
respectively (Hoyal & Hunter, 2020).

Owing to their highly bizarre anatomy, 
the mode of life of uintacrinoids has been a 
matter of long debate. Initially, a pelagic or 
pseudopelagic mode of life for these crinoids 
was favored. For instance, the presence of 
an enlarged globular theca without holdfast 
with long flexible arms led Bather (1896), 
Kirk (1911), Abel (1927), Hyman (1955), 
and Breimer & Lane (1978) to conclude 
that these crinoids were able to swim actively 
(with the oral side either directed downward 
or upward) in the water column, and they 
were considered to have positive buoyancy 

Fig. 5. Life reconstruction of Trecrinus schmidti Semenov & others, 2021. Reconstruction: Magdalena Łukowiak 
(based on Semenov & others, 2021, fig. 2).  Length of the arm ~5.0 cm.
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thanks to the supposedly entrapped gas or oil 
within the theca. A pseudopelagic lifestyle 
was also proposed, for example by Springer 
(1901), who speculated that these crinoids 
were living attached to floating objects. 
More recently, Seilacher & Hauff (2004) 
suggested, based on morphologic (i.e., the 
presence of a balloon-like cup comprised of 
thin plates with no central ballast and with 
reduced branching of arms) and taphonomic 
(supposedly no specimens with splayed 
arms preserved) grounds, that these crinoids 
might have been hemipelagic dredgers 
(passive deposit feeders) with a theca drifting 
just above the bottom and dragging heavier 
long arms on the sediment to collect food 
detritus. In contrast, a benthic mode of life 
for uintacrinoids was advocated by Jaekel 
(1918), Dacqué (1921); Struve (1957); 
Milsom, Simms, & Gale (1994); Meyer 
& Maples (1995); Meyer, Milsom, & 
Webber (1999); Meyer & Milsom (2001); 
Webber, Meyer, & Milsom (2008); and 
Gorzelak & others (2017). Arguments 
used to support the benthic hypothesis 
include: (1) functional morphology (poorly 
developed muscular arm articulations and 
incorporation of proximal brachials into the 
thecae, both of which restrict arm mobility 
(arguing against a nektonic lifestyle), and 
the presence of robust and heavily calci-
fied skeletal plates rather than thin plates, 
which would negatively impact buoyancy) 
and (2) taphonomy (preferential preserva-
tion of theca lying on their side and no 
associated driftwood). Most of the latter 
authors postulated an oral-up posture, 
except Struve (1957), who suggested that 
uintacrinoids could have lived in a similar 
way as asteroids, with the oral side facing 
downward. There were also different opin-
ions on whether these crinoids were rheo-
phobic semi-infaunal (Milsom, Simms, & 
Gale, 1994) or rheophilic epibenthic (Hess, 
1999c). Most recently, however, epizoans 
(serpulids and bryozoans) encrusting thecal 
plates of Marsupites were reported (Salamon 
& Gorzelak, 2017). The fact that these 
epizoans are attached to the convex side 

(latera) of plates only, and in some cases of 
partially articulated theca, is suggestive of 
syn vivo infestation, which strongly favors 
the rheophilic epibenthic mode of life of 
uintacrinoids. Furthermore, infaunal fossils 
are not expected to be preserved on the 
bedding planes with cups lying on their side. 
Notably, Messing & others (2004) stressed 
that some modern non-cirriferous comatu-
lids (e.g., Comatula rotalaria Lamark, 1816) 
with similar brachial morphology as uintac-
rinids may hold some of their long arms for 
feeding in a vertical position and a few other 
arms flexed slightly downward and touch the 
bottom for stability. Additionally, the arm 
length/theca height ratio of uintacrinoids 
is comparable to those observed in some 
modern crinoids.

Notably, data on skeletal microstructure 
(Gorzelak & others, 2017) indicated that 
the thecal plates of uintacrinoids have no 
stereom adaptations for preventing putative 
gas leaks and/or ingress of water (such as 
imperforate stereom layers) in the case of 
epidermal perforation. Instead, their thecal 
and arm plates are massive and comprised 
of medium to coarse, clearly structural 
galleried stereom and fine, deeply pene-
trating galleried stereom characteristic for 
the through-going ligaments binding adja-
cent plates. These stereom types are disrupted 
by growth bands comprised of perforate 
layers, which are known to increase plate 
strengthening and resistance to abrasion. It 
is noteworthy that similar stereom banding 
occurs in many shallow-water epifaunal 
regular echinoids and is not observed in 
modern infaunal irregular echinoids (Smith, 
1980). The stereom organization in uintacri-
noids is similar to that observed in modern 
benthic crinoids, but it differs markedly 
from microstructural design displayed by 
pelagic and pseudoplanktonic crinoids. Most 
importantly, as noted below, minute pelagic 
roveacrinids are characterized by “spongy” 
microarchitecture of thecal and brachial 
plates to reduce their weight, whereas pseu-
dopelagic traumatocrinids or seirocrinids 
had lightweight construction to reduce 
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the load of the driftwood by having pore 
systems of intercolumnal fossulae and longi-
tudinal tubuli or possessing a distally tapered 
column with lensoid intercolumnar spaces, 
respectively. Thus, based on the current state 
of knowledge, it seems that uintacrinids were 
epibenthic (Fig. 6). Their enlarged globular 
cup, finely ornamented with ridges and 
domed microstructure increased the bearing 
surface and appeared to have been an adapta-
tion (the so-called iceberg strategy) to live on 
soupy, muddy bottoms. A wide geographic 
distribution of these crinoids within a short 
stratigraphic range can be explained by 
a prolonged planktotrophic larval stage 
allowing dispersal over great distances. 

Calceocrinids - column recumbent 
along the sediment-water interface

The origination and initial radiation of 
the Calceocrinidae occurred during the 
Great Ordovician Biodiversification Event 

(GOBE) (Webby & others, 2004) and 
was a striking departure from the proto-
typical crinoid Bauplan. Calceocrinoids 
had a column that laid recumbent along 
the sea floor (Fig. 7). The basal and radial 
circlets were connected across a moveable 
articular ridge. The crown was poorly or 
perfectly bilaterally symmetrical with crown 
symmetry along the E-BC plane.

Despite the unorthodox Bauplan, this 
morphology was the basis for the longest-
ranging, well-defined crinoid family: 
Late Ordovician to Permian (Cisuralian). 
Predictably, the paleoecology of a clade 
with such a radical departure from crinoid 
morphology has engendered much discus-
sion (e.g., Ringueburg, 1889; Jaekel, 
1918; Springer, 1926b; Moore, 1962; 
Brower, 1966, 1977, 1985, 1990; Kesling 
& Siegler, 1969; Breimer & Webster, 
1975; Brett, 1981; and Ausich, 1986, 
2022). Ausich (2022) reexamined the 

Fig. 6. Life reconstruction of Marsupites. Reconstruction: Magdalena Łukowiak (based on Gorzelak & others, 
2017, fig. 5). Width of the calyx ~3.0 cm.
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various paleoecological hypotheses proposed 
for the Calceocrinidae and studied the 
preserved stereom of Halysiocrinus tunicatus 
(Hall, 1860).

The competing hypotheses for the calceo-
crinid life style include: 1, the drooper 
model with an erect column and the crown 
hanging downward (Ringueburg, 1889); 2, 
the runner model with the column recum-
bent along the sediment-water interface, and 
the crown opening up into the lower suspen-
sion-feeding tier (Jaekel, 1918; Springer, 
1926b; Ramsbottom, 1952; Moore, 1962; 
Brower, 1966, 1977, 1990; Brett, 1981; 
Ausich, 1986); 3, free swimming pelagic 
crinoids (Schmidt, 1934); 4, the weather 
vane model (Kesling & Sigler, 1969); and 
5, the kite model (Breimer & Webster, 
1975). Ausich (2022) agreed with most 
previous authors that calceocrinoids lived 
with their column recumbent along the sedi-
ment-water interface. In a resting posture, 
the arms would have been closed over the 
proximal column, and when feeding, their 
arms were raised into the lowest epifaunal 
tier with currents striking the aboral side of 
the arms. This runner life position is based 

on several studies that identified features of 
the column and holdfast that indicate an 
obligate runner posture (Brower, 1977; 
Ausich, 1984; Eckert, 1984; Eckert & 
Brett, 1985; Donovan, 2016). Further, 
ligaments were the only connecting tissue 
between moveable articulations in the 
Calceocrinidae (Ausich, 2022), so all aboral 
cup opening and closing would have been 
relatively slow, compared to movement 
controlled by muscles.

As noted previously, the Calceocrinidae 
are the longest-ranging crinoid family, 
and calceocrinids were an integral part of 
shallow-water suspension-feeding paleo-
communities from the Late Ordovician 
through the Middle Devonian (Ausich, 
2022). Ausich (1986) speculated that the 
Devonian radiation of fenestrate bryozoans 
may have altered the nature of the lower tiers 
making it less favorable to passive suspension 
feedings. Despite the post-Givetian decline 
in calceocrinid generic biodiversity, one 
calceocrinid (Halysiocrinus Ulrich, 1886) 
was commonly abundant in many Viséan 
suspension-feeding communities. Calceoc-
rinids persisted into the early Permian.

Fig. 7. Life reconstruction of a calceocrinid. Reconstruction: Magdalena Łukowiak (based on Ausich & others, 
1999, fig. 29). Width of the calyx ~1.0 cm.
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NEKTONIC AND  
PELAGIC CRINOIDS

Roveacrinids
Roveacrinids (Roveacrinida) (Middle 

Triassic to Upper Cretaceous?) are highly 
miniaturized, stalkless post-Paleozoic 
crinoids. The largest roveacrinids have an 
aboral cup height up to ~4 mm, but the 
aboral cup of most roveacrinids is < 2 mm 
(Hess & Messing, 2011). They are charac-
terized by an aboral cup comprised of thin 
radial plates, which overgrew small basals, 
thereby forming the characteristic double 
cavity – an upper (oral) cavity above the 
basals and a lower one below the basals 
(Rasmussen, 1978). Their delicate cups 
and arms with sloping cryptosynarthries are 
both typically sculptured by spines, ridges, 
“wings”, and flanges. Given that their small 
size and characteristic morphologic features 
increased surface and/or frictional drag to 
reduce the sinking rate and skeletal weight, 
these crinoids have been commonly inter-
preted as pelagic forms (Hess, 2010). This 
interpretation is consistent with their wide-
spread distribution and occurrence in both 
euxinic and high-energy facies (e.g., Gale, 
2016). According to some authors, the lower 
aboral cavity in the theca might have stored 
gas or oil and, thus, functioned as a hydro-
static organ (e.g., Schneider, 1989, 1995; 
Jagt, 1999, 2005). However, this hypoth-
esis is highly conjectural; as rightly noted 
by Hess (2015), this might even turn the 
cup over so that the arms might have been 
hanging down toward the bottom. 

Whether roveacrinids were nektonic or 
floating passively has long been a matter 
of debate. Furthermore, a benthic mode of 
life (during at least part of their lives) for 
some roveacrinid species was proposed (e.g., 
Hess, 2002). For instance, some roveacrinid 
species with or without much arm reduction 
(Applinocrininae; Gale, 2016) and those 
with rigid plates without any flanges, hollow 
microstructure, or evidence of skeletal light-
ening were suggested to have been benthic 
(Milsom, 1994, 1999). Furthermore, it 
has been suggested that Jurassic saccoco-
mids, the most iconic representatives of the 
group, were mud-stickers, in that their stiff 
lateral “wings” served as a protection against 
sinking into loose sediment (the so-called 
snowshoe strategy) (Milsom, 1994; Manni, 
Nicosia, & Tagliaozzo, 1997). Indeed, 
the hypothesis that the “wings” of these 
crinoids played a role as parachutes to facili-
tate floating and prevent sinking (Jaekel, 
1892; Hess, 1999b, 2002; Seilacher & 
Hauff, 2004) is problematic given their 
non-horizontal position (Fig. 8). Further-
more, these structures added some weight, 
thus negatively affecting the buoyancy. 
However, as noted by Brodacki (2006), 
these “wings” may have simply increased 
the crinoid surface and/or drag friction and, 
together with sculptured morphology and 
highly flexible muscular arms, are indicative 
of a pelagic mode of life (Fig. 8). Interest-
ingly, Seilacher & Hauff (2004) suggested 
that these crinoids were able to actively feed 
in the water column by adopting a so-called 
snap-swimming lifestyle (successive coiling 

Fig. 8. Life reconstruction of a roveacrinid. Reconstruction: Magdalena Łukowiak (based on Brodacki, 2006, fig. 
1). Width of the calyx ~2.0 mm.
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and outstretching the arms provided by the 
antagonistic role of muscles joining oral 
processes and aboral ligaments). However, 
this hypothesis was challenged by Hess & 
Etter (2011) who argued that food collec-
tion during the downward arm movement is 
improbable because: (1) food particles would 
have not reached the food grooves but rather 
streamed past the oral processes, and (2) 
there is no evidence for extending muscles 
into the paired oral processes of brachials. 
Hess & Etter (2011), in turn, advocated 
a “pulsating funnel” model in which the 
food was collected by active upward move-
ment of the arms enabled by contraction 
of muscles proximally, leading to inward 
and upward flexure of the arms. However, 
this model is also not without problems. 
First, modern crinoids are leeward suspen-
sion feeders with oral-downstream posture; 
this orientation prevents direct impinge-
ment of the current on the amubulacral 
grooves and enables food particle manipu-
lation by tube feet (Meyer, 1982). Direct 
impaction of a food particle on to a tube 
foot is another type of particle capture 
(Rubenstein & Koehl, 1977; Baumiller, 
1997). Thus, saccocomids would represent 
a highly unusual case of crinoids actively 
feeding on particles directly captured on 
the oral side of the arms. Second, it should 
be highlighted that, in common to some 
modern crinoids having knobby processes 
on interior faces of brachials or comb-like 
structures in pinnules, tube feet in saccco-
comids might have been simply extended 
between the armlets, enabling more food 
collection. Third, it is noteworthy that some 
Cretaceous roveacrinids have brachials with 
muscle fossae extending to the processes that 
arise from the articular facet (Jagt, 2005, 
fig. 3c). Thus, it seems theoretically prob-
able that food might have been collected 
actively during the downward stroke of 
ligament recoil. Nevertheless, the energetic 
cost of such an active feeding mode would be 
probably too high. Assuming the roveacri-
noids were only slightly negatively buoyant, 
active swimming at times upwards, and then 

feeding downstream during passive sinking, 
remains a possibility. A passive drifting and 
entirely planktonic mode of life should be 
rejected because crinoid food capture essen-
tially depends on movement of particles 
through the arms. The mode of life of many 
roveacrinid species remains a mystery. 

PSEUDOPLANKTONIC  
CRINOIDS

At different times during geological 
history, some crinoid taxa have conver-
gently adapted to a pseudoplanktonic mode 
of life. Iconic examples are Traumatocrinus 
Wöhrmann, 1889 and Seirocrinus Gislén, 
1924, which are commonly preserved 
attached to driftwood preserved in anoxic 
sediments (Simms, 1986). These Meso-
zoic crinoids evolved distinct morphologic 
features that are considered to have been 
critical to the so-called tow-net filtration 
function (Seilacher & Hauff, 2004). For 
instance, they developed extremely long 
columns, approaching ~11 m in Trauma-
tocrinus (Hagdorn, 2016) and ~20 m in 
Seirocrinus (Simms, 1986), which enabled 
their crowns to be dragged through the water 
due to the vertical velocity gradient between 
the surface and deeper water layers. In addi-
tion, the stalk of both taxa has some features 
to maintain the buoyancy and reduce the 
load of the driftwood. In particular, trau-
matocrinids developed special pore systems 
of intercolumnal fossulae and longitudinal 
tubuli, whereas seirocrinids formed distally 
tapered columns with lensoid intercolumnar 
spaces (Hagdorn, 2016; Gorzelak et al., 
2025). Furthermore, columns of Traumato-
crinus are commonly bent proximally, which 
enabled them to keep their filtration fan in 
a vertical position. Proximal flexure of the 
column in seirocrinids was not needed due 
to their much longer columns. Instead, to 
avoid mechanical tilting of the crown, the 
proximal part of their column is stiffened by 
radials extending down toward the column 
(Seilacher & Hauff, 2004). Lastly, both 
crinoids developed enlarged calyxes (up to 
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~40 cm in diameter in Traumatocrinus and 
up to ~100 cm in diameter in Seirocrinus) 
and dense filtration fans with many endoto-
mous branches resulting in as many as 600 
arm tips (Seilacher & Hauff, 2004), which 
certainly increased their feeding capacity. 

Interestingly, these crinoids preferentially 
settled the regions of least resistance and 
more or less free of bark; i.e., the back of a 

floating log (Fig. 9), which is supposed to 
be the most efficient place for attachment 
for tow-net filtrators (Hess, 2010). Further-
more, some recent quantitative simulations 
have also demonstrated that a single seiroc-
rinid assemblage attached to a large floating 
log might have lived there for as long as  
20 years (Hunter et al., 2020). This seems to 
be a sufficient time needed to reach maturity 

Fig. 9. Life reconstruction of traumatocrinids. Reconstruction: Magdalena Łukowiak (based on Hess, 2010, fig. 
7). Width of the calyx ~2.0 cm.
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before the log would sink due to wood decay 
and water infiltration or due to increasing 
weight from constant settlements of new 
generations on the same piece of driftwood 
(or as epizoans to older host specimens). 
Notably, a remarkable four-generation seiro-
crinid assemblage has been recently described 
(Matzke & Maisch, 2019).

Curiously, the vertical velocity gradient 
between the floating log and the crown 
suspended below would not work well for 
the medium to short-stalked pentacrinitids, 
which are also sometimes preserved associ-
ated with driftwood and, thus, are consid-
ered to be pseudoplanktonic (Simms, 1999). 
Seilacher & Hauff (2004) attempted to 
solve this puzzle by assuming that pentacri-
nids actively filtered food by using their long 
and densely packed wing-like cirri, which 
might have produced currents. Subsequently, 
Hess (2010) rejected this hypothesis by 
mentioning that both short and long stalks 
are known in pentacrinids. Furthermore, the 
latter author added that isocrinid cirri lack 
muscles. Indeed, flattened cirri of Penta-
crinites Blumenbach, 1804 are exclusively 
comprised of galleried stereom characteristic 
for ligaments (P. Gorzelak, personal observa-
tions). Furthermore, it is worth noting that 
similar wing-like cirri are also known from 
the Middle–Late Jurassic benthic isocrinids 
(e.g., Salamon & Feldman-Olszewska, 
2018). A large surface area of driftwood 
and, consequently, a large force of drag 
would enhance the tow-net filtration prop-
erties of short-stalked pentacrinitids (and 
juvenile traumatocrinids and seirocrinids); 
still, this was likely not sufficient to create 
current flow through the arms. Therefore, 
as noted by Hess (2010), pseudoplanktonic 
pentacrinids probably fed by using several 
mechanisms and sources, including tow-net 
filtration and capturing of phytoplankton 
concentrating (and/or reproducing) around 
the logs or zooplankton moving vertically 
during diurnal migration. 

The co-occurrence of crinoids and logs is 
also present in Devonian strata. Examples 
include the Devonian of the United States 

(Wells 1939, 1941; McIntosh, 1978), 
Morocco (Webster & Becker, 2009), 
and Germany (Bohatý & others, 2021). 
Compared to the Mesozoic occurrences 
discussed above, the Devonian occurrences 
are rare and more poorly preserved. There-
fore, the paleoecological explanations are 
more speculative compared to those from 
the Mesozoic. 

CRINOIDS WITH  
CANTED CROWNS

In most living stalked crinoids (isocri-
nids), the proximal column bends below the 
crown enabling inclination of the oral side at 
an angle or perpendicular to the substratum, 
which allows for a parabolic or conical 
suspension-feeding posture. However, in 
certain stalked crinoids, which are perma-
nently cemented to the substrate, the tilting 
of the crown is obligate and is achieved by a 
canted calyx. Among the best known exam-
ples of such crinoids are the Permian flexible 
crinoid Calycocrinus Wanner, 1916, as well 
as fossil and extant cyrtocrinids: Cyrtocrinus 
Jaekel, 1891 [Middle Jurassic–Lower Creta-
ceous of Europe: Jaekel (1891), Szörényi 
(1959), Hess (1975), Rasmussen (1978), 
Hess & Messing (2011), Salamon (2022), 
and Arendt (1974) indicated that the first 
occurrence of this taxon was recorded from 
the Hettangian of France]; Torynocrinus 
Seeley, 1866 [Lower Cretaceous of Europe]; 
Salamonicrinus Trzęsiok, 2015 [Upper 
Jurassic of southern Poland]; Ascidicrinus 
Hess, Salamon, & Gorzelak, 2011 [Upper 
Jurassic of southern Poland]; Hemicrinus 
d’Orbigny, 1850, in 1850–1852 [Upper 
Jurassic–Lower Creatceous of Europe]; 
Gammarocrinites Quenstedt, 1858 [Upper 
Jurassic of Europe]; and Neogymnocrinus 
Hess, 2006 [Holocene of southwestern 
Pacific Ocean]. The cups of these cyrto-
crinoids are typically spoon-shaped and 
are comprised of distinctly asymmetric 
radials fused at a right or almost right angle 
with an unjoined proximale. Such asym-
metry is commonly ascribed as adapta-
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tion to a constant unidirectional current 
(Žitt, 1983). A modern representative of 
these crinoids – Neogymnocrinus richeri 
(Bourseau, Améziane-Cominardi, & 
Roux, 1987) commonly lives at great depths 
(typically between 300 and 500 m of south-
western tropical Pacific Ocean; e.g., Bour-
seau, Améziane-Cominardi, & Roux, 
1987; Hess, 1999b; Hess & Messing, 
2011). While feeding, this species displays a 
combination of the fan and canted posture. 
Its crown is comprised of five arm rays: four 
of them radiate outward in a fanlike plane, 
and the remaining one is strongly reduced 
in size (Bourseau, Améziane-Cominardi, 
& Roux, 1987).

CRINOIDS  
WITHOUT ARMS

A key aspect of the iconic crinoid Bauplan 
was the extension of the ambulacral system 
above the theca onto arms. With the arms 
extended, food particles are captured by tube 
feet (Meyer, 1982), and respiration also 
occurs through the tube feet. This extended 
ambulacral system is a noteworthy departure 
from most Blastozoa in which the ambula-
cral system is recumbent along the thecal 
surface (e.g., blastoids, rhombiferans, and 
diploporans).

Reduction of arm number was a trend 
in some eucladids, and total elimination 
of arms occurred several times in different 
clades. In some of these clades, ambulacra 
were recumbent along the theca as in blasto-
zoans (e.g., the Ordovician crinoids Cornu-
crinus Regnèll, 1948 and Tripatocrinus 
Sprinkle, 1973) (Fig. 10). However, in 
other clades arms and recumbent ambulacra 
were eliminated, including Abrachiocrinus 
Wanner, 1920 (Permian); Atremacrinus 
Wanner, 1929 (Permian); Embryocrinus 
Wanner, 1916 (Permian); Parazophocrinus 
Strimple, 1963 (Silurian); and Zophocrinus 
Miller, 1891 (Silurian). Many of these 
taxa have very small thecae (e.g., Abrachio-
crinus), but others are large (e.g., Cornuc-
rinus, Parazophocrinus, and Tripatocrinus). 

Those crinoids without exposed ambulacra 
must have obtained nutrition and oxygen 
exclusively through epidermal uptake as 
documented in some living echinoderms 
(Jangoux & Lawrence, 1982; Flammang, 
1996). This is a radical departure from nearly 
all other crinoids.

CRINOIDS WITH  
THE HOLDFAST  

MODIFIED INTO A BULB
Scyphocrinids

Scyphocrinids (Scyphocrinitidae sensu 
Jaekel, 1918) are a stratigraphically impor-
tant late Silurian–Early Devonian group of 
camerate crinoids. These remarkable crinoids 
are characterized by a relatively large (~40 
cm) crown and high (up to about 3 m) stem 
ending with a bulbous, chambered structure 
(commonly ~10-20 cm in diameter), the 
so-called lobolith (Haude, 1972; Haude & 

Fig. 10. Life reconstruction of Tripatocrinus. Recon-
struction: Magdalena Łukowiak (based on Sprinkle, 
1973, text-fig. 5). Width of the calyx ~1.0 cm.
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others, 2014). Two basic types of loboliths 
were described: a cirrus lobolith with many 
unequal chambers comprised of numerous 
branching radices, and a plate lobolith with 
four to seven chambers comprised of two to 
three layers of thin plates (Haude, 1972; 
Seilacher & Hauff, 2004; Hess, 2010). 
Loboliths have confused paleontologists for 
more than a century. They have been inter-
preted as: brood-pouches (Haeckel, 1896), 
genital structures (Jaekel, 1904), holdfasts 
(Springer, 1917; Ray, 1980; Brett, 1984), 
parasitic cysts (Haeckel, 1896; Kirk, 1911; 
Abel, 1920), and buoyancy organs (e.g., 
Schuchert, 1904; Bather, 1907; Haude, 
1972, 1992; Hess, 1999a, 2010; Prokop 
& Petr, 2001; Seilacher & Hauff, 2004; 
Haude et al., 2014). The latter interpreta-
tion was commonly accepted and adopted 
in the previous two editions of the Treatise 
on Invertebrate Paleontology (Ubaghs, 
1978; Hess, 2010). It implies that scypho-
crinoids were planktonic tow-net filtrators: 
their floating lobolith (drifting passively 
either at the water’s surface or below it, thus 
taking advantage of an interface of two water 
bodies in a stratified sea) was moved along 
by currents, dragging along the filtration fan, 
which was suspended below. Arguments used 
to support a planktonic lifestyle for scypho-
crinids include: (1) functional morphology 
(globular shape and chambered structure of 
the lobolith implying a hydrostatic func-
tion, long stem with dense crown, which 
are both critical for tow-net filtration), (2) 
taphonomy (wide geographic distribution of 
loboliths in different facies, rarely associated 
with the crown), (3) paradigm approach 
[noting similarities between buoys and 
loboliths and recognition of a putative evolu-
tionary trend toward functional optimality 
(transition from cirrus to plate lobolith)], 
and (4) theoretical buoyancy calculations 
of the presumed gas infillings. In a recent 
paper Gorzelak & others (2020) critically 
evaluated this hypothesis by synthesizing 
previous data and providing new evidence 
from skeletal micromorphology and theo-
retical biomechanical modeling. The latter 

authors concluded that these remarkable 
crinoids were epibenthic rather than plank-
tonic (Fig. 11). The following arguments 
were invoked to support their statements:

(1) �The lobolith was not a perfect air- 
tight structure; i.e., microstructural 
adaptations (including internal and 
external imperforate stereom layers) 
for preventing gas leaks, ingress of sea 
water, and/or protecting from destruc-
tive solar radiation, wind, high-energy 
wave action, and storm events are not 
observed. Noteworthy, both plate and 
radice network contain open spaces 
between ossicles.

(2) �The overall morphology is similar to 
many benthic crinoids but is different 
from taxa thought to be pseudoplank-
tonic tow-net filtrators, which devel-
oped much longer stems and denser 
filtration fans. Notably, theoretical 
calculations imply that the tow-net 
mode of feeding of scyphocrinoids 
would be highly ineffective because of 
small relative velocities between the 
towed filter and the ambient water.

3) �Numerous examples of epibionts pref-
erentially encrusting the proximal side 
of loboliths (including epibenthic 
platyceratid gastropods and bryozoans) 
are known, which certainly might have 
affected the buoyancy of scyphocri-
noids (e.g., Hess, 1999a).

4) �Loboliths are commonly preserved 
unsorted and with the collar (prox-
imal part) upward as indicated by the 
geopetal structures (for details see Ray, 
1980).

5) �Both lobolith types occur independently 
in different lineages within scyphocrin-
itids and marhoumacrinids (Prokop & 
Petr, 1992), and there is no evidence 
for so-called cosmopolitan distribution 
of particular species (Prokop & Petr, 
1987) or that stratigraphically lower 
units yielded cirrus loboliths, while 
younger ones bear plate loboliths.



Paleoecology and Functional Morphology of Unusual Crinoids 17

Based on the current state of knowledge, 
it seems that scyphocrinids were epibenthic 
and their loboliths acted as modified hold-
fasts. The bulbous and hollow structure of 
the lobolith, along with its distally posi-
tioned microspines, served as adaptations 
for living in unconsolidated substrata, with 
an analogy to iceberg- and snowshoe-like  
strategies. Like modern isocrinids (Fig. 1.1),  
scyphocrinoids might have extended the 
distal portion of the stalk along the bottom 
for stability (Fig. 11). As a consequence, 
the free-lying lobolith may have been 
advantageous during crinoid dislodgement 
induced by storms. Noteworthy, even with 
this recumbent posture, scyphocrinoids 
could have risen to the highest epifaunal tier 

during the Paleozoic, which enabled them 
to inhabit diverse environments, including 
those with unfavorable bottom (e.g., low-
oxygenated) conditions.

CRINOIDS WITH HIGHLY 
MODIFIED COLUMNAL 
SHAPES RESULTING IN  

EXCEPTIONAL FLEXURE
Crinoid columnals may be circular, ellip-

tical, pentagonal, pentastellate, pentalobate, 
tetragonal, or trilobate in cross section. 
Among Mississippian crinoids, Baumiller 
& Ausich (1996) demonstrated that various 
morphological modifications of columns 
with circular columnals had no effect on 

Fig. 11. Life reconstruction of scyphocrinids. Reconstruction: Magdalena Łukowiak (based on Gorzelak & others, 
2020, fig. 9). Width of the calyx ~1.0 cm.
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the maximum column flexibility. Instead, 
flexibility in the column was dictated by 
maximum stretching of ligamentary tissue. 
Exceptions include columns with elliptical 
columnals, such as those in the Platycrini-
tidae, Bourgueticrinidae, Myelodactylidae, 
Ammonicrinidae, and Camptocrinidae. In 
crinoids with cylindrical columns (circular 
columnals), articulations between adjoining 
columnals typically occur around the entire 
columnal facet along a crenularium. The 
percentage of the columnal width engaged 
in this articulation varies depending on the 
relative widths of the crenularium versus the 
areola. Flexure of a crinoid column with a 
circular crenularium can occur in any direc-
tion. Functionally, this articulation operates 
as a third-class lever (Baumiller & Ausich, 
1996). The fulcrum is a short segment of the 
outer crenularium margin coincident with 
the direction of bending, and the amount 
of movement on this fulcrum is a function 
of the limit of ligament stretching at the 
opposite end of the articulation (Baumiller 
& Ausich, 1996). Of course, total column 
flexure is much greater because it would 
reflect the added flexure between columnals 
along the entire column. The bending restric-
tion imposed on circular columns is broken 
in two ways: 1, circular columnals with a 
perilumen; and 2, columns with elliptical 
columnals. Crinoids with elliptical colum-
nals and articular ridge operate as a first-class 

lever (Donovan, 1988), and many func-
tional interpretations have been proposed.

Planispirally coiled columns
Three clades asynchronously evolved 

a planispirally coiled column comprised 
of elliptical columnals with fulcral ridges 
aligned on both sides of columnals. These 
include the Myelodactylidae (Ordovician to 
Silurian disparids), Ammonicrinus Springer, 
1926a in the Calycocrinidae (Devonian 
flexibles), and Camptocrinidae (Mississip-
pian to Permian camerates) (Fig. 11–13). 
Each interation of this extreme departure 
from the crinoid Bauplan was accomplished 
slightly differently, but the overall result 
was the same: a crinoid with a column that 
could enroll around the crown when in a 
closed, non-feeding posture. Ammonicrinus 
is discussed in detail below.

Ammonicrinidae
Devonian crinoids of the calycocrinid 

genus Ammonicrinus (Flexibilia) are distinc-
tive in having a xenomorphic stem comprised 
of distal barrel-shaped columnals and the 
median-proximal crescent-shaped colum-
nals articulated synarthrially yielding the 
so-called lateral columnal enclosure exten-
sions (LCEE) (Bohatý, 2011) (Fig. 12). This 
unusual column enabled ammonicrinids to 
planispirally coil and enclose the short-armed 

Fig. 12. Life reconstruction of an ammonicrinid. Reconstruction: Magdalena Łukowiak (based on Bohatý, 2011, 
fig. 7). Width of the median columnal ~1.0 cm.
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crown (Fig. 13.2). Another unique feature 
of this crinoid is that spines are articulated 
to echinoid-like tubercles on the columnal 
latera (Haude, 1980). 

Owing to this bizarre morphology, the 
mode of life of ammonicrinids has become 
the subject of controversy (e.g., Springer, 
1926a; Krause, 1927; Ubaghs, 1952; 
Piotrowski, 1977). Typical erect feeding 
posture to even a planktonic lifestyle for 
these crinoids were suggested by several 
researchers, but these remain speculative. 
Bohatý (2011), based on integrated sedi-
mentologic and functional morphology 
analyses, suggested that these crinoids 
were soft-bottom dwellers, feeding in low-
velocity currents. More specifically, the 
latter author distinguished three facies-
controlled morphotypes: exposed, encased, 
and settler-type. The first type comprises the 
geologically oldest forms in which the stem 
tapers as it approaches the crown, so that 
it was laterally not covered by the LCEE, 
but rather elevated up from the substratum. 
The second type encompasses specimens 
with well-developed LCEE in the proxistele 
and mesistele enabling extensive coiling 
(Fig. 12). These crinoids are supposed to 

have laid on the soft bottom attaching to 
hard objects with a holdfast. The third type 
includes forms with a much-reduced column 
dististele, which were attaching to empty 
shells laying on the bottom. 

Because ammonicrinids were living 
in habitats with low-velocity currents, it 
has been proposed that they fed through 
a self-produced water flow mediated by 
partial opening and closing of the stem 
(Bohatý, 2011). This process might have 
been controlled by stiffening and relaxation 
of non-muscular mutable collagenous tissues 
(MCT) located in the two ligamentary facets 
on the opposite sides of synarthrial articula-
tion. However, the conversion from stiff to 
soft of MTC proceeds rather slowly (Ribeiro 
& others, 2011). Gorzelak, Głuchowski, 
& Salamon (2014) showed that the periph-
eral areas on each side of the surface of 
elongated LCEE in some median colum-
nals of ammonicrinids have microstruc-
ture unexpectedly resembling the fine laby-
rinthic stereom of some modern crinoids, 
which is commonly associated with muscle 
attachment. These microstructural data, 
combined with other morphologic features 
(i.e., the presence of a transverse ridge) and 

Fig. 13. Crinoids with planispirally coiled column, all scale bars = 5 mm. 1, Camptocrinus cirrifer Wachsmuth & 
Springer, 1897 (from Springer, 1926a, pl. 8, fig. 4). 2, Ammonicrinus wanneri Springer, 1926 (from Springer, 
1926a, pl. 6, fig. 5). 3, Myelodactylus extensus extensus Springer, 1926 (from Springer, 1926a, pl. 3, fig. 7).
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evidence from taphonomy (coiled preserva-
tion consistent with post-mortem flexure 
behavior of muscle-bearing skeletal parts 
of modern echinoderms), may suggest that 
these crinoids might have contained muscles 
in their column. This fact is quite surprising 
because muscles in modern crinoids are only 
present in their arms, thus ammonicrinids 
would represent the only instance known 
of a crinoid having a muscle-bearing stem. 
Nonetheless, it must be pointed out that 
even if ammonicrinids indeed possessed 
muscles, the stem-pumping mode of feeding 
suggested for these crinoids would have had 
a high energetic cost. Indeed, such a mode 
of active feeding has never been observed in 
modern crinoids. Rather, it seems that the 
ability to enclose the crown in ammonicri-
nids was not connected with feeding but with 
protection against predators or increased 
water turbulence due to storm activity. In 
any case, development of muscles in their 
column would be crucial to allow effec-
tive and rapid planispiral closing. Indeed, 
although modern crinoids may bend their 
stalks thanks to the presence of ligaments, 
the ligamentary contraction was shown to be 
an order of magnitude slower than contrac-
tion of muscles (Motokawa et al., 2004). 
Notably, in situ observations showed that 
some modern stalked crinoids can bend their 
stalk and reestablish an upright posture on a 
timescale of days (Veitch, 2022). 

To sum up, ammonicrinids were likely 
plate-encased soft-bottom dwellers having 
the ability to enclose their crowns in response 
to the external stimuli such as predators or 
storms. Their echinoid-like spines, in addi-
tion to their potential role in stabilization on 
muddy bottoms, might have also constituted 
an anti-predatory adaptation.

Myelodactylidae  
and Camptocrinidae

The potential functional morphology of  
the Myelodactylidae and the Camptocrin-
idae has not recently been as thoroughly con- 
sidered as Ammonicrinus. However, multiple 
hypotheses have been put forward for myelo-

dactylids (Fig. 13.3) (see discussion in 
Donovan & Sevastopulo, 1989; Seilacher 
& McClintock, 2005; Donovan, 2006, 
2016; Rozhnov, 2021). The morphology 
of columnals is well documented (e.g., 
Springer, 1926a; Willink, 1980; and 
Donovan & Franzén-Bengston, 1988), 
and both are generally regarded to have had 
an erect posture with an open column and 
the crown in a down-current position (e.g., 
Donovan & Sevastopulo, 1989) (Fig. 14). 
The only stereom that has been identified in 
columnal facets of the Myelodactylidae and 
the Camptocrinidae (Fig. 13.1) is galleried 
stereom that presumably housed ligamentary 
tissue (Donovan & Sevastopulo, 1989; 
Baumiller & Ausich, 1996). Thus, the 
motion of the column coiling and uncoiling 
must have been much slower than that 
interpreted for Ammonicrinus (Gorzelak 
& others, 2014). Although the muscle-
controlled snap coiling hypothesis (Seilacher 
& MacClintock, 2005) seems unlikely, a 
ligamentary-controlled coiling mechanism 
is a potential model that could be applied.

The Gilbertsocrinus column
Gilbertsocrinus Phillips, 1836 has a 

column articulation with a perilumen that 
functionally approaches a first-class lever 
system. The perilumen is a raised articular 
surface that surrounds the lumen (Fig. 15.1), 
and it is raised higher than the peripheral 
crenularium. Rather than the fulcrum, 
the outer crenularium in columnals with 
this morphology acts like a door stop to 
limit the amount of bending between two 
adjoining columnals. Columns with peri-
lumen articulations between adjoining 
columns have exceptional flexibility. The best 
documented example of Gilberstocrinus is 
Gilbertsocrinus tuberosus (Lyon & Casseday, 
1859), and some examples of columns in 
this crinoid are wrapped around the column 
of another crinoid or tied in knots (Lane, 
1973; Riddle, Wulff, & Ausich, 1988; 
Baumiller & Ausich, 1996; Hollis & 
Ausich, 2008) (Fig. 16.1). This highly 
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flexible column and other unique aspects 
of Gilbertsocrinus morphology suggests 
that the paleoecology of Gilberstocrinus was 
very different than in typical crinoids (see 
further discussion below). Other crinoids 
had perilumens (e.g., Moore & Jeffords, 
1968, pl. 21), and it is reasonable to assume 
that the columns of these crinoids also had 
exceptional column flexibility.

A helically coiled column
Elliptical columnals also evolved in the 

Platycrinitidae (Devonian to Permian) 
(Donovan & Lewis, 1999) and the Bour-

gueticrinidae (Cretaceous to present) 
(Donovan, 1996). In contrast to the myelo-
dactylids, ammonicrinids, and camptocri-
nids, the articular ridges on opposing facets 
of a single platycrinitid or bourgueticrinid 
columnal were either aligned or not aligned. 
If not aligned, the column was helically 
spiraled (Fig. 15.2, 15.3, 17). In platycrin-
itids, the helically spiraled column occurred 
along the entire column or along all but 
the few immature columnals immediately 
below the aboral cup. In contrast, a helically 
spiraled column is present only in the distal 
portion of the bourgueticrinid column. 
The degree of offset of articular ridges on 

Fig. 14. Life reconstruction of Crinobrachiatus brachiatus (Hall, 1852). Reconstruction: Magdalena Łukowiak 
(based on Donovan & Sevastopulo, 1989, text-fig. 3 and Rohznov, 2021, fig. 8). Width of the calyx ~0.3 cm.

Fig. 15. Columnal facet of highly flexible crinoid columns. 1, Gilbertsocrinus sp. Width of the columnal ~1.0 cm; 2, 
Platycrinites sp. Width of the columnal ~1.0 cm; 3, Bourgueticrinus danicus Nielsen, 1913. Width of the columnal 
~0.5 cm. Reconstruction: Magdalena Łukowiak (based on Ubaghs, 1978, fig. 55.3, 56.2, 56.3, respectively). 
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opposing sides of a single column range 
from a few degrees to 180°. Preservation of 
helically spiraled columns clearly demon-
strate that this column style greatly increases 
column flexibility (Baumiller & Ausich, 
1996; Hess & others, 1999 (note the cover 
image)) (Fig. 17). Further, Riddle (1989) 
examined particle movement in laminar flow 

around cylindrical versus helically spiraled 
pluricolumnals. In the latter example, a 
dye stream passed along one-half volu-
tion around the column and was directed 
obliquely upward in a diffuse cloud. Thus, 
it is possible that a helically spiraled column 
produced a feeding advantage by redirecting 
water closer to the sediment-water interface 

Fig. 16. Gilbertsocrinus tuberosus Lyon & Casseday, 1859. 1, coiled column, OSU 50395, scale bar = 1 cm 2, 
reconstruction of a crown and proximal column (from Van Sant & Lane, 1964, fig. 35).
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Fig. 17. Crinoids with helically spiraled column. 1, Eucladocrinus pleurovimenus (White, 1862), scale bar = 1 cm 
(from Wachsmuth & Springer, 1897, pl. 74, fig.1). 2, Platycrinites s.l. regalis (Hall, 1861), scale bar = 0.5 mm 
(from Wachsmuth & Springer, 1897, pl. 72, fig.1).
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with a higher density of particulate organics 
up toward the arms. If this was the case, 
perhaps a feeding advantage was in part a 
factor in the longevity of both clades.

OTHER BIZARRE 
CRINOIDS

Other Morphological Outliers
The crinoids discussed above are examples 

of significant departure from the typical 
crinoid Bauplan that iteratively evolved in 
different clades at different times. Other 
crinoids also evolved significant morpho-
logical departures, but these morphologies 
evolved only one time or in a single clade 
and have received relatively little study 
devoted to understanding their functional 
adaptations. A few examples are discussed 
below.

Gilbertsocrinus Phillips, 1836
As noted above, Gilbertsocrinus is a Middle 

Devonian to Mississippian diplobathrid 
camerate. It has a highly modified columnal 
morphology that resulted in a highly flexible 
column, as discussed above. In addition to 
the unusual column, the crown of Gilbert-
socrinus was also unique. The otherwise flat 
or very low bowl-shaped tegmen had hollow, 
plated, tubular appendages that extend 
outward or downward from the tegmen 
margin (Fig. 16.2). These appendages could 
be as long as the height of the calyx, and they 
branched two or more times. Also, rather 
than erect arms, Gilbertsocrinus had short, 
narrow, branching arms that are typically 
preserved hanging downward between the 
tegmen appendages and the calyx.

Because some Gilbertsocrinus are wrapped 
around the column of another crinoid, 
at least some individuals were secondary 
tierers (Bottjer & Ausich, 1987). Also, 
the combination of highly unusual arms, 
tegmen, and column suggest an alternative 
autecology compared with typical crinoids, 
but the autecology of Gilbertsocrinus has not 
been studied.

Crotalocrinites Austin & Austin, 1843
Crotalocrinites is a paleobiogeographically 

widespread Silurian crinoid with unique 
arms. Each arm branched numerous times, 
but all brachials within a single arm are fused 
laterally to adjacent brachials (Fig. 18.1). 
Each arm with laterally linked brachials form 
a very fine meshwork. Brett (1984) briefly 
discussed Crotalocrinites. Although the fluid 
dynamics of this arm morphology has not 
been modeled, it seems unlikely that much 
fluid flowed through meshwork of fused 
arms. If true, food particle capture was very 
different from most other crinoids.

Petalocrinidae
The Petalocrinidae (Ordovician to Silu-

rian) is a paleogeographically widespread 
family that had unique arms with the 
brachials of an arm fused together into a 
single large plate (Ausich, Mao, & Li, 
2019). The arms in Petalocrinus Weller & 
Davidson, 1896 were flat and trianglular 
with the ambulacra only on the oral side of 
the fused arm (Fig. 18.2, 18.3). Sinopetalo-
crinus Mu & Lin, 1987 had fused arms of 
various shapes, and ambulacra were present 
on both the oral and aboral side of the arms. 
In Spirocrinus Mu & Wu, 1974, the single 
arm plate was an elongated cylinder, and 
the ambulacra spiraled around the arm. 
Assuming the column of Petalocrinus bent 
with the current, which is typical for crinoids, 
particle capture must have occurred only in 
eddying currents on the down-current side 
of the arms (Rubenstein & Koehl, 1977). 
Mao & others (2015) speculated that Spiro-
crinus may have been adapted to a habitat 
with a multidirectional current regime, such 
as the infrastructure within a reef.

Crinoids with obligate recumbent arms
A few camerate crinoids evolved obli-

gate recumbent arms. Examples include 
Barrandeocrinus Angelin, 1878 (Silurian) 
(Fig. 19.2); Amphoracrocrinus Moore & 
Strimple, 1969 (Fig. 19.1); and Artaocrinus 
Ausich & Kammer, 2009. In Barrandeoc-
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rinus the arms form a subspherical structure 
that encloses the calyx. Arms branch once, 
and brachials and pinnules of each arm form 
an elongated, enclosed prismatic chamber 
that is subtriangular in shape (Fig. 19.3). 
It is unclear whether the distal tips of arms 
could open and expose the ambulacra so 
that Fig. 19.2 represents a trauma posture. 
Alternatively, Fig. 19.2 could be the feeding 
posture for Barrandeocrinus. Based on pres-
ervation, the pinnules do not appear to 
have been cemented into this shape, so 
it is possible that the pinnules along the 
arms spread open while the arms remained 
in an obligate recumbent posture, which 
would have exposed the ambulacra on the 

outside of the structure. Ubaghs (1978) and 
Brett (1984) briefly discussed the potential 
autecology of Barrandeocrinus; but without 
fluid dynamic studies, one can only speculate 
on the feeding mode of this Silurian crinoid.

Amphoracrocrinus, Artaocrinus, some 
species of Macrostylocrinus Hall, 1852, 
Strimplecrinus Broadhead, 1981, and other 
crinoids had obligate recumbent arms. The 
arms of Amphoracrocrinus conformed to the 
calyx shape (Fig. 19.1), and the arms of Arta-
ocrinus formed more of a globular shape. In 
both cases, the ambulacra would have been 
oriented on the outside of the recumbent 
arms, and feeding was presumably by inertial 
impact on the exposed tube feet.

Fig. 18. 1, Crotalocrinites pulcher (Hisinger, 1840), lateral view of crown with arms closed, aboral view of laterally 
linked brachials of each arm; 2, 3, fused arm plates of Petalocrinus mirabilis Weller & Davidson, 1896 placed in 
relative life positions, 2, oral side of arms, (from Springer, 1926b, pl. 26, fig. 12), 3, aboral side of arms (from 
Springer, 1926b, pl. 26, fig. 13); all scale bars = 0.5 cm.
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Fig. 19. Crinoids with recumbent arms, all scale bars = 5.0 mm. 1, Amphoracrocrinus amphora (Wachsmuth & 
Springer, 1897), the arms are absent from the front of this specimen, but arms are preserved that extend distally 
along the column (from Wachsmuth & Springer, 1897, pl. 80, fig. 5). 2, 3, Barrandeocrinus sceptrum Angelin, 
1878, 2, Specimen with the three forward arms cut away (from Wachsmuth & Springer, 1897, Pl. 8, fig.1); 3, 
Horizontal cross section through crown illustrating circular calyx in the center surrounded by recumbent arms, 
redrawn from Ubaghs (1978, fig. 273.1e).
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Only hypotheses are given above for the 
mode of food capture in Barrandeocrinus, 
Amphoracrocrinus, and Artaocrinus. Although 
models would be a challenge to build, fluid 
dynamic study in either a flume tank or 
using computational fluid dynamics are 
needed to better understand the feeding 
behavior of these most interesting crinoids.

Other Unusual Crinoids
In addition to deviations from typical 

column morphology that increased column 
flexibility (discussed above), crinoids evolved 
other atypical columns. As discussed above, 
the cross-sectional shape of crinoid colum-
nals may be circular, elliptical, pentagonal, 
pentastellate, pentalobate, tetragonal, or 
trilobate. Columns may also be homeo-
morphic (all columnals along the column 
have the same morphology), heteromorphic 
(columnals of different height and/or width 
along the column) or xenomorphic (column 
divided along the column into three distinct 
sections: proxistele, mesistele, and dististele). 
Further, columnals may be holomeric (each 
columnal one calcite plate) or pentameric 
(each columnal comprised of five plates) to 
trimeric (each columnal comprised of three 
plates) (Moore & Jeffords, 1968; Ubaghs, 
1978). An example of the latter is Bodacrinus 
Donovan, 1986.

However, the columnals of some crinoids 
have morphologies that deviate from this 
otherwise wide range of morphologies. 
These include crinoids with columnals with 
large, elongated protruding nodes (e.g., 
Hyperexochus (col.) immodicus Moore & 
Jeffords, 1968) or the so-called brick-
work of plates surrounding an otherwise 
typical column (Tetrabrachiatus Termier & 
Termier, 1958; see Lane, 1979). Another 
departure from a typical column is Annulo-
crinus (col.) Donovan, 1995, in which the 
calcite is very narrow and surrounds a very 
wide lumen.

Among the most unusual crinoid columns 
is the Devonian Trombonicrinus  (col.) 
Donovan & others, 2018. Trombonicrinus 
(col.) has a 180° turn approximately halfway 
along its height (Fig. 20). The dististele is 
considerably thinner than the proxistele 
and is characterized by short pseudora-
dices, which were presumably for attach-
ment (Donovan & others, 2018). The 
180° turn takes place in the mesistele, and 
the proxistele is more than twice as wide as 
the dististele. Donovan & others (2018) 
speculated that the dististele was attached 

Fig. 20. Columnal of Trombonicrinus (col.) Donovan 
& others, 2018. Reconstruction: Magdalena Łukowiak 
(based on Donovan & others, 2018, fig. 1). Max. 
width of column ~1.0 cm.
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and grew downward along an upright object 
before making a 180° turn bend so that the 
proxistele would elevate the crow above the 
sediment-water interface.
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