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Knowledge of the early evolution of post-Palaeozoic crinoids mainly relies on the well-preserved and abundant mate-
rial sampled in Triassic Konservat-Lagerstätten such as those from the Anisian Muschelkalk (Middle Triassic) of the 
Germanic Basin. These crinoid-bearing Lagerstätten have been central to understanding the rapid evolution and diver-
sification of crinoids after the dramatic Permian/Triassic Boundary biological crisis that led the class to near-extinction. 
The Encrinida are the emblematic crinoids of the Triassic. They are mainly known from rich fossil deposits where their 
abundant ossicles are at the origin of the extensive crinoidal limestone beds of the German Upper Muschelkalk. So far, 
they were first represented in the Middle Triassic by the family Dadocrinidae and genus Dadocrinus. In the present work, 
a new species Dadocrinus montellonis sp. nov., is described based on a well-preserved, almost complete articulated spec-
imen from the Spathian (Lower Triassic) of Nevada (USA). The new species differs from other species of Dadocrinus by 
its palaeobiogeographic position but also by its earlier stratigraphic occurrence and ancestral morphology. It represents 
the first reported occurrence of Dadocrinus outside the Germanic Basin prior to the Middle Triassic and also the oldest 
firm evidence of its presence in the Early Triassic (middle–late Spathian). This discovery sheds new light on the origin 
of post-Palaeozoic crinoids. It suggests a much wider distribution than commonly assumed for the genus Dadocrinus 
and implies that the first dadocrinids originated either in the Panthalassa or Tethys oceans, and then dispersed over long 
distances in a relative short period of time.
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Introduction
With over 6000 fossil species reported, against about 650 
extant ones, crinoids are a class of echinoderms with a 
rich fossil record (Pawson 2007). They are common and 

abundant components of fossil assemblages, being regu-
larly observed in Palaeozoic and Mesozoic epicontinen-
tal marine deposits, most often as disarticulated ossicles. 
However, exceptionally well-preserved and articulated 
specimens have been extensively studied and described 
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in Konservat-Lagerstätten such as those from the Anisian 
Muschelkalk of the Germanic Basin, Tatra Mountains, and 
the late Ladinian/early Carnian Cassian Formation in the 
Southern Alps (Lefeld 1958; Hagdorn 1996, 2011, 2020), 
among others (Hess and Messing 2011). Studies of Triassic 
Lagerstätten have been central to understanding the evo-
lution and diversification of the group after the dramatic 
Permian/Triassic Boundary (PTB) biological crisis that led 
the class to the point of near-extinction (Paul 1988; Benton 
and Twitchett 2003; Hagdorn 2011; Hess and Messing 2011). 
During the Triassic, post-Palaeozoic crinoids evolved many 
innovations, diversified, and (re)colonised most known 
Palaeozoic crinoid habitats (Hagdorn 2011). By the Middle 
Triassic, crinoid diversity had partially recovered and many 
ecological niches occupied during the Palaeozoic were filled 
up again (Hagdorn 2011).

Congruent fossil and molecular evidence indicates that 
post-Palaeozoic crinoids belong to the single monophyletic 
subclass Articulata and that they radiated from a small 
clade (Pawson 2007; Hagdorn 2011; Hess and Messing 2011; 
Rouse et al. 2013; Wright et al. 2017), which gave rise to 
all subsequent forms including present-day comatulids and 
stem-crinoids (Rouse et al. 2013; Oji and Twitchett 2015). 
Palaeontological studies also agree on a scenario of rapid 
evolution and diversification of post-Palaeozoic crinoids 
into two distinct lineages, the Encrinida, which are the 
emblematic crinoids of the Triassic, and the Holocrinida/
Isocrinida (Webster and Jell 1999; Benton and Twitchett 
2003; Kashiyama and Oji 2004; Twitchett and Oji 2005; 
Hagdorn and Göncüoglu 2007; Webster and Lane 2007; 
Baumiller et al. 2010; Hagdorn 2011, 2020; Hess and 
Messing 2011; Salamon et al. 2012, 2015; Rouse et al. 2013; 
Oji and Twitchett 2015; Cohen and Pisera 2017; Brosse et 
al. 2019; Saucède et al. 2019). The Encrinida are mainly 
known from rich fossil deposits of the western Tethys do-
main where their abundant ossicles are at the origin of 
the extensive crinoidal limestones of the German Upper 
Muschelkalk (Middle Triassic) (Hagdorn 2011). They were 
unknown from the Lower Triassic so far and did not appear 
in the fossil record from the rocks older than early Anisian 
(Middle Triassic) in the Germanic Basin (Hagdorn 1999, 
2011, 2020), or potentially latest Early Triassic (Nawrocki 
and Szulc 2000). In contrast, first representatives of the 
Holocrinida/Isocrinida lineage are reported from the rocks 
as old as middle Griesbachian (lower Induan; Early Triassic) 
from Oman (Oji and Twitchett 2015; Brosse et al. 2019).

The Encrinida are first represented by the family Dado
crinidae Lowenstam, 1942, and the genus Dadocrinus 
von Meyer, 1847 (Hagdorn 2011; Hess and Messing 2011). 
Dadocrinus is mostly known from the well-preserved and 
abundant material sampled in Konservat-Lagerstätten of 
the eastern part of the Germanic Basin (Poland, Germany, 
Switzerland, Austria, and Hungary) and of the Southern 
Alps (northern Italy) and Tatra Mountains (southern Poland) 
(Lefeld 1958; Hagdorn 1996, 2011, 2020; Hess and Messing 
2011). It is also reported from upper Anisian of Turkey and 

New Zealand (Eagle 2003, 2004). The well-preserved and 
abundant material of Dadocrinus makes it an important 
taxon for the basal Triassic biostratigraphy of the Germanic 
Basin (Hagdorn 1999, 2020) where it was identified as 
a marker of the uppermost Lower–lowermost Middle 
Triassic transition (Kozur 1974; Nawrocki and Szulc 2000; 
Niedźwiedzki and Salamon 2006).

In the present work, a new species of the genus Dadocrinus 
is described based on a new specimen from the Spathian (up-
per Olenekian, Lower Triassic) of Nevada (USA). The early 
temporal position and unprecedented geographic location of 
this new Dadocrinus species makes it of particular interest to 
document the origin of Encrinida, but also more generally of 
the early evolution of post-Palaeozoic crinoids.

Institutional abbreviations.—UBGD, Université de Bour
gogne, Géologie Dijon, France.

Other abbreviations.—PTB, Permian/Triassic Boundary.

Nomenclatural acts.—This published work and the nomen-
clatural acts it contains, have been registered in ZooBank: 
urn:lsid:zoobank.org:pub:75391A18-D9AA-4D9F-B5D4-
99A9E9EC868E

Geological setting
The crinoid specimen has been found in Montello Canyon, 
northeastern Nevada, which during the Early Triassic was 
situated on the eastern side of the intertropical, epiconti-
nental sea of the Western USA Basin on the eastern mar-
gin of the Panthalassa (Fig. 1A). Lower Triassic marine 
sedimentary deposits presently crop out in Utah, north-
ern Arizona, eastern Nevada, southeastern Idaho, western 
Wyoming, and southwestern Montana (e.g., Paull and Paull 
1993). These marine deposits generally correspond to the 
classical shale-limestone alternations of the Thaynes Group 
(sensu Lucas et al. 2007) representing relatively shal-
low water habitats. In northeastern Nevada, the Thaynes 
Group documents most of the Early Triassic, basal beds 
corresponding to the Griesbachian (lower Induan, Lower 
Triassic) and Dienerian (upper Induan, Lower Triassic) 
Dinwoody Formation (e.g., Jenks et al. 2021). The Montello 
Canyon locality is located ~10 km west to the small town 
of Montello. Permian and Lower Triassic exposures in 
Montello Canyon and the neighbouring Immigrant Canyon 
were initially described by Clark (1957) and later mapped 
in detail by Mullen (1985). Within this area, Mullen (1985) 
identified the classical Permian Gerster Formation and 
three Lower Triassic units lying unconformably above it. 
These three units consist of the Dinwoody Formation, an 
unnamed siltstone unit and the typical thick alternating 
calcareous shale-limestone beds of the Thaynes Group, in 
the ascending order (Fig. 1D). They all represent an open 
shelf marine environment as testified by the finely lami-
nated shale alternating with lenticular bioclastic limestone 
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beds, deposited below the fair-weather wave base, as well 
as by the sampled macroinvertebrate faunas with abundant, 

complete specimens of cephalopods and various benthic 
organisms (Mullen 1985; Smith et al. 2021).

Fig. 1. Location, geological and stratigraphic setting of the Thaynes Group where Dadocrinus montellonis sp. nov. was found. A. Palaeogeographic map 
of the late Early/early Middle Triassic showing the occurrence record of Dadocrinus species. B. Present-day map showing the location of the Western 
USA Basin. C. Simplified geological map of north-eastern Nevada with location of Montello Canyon. D. Stratigraphic position of Dadocrinus montellonis 
sp. nov. Maps modified after Brayard et al. (2017) and Smith et al. (2021). 
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Mullen (1985) reported the occurrence of Griesbachian 
(early Induan, Early Triassic) conodonts in the Dinwoody 
Formation and middle–late Spathian-aged (late Olenekian, 
Early Triassic) conodonts in the unnamed siltstone unit and 
Thaynes Group, meaning that part of the Dienerian, the 
entire Smithian and part of the lower Spathian were locally 
removed by thrust faulting and erosion. For instance, the 
iconic middle Smithian (lower Olenekian, Lower Triassic) 
regional marker beds, the Meekoceras beds (e.g., Jattiot 
et al. 2017; Jenks and Brayard 2018), are consistently ab-
sent from the studied area. Our recent field investigations 
agree with Mullen’s (1985) conclusions and the discovery 
of successive ammonoid faunas in the Thaynes Group of 
Immigrant Canyon confirms a middle–late Spathian age 
(late Olenekian, Early Triassic) for the lower part of this 
unit (see Smith et al. 2021 for a schematic preliminary bio-
stratigraphic zonation of the area). In addition, these new 
ammonoid faunas indicate that the upper part is actually 
Anisian (Middle Triassic), as already hypothesized by 
Mullen (1985) but without biostratigraphic evidence. At the 
sample site in Montello Canyon, no ammonoids or other 
marine organisms were found thus far. The Thaynes Group 
also directly overlies the Dinwoody Formation, implying 
that both units are probably incomplete. However, by com-
parison with the geographically close Immigrant Canyon, 
most of the basal part of the Thaynes Group was preserved 
in Montello Canyon indicating that these exposures are mid-
dle–upper Spathian (thicker limestone beds of the upper 
part are also found above in the section). The sampled slab 
was located on the slope of a hill where the lower part of the 
Thaynes Group outcrops, just above the contact between 
the Dinwoody Formation and the Thaynes Group. It is thus 
middle–late Spathian in age (late Olenekian, Early Triassic).

From Montello Canyon, Twitchett et al. (2005) also re-
ported the presence of complete Early Triassic ophiuroid 
specimens, but without precisions on their sampled sites 
and thus, on their exact ages. Taking into account the com-
plex tectonic structure of the studied area, these specimens 
might also be early Anisian, instead of Early Triassic. Smith 
et al. (2022) described various exceptionally-preserved 
specimens of leptomitid sponges, crustacean decapods, bra-
chiopods, ophiuroids, as well as vertebrate remains from the 
middle–upper Spathian (upper Olenekian, Lower Triassic) 
of the Thaynes Group in the close Immigrant Canyon. These 
organisms are associated to the remarkably diversified and 
complex Spathian Paris Biota found at various places and 
time intervals within the Western USA Basin (Brayard et al. 
2017; Smith et al. 2021). The newly described and well-pre-
served Dadocrinus specimen may therefore be related to the 
Paris Biota, enlarging the number of clades occurring in it.

Material and methods
A single specimen was collected in Montello Canyon 
(41°17’21.30”N, 114°19’36.30”W), Elko County, northeast-

ern Nevada (Fig. 1), from a calcareous shale slab in an 
exceptional good state of preservation with most ossicles 
of stem, crown and arms in connection. Unfortunately, the 
surficial weathering of the specimen hinders observation of 
articulations between skeletal elements. After delicate man-
ual preparation of the crinoid-bearing slab, the anatomy of 
the specimen was examined under a binocular microscope 
equipped with a camera lucida for drawing the detailed plate 
architecture (Fig. 2).

Elemental maps were acquired using a BRUKER M4 
Tornado micro-X-ray fluorescence (XRF) 2D scanner at 
the Biogeosciences laboratory (GISMO Platform, Université 
de Bourgogne, Dijon, France). Equipped with a chromium 
polycapillary X-ray tube (25 µm spot size) and with two 
XFlash silicon drift detectors working together, this system 
permits chemical mapping of the whole Dadocrinus speci-
men with a scan pitch of 25 µm, but also zooms with a scan 
pitch of 12 µm. Under a vacuum of 7 mbar, several chem-
ical elements were mapped (e.g., Ca, Mg, Si, Al, K, Sr, Fe, 
Ti) but the best contrast between the fossil and the matrix 
was achieved with calcium (Fig. 3A1), an element obviously 
abundant in the calcite test of the crinoid but less abundant 
in the clay-rich and quartz-rich matrix of the fossil.

UV-visible and X-ray excited optical luminescence im-
ages were acquired at the IPANEMA Laboratory (Gif-sur-
Yvette, France) and at the PUMA beamline of the SOLEIL 
synchrotron (Gif-sur-Yvette, France), respectively (Figs. 3A2, 
4D). UV-visible illumination was provided by a 16-LED light 
source (CoolLED pE-4000) coupled to a liquid light-guide 
fibre fitted with a fibre-optic ring light-guide (full setup de-
scribed in Brayard et al. 2019). At PUMA, the specimen was 
illuminated with a 12.5 keV monochromatic X-ray beam. A 
series of images with 1 mm movement were recorded to ex-
tend laterally and vertically the field of view (1.3 × 1.3 mm2) 
and image most of the crown of the specimen (Fig. 4D). In 
both cases, the luminescence signal was detected in nar-
row spectral ranges using interference band-pass filters 
(Semrock) positioned in front of a high-sensitivity and low-
noise camera. Greyscale images obtained under different 
illumination/detection spectral ranges (detailed in the figure 
captions) were combined into false colour RGB composite 
images using ImageJ, after contrast enhancement of each 
image using the auto “Brightness/Contrast” tool.

Systematics and terminology for morphological descrip-
tions follow the revised version of the Treatise of Invertebrate 
Paleontology, Crinoidea, volume 3 (Hess and Messing 2011) 
as well as Hagdorn (2020).

Systematic palaeontology
Phylum Echinodermata Klein, 1778
Class Crinoidea Miller, 1821
Subclass Articulata Zittel, 1879
Order Encrinida Matsumoto, 1929
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Family Dadocrinidae Lowenstam, 1942
Genus Dadocrinus von Meyer, 1847
Type species: Dadocrinus gracilis (von Buch, 1845), from the Formazi-
one à gracilis, upper Olenekian–upper Anisian, Recoaro, Italy.

Dadocrinus montellonis sp. nov.
Figs. 2–5.

ZooBank LSID: urn:lsid:zoobank.org:act:ECA27511-2CA8-4BA7-
A689-CE2CEEE0EFD9
Etymology: From the geographical name Montello Canyon, the place 
where the specimen originates (genitive singular case).
Holotype: One near complete and articulated specimen UBGD 292410 
preserved on a fine sandstone slab along with holdfasts and distal co-
lumnals of two other specimens.
Type locality: Montello Canyon, Elko County, northeastern Nevada, 
USA (Fig. 1B, C).
Type horizon: Middle–upper Spathian (upper Olenekian, Lower Trias-
sic) of the Thaynes Group (sensu Lucas et al. 2007) (Fig. 1C, D).

Material.—Holotype only.
Diagnosis.—Small dicyclic species of Dadocrinus with 
a contiguous circle of connected and well-developed in-
frabasals, clearly visible in lateral view. Primibrachials 1 

and 2 very thin, higher than wide, only half as wide as radi-
als. Pinnules stem from every third brachial.
Description.—The almost complete specimen consists of 
articulated arms, cup and stem. The total length of the spec-
imen, from the holdfast to the preserved extremity of arms 
is 46.5 mm. The crown itself is 16.5 mm long (but entire 
arms are not preserved) and has 3 radials, 3 basals and 3 
infrabasals visible (Figs. 2, 3).

Crown: Dicyclic cup low, conical in shape (Fig. 4). Circle 
of infrabasals contiguous, infrabasals very well developed 
and clearly visible in lateral view. They are wider than long, 
0.6 mm long, and 0.8 mm wide, almost rectangular in shape 
and articulate in between basals with a curved, convex su-
ture. Basals and radials high and thin. Basals are twice as 
long as wide and insert with a roof-shaped suture between 
radials. Radials are as long as wide. From the lateral view 
only, it can be deduced that radial articular facets with pri-
mibrachials are muscular and sloping outward. Infrabasals, 
basals and radials seem to be connected by synostoses with 
deep ligament pits visible on basals. Surface of infrabasals, 
basals, and radials smooth.

Arms: Ten arms, uniserial throughout, branching at the 
second primibrachials (Fig. 4A2). Brachials relatively high 

Fig. 2. Overall view of the holotype of the encrinid crinoid Dadocrinus montellonis sp. nov. (UBGD 292410), Spathian, Lower Triassic, Montello Canyon, 
Nevada, USA. Natural light photography (A1) and camera lucida drawing (A2). The dashed line shows the outline of a shell imprint.
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and rectangular in shape (not wedge-shaped). Primibrachials 
1 and 2 very thin, higher than wide, only half as wide as ra-
dials. First secondibrachials thin and higher than wide, then 
following ones as high as wide, progressively thinner and 
narrower distally. At least 28 articulated secondibrachials 
can be counted on one arm but arms are very likely longer. 
Dorsal side of all brachials rounded and even, but not flat, 
sharp-edged or keeled. Pinnulars smooth and thin, about 
three times as long as wide, pinnules widely spaced, branch-
ing on every third brachial. First pinnular twice shorter than 
the following ones. Terminal pinnulars not visible.

Stem: Total length is 30 mm. Column cylindrical with 
no cirri. No differentiation in size between nodals and in-
ternodals is visible, but proximal and proxistele are only 
partially preserved and the shape of proximal columnars is 
hardly discernible. Typically, the proximal however appears 
a bit enlarged but not higher as compared to the following 
columnals. In the mesistele, all columnals are equally sized 
and circular, about twice as wide as high. Columnals be-
come barrel-shaped in the dististele; they are about three 
times as high as medial columnals. Articulations between 
columnars symplexial with multiradiate crenulation visible 

in the mesistele. Terminal columnal with discoid, encrust-
ing holdfast.
Remarks.—Dadocrinus montellonis sp. nov. shows the pre
sence of a conical dicyclic to cryptodicyclic cup with a 
circle of contiguous basals, radial articular facets sloping 
outward, and a cylindrical column with no cirri ending in 
a terminal disk, which are diagnostic features of the fam-
ily Dadocrinidae (Hagdorn 2011; Hess and Messing 2011). 
Unfortunately, the preservation of the specimen, only vis-
ible in lateral view, and surficial weathering hinder ob-
servation of articulations between skeletal elements. Three 
nominal species of Dadocrinus have been described so far, 
all reported from the Anisian (Middle Triassic) of Central 
Europe (Poland, Germany, Switzerland, Austria, Hungary, 
northern Italy), Turkey, and New Zealand: Dadocrinus 
gracilis (Buch, 1845), Dadocrinus grundeyi Langenhan, 
1903, and Dadocrinus kunischi Wachsmuth and Springer, 
1887 (Lefeld 1958; Eagle 2003, 2004; Hagdorn 1996, 2011, 
2020; Hess and Messing 2011).

All species of Dadocrinus are characterised by the pres-
ence of high and thin basals and radials, ten arms uniserial 
throughout branching at the second primibrachials, with 

Fig. 3. Advanced imaging of the holotype of the encrinid crinoid Dadocrinus montellonis sp. nov. (UBGD 292410), Spathian, Lower Triassic, Montello 
Canyon, Nevada, USA. A1, Ca map; the colour scale goes from dark to light yellow for low to higher relative concentration of calcium (Ca is abundant in 
the calcite crinoid pieces, but rarer in the fine clastic sediment hosting the fossil). A2, UV-excited luminescence composite image; ilumination/detection 
couples: red 385/732 nm; green 385/571 nm; blue 385/835 nm.
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brachials relatively high and rectangular, second primibra-
chials axillary with two almost equally wide muscular fac-
ets, and smooth pinnulars (Hess and Messing 2011; Hagdorn 
2020). Species of Dadocrinus differ with each other mainly 
in overall body size, in the position, development, and vis-
ibility of infrabasals in the cup, and in the morphology of 
proximal columnals (Hess and Messing 2011; Hagdorn 2011, 
2020). However, these characters may vary within a single 
fossil assemblage, and the three nominal species have been 
regarded as distinct ontogenetic stages or ecophenotypes of 
one single species (Głuchowski 1986; Hagdorn et al. 1996; 
Eagle 2003; Hess and Messing 2011). D. montellonis sp. nov. 
differs from the three nominal species of Dadocrinus by its 
smaller size, the circle of contiguous infrabasals, the thin 
primibrachials, and pinnules stemming from every third 
brachial and not on alternate consecutive brachials starting 
from the second secondibrachials (Eagle 2003).

In D. gracilis, infrabasals are rarely visible, the proximal 
part of arms is slightly rounded then V-shaped, and in the 
column, proximal nodals are a bit thicker and higher than 
internodals.

Juveniles of D. grundeyi show a dicyclic cup but in-
frabasals are not contiguous and are partly covered by the 
proximal columnal (Lefeld 1958). Moreover, in D. grundeyi, 
the dorsal side of proximal arms is weakly rounded, then 
more rounded distally, pinnules articulate on alternate side 
of brachials (Hagdorn 1996: pl. 3), and axillary primibrachi-
als are the same size as radials.

In D. kunischi, individuals grow larger (up to 7 cm for the 
crown, 20 cm in total), infrabasals are not visible, and pinnu
les articulate on every brachial (Hagdorn 1996: pl. 2). In the 
proxistele, nodals and first internodals are wider and higher.

Hagdorn (2020) recently described a new genus and spe-
cies of the family Dadocrinidae, Aszulcicrinus pentebra­
chiatus Hagdorn, 2020, from the lower Anisian (Middle 

Triassic) of Upper Silesia (Poland). Dadocrinus montellonis 
sp. nov. differs from A. pentebrachiatus by a complete circle 
of contiguous infrabasals, ten arms branching at the second 
primibrachial (against five in A. pentebrachiatus), the dor-
sal side of radials and brachials rounded (not sharp-edged, 
keeled or V-shaped) and the cup is low cone-shaped.

Based on small isolated columnals, Oji and Twitchett 
(2015) described a new genus and species from the lower 
Induan (Griesbachian, Lower Triassic) of Oman, Baudi
crinus krystyni Oji and Twitchett, 2015, which they at-
tributed to the family Dadocrinidae, thereby pushing back 
the origin of the family to the very early Triassic. However, 
new material from the middle Griesbachian of Oman was 
revisited by Brosse et al. (2019) who re-assigned B. krys­
tyni to the family Holocrinidae Jackel, 1918, based on the 
presence of sub-pentagonal proximal columnals, bifurcated 
culmina on columnals, and cylindrical cirri. These new 
interpretations support the hypothesis of early representa-
tives of Holocrinidae as the oldest post-Palaeozoic crinoids 
(Hagdorn 2020).

Discussion
Biostratigraphy.—Crinoid diversity was profoundly af-
fected by the severe mass extinction at the PTB (Paul 1988; 
Benton and Twitchett 2003), when most echinoderms went 
extinct. As soon as the Early Triassic, they rapidly diversi-
fied from two distinct lineages, the holocrinids and the da-
docrinids (Simms 1988; Hagdorn 1995, 2020; Twitchett and 
Oji 2005; Hess and Messing 2011; Oji and Twitchett 2015; 
Brosse et al. 2019; Saucède et al. 2019). The first represen-
tatives of the holocrinids differentiated rapidly after the 
PTB, during the early Griesbachian (Oji and Twitchett 2015; 
Brosse et al. 2019) and then markedly diversified during 

Fig. 4. Close-up views of the crown of the encrinid crinoid Dadocrinus montellonis sp. nov. (UBGD 292410), Spathian, Lower Triassic, Montello Canyon, 
Nevada, USA. Natural light photography (A1), camera lucida drawing (A2), Ca map (A3), and X-ray and visible excited luminescence composite image 
(A4). Illumination/detection couples: red, natural light/650 nm; green, X-ray/571 nm; blue, X-ray/650 nm.
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the Triassic (Hagdorn 2011). So far, dadocrinids were first 
represented in the fossil record by the genus Dadocrinus 
from the early Anisian-aged deposits of the Germanic Basin 
(Hagdorn 1999, 2011, 2020) and potentially from rocks as 
old as the latest Early Triassic (see Nawrocki and Szulc 
2000), but this age remains to be confirmed based on firm 
biostratigraphic evidence.

Five species were assigned to the small crinoid family 
Dadocrinidae so far: the five-armed species A. pentebra­
chiatus (early Anisian), the 10-armed nominal species D. 
gracilis (late Olenekian to late Anisian), D. grundeyi (early 
Anisian), D. kunischi (early Anisian), and the 20-armed spe-
cies Carnallicrinus carnalli (middle Anisian) (Hagdorn 2011, 
2020). The Dadocrinus was widely distributed in the South 
Alpine and Germanic basins in the late Olenekian and early 
Anisian (Hagdorn 1999; Niedźwiedzki and Salamon 2006) 
(Fig. 1A). The morphology and stratigraphic distribution of 
Dadocrinus species have been extensively studied and de-
tailed in many palaeontological and stratigraphic works based 
on the abundant and exceptionally well-preserved material 
from the Lower Muschelkalk Lagerstätten of Poland (Upper 
Silesia, North-Sudetic Basin, and Tatra Mountains), east-
ern Germany, and South Alpine Italy (Vicentinian Prealps) 
(Lefeld 1958; Hagdorn 1996, 2011, 2020; Hess and Messing 
2011). Along with the associated benthic fauna, studies of this 
exceptional material significantly improved our understand-
ing of Triassic crinoid evolution and palaeocology (Hagdorn 
2011; Hess and Messing 2011).

The well-preserved and abundant material of Dado­
crinus also makes it the most important crinoid genus for 
the basal Triassic stratigraphy of the Germanic Basin due 
to the scarcity of otherwise common index taxa such as 
ammonoids and conodonts (see Hagdorn 1999, 2020 for re-
view). Restricted to the Upper Bundsandstein and Lower 
Muschelkalk, the genus was used for regional and inter-
basin correlations (Niedźwiedzki and Salamon 2006; 
Hagdorn 2020). In the crinoid biostratigraphic zonation of 
the Muschelkalk, established based on data from Germanic 
Lagerstätten, the Dadocrinus biozone was recognized in the 
lower Gogolin Formation of Silesia (Poland), Röt Formation 
(Germany) (Hagdorn and Głuchowski 1993), North-Sudetic 
Basin (Głuchowski and Salamon 2005) and Tatra Mountains 
(Niedźwiedzki and Salamon 2006). The Dadocrinus bio-
zone is an indicator of the lower Anisian and also potentially 
of the very uppermost Olenekian (Hagdorn and Głuchowski 
1993; Hagdorn 1999; Nawrocki and Szulc 2000). Apart 
from Europe, Dadocrinus was also reported from the upper 
Anisian of Turkey and New Zealand (Eagle 2003, 2004; 
Niedźwiedzki and Salamon 2006; Hagdorn 2011) (Fig. 1A). 
Thus, D. montellonis sp. nov. corresponds to the first reported 
occurrence of the genus Dadocrinus outside the Germanic 
Basin prior to the Anisian (Brosse et al. 2019; Hagdorn 2020) 
and also to the oldest firm evidence of its presence in the 
Early Triassic (middle–late Spathian). This new occurrence 
therefore suggests a much wider distribution than commonly 
assumed for the genus already during the Spathian, both in 

the Tethys and Panthalassa (Fig. 1A). It also questions the 
centre of origin for dadocrinids that was hypothesized to be 
in the western Tethys so far (Eagle 2004).

Taphonomy and palaeocology.—Like crinoid specimens 
from the Lower Muschelkalk Lagerstätten of the Germanic 
Basin, the specimen of D. montellonis sp. nov. from Montello 
Canyon is exceptionally well-preserved, almost complete 
and entirely articulated. The near complete articulation of 
the entire skeleton along with the preservation of the holdfast 
(Figs. 2, 3, 5) in close proximity to distal columnals suggest 
a rapid in situ smothering of the individual and its preserva-
tion under fair weather conditions; occasional storms being 
responsible for a rapid input of sedimentary material. Two 
additional holdfasts are also preserved on the same slab, 
along with isolated distal columnals from at least two supple-
mentary specimens that were not preserved on the slab (Figs. 
2, 3). On the well-preserved specimen of D. montellonis sp. 
nov., plates of the cup are partially displaced relative to each 
other probably as a result of the sedimentary load, a common 
taphonomic pattern observed in other dadocrinids and which 
is thought to have been facilitated by the smooth and flat 
surface of synostosial articulations between apposed facets 
of cup plates (Hagdorn 2011; Hess and Messing 2011).

The fine detrital nature of the sediment (a fine quartz 
sandstone with a marly matrix) also likely favoured the 
partial preservation of a fossil shell outline imprint that is 
clearly visible on the slab when observed with raking light 
(Fig. 5A1). The presence of the three holdfasts preserved in 
close proximity to each other and associated to the extrem-
ity of the shell imprint suggests that specimens may have 
lived anchored as epibionts on the shell, which probably 
constituted a hard substratum amongst the soft-bottom hab-
itat offered by the fine sandstone. Unfortunately, the entire 
dissolution of the shell, as indicated by the low concentration 
of calcium in micro-XRF scans (Fig. 3A1), precludes an un-
ambiguous identification of the organism at the origin of the 
cast, which can be either a bivalve or a brachiopod. This type 
of encrusting life style and attachment as sessile epizoans on 
shell parts has only been reported on few occasions for Early 
Triassic organisms (Fraiser 2011; Brayard et al. 2011, 2015, 
2017; Hautmann et al. 2017; Zatoń et al. 2018), but never so 
far for crinoids. The specimen of D. montellonis sp. nov. is 
therefore all the more important as it confirms the existence 
of Early Triassic attached, erected, suspension-feeders other 
than, e.g., bryozoans (Schäfer et al. 2003; Baud et al. 2008), 
at least as soon as the middle–late Spathian.

Post-Palaeozoic crinoids diversified in two major lin-
eages during the inception of the so-called “Mesozoic Marine 
Revolution”: the Encrinida (including the Dadocrinidae) and 
the Holocrinida/Isocrinida (Baumiller et al. 2010). The two 
lineages followed radically distinct evolutionary trajecto-
ries: while Encrinida inherited from their Palaeozoic ances-
tor a passive anchored mode of life with permanent attach-
ment to hard substrates, Holocrinida and Isocrinida evolved 
the capacity of autotomy and flexible re-attachment after 
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stem rupture associated with active motility (Baumiller et 
al. 2010; Hagdorn 2011; Gorzelak 2018).

Dadocrinus species likely did not move as an adult and 
had inherited from their hypothetical “proto-Articulata” 
ancestor a discoid holdfast as a result of the specialisation 
of terminal columnals for attachment to hard substrates 
(Hagdorn 2011). The presence of a terminal discoid hold-
fast in species of Dadocrinus implies that they needed a 
solid anchoring ground to settle and live, yet sedimento-
logical and palaeoecological evidences from Germanic 
Lagerstätten show that they likely inhabited soft-bottom 
habitats (Hagdorn 1996, 2011). This is in line with the facies 
of the slab in which the specimen of D. montellonis sp. nov. 
was discovered. The specimen was fossilised in situ and 
likely lived in a soft-bottom environment with sediments 
characterised by some bioclasts but dominated by fine de-
trital particles deposited under relatively low hydrodynamic 
conditions. In Lagerstätten from the Germanic Basin, spec-
imens of D. kunischi were described settled on the posterior 
side of endobyssate bivalve shells (i.e., the part of the shell 
emerging above the sediment-water interface), such as the 
bakevelliid Gervillella sp., or stalks of other crinoid indi-
viduals; the fixation of specimens to hardgrounds has also 
been seldom observed (Hagdorn 1996, 1999). Specimens of 
D. gracilis from the upper Anisian of New Zealand were also 
found attached to the shells of athyridid brachiopods (Eagle 
2003). It has been hypothesized that living as epibionts on 

mud-sticking bivalves or brachiopods allowed species of 
Dadocrinus to colonise quiet soft-bottom environments and 
gain access to a higher position in the water column, leading 
to an improved filter-feeding efficiency (Eagle 2003). The 
relative, small size of species Dadocrinus, as compared to 
other encrinids, is also thought to have influenced its evo-
lutionary success in early Anisian soft bottom communities 
of the Germanic Basin (Hagdorn 1996), because endoben-
thic bivalves may not have stood large crinoids in muddy 
environments (Hagdorn 2011). This markedly contrasts 
with later living conditions documented for late Anisian 
encrinids that encrusted patches of terquemiid bivalves and 
formed bioherms of up to 2–3 m in diameter and 1.5 m thick. 
Late Anisian encrinids were frame builders, their holdfasts 
forming solid crusts and the stems of adults also forming 
solid anchors for juveniles.

Evolutionary trends in Dadocrinidae.—Over the last two 
decades, several palaeontological studies investigated the 
origin, evolution and early diversification of post-Palaeozoic 
crinoids (Benton and Twitchett 2003; Twitchett and Oji 2005; 
Oji and Twitchett 2015; Baumiller et al. 2010; Hagdorn 2011, 
2020; Hess and Messing 2011; Rouse et al. 2013; Brosse et al. 
2019; Saucède et al. 2019; among others). They all converged 
towards a scenario of rapid evolution and intense morpho-
logical diversification of the subclass Articulata as soon as 
the earliest Triassic (Webster and Jell 1999; Twitchett and 
Oji 2005; Webster and Lane 2007; Oji and Twitchett 2015; 
Salamon et al. 2015; Brosse et al. 2019), although the alter-
native scenario of a Permian origin of the Articulata cannot 
be excluded (Cohen and Pisera 2017). Dadocrinus montello­
nis sp. nov. is among the oldest representatives of the order 
Encrinida to be reported in the fossil record so far, as fossil 
evidence from the Griesbachian (lower Induan) of Oman 
and Svalbard suggests that only holocrinids and isocrinids 
differentiated before the Olenekian (Oji and Twitchett 2015; 
Salamon et al. 2015; but see Brosse et al. 2019; Hagdorn 
2020). The early occurrence of D. montellonis sp. nov. is also 
well in line with the predominance of ancestral dadocrinid 
characters featured by the small size of the specimen as well 
as by the morphology and plate arrangement of the stem, cup 
and arms, and by pinnule density.

Hagdorn (2011) embodied all ancestral characters inher-
ited from the likely Palaeozoic cladid root of all Articulata 
into an Early Triassic hypothetical “proto-Articulata” an-
cestor. This ancestral proto-articulate crinoid would include 
a dicyclic cup with three complete and contiguous plate 
circles made of infrabasals, basals, and radials. The fam-
ily Dadocrinidae would have subsequently evolved a low-
cone cup shape with progressively concealed infrabasal, the 
basal and radial plates only remaining visible in lateral view 
(Hagdorn 2011). The family also shows a phylogenetic trend 
towards an increase in body size, arm length, arm number 
and pinnule density, the co-evolution of these characters 
being associated with the improvement of filter-feeding ef-
ficiency through time (Hagdorn 2011, 2020).

Fig. 5. Close-up view of holdfast of the encrinid crinoid Dadocrinus mon­
tellonis sp. nov. (UBGD 292410), Spathian, Lower Triassic, Montello 
Canyon, Nevada, USA, also showing the outline of a shell imprint (dashed 
line) for possible crinoid anchorage. Natural light photograph (A1) and 
camera lucida drawing (A2).
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Size is one of the main features that distinguish D. mon­
tellonis sp. nov. from other species of Dadocrinus. In the 
studied specimen of D. montellonis, the crown is less than 
20 mm long. In contrast, it is 25 mm long in D. gracilis, 
40 mm in D. grundeyi and up to 70 mm long in D. kunischi 
(Hagdorn 1996). The five-arm species Aszulcicrinus pente­
brachiatus is also larger than D. montellonis sp. nov. with 
a crown of up to 30 mm long (Hagdorn 2020). As a con-
sequence, the relative small size of D. montellonis sp. nov. 
can be interpreted as ancestral and indicative of the species 
preference for soft-bottom habitats (Hagdorn 1999).

The dicyclic plate pattern of D. montellonis sp. nov. 
with a circle of contiguous infrabasals can be also inter-
preted as ancestral within the Dadocrinidae, in which the 
remodelling of the cup evolved toward a decreasing size of 
infrabasals. In the early Anisian, the cup is dicyclic in juve-
niles of D. grundeyi, but infrabasals are not contiguous and 
are partly covered by the proximal columnal (Lefeld 1958). 
It is cryptodicyclic in D. gracilis and D. kunischi. In the 
middle Anisian, the cup is monocyclic in C. carnalli with 
infrabasals concealed in stem pits (Lefeld 1958; Hagdorn 
2011). In D. montellonis sp. nov., arms are uniserial through-
out with widely spaced pinnules stemming from every third 
brachial but not from alternate consecutive brachials as in 
other Dadocrinidae. This is representative of a first stage 
in the evolution of the Encrinida that later evolved towards 
a biserial plate pattern and denser pinnulation for improve-
ment of filter-feeding efficiency (Hagdorn 2011).

With five arms, the early Anisian Aszulcicrinus was 
interpreted as representative of an ancestral stage in the 
evolution of the Dadocrinidae that evolved ten arms in 
the genus Dadocrinus, and then twenty arms in the genus 
Carnallicrinus (Hess and Messing 2011; Hagdorn 2020). 
However, Hagdorn (2020) also pointed out that the five-arm 
number, which is diagnostic of the genus Aszulcicrinus, 
could well be interpreted as a secondary reduction of the 
arm number from a ten-armed ancestor (Hagdorn 2011). 
The lower stratigraphic position of the ten-armed D. mon­
tellonis sp. nov. supports this second hypothesis of a sec-
ondary reduction in arm number from Dadocrinus to 
Aszulcicrinus.

Palaeobiogeography.—The genus Dadocrinus is mostly 
known from the western Tethys in the Anisian. Its distribu-
tion covers the eastern part of the Germanic Basin (Poland, 
Germany, Switzerland, Austria, and Hungary) and the 
Alpine realm (northern Italy and Tatra Mountains) (Lefeld 
1958; Hagdorn 1996, 2011, 2020; Hess and Messing 2011). 
The genus first occurred during the Muschelkalk transgres-
sion that potentially brought Tethyan elements of the ma-
rine faunas from the Asiatic palaeobiogeographic province 
into the Germanic Basin through the northern Palaeotethys 
(Kozur 1974; Hagdorn 1999, 2020). Dadocrinus gracilis is 
also reported from upper Anisian deposits of Turkey and 
New Zealand (Eagle 2003, 2004). Considering the abundant 
material and wide distribution of Dadocrinus in the western 

Tethys as soon as the early Anisian, Eagle (2003, 2004) sug-
gested a Tethyan origin of the genus followed by a late mi-
gration to the southwestern Panthalassa (i.e., New Zealand) 
along a Tethyan route, before the genus went extinct in the 
late Anisian.

The discovery of a specimen of D. montellonis sp. nov. in 
the Spathian of Nevada thus questions this former palaeobio-
geographic dispersal scenario favouring the Tethys as a cen-
tre of origin for Dadocrinus. During the Early Triassic and 
Anisian, Montello Canyon was situated at the opposite side 
of the Pangea from the Germanic Basin, where much mate-
rial of Dadocrinus has been described so far. It was also very 
distant from the southwestern Panthalassa, from where New 
Zealand materials of D. gracilis were reported (Eagle 2003, 
2004). The newly reported occurrence of D. montellonis sp. 
nov. thus considerably enlarges the known palaeogeographic 
distribution of the genus, being represented in intertropi-
cal settings across both the Tethys and the Panthalassa. No 
marine corridor has ever been reported, however, across the 
Pangea between the Tethys and the eastern Panthalassa for 
the considered time interval (Fig. 1), strongly suggesting 
that the genus has been able of long transoceanic dispersals, 
especially through the large Panthalassa Ocean (at larval 
stages?) during its evolutionary history. Long-distance trans-
oceanic faunal exchanges across the entire Panthalassa have 
already been documented for some marine Early Triassic 
and Anisian organisms such as ammonoids (Brayard et al. 
2007, 2009; Jenks et al. 2010; Monnet et al. 2013; Shigeta and 
Kumagae 2015; Jenks and Brayard 2018).

Dadocrinus montellonis sp. nov. differs from other species 
of Dadocrinus by its palaeobiogeographic position but also 
by its early stratigraphic occurrence and ancestral morphol-
ogy. Altogether, these palaeobiogeographic, stratigraphic 
and morphological evidences may point to alternative pa-
laeobiogeographic scenarios for the origin of Dadocrinidae. 
Potentially, such scenarios would imply an ancient origin of 
the Dadocrinidae, well before the early Anisian, and ques-
tion the Tethyan origin of Dadocrinus which is the ear-
liest representative of the family Dadocrinidae and order 
Encrinida. An Early Triassic evolution and differentiation of 
dadocrinids is congruent with the occurrence of early rep-
resentatives of holocrinids as soon as the Griesbachian (Oji 
and Twitchett 2015; Brosse et al. 2019), also considering that 
the diversity of early post-Palaeozoic crinoids has long been 
under-estimated (Kashiyama and Oji 2004; Hagdorn and 
Göncüoglu 2007; Oji 2009; Hagdorn 2011, 2020; Salamon et 
al. 2012; Saucède et al. 2019). This also implies that the first 
dadocrinids originated either in the Panthalassa or Tethys 
oceans, and then dispersed over long distances in a relative 
short period of time, good dispersal capabilities being well 
in line with the wide distribution of Dadocrinus (Eagle 
2004; Niedźwiedzki and Salamon 2006) and its local, en-
demic species or ecophenotypes (Hess and Messing 2011; 
Hagdorn 2011, 2020; Niedźwiedzki and Salamon 2006). 
However, such interpretations are in need of more data and 
additional material to support robust palaeobiogeographic 
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scenarios, and the discovery of new specimens from other 
places may well change again the current state of knowledge 
on the early evolution of post-Palaeozoic crinoids.

Conclusions
The discovery of a new species of Dadocrinus, D. montello­
nis sp. nov., from the middle–late Spathian (late Olenekian, 
Early Triassic) of Nevada sheds new light on the origin of 
the family Dadocrinidae and order Encrinida, one of the two 
lineages of early post-Palaeozoic crinoids that ensured the 
recovery of crinoid diversity following the Permian/Triassic 
Boundary mass extinction. The early stratigraphic position 
of the species is congruent with its small size and ances-
tral morphology that match the evolutionary trend formerly 
documented for the family (Hagdorn 2011). It also confirms 
that dadocrinids were already differentiated by the Spathian 
(Nawrocki and Szulc 2000; Hagdorn 2020) and were widely 
distributed (Niedźwiedzki and Salamon 2006). However, 
D. montellonis sp. nov. questions the commonly assumed 
Tethyan origin and proposed palaeobiogeographic history of 
the family Dadocrinidae, which is mainly known from the 
Lower Muschelkalk of the Germanic Basin (Eagle 2004). It 
suggests that dadocrinids originated either in the Panthalassa 
or Tethys and then dispersed over long distances.
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