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In quest of cyrtocrinid origins: Evidence from Late Triassic ossicles

from the Tatra Mountains

MARIUSZ A. SALAMON, PRZEMYSŁAW GORZELAK, and MICHAŁ ZATOŃ

We report cyrtocrinid (Crinoidea) ossicles from the Rhaetian

(Late Triassic) of the Tatra Mountains (southern Poland). The

columnals are high, the facets are covered with thick crenulae

and the latera are concave. Such features of symplectial artic−

ulation and latera distinguish them from the columnals of

other Triassic crinoids (i.e., millericrinids and encrinids) and

therefore we consider they belong to Cyrtocrinida. The oldest

representatives of cyrtocrinids were known from the Early

Jurassic, therefore the presented material constitutes the old−

est world record of these crinoids to date. We speculate that

perturbations related to the global mid−Carnian extinction

combined with predation intensity observed in the Middle–

Late Triassic have been involved in early origin of Cyrto−

crinida.

Introduction

To date, no Triassic crinoids have been identified as belonging

to the order Cyrtocrinida. This fact is surprising because the

cyrtocrinids are considered the most diverse and numerous of

Early Jurassic crinoids. The present discovery of columnals

from the Tatra Mountains suggests that the cyrtocrinid fossil re−

cord stretches back to at least the Rhaetian. Furthermore, ac−

cording to Hans Hagdorn personal communication 2004 to Hess

(2006) undescribed crinoids resembling cyrtocrinids (eudesicri−

nids with Dinardocrinus) are present in the Carnian Hanwang

Formation of central China.

It is widely accepted that the Late Triassic was a crucial phase

of articulate crinoid phylogeny (Simms and Ruffell 1990; Hag−

dorn and Campbell 1993; Simms 1999). Of special interest is the

influence of the global mid−Carnian extinction event. According

to Simms and Ruffell (1990), this event was caused by elevated

average temperature, which may have been caused by rising atmo−

spheric CO
2
released during enhanced volcanic activity associated

with the dispersal of Pangea. These processes affected many ma−

rine invertebrates including disappearance of as many as 80% of

the Early Carnian crinoid genera. Among these, all encrinids,

ainigmacrinids, traumatocrinids, and probably all holocrinids

went extinct (see also Hagdorn et al. 2007). Re−occupation of new

niches probably occurred after this event. Also, paracomatulids

probably originated after mid−Carnian extinction (Hagdorn and

Campbell 1993). Presumably, based on the comment in Hess

(2006), also cyrtocrinids may have appeared at that time.

Institutional abbreviation.—GIUS, Faculty of Earth Sciences,

University of Silesia, Sosnowiec, Poland.

Geological setting

The investigated Rhaetian sediments crop out in the Lejowa

Valley of the Tatra Mountains, southern Poland. The crinoid−

rich interval consists of sandy limestones, black on the fresh sur−

face or brownish when weathered, ca. 1 m thick, belonging to

the so−called transitional beds of the Fatra Formation (Gaździcki

1974, 2006). The crinoidal sandy limestones are underlain by

shales, marls with bivalves and dolomites. Above the sandy

limestones, a bed of shales ends the Rhaetian Fatra Formation in

this area, and the sandy limestones of the Kopieniec Formation

begin the Lower Jurassic (Hettangian–?Sinemurian) sequence.

The crinoidal sandy limestones of the Fatra Formation are

from the Glomospirella friedli and Triasina hantkeni foramini−

feral Assemblage Zone (see Gaździcki 2006).

Material and methods

We examined crinoid remains from the Lejowa Valley sandy

crinoidal limestones from new field−collected samples and ex−

isting museum collections. The crinoids were recovered using

glauber salt solution (several cycles of freezing and melting).

The residue was then washed, dried at 180�C and handpicked

under a binocular microscope. 64 crinoid remains were col−

lected, among which undeterminable isocrinid ossicles domi−

nated (52 specimens of columnals and brachials). Twelve iso−

lated ossicles and several ossicles on the slab surface were iden−

tified as cyrtocrinid columnals.

All identified cyrtocrinid columnals have been measured

and compared to columnals of Early Jurassic cyrtocrinids as

well as to the Middle Triassic encrinids, silesiacrinids, and

dadocrinids. Simple statistical analyses were performed and the

results are provided in Table 1.

Description

Material.—12 isolated columnals and several columnals on the

slab surface. GIUS 7−3474.

Description.—Columnals are cylindrical and high. Articular
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facet covered with very thick and rather short crenulae. Lumen

is large and circular. Latera are smooth and concave.

Measurements.—See Table 1.

Discussion

Resemblance to millericrinids.—The morphology of the speci−

mens under discussion most resemble that observed in the repre−

sentatives of the family Dadocrinidae (sensu Lowenstam 1942).

Although the representatives of Dadocrinidae were differently in−

terpreted (encrinids or holocrinids, Hess 1975; Simms 1988), they

were ultimately classified as millericrinids (Hagdorn 1995, 1996).

The latter author discussed the similarity of these crinoids with the

encrinids; however, they have uniserial arms and in most cases

dicyclic cups as adult animals. Therefore, they should be treated as

an independent family of Millericrinida.

Dadocrinid facets may be covered by thick and short crenulae,

and their lateral surfaces are commonly flat and convex, but may

also be concave (see e.g., Głuchowski 1986; Hagdorn 1996;

Salamon 2003; Głuchowski and Salamon 2005) as in the Rhaetian

specimens from Tatra Mountains (Fig. 1). On the other hand, the

stratigraphic range of dadocrinids known from the Tethys and its

northern branch (Germanic Basin) is limited only to the Anisian.

This circumstance, as well as our statistical analyses (measure−

ments) require to rule out the assignment of the documented speci−

mens to the family Dadocrinidae.

Additionally, in the Triassic deposits there was documented

another family of Millericrinida, called Bangtoupocrinidae, which

encompasses two genera: Silesiacrinus and Bangtoupocrinus. In

this case, the assignment of the Tatra specimens to the genera

mentioned above should also be excluded. Silesiacrinus was a

common crinoid both in the Germanic Basin and Alpine Anisian

(Illyrian; e.g., Hagdorn et al. 1996). Moreover, its facets are cov−

ered by rather thin and long crenulae, resembling those in the large

Jurassic millericrinids (e.g., Millericrinus), but they are signifi−

cantly shorter (especially the proximal columnals) than the colum−

nals of the Rhaetian specimens described here.

Bangtoupocrinus is known from the Upper Anisian of China,

as well. However, the morphological features of its columnals dis−

tinguish this genus from the present finds. In this case, the stem is

built by columnals without cirri and facets were covered by thin or

thick, long crenulae, in many cases similar to those in Silesia−

crinus. Latera were straight or convex, commonly covered with

fine tubercles (see Stiller 2000: figs. 7–9). It is worth mentioning

that even the distal columnals, generally much higher than the

proximal ones, are significantly shorter in Silesiacrinus and Bang−

toupocrinus than in the Rhaetian forms from the Tatra Mountains

(compare Hagdorn et al. 1996; Stiller 2000).

The only remains of millericrinids occurring in Late Triassic

(Norian and Rhaetian) deposits are represented by brachials,

columnals and terminal stalks acting as holdfasts known from the

Hallstatt Limestones and the Zlambach Beds of Salzkammergent

in Austria. However, according to Hagdorn (1995) they have

strong similarity with Jurassic millericrinids. The latter informa−

tion, despite of lack of illustrations, seems to be sufficient to ex−

clude their similarity to the Rhaetian specimens reported here.

It must also be stated that the Triassic columnals of cyrto−

crinids from the Tatra Mountains, differ from the majority of Early

Jurassic millericrinids (details in Klikushin 1987; Simms 1989;

Jäger 1993, 1995; Hess 2006). The only certain representatives of

the genus is Shroshaecrinus (Millericrinidae sensu Simms 1989;

see also comments in Hess 2006), already known from the Sine−

murian, resemble the forms reported in the present paper. Espe−

cially the specimens presented by Jäger (1995: pl. 6: 2, 7) are very

similar to the Late Triassic cyrtocrinids. The columnals from Jäger

(1995) are high, may possess concave lateral surfaces, and their

facet could have been covered with thick and sparse crenulae.

However, we share the opinion of Nicosia (1991) that Shro−

shaecrinus should be treated as a tetracrinid, not as a millericrinid

(detailed discussion in Nicosia 1991; Salamon et al. 2007).

Resemblance to encrinids.—Some of the encrinid (Encrinidae)

columnals, especially those from the distal part of the stem, may

be high, commonly with concave latera and their facets covered

with thick and short crenulae. However, despite this morphologi−

cal similarity, the assignment of the Rhaetian specimens from Po−

land to Encrinidae is excluded— the last occurrences of encrinids

are confined to the Middle Carnian (Hagdorn 1995: fig. 1).
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Table 1. Quantitative and qualitative data of cyrtocrinids and other Triassic crinoids; SD, standard deviation, CV, coefficient of variation. Middle Triassic

encrinids: Encrinidae gen. et sp. indet. (Pelsonian–Illyrian, Holy Cross Mountains, southern Poland, coll. no. GIUS 7−2225/48a−51w); Middle Triassic

silesiacrinids: Silesiacrinus silesiacus (Pelsonian–Illyrian, Holy Cross Mountains, southern Poland, coll. no. GIUS 7−1724/34a−c/34ss); Middle Triassic

dadocrinids: Dadocrinus sp. (Lower Anisian, Holy Cross Mountains, southern Poland, coll. no. GIUS 7−2225/1a−8h, 10, 23−26).

Crinoid group
Total numeber
of columnals

Mean height
(H) [mm]

Mean diameter

(D) [mm]
Mean H/D SD of H/D

CV of H/D
(%)

Articular faces Lateral faces

Late Triassic
cyrtocrinids

12 2.658 1.817 1.49 0.13 8.72
covered with thick
and short crenulae

flat or concave

Early Jurassic
cyrtocrinids

32 2.728 1.956 1.42 0.26 18.3
covered with thick
and short crenulae

flat or concave

Middle Triassic
encrinids

100 2.819 5.234 0.6 0.25 41.7
covered with thick
and short crenulae

flat or convex

Middle Triassic
silesiacrinids

100 1.748 5.585 0.32 0.11 34.4
covered with thin
and long crenulae

flat, convex or
bearing tubercles

Middle Triassic
dadocrinids

100 1.625 2.655 0.63 0.18 28.6
covered by thick

and short crenulae
flat, convex or
rarely concave
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Resemblance to Early Jurassic (Hettangian) cyrtocrinid

columnals.—The Jurassic cyrtocrinids known so far were noted

from sediments no older than the Sinemurian (e.g., Arendt

1974; Hess 2006 and literature cited therein). For the current

study, 32 cyrtocrinid columnals from the Hettangian of Ko−

pieniec Wielki, Tatra Mts. (details in Głuchowski 1987) were

used for comparison. Either, their sizes and morphology (Table

1, Fig. 1E, F) are similar or even identical to the Late Triassic

cyrtocrinid columnals reported here. Only the coefficient of

variation of H/D of Late Triassic cyrtocrinids is slightly lower

(8.72%) than that those from Early Jurassic (18.3%). This, how−

ever, may only be a result of a larger sample size of the latter.

Moreover, the coefficient of variation of H/D of Late Triassic

cyrtocrinid columnals is closer to those of Early Jurassic than to

any of the Middle Triassic crinoids (see Table 1). Thus, it is

most plausible that the Late Triassic and Early Jurassic ossicles

belong to the same cyrtocrinid taxon.

Concluding remarks

It is commonly accepted that Cyrtocrinida branched from the

Millericrinida during the Late Triassic by reduction of stem and

basal plates (e.g., Simms 1989). However, Pisera and Dzik (1979)

suggested that the morphology of cyrtocrinid columnals, as well

as their uniserial arms, point to their origin from the Middle Trias−

sic dadocrinids (Dadocrinidae). A similar opinion was put forward

by Manni and Nicosia (1999), who stated that the oldest represen−

tative of cyrtocrinids is Nerocrinus petri, the representative of the

family Nerocrinidae, known from the Pliensbachian of Italy.

By comparison with millericrinids, cyrtocrinids are strongly

specialised and have several morphological and behavioural fea−

tures that can be interpreted as anti−predatory adaptations. They

had a crown and arms structure that could be enrolled in a cavity

formed by large median prolongation of the second primibrachials

or by interradial processes of the radials (Hess 1999). Further−

more, they were smaller, comparing to the millericrinids, which

suggests that paedomorphosis was involved. Also cyrtocrinids

seemingly inhabited deeper settings. They have been documented

mainly in association with sponge−brachiopod reefs that formed at

considerably depths (e.g., Hess 1999; Salamon 2008; Zatoń et al.

2008). It is presumed that some species occupied quiet areas in the

shelter of larger crinoids, such as isocrinids (see e.g., Głuchowski

1987). It is also worth stressing that modern cyrtocrinids occur at

depths exceeding 200 m (Hess 1999). By analogy with the modern

examples, this can be considered as an anti−predatory response,

because Oji (1996) has shown that predation intensity is higher in

shallow than deeper waters.

It seems that many so−called anti−predatory adaptations among

cyrtocrinids are related to co−evolving carnivorous groups. It is

highly probable that perturbations related to the global mid−Car−

nian extinction combined with increased predation intensity on

crinoids in the Middle−to−Late Triassic (diversification of duro−

phagous predators such as sharks, basal actinopterygii, and placo−

donts, see Walker and Brett 2002) have involved in the early ori−

gin of Cyrtocrinida. It is worth mentioning that the first appear−

ance of teleost fish that fed on calcareous prey appeared at this

time (see Walker and Brett 2002: 131, fig. 4). However, it should

be clearly stressed that teleost's diverification has occurred in Late

Mesozoic. The influence of benthic predators (e.g., cidaroids) on

crinoid evolution should also be taken into account (Baumiller et

al. 2008; Gorzelak and Salamon 2009).

The Middle Triassic columnals from Poland yield certain

traces of predation (own data) suggesting high predation pressure.

On the contrary, McRoberts (2001) argued that durophagous

predators may not have been sufficiently abundant or widespread

during the Triassic. Furthermore, Schneider (1988) pointed out

that predation on crinoids is deemed to have been relatively low at

this time. However, discovery of columnals from the Middle Tri−

assic of Poland with bite−marks, may strengthen the hypothesis

that predation intensity may have exerted considerable influence

on crinoid evolution including early origin of cyrtocrinids.

http://app.pan.pl/acta54/app54−171.pdf
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Fig. 1. Cyrtocrinid columnals from Lejowa Valley in Tatra Mountains, Po−

land. A–D. Rhaetian, Upper Triassic. A. Latera, GIUS 7−3474/1. B. Latera,

GIUS 7−3474/2. C. Facet, GIUS 7−3474/3. D. Latera, GIUS 7−3474/4. E, F.

Hettangian, Lower Jurassic. E. Facet, GIUS 8−3472/1. F. Latera, GIUS

7−3472/2. Scale bars 1 mm.

Downloaded From: https://bioone.org/journals/Acta-Palaeontologica-Polonica on 19 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Acknowledgements.—We would like to specially thank Tomasz Bau−
miller (Museum of Paleontology, University of Michigan, USA) for
helpful discussion and many valuable suggestions of an earlier draft of
this paper. The journal referees, William I. Ausich (Ohio State Univer−
sity, Columbus, USA), Tatsuo Oji (University of Tokyo, Japan), and
Manfred Jäger (Holcim, Baden−Württemberg GmbH, Dotternhausen,
Germany) are acknowledged for their useful, constructive remarks and
improvements of the final version of this manuscript.

References

Arendt, Y.A. 1974. The Cyrtocrinid Sea Lilies [in Russian]. Trudy Paleonto−

logičeskogo Instituta Akademii Nauk SSSR 144: 1–251.

Baumiller, T.K., Mooi, R., and Messing, C.G. 2008. Urchins in the meadow:

paleobiological and evolutionary implications of cidaroid predation on

crinoids. Paleobiology 34: 22–34.

Gaździcki, A. 1974. Rhaetian microfacies, stratigraphy and facial develop−

ment in the Tatra Mts. Acta Geologica Polonica 24: 17–96.

Gaździcki, A. 2006. Stop B3.13—Lejowa Valley–Lower Jurassic mixed

siliciclastic/carbonate deposits. In: A. Wierzbowski, R. Aubrecht, J.

Golonka, M. Gutowski, M. Krobicki, B.A. Matyja, G. Pieńkowski, and

A. Uchman (eds.), Jurassic of Poland and adjacent Slovakian Car−

pathians. Field trip guidebook. The 7th International Congress on the

Jurassic System, 6–18.09.2006, 112–114. Polish Geological Institute,

Warsaw.

Głuchowski, E. 1986. Crinoids from the Lower Gogolin Beds (Lower

Muschelkalk) of the north−eastern part of Upper Silesia. Bulletin of Pol−

ish Academy of Sciences, Earth Sciences 34: 179–187.

Głuchowski, E. 1987. Jurassic and early Cretaceous Articulate Crinoidea

from the Pieniny Klippen Belt and the Tatra Mts, Poland. Studia

Geologica Polonica 94: 6–102.

Głuchowski, E. and Salamon, M.A. 2005. The Lower Muschelkalk crinoids

from Raciborowice, North−Sudetic Basin, SW Poland. Geological Quar−

terly 49: 83–92.

Gorzelak, P. and Salamon, M.A. 2009. Signs of benthic predation on Late

Jurassic stalked crinoids; preliminary data. Palaios 24: 70–74.

Hagdorn, H. 1995. Triassic crinoids. Zentralblatt für Geologie und Paläonto−

logie II 1/2: 1–22.

Hagdorn, H. 1996. Palökologie der Trias–Seelilie Dadocrinus. Geologisch−

Paläontologische Mitteilungen Innsbruck 21: 19–45.

Hagdorn, H. and Campbell, H.J. 1993. Paracomatula triadica sp. nov.—an

early comatulid crinoid from the Otapirian (Late Triassic) of New Cal−

edonia. Alcheringa 17: 1–17.

Hagdorn, H., Głuchowski, E., and Boczarowski A. 1996. The crinoid fauna of

the Diplopora Dolomite (Middle Muschelkalk, Triassic, Upper Anisian) at

Piekary Śląskie in Upper Silesia. Geologisch−Paläontologische Mittei−

lungen Innsbruck 21: 47–75.

Hagdorn, H., Wang, X., and Wang, Ch. 2007. Palaeoecology of the pseudo−

planktonic Triassic crinoid Traumatocrinus from Southwest China.

Palaeogeography, Palaeoclimatology, Palaeoecology 247: 181–196.

Hess, H. 1975. Die fossilen Echinodermen des Schweizer Juras. Veröffent−

lichungen aus dem naturhistorischen Museum Basel 8: 1–130.

Hess, H. 1999. Tertiary. In: H. Hess, W.I. Ausich, C.E. Brett, and M.J.

Simms (eds.), Fossil Crinoids, 233–244. Cambridge University Press,

Cambridge.

Hess, H. 2006. Crinoids (Echinodermata) from the Lower Jurassic (Upper

Pliensbachian) of Arzo, southern Switzerland. Schweizerische Paläonto−

logische Abhandlungen 126: 1–144.

Jäger, M. 1993. Die Crinoiden aus dem Pliensbachium vom Rhein−Main−

Donau−Kanal bei Sulzkirchen. Teil II. Gestielte Cyrtocrinina und Milleri−

crinina: Amaltheocrinus, Shroshaecrinus?, Plicatocrinus und Nachtrag zu

Teil 1 (Eudesicrinus). Archaeopteryx 11: 73–104.

Jäger, M. 1995. Echinodermata aus dem Ober−Toarcium und Aalenium

Deutschlands I. Crinoidea: Cyrtocrinina und Millericrinina. Stuttgarter

Beiträge zur Naturkunde B 226: 1–51.

Klikushin, V.G. 1987. Distribution of crinoidal remains in Triassic of the

USSR. Neues Jahrbuch für Paläontologie Abhandlungen 173: 321–338.

Lowenstam, H.A. 1942. Mid−Triassic crinoid Dadocrinus. Geological Soci−

ety of America B 53: 1–1832.

Manni, R. and Nicosia, U. 1999. The oldest cyrtocrinid, Nerocrinus petri n. gen.

n. sp., and the Nerocrinidae, n. fam. In: M.D. Candia Carnevali and F.

Bonasero (eds.), Echinoderm Research, 327–331. Balkema, Rotterdam.

Marynowski, L., Gawęda, A., Poprawa, P., Żywiecki, M.M., Kępińska, B.,

and Merta, H. 2006. Origin of organic matter from tectonic zones in the

Western Tatra Mountains Crystalline Basement, Poland: An example of

bitumen−source rock correlation. Marine and Petroleum Geology 23:

261–279.

McRoberts, C.A. 2001. Triassic bivalves and the initial Mesozoic marine

revolution: a role for predators. Geology 29: 359–362.

Nicosia, U. 1991. Mesozoic crinoids from the north−western Turkey. Geologica

Romana 27: 389–436.

Oji, T. 1996. Is predation intensity reduced with increasing depth? Evidence

from the west Atlantic stalked crinoid Endoxocrinus parrae (Gervais)

and implications for the Mesozoic marine revolution. Paleobiology 22:

339–351.

Pisera, A. and Dzik, J. 1979. Tithonian crinoids from Rogoźnik (Pieniny

Klippen Belt, Poland) and their evolutionary relationships. Eclogae

Geologica Helvetiae 72: 805–849.

Salamon, M.A. 2003. Środkowotriasowe liliowce (Crinoidea) obszaru święto−

krzyskiego. Unpublished Ph.D. 114 pp. University of Silesia, Sosnowiec.

Salamon, M.A. 2008. Jurassic cyrtocrinids (Cyrtocrinida, Crinoidea) from

extra−Carpathian Poland. Paleontographica A 285: 77–99.

Salamon, M.A., Gajerski, A., Gorzelak, P., and Łukowiak, M. 2007. A new

plicatocrinid crinoid, Tetracrinus jagti, from the Cenomanian (Upper

Cretaceous) of southern Poland. Neues Jahrbuch für Paläontologie

Abhandlungen 245: 179–183.

Schneider, J.A. 1988. Frequency of arm regeneration of comatulids in relation

to life habit. In: R.D. Burke, PV. Mladenov, P. Lambert, and R.L. Parsley

(eds.), Echinoderm biology, 531–538. A.A. Balkema, Rotterdam.

Simms, M.J. 1988. The phylogeny of post−Palaeozoic crinoids. In: C.R.C.

Paul and A.B. Smith (eds.), Echinoderm Phylogeny and Evolutionary

Biology, 269–284. Clarendon, Oxford.

Simms, M.J. 1989. British Lower Jurassic crinoids. The Palaeontographical

Society Monograph 1989: 1–142.

Simms, M.J. 1999. Systematics, phylogeny and evolutionary history. In: H.

Hess, W.I. Ausich, C.E. Brett, and M.J. Simms (eds.), Fossil Crinoids,

31–40. Cambridge University Press, Cambridge.

Simms, M.J. and Ruffell, A.H. 1990. Climatic and biotic change in the late

Triassic. Journal of the Geological Society London 147: 321–327.

Stiller, F. 2000. Two early millericrinids and an unusual crinoid of uncertain

systematic position from the lower Upper Anisian (Middle Triassic) of

Qingyan, Southwestern China. Journal of Paleontology 74: 32–51.

Walker, S.E. and Brett, C.E. 2002. Post−Paleozoic patterns in marine preda−

tion: was there a Mesozoic and Cenozoic marine predatory revolution?

In: M. Kowalewski and P.H. Kelley (eds.), The Fossil Record of Preda−

tion. The Paleontological Society Papers 8: 119–194.

Zatoń M., Salamon, M.A., and Kaźmierczak, J. 2008. Cyrtocrinids (Crinoidea)

and associated stalked crinoids from the Lower/Middle Oxfordian (Upper

Jurassic) shelfal deposits of southern Poland. Geobios 41: 559–569.

Mariusz A. Salamon [paleo.crinoids@poczta.fm] and Michał Zatoń [mzaton@wnoz.us.edu.pl], Wydział Nauk o Ziemi, Uniwersytet Śląski, ul. Będzińska
60, PL−41−200 Sosnowiec, Poland;
Przemysław Gorzelak [pgorzelak@twarda.pan.pl], Instytut Paleobiologii PAN, ul. Twarda 51/55, PL−00−818 Warszawa, Poland.

174 ACTA PALAEONTOLOGICA POLONICA 54 (1), 2009

Downloaded From: https://bioone.org/journals/Acta-Palaeontologica-Polonica on 19 Apr 2024
Terms of Use: https://bioone.org/terms-of-use


