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Abstract Early and Late Jurassic mudstones of Europe
are rich in remains of the isocrinid Balanocrinus. Recently
collected material from the Early Pliensbachian of Sedan
(France), from the Oxfordian of Andelot-Morval and
Savigna (Département du Jura, France), and Les Rouges-
Terres (Canton of Jura, Switzerland) adds significantly to
the knowledge of the most important Jurassic species. The
Oxfordian faunas that also include isocrinids, comatulids
and a cyrtocrinid are the subject of a parallel publication. In
the present paper intact specimens of Balanocrinus gracilis
(CHARLESWORTH) from Sedan, including early growth
stages, and early ontogenetic stages of Balanocrinus bra-
chiospina Hess from Savigna are described. The material
from Savigna allows reconstruction of the animal and a
comparison with the type species, Balanocrinus subteres
(MoNsTER in GoLpruss), for which columnals from the
Middle Oxfordian sponge facies of Holderbank (northern
Switzerland) and cup plates previously described from
Germany are used. The taphonomy and palaeoecology of
Balanocrinus occurrences in mudstones of Early to Late
Jurassic localities of England, France and Germany are
discussed and compared with beds of Chariocrinus from
the Early and Middle Jurassic of Switzerland.
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Introduction

The present paper is the first of three dealing with Early
and Late Jurassic mudstone faunas that contain mainly
remains of Balanocrinus, but also isocrinids and rare co-
matulids; at one of the locations a new species of Tetrac-
rinus was found. In the following, several aspects of the
occurrences (Fig. 1) are discussed. In a second paper (Hess
2013a), the rich crinoid faunas from the Oxfordian locali-
ties of Savigna (French Jura), Andelot-Morval (French
Jura), and Les Rouges-Terres (Swiss Jura) are described in
detail. The third paper (Hess 2013b) treats the early history
of the comatulids, based in part on the new material. The
bulk of the crinoid ossicles at all sites belongs to Balan-
ocrinus, a genus that dominates Jurassic mudstones (de
Loriol 1882-1889; Hess 1975; Simms 1989a; Thuy et al.
2011), but also occurs in other types of rock. Thus, Bal-
anocrinus may be regarded as the ecologically most suc-
cessful genus of Jurassic stalked crinoids. The Savigna
material is described as B. brachiospina Hess (2013a) and
allows a detailed analysis and reconstruction of the species
whose column resembles that of B. subteres (MUNSTER in
GoLpruss), the type species of the genus. The Middle
Oxfordian B. subteres with a cylindrical column and the
Early Oxfordian B. pentagonalis with a pentagonal column
are easily distinguished by the column, but their crown is
poorly known. New material from Switzerland signifi-
cantly increases the knowledge of these popular species.
Well preserved material of Balanocrinus gracilis from the
Lower Jurassic (Pliensbachian, Thuy et al. 2011) further
adds to the knowledge of Jurassic Balanocrinus and is
described in the following. Bulk processing of large
amounts of sediment (Gale 2011; Hess 2013a) at Savigna
yielded numerous small postlarval ossicles that are
described in the following. For information on the localities
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Fig. 1 Map with localities
discussed in the present paper
and in Hess (2013a, b)

Localities:

1 Andelot-Morval

2 Savigna

3 Sedan

4 Les Rouges-Terres
5 Holderbank
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of Savigna, Andelot and Les Rouges-Terres, and the
material collected there, see Gale (2011), Hess (1960,
1966, 2013a); Gale, in preparation). The specimens of B.
subteres are from the Chalch Quarry, Holderbank, northern
Switzerland (Hess and Spichiger 2001). Taphonomy and
palaeoecology of the various Balanocrinus occurrences are
discussed and compared with those of Chariocrinus, a
similarly gracile isocrinid from mud- or marlstones.

Balanocrinus species based on columnals and parts
of the crown

Balanocrininae Roux (1981) constitute a subfamily of
Isocrinidae GIsLEN (1924), the dominant family of Meso-
zoic stalked crinoids, see Hess and Messing (2011). The
main genus of the subfamily is Balanocrinus AGassiz in
Desor (1845), with B. subteres (MUNSTER in GOLDFUSS
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1831, p. 176) as type species. According to Quenstedt
(1876, p. 245) Goldfuss’ specimens are from Weisser Jura
Alpha, Streitberg, and Weisser Jura Gamma, Hohenstau-
fen. Quenstedt noted the first mass occurrence at the upper
limit of the Ornatenton, corresponding to the Lower Ox-
fordian Cordatum Zone, from e.g. Geislingen, and his
figured specimens (1876, pl. 99, fig. 26-55) are from the
Ornatenton Formation and Weisser Jura Alpha (Early
Oxfordian) and Gamma (Lacunosamergel Formation,
Platynota Zone, Lower Kimmeridgian), respectively.
Among the localities are Lochen in the Swabian Alb and
Birmensdorf (=Birmenstorf) in northern Switzerland, an
area of sponge facies extending from the Middle Oxfordian
Birmenstorf Member (Transversarium Zone) to the Lochen
Formation of southern Germany (Weisser Jura Alpha and
beyond to Gamma, Lower Kimmeridgian). The lower part
of the Lochen Formation is interbedded with the Impres-
samergel Formation corresponding to the Effingen Member
of Switzerland and eastern France (Couches d’Effingen,
Enay 1966). The range of B. subteres is not clear although
the occurrence in the Birmenstorf Member and the marly
Impressamergel Formation seems certain; and this means
that the species is not restricted to the sponge facies. The
species is common in Middle Oxfordian marlstones
(Transversarium Zone, “Marnes de Latrecey”) of the
Départment Haute-Marne (Courville and Villier 2003, pl.
1, fig. 10-11).

Numerous Balanocrinus species have been described
from mudstones to hardgrounds of Early Jurassic (Sinem-
urian) to Lower Cretaceous (Albian) age; Triassic and
Upper Cretaceous occurrences are questionable. Pluricol-
umnals (stem fragments) and columnals of this genus have
been known for a long time and were described in the
important monographs (de Loriol 1877-1879, 1882-1889;
Quenstedt 1876). However, elements of cup and arms were
described only more recently (Sieverts-Doreck 1967; Hess
1975, 2006; Simms 1989a; Hess and Gale 2010). More or
less intact specimens are restricted to Pliensbachian (Sim-
ms 1989a, 1999; Thuy et al. 2011) and Kimmeridgian
localities (Bourseau et al. 1998). Assignment of the ele-
ments from Savigna to a named species has proved difficult
although there is no lack in taxa. In the Paléontologie
francaise 23 species of Balanocrinus were described, 13 of
which from the Oxfordian (de Loriol 1882—-1889, p. 381),
but all are based on columnals only. A large number of
finds of cylindrical columnals and pluricolumnals from
Lower to Upper Jurassic strata were ascribed to Balanoc-
rinus subteres (see Biese 1935-1937). Salamon (2009)
described the species from the Valanginian of Poland and
discussed a Bajocian occurrence. It seems inconceivable
that a single-stalked crinoid species has such a wide hori-
zontal and vertical distribution. The smooth, predominantly
cylindrical columns of Balanocrinus species may appear to

lack distinctive characters suitable for specific classifica-
tion. That this is not generally the case is demonstrated in
the parallel paper (Hess 2013a), in which additional
information from parts of the crown helps to properly
define nominal species. Hess (2013a) compares the Middle
Oxfordian material from Savigna with ossicles of B. pen-
tagonalis from the Lower Oxfordian of Les Rouges-Terres
and with columnals of B. subteres from the Middle Ox-
fordian Birmenstorf Member of Holderbank, but also with
cup plates from the Impressamergel Formation of the
Swabian Alb described by Sieverts-Doreck (1967). Intact
specimens of Balanocrinus gracilis (CHARLESWORTH) from
the Pliensbachian of Sedan (Thuy et al. 2011) complement
the comparison with B. brachiospina Hgss and are descri-
bed in the following.

Balanocrinus gracilis (CHARLESWORTH), the most
completely preserved species of the genus (Fig. 2)

The remains of B. gracilis from Sedan are partly pyritised
and include parts of the column, partial crowns, arm
fragments and isolated ossicles. Some of the arm fragments
are deformed by a myzostome (Hess 2010). Thuy et al.
(2011, fig. 3a) figured a specimen with proximal column,
cup and base of arms; the basals are barely in contact.
These authors also figured an isolated cup that has a
pentalobate columnal on its lower (aboral) side (loc.
cit., fig. 3b—c). Relative to the radials the basals diminish in
size with age of the animal (Fig. 2e—g). The juvenile
specimen (Fig. 2e) also shows that radials and primibr-
achials are relatively higher than in adult individuals; such
allometric growth in width with respect to height is com-
mon with brachials of isocrinids, and indeed typical with
most crinoids (Ausich and Wood 2012). The primibrachials
are joined by an embayed synarthry (Fig. 2f, g, d). The first
pinnule is on the second secundibrachial (Fig. 2g). Sec-
undibrachials 3 and 4 are articulated by synostosis (Fig. 2f,
arm at left). The first nodal with cirri is the fourth columnal
below the cup (Fig. 2f). The proximal column shows dis-
tinct, narrow grooves (fossulae) between the columnals,
expressed as radial pores on the latera (Fig. 2b). As already
noted by Carpenter (1884, p. 18) these “interarticular
pores” do not reach the lumen, and their role is unclear.
Latera of columnals from this part of the column are
inflated between the margins. More distally, the radial
pores diminish in size, and the column becomes pentalo-
bate (Fig. 2¢) to cylindrical (Fig. 2a). The proximal facet
of nodals is pentastellate (Fig. 2i); a nodal from the prox-
imal part of the column has interradial extensions, and the
proximal facet is nearly pentagonal and has fossulae
(Fig. 2j). A postlarval pluricolumnal of four with a nodal is
figured in Fig. 2h. It is rounded pentagonal to circular in



section, the nodal is larger than the internodals and has  pluricolumnal is synarthrial. The postlarval elements are
cirrus sockets with a distinct aboral lip, but a cupule is similar to the corresponding elements of B. brachiospina
hardly developed. The proximal (upper) facet of the  described in the following; and they present another
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«Fig. 2 Balanocrinus gracilis (CHARLESWORTH), Early Pliensbachian,
Sedan. a Pluricolumnal with nodal and cirri, showing the transition of
proxistele to mesistele, grooves and radial pores diminish towards the
distal (lower) end; M11348. b Proximal pluricolumnal with nodal
(second element from top), M11350; b1 lateral, b2 proximal facet of
supranodal at top; note fossulae on the facet leading to the radial
pores. ¢ Subpentalobate pluricolumnal of 6 with nodal, M11351.
d Part of upper facet of cup showing synarthrial distal facets of two
first primibrachials, M11347. e Juvenile cup and proximal brachials
with base of column, M11345. f Proximal column and base of crown,
the first nodal with cirri is in the position of the fourth columnal, note
distal synostosial facet of third secundibrachial at upper left; M11346.
g Basal part of crown with tegmen at right and first pinnule on second
secundibrachial, arrow indicates basal, M11349. h Postlarval, preju-
venile pluricolumnal with nodal and cirrus, M11352; hl lateral, h2
upper synarthrial facet. i Distal, stellate facet of juvenile nodal with
cirral, M11353. j Distal facet of juvenile nodal with fossulae and
interradial bulges, M11354

example of columnal width growing with positive allom-
etry with respect to height. In contrast to B. brachiospina,
B. gracilis has lower basals, an embayed synarthry between
the two primibrachials, and aborally rounded brachials
throughout the arm. Fossulae and radial pores are more
common in the proximal column, and such columnals have
an inflated latus, but are all of similar height.

Columnal ontogeny in Balanocrinus brachiospina HEss
(Fig. 3)

Ontogenetic changes in isocrinids are particularly obvious
in columnals. Prejuvenile columnals are high and slender,
and they may have a median ring of irregular granules or
knobs on the latus (Fig. 3d1); the facets are synarthrial and
have a mostly weak ridge with crenulae at both ends
(Fig. 3f, h, i). Short marginal crenulae are seen in a
somewhat later, presumably juvenile phase (Fig. 3d2). The
material from Savigna includes one pluricolumnal of 5
(Fig. 3c), three pluricolumnals of 3 (Fig. 3a), 10 pluricol-
umnals of 2 (Fig. 3b, d) and 65 single prejuvenile and early
juvenile columnals of less than 1 mm diameter (Fig. 3e—i).
Among them are both internodals and nodals; and the in-
ternodals have one or both articular facets synarthrial. The
two smallest internodals without synarthrial facet have a
diameter of 0.4 mm, comparable to internodals with syn-
arthrial facet. The shape is commonly angular-oval at one
end (Fig. 3h), but some columnals, both nodals and in-
ternodals, are pentagonal with sharp edges (Fig. 3e—f, 1).
Nodals are mostly higher than internodals, and their distal
facet is synostosial, as in adult specimens.

Synarthrial facets of small columnals of Isocrinus and
Balanocrinus species have previously been recorded:

Rasmussen 1961, pl. 10, fig. 5, Neocrinus tenellus (EicH-
waALD); Jager 1981, pl. 1, fig. 1-2, Isocrinus annulatus
(RoeMER); and pl. 7, fig. 1-3, Isocrinus acutus JAGER; Jager
1985, pl. 11, fig. 1-3, Balanocrinus subsulcatus (MUNSTER
in GoLpruss); Jager 2010, pl. 3, fig. 1, Percevalicrinus sp.;
Simms 1989a, pl. 10, fig. 29-30, Balanocrinus subteroides
(QuensTEDT); Simms, 1989b, Fig. 2d—e, Balanocrinus
subteroides and B. quiaiosensis LoriOL. Another example
is a nearly circular internodal of Balanocrinus smithi HEss
from the Albian with a diameter of 1 mm (Hess & Gale
2010, fig. 6i—j). The material from Savigna does not
include any elliptical columnal with a crenulated fulcral
ridge and devoid of marginal crenulae, such as figured by
Simms (1989b, fig. 2d). Simms’ fig. 2e shows a columnal
facet with two culmina at one end of the transverse ridge
and four culmina at the other end; similar to the present
material (Fig. 3f, h—i). Very young individuals of the extant
Isocrinus decorus (THomsoN) have elliptical columnal
facets with some marginal crenulae at the poles of the
fulcral ridge (Clark 1908, fig. 4), and this demonstrates that
columnal ontogeny progressed similarly in extant and
fossil isocrinids. A synarthrial articulation is not developed
between nodal and infranodal at any growth stage.

Synarthrial columnal facets are common to sessile is-
ocrinids and free-living comatulids in the prejuvenile,
pentacrinoid stage. Columnal skeletal structures in the
early stages of development are also similar in isocrinids
and comatulids, and those of the comatulid Antedon bifida
as described by Lahaye and Jangoux (1987) may be used
for a comparison with the present material. Swimming
larvae of A. bifida are short-lived and become attached
after a few days by a disc, transforming into cystideans.
After about a week they progress to the pentacrinoid stage.
This lasts about 15 weeks; and a larger, pentagonal prox-
imale with a first set of cirri develops towards the end of
this stage, after which the young comatulid detaches from
the column. Pentacrinoid columnals differ to some extent
according to their position. They are shortest below the cup
where new columnals are formed. These have a median
ring (see Lahaye and Jangoux 1987, fig 12-13), which
eventually disappears in older columnals towards the base
of the column (loc. cit., fig. 12, 14). Such a ring-like
structure is observed in the specimen in Fig. 3d, but it lacks
in others. The ridge of the synarthrial articulations at
opposite facets of a columnal is offset by about 60° (La-
haye and Jangoux 1987, fig. 21), and this is also seen in the
columnals of B. brachiospina. In comparison with the
prejuvenile, pentacrinoid columns described in A. bifida,
the majority of present columnals may have belonged to a
postpentacrinoid, early juvenile stage.
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Fig. 3 Balanocrinus brachiospina HEss, early Late Oxfordian, Sav-
igna 2b (see Hess 2013a). Postlarval (pentacrinoid stage), prejuvenile
columnals and pluricolumnals. a Pluricolumnal of 3, nodal with cirral,
connected by synostosis to infranodal below and by symplexy to
supranodal above, upper and lower facets synarthrial, M11232.
b Pluricolumnal of 2 with nodal and supranodal, upper facet
synarthrial, M11233. ¢ Pluricolumnal of 5 with nodal and cirral,
with serpulid epizoan partly overgrown by bryozoan “Berenicea”,
M11234; ¢l lateral, c¢2 upper facet synarthrial and slightly angular.

Reconstruction of Balanocrinus brachiospina Hess
(Fig. 4)

The material from Savigna 2b, the richest section of the site
(Gale 2011; Hess 2013a), includes 61 basals, one basal pair
and seven basal circlets, suggesting 20 individuals. In
addition are 228 radials (corresponding to 46 individuals),
168 first primibrachials with synostosial distal facet (cor-
responding to 34 individuals), and 187 second primibr-
achials with synostosial proximal facet (corresponding to
37 individuals). The numbers do not match exactly, but the

d Pluricolumnal of 2 pentagonal internodals with ornamented latera,
M11235; d1 lateral, d2 upper, synarthrial facet. e Lateral view of
internodal, upper facet symplectial, M11236. f Synarthrial facet of
pentagonal internodal, M11237. g Lateral view of nodal, proximal
(upper) facet symplectial with marginal crenulae, M11238. h Syn-
arthrial facet of somewhat elliptical internodal, M11239. i Synarthrial
facet of pentagonal internodal with sharp angles, other facet
synostosial, M11240

easily recognised and robust radials indicate a total number
of 46 individuals. Secondary axillaries with proximal
muscular facet number 743, and this suggests that the arms
branched not only once at the second primibrachial, but
rather once again. The proximal-most secundibrachials
were in lateral contact and are aborally rounded. Many
proximal secundibrachials are skew, suggesting that they
were crowded in the proximal part of the crown. Pro-
gressing distally, the secundibrachials carry an aboral crest
that develops into a thorn. The majority of the secundibr-
achials carry a thorn directed distally.
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Secundibrachials number some ten thousand, and this
may be compared with intact specimens of the Bajocian
Chariocrinus andreae Hess of similar size. In adult indi-
viduals from different locations, the arms branch two or
three times beyond the second primibrachial (Hess 1955,
pl. 18, fig. 1; Hess 1972, fig. 22), with somewhat variable
brachitaxes of 13—20 secundibrachials; the number of ter-
tibrachials and tetrabrachials is 14-17; and the final,
unbranched part may have as many as 75 brachials, espe-
cially in specimens with only two branchings, but usually
less. Assuming 15 secundi- and tertibrachials each as well
as 20 tetrabrachials in the final, unbranched part the
numbers add to 1,250 brachials per individual. With such
arm branching, the estimated 46 individuals of B. bra-
chiospina from Savigna 2b would have produced 57,500
brachials, a reasonable number. Chariocrinus andreae is
thus an acceptable model for B. brachiospina.

No complete noditaxis is present in the material. The
longest pluricolumnal has 13 internodals, so that noditaxes
must have been at least 14. Proximal columnals are gen-
erally lower and stellate to pentalobate, and they alternate
in thickness. Nodals are more crowded below the cup than
further distally (see Hess 2013a, fig. 6i). Columnals from
the median part of the column, but especially from the
distal part, are circular. The column is similar to that of a
juvenile specimen of the living Neocrinus decorus (THOM-
soN) that has been used for projecting the various ossicles
of B. brachiospina in Fig. 4. The number of columnals and
pluricolumnals (Hess 2013a) also seems compatible with
C. andreae as a model crinoid.

Taphonomy and palaeoecology of Balanocrinus
occurrences

Living stalked crinoids preferentially attach to hard or firm
bottoms (see Hess et al. 1999). In contrast, members of the
extinct genus Balanocrinus have successfully colonised
muddy bottoms. The following examples of intact speci-
mens from mudstone successions may help to elucidate the
conditions of living. Simms (1989a, 1999) described
specimens of Balanocrinus gracilis (CHARLESWORTH) from
Lower Jurassic mudstones of England. The same species
occurs in a Pliensbachian echinoderm Lagerstitte in the
French Ardennes, where it is accompanied by articulated
remains of asteroids and ophiuroids and also holothurian
sclerites (Thuy et al. 2011). The echinoderms almost
exclusively occur in shelly beds with the bivalve Modiolus
as the dominant component, and the locally limited shelly
layers helped to support a rich assemblage of echinoderms.
These were disrupted by major, recurrent obrution events.
The formation of the Modiolus beds appears to have been
triggered by reduced sediment supply and improved water

conditions. Sieverts-Doreck (1981) described an occur-
rence of Balanocrinus subteroides (QUENSTEDT) from the
Pliensbachian of Bielefeld. A crown with attached column,
pluricolumnals and pluricirrals lies on the surface of a
limestone bed from the clay pit. The interior of the bed also
contains remains of the crinoid. The author did not discuss
the palacoecology of the find, but the well-preserved
remains are of interest for comparison with the Savigna
material. Intact specimens of the Kimmeridgian Balanoc-
rinus maritimus BOURSEAU et al. (1998) were found within
beds of marly limestones together with other echinoderms,
such as the echinoid Disaster. The authors concluded that
the crinoids lived at a water depth that may have reached
several hundred metres and were rapidly killed and buried
by pulses of muddy sediment. In other beds of this locality
the crinoids are more or less disarticulated, similar to the
Savigna occurrence.

The small isocrinid Chariocrinus Hgss is another genus
with occurrences of intact specimens in mudstones. Size
and overall morphology are similar to Balanocrinus bra-
chiospina, although internodes are shorter (Hess and
Messing 2011). Sieverts-Doreck (1983) described crowns
of Chariocrinus wuerttembergicus (OppEL) from the Aale-
nian Opalinuston of Esslingen, a mudstone succession.
Wetzel and Meyer (2006) discussed an occurrence of the
same species from the Opalinuston Formation of northern
Switzerland. Their detailed analysis shows that the animals
lived on a temporary swell of the muddy seafloor, close to
wave base, and were killed by a storm-induced suspension
of mud. This autochthonous occurrence proves that the
crinoids were able to live on a muddy bottom, given an
oxygenated palacoenvironment and sufficient food supply.
Autochthonous occurrences of articulated, dense colonies
of Chariocrinus andreae (DEsoRr) from the subtidal base of
the Middle Jurassic Hauptrogenstein Formation support
such a lifestyle (Meyer 1989; Hess 1999; Thuy and Meyer
2013). At certain localities thin layers of mudstone include
intact specimens, although thicker lenses of several gen-
erations forming a crinoidal limestone resting on marl are
more common. Such colonies must have existed for some
time, with new generations of animals growing on the
debris of their ancestors. Intact specimens in thin lenses
may have been killed by a suspension of mud, similar to
the C. wuerttembergicus occurrence. In longer-lasting
colonies the animals may have met their death by unfa-
vourable environmental conditions, but death through
toxins from red tides has also been advocated (Meyer
1989). Subsequent preservation was guaranteed by a sedi-
ment cover from advancing sand waves (Hess 1999). In
contrast to the Balanocrinus species, C. andreae has short
noditaxes of commonly less than ten columnals, and more
densely spaced cirri would have been favourable to life in a
shallow environment.



H. Hess

42

LLIN::

“_.yl.l"llﬁly,.,».' -
»
1.‘

&

$ « .‘......v,q..u..u.g» A &
aﬁua%@%ﬁ%&m&%&%




Balanocrinus from the Jurassic

43

«Fig. 4 Position of ossicles of Balanocrinus brachiospina HEss, early
Late Oxfordian of Savigna, on hypothetical isocrinid, redrawn from
the figure of a young Neocrinus decorus (THomsoN) in Carpenter
(1884, pl. 35, fig. 2). The extant specimen has a similar column,
although with less crowded nodals proximally, but differs by small
basals and high, symmetric proximal secundibrachials not in lateral
contact. The projected figures of B. brachiospina ossicles are copied
at half the scale from Hess (2013a), Fig. 5 (cup plates and
primibrachials), 6-7 (columnals), and 8-9 (brachials and arm
fragments). a Basal circlet, M11343. b Radial, aboral-distal facet,
M11253. ¢ First primibrachial, M11251; ¢l proximal facet, ¢2 distal
facet. d Second primibrachial, M11247; d1 proximal facet, d2 distal
facet. e Proximal facet of skew, hyposynostosial secundibrachial from
proximal part of arm, M11292. f Distal facet of skew, aborally
rounded secundibrachial from proximal part of arm, M11290. g Distal
facet of thorned secundibrachial from median to distal part of arm,
M11294. h Oblique adoral view of pinnular, M11305. i Oblique
adoral view of two proximal brachials, straight sides with grooves
indicate lateral contact, M11298. j Arm fragment of secundibrachials
with axillary, distal facets of tertibrachial 2 are synostosial, M11301.
k Part of median to distal arm with pinnules, M11369. 1 Proximal
facet of pentalobate nodal, M11259. m Pluricolumnal with three
internodals (two with crest) and nodal with cirrals, M11263.
n Proximal pluricolumnal with three nodals, M11266. o Pluricolumnal
with nodal, M11277. p Pluricolumnal with cirrus, M11281. q Prox-
imal facet of nodal with fossulae, M11270. r Proximal facet of nodal
with cirrals, M11267. s Facet of subpentalobate internodal, M11271.
t Facet of large circular internodal, M11275. u Terminal cirrus,
M11285

Most mass occurrences of Balanocrinus and Charioc-
rinus species are monospecific, and the animals lived in
dense aggregations. At Savigna, some remains of an Is-
ocrinus species occur rarely, while comatulids are excep-
tional. In contrast, ossicles of ophiuroids and, to a lesser
degree, of asteroids are common. Early Oxfordian occur-
rences with Balanocrinus pentagonalis, e.g. at Les Rouges-
Terres and Andelot-Morval, are similar in overall faunal
composition. It may be concluded that muddy bottoms
offered good conditions for dense stands of small crinoids.
Such soft bottoms were equally suitable for a diverse fauna
of ophiuroids and asteroids, but also holothurians and small
echinoids (Hess 1965, 1966; Gale 2011; Thuy et al. 2011).
At the Early Jurassic Sedan locality, shelly beds within the
clay succession of otherwise low fossil content are thought
to represent phases of more favourable bottom water con-
ditions and/or reduced sedimentation rate (Thuy et al.
2011). Such environments offered opportunities for small
species of Balanocrinus and Chariocrinus. In addition to
muddy bottoms, Balanocrinus species also settled on
hardgrounds of the Upper Jurassic sponge facies. The best-
known example is B. subteres, the largest species of the
genus. The fauna of the Birmenstorf Member of the Chalch
Quarry with B. subteres, but also the similarly sized Isoc-
rinus cingulatus (MUONSTER in GoLDFuss) and numerous
rather large cyrtocrinids, lived on a swell at a water depth
near storm wave base (Hess and Spichiger 2001). Moderate
sediment deposition and extensive bioturbation prevented
preservation of more or less intact crinoids, so that the find

of a pluricolumnal with an intact noditaxis (Hess 2013a,
fig. 3a) is exceptional.

At Savigna, all remains of Balanocrinus were picked
from washings of the mudstone. In addition to pluricol-
umnals and pluricirrals, some basal circlets and a number
of arm fragments and clusters of small ossicles (brachials
and pinnulars) were isolated, but no slab of marlstone with
attached, more or less intact crinoid remains was found.
The material includes all ossicle types and all sizes, with-
out any indication of grading or abrasion due to transport.
Because of bioturbation it cannot be decided if the occur-
rence is authochthonous or parautochthonous. The clay
grade of the sediment, total bioturbation and the lack of
coarser debris suggest deposition below storm wave base
(50 m), but the abundance of suspension-feeding crinoids
and other fossils would support a somewhat shallower
water depth of 40-60 m (Gale 2011). The asteroid fauna of
Savigna is dominated by small taxa whose present relatives
are characteristically found in the deep sea (Gale 2011).
Asteroids from other localities of muddy shelf environ-
ments are also of small size. This is in line with the gen-
erally small size of Balanocrinus, the dominant crinoid in
such soft-bottom environments. However, crinoids need a
current to feed with their filtration fan, and they could not
have persisted in quiet water. This is in favour of a current-
induced parautochthonous deposit.

The crinoid fauna of Andelot-Morval is unusual in
comparison with other Oxfordian mudstone occurrences.
Balanocrinus brachiospina is rare in comparison with
Savigna. The presence of the spectacular, large comatulid
Archaeometra scrobiculata (GoLbruss) and the cyrtocrinid
Tetracrinus galei Hess (2013a) is suggestive of the hard-
bottom faunas of Jurassic sponge facies. These two sig-
nificant elements of the fauna indicate the presence of
harder bottoms within the mudstone sequence.

Conclusions

Many fossil isocrinid species are known from parts of the
column and from a few specimens only. They have been
named despite only small morphological differences and
unknown position along the column. The result is a
plethora of names and a record of similar-looking forms in
geological formations of widely different age. As discussed
herein and in the parallel paper (Hess 2013a), this unsat-
isfactory situation may be resolved through additional
information from ossicles of the crown and columnals of
different ontogenetic stages obtained from washed sedi-
ment samples.

Acknowledgments I am most grateful to Andy Gale for the mate-
rial described in the present paper. I am indebted to Walter Etter



44

H. Hess

(Basel) for the line drawing. Giinter Schweigert (Stuttgart) provided
information on stratigraphy, and Christian C. Meyer commented on
the palacoecology. I would like to thank the reviewers, Hans Hagdorn
and Mike Simms, for their constructive comments. I am greatly
indebted to Evi Bieler, Zentrum fiir Mikroskopie of the University of
Basel, for the excellent SEM photographs.

References

Ausich, W. L., & Wood, T. E. (2012). Ontogeny of Hypselocrinus
hoveyi, Mississippian cladid crinoid from Indiana. Journal of
Paleontology, 86, 1017-1020.

Biese, W. (1935-1937). Crinoidea Jurassica. In W. Quenstedt (Ed.),
Fossilium Catalogus, 1. Animalia, 70, 73, 76. 739 pp. (s’Grav-
enhage: W Junk).

Bourseau, J.-P., David, J., Roux, M., Bertrand, D., & Clochard, V.
(1998). Balanocrinus maritimus nov. sp., crinoide pédonculé
nouveau du Kimméridgien inférieur de la Rochelle (Charente-
Maritime, France). Geobios, 31, 215-227.

Carpenter, P. H. (1884-1888). Report upon the Crinoidea
collected during the Voyage of H.M.S. Challenger during
the years 1873-1876. Report of the Scientific Results of the
Voyage of H.M.S. Challenger during the years 1873-1876,
zoology, part I, general morphology, with descriptions of the
stalked crinoids, 11 (1884), p. 442; part II, The Comatulae,
26 (1888), p. 400.

Clark, A. H. (1908). The axial canals of the recent Pentacrinitidae.
Proceedings of the United States National Museum, 38, 87-91.

Courville, P., & Villier, L. (2003). L’Oxfordien moyen et supérieur de
I’est du Bassin de Paris (France). L’exemple de Latrecey (Haute-
Marne): aspects fauniques, paléoenvironnementaux et strati-
graphiques. Revue de Paléobiologie, 22, 175-196.

de Loriol, P. (1877-1879). Monographie des crinoides fossiles de la
Suisse. Mémoires de la Société Paléontologique Suisse, 4, 5,
3-124; 6, 125-300.

de Loriol, P. (1882-1889). Paléontologie frangaise, Série 1, Animaux
invertébrés. Terrain jurassique, 11, Crinoides, 1 (1882-1884)
627 pp. 2, (1884-1889) 580 pp. G. Masson: Paris).

Desor, E. (1845). Résumé de ses études sur les crinoides fossiles de la
Suisse. Bulletin de la Société des Sciences naturelles de
Neuchdtel, 1, 211-222.

Enay, R. (1966). L’Oxfordien dans la moité sud du Jura Frangais.
Nouvelles Archives du Muséum d’Histoire naturelle de Lyon,
fasc. 8, (1, 310 ).

Gale, A. S. (2011). Asteroidea (Echinodermata) from the Oxfordian
(Late Jurassic) of Savigna, Département du Jura, France. Swiss
Journal of Palaeontology, 130, 69-89.

Gislén, T. (1924) Echinoderm studies. Zoologisk Bidrag frdn
Uppsala, 9, 330

Goldfuss, G. A. (1826-1833). Petrefacta Germaniae. Abbildungen
und Beschreibungen der Petrefacten Deutschlands und der
Angrinzenden Linder, unter Mitwirkung des Herrn Grafen
Georg zu Miinster, herausgegeben von August Goldfuss. Band 1
(1826-1833), Divisio prima. Zoophytorum reliquiae: 1-114;
Divisio secunda. Radiariorum reliquiae, 115-221 [Echinoder-
mata]. Arnz & Co.: Diisseldorf.

Hess, H. (1955). Zur Kenntnis der Crinoidenfauna des Schweizer
Jura. I. Die Gattungsmerkmale von Isocrinus und Pentacrinus.
Eclogae Geologicae Helvetiae, 48, 476-486.

Hess, H. (1960). Ophiurenreste aus dem Malm des Schweizer Juras
und des Departements Haut-Rhin. Eclogae Geologicae Helveti-
ae, 53, 385-421.

Hess, H. (1965). Mikropaldontologische Untersuchungen an Ophiu-
ren. IV. Die Ophiuren aus dem Renggeri-Ton (Unter-Oxford)

von Chapois (Jura) and Longecombe (Ain). Eclogae Geologicae
Helvetiae, 58, 1059-1082.

Hess, H. (1966). Mikropaldontologische Untersuchungen an Ophiu-
ren. V. Die Ophiuren aus dem Argovien (unteres Ober-Oxford)
vom Guldenthal (Kt. Solothurn) und von Savigna (Dépt. Jura).
Eclogae Geologicae Helvetiae, 59, 1025-1063.

Hess, Hans. (1972). Chariocrinus n. gen. fiir Isocrinus andreae Desor
aus dem unteren Hauptrogenstein (Bajocien) des Basler Juras.
Eclogae Geologicae Helvetiae, 65, 197-210.

Hess, H. (1975). Die fossilen Echinodermen des Schweizer Juras.
Veroffentlichungen aus dem Naturhistorischen Museum Basel, 8,
130.

Hess, H. (1999). Middle Jurassic of Northern Switzerland. In H. Hess,
W. 1. Ausich, C. E. Brett, & M. J. Simms (Eds.), Fossil crinoids
(pp. 203-215). Cambridge University Press: Cambridge.

Hess, H. (2006). Crinoids from the Lower Jurassic (Pliensbachian) of
Arzo, southern Switzerland. Schweizerische Paldontologische
Abhandlungen, 126, 143.

Hess, H. (2010). Myzostome deformation on arms of the Early
Jurassic crinoid Balanocrinus gracilis (CHARLESWORTH). Journal
of Paleontology, 84, 1031-1034.

Hess, H. (2013a). Balanocrinus and other crinoids from Late Jurassic
mudstones of France and Switzerland. Swiss Journal of Palae-
ontology. doi:10.1007/s13358-013-0059-x

Hess, H. (2013b). Origin and radiation of the comatulids (Crinoidea)
in the Jurassic. Swiss Journal of Palaeontology. doi:10.1007/
s13358-013-0061-3

Hess, H., Ausich, W. 1, Brett, C. E., & Simms, M. J. (Eds.). (1999).
Fossil crinoids (p. 275). Cambridge University Press: Cambridge.

Hess, H., & Gale, A. S. (2010). Crinoids from the Shenley Limestone
(Albian) of Leighton Buzzard (Bedfordshire, UK). Journal of
Systematic Palaeontology, 8, 427-447.

Hess, H., & Messing, C. G. (2011). Treatise on invertebrate
paleontology, part T, Echinodermata 2, revised,Crinoidea vol-
ume 3 (W. I. Ausich Ed.) (p. 261). Lawrence: The University of
Kansas Paleontological Institute.

Hess, H., & Spichiger, P. U. (2001). Argoviacrinus rarissimus n. g. n.
sp., a new crinoid (Echinodermata) from the Middle Oxfordian
of northern Switzerland. Eclogae Geologicae Helvetiae, 94,
489-494.

Jager, M. (1981). Die Crinoiden der nordwestdeutschen Unterkreide.
Mitteilungen aus dem Geologischen Institut der Universitdit
Hannover, Heft, 19, 136.

Jager, M. (1985). Die Crinoiden aus dem Pliensbachium (mittlerer
Lias) von Rottorf am Klei und Empelde (Siid-Niedersachsen).
Bericht der naturforschenden Gesellschaft Hannover, 128,
71-151.

Jdger, M. (2010). Crinoids from the Barremian (Lower Cretaceous) of
the Serre de Bleyton (Drome, France). Annalen des Naturhis-
torischen Museums in Wien, Serie A, 112, 733-774.

Lahaye, M.-C., & Jangoux, M. (1987). The skeleton of the stalked
stages of the comatulid crinoid Antedon bifida (Echinodermata).
Zoomorphology, 107, 58-65.

Meyer, C. A. (1989). Paldookologie und Sedimentologie von
Seeliliengemeinschaften aus dem Unteren Hauptrogenstein des
Nordschweizer Jura. Bulletin der Vereinigung schweizerischer
Petroleum-Geologen und -Ingenieure, 55. Nr., 128, 1-11.

Quenstedt, F. A. (1876). Petrefactenkunde Deutschlands. 1. Abt. 4.
Band. Echinodermen (Asteriden und Encriniden) (p. viii+742).
Fues’s Verlag: Leipzig.

Rasmussen, H. W. (1961). A Monograph on the Cretaceous Crinoi-
dea. Kongelige Danske Videnskaberne Selskab, Biologiske
Skrifter, 12(1), 428.

Roux, M. (1981). Echinodermes: Crinoides Isocrinidae. In Résultats
des Campagnes Musorstom I, Philippines (18-28 mars 1976).
Mémoires ORSTOM, 91, 477-543


http://dx.doi.org/10.1007/s13358-013-0059-x
http://dx.doi.org/10.1007/s13358-013-0061-3
http://dx.doi.org/10.1007/s13358-013-0061-3

Balanocrinus from the Jurassic

45

Salamon, M. A. (2009). Early Cretaceous (Valanginian) sea lilies
(Echinodermata, Crinoidea) from Poland. Swiss Journal of
Geosciences, 102, 77-88.

Sieverts-Doreck, H. (1967). Uber einen Isocriniden-Kelch aus dem
“Baireuthischen-Jurakalk” und eine verwandte Form aus dem
schwibischen Malm. Jahreshefte des Vereins fiir vaterlindische
Naturkunde in Wiirttemberg, 122, 92-97.

Sieverts-Doreck, H. (1981). Nachweis von Balanocrinus subteroides,
Familie Isocrinidae, im Ober-Pliensbachium der Herforder
Liasmulde. Bericht des Naturwissenschaftlichen Vereins Biele-
feld, 25, 177-192.

Sieverts-Doreck, H. (1983). Neue Kronenfunde von Chariocrinus
wiirttembergicus, Familie Isocrinidae, aus dem schwibischen
Opalinuston (unteres Aalenium). Jahresbericht und Mitteilungen
des oberrheinischen geologischen Vereins, N. F., 65, 359-371.

Simms, M. J. (1989a). British Lower Jurassic crinoids., Monograph
of the Palaeontological Society: London, 581, 103.

Simms, M. J. (1989b). Columnal ontogeny in articulate crinoids and
its implications for their phylogeny. Lethaia, 22, 61-68.

Simms, M. J. (1999). Pentacrinites from the Lower Jurassic of the
Dorset Coast of Southern England. In H. Hess, W. 1. Ausich, C.
E. Brett, & M. J. Simms (Eds.), Fossil crinoids (pp. 177-182).
Cambridge University Press: Cambridge.

Thuy, B., Gale, A. S., & Reich, M. (2011). A new echinoderm
Lagerstitte from the Pliensbachian (Early Jurassic) of the French
Ardennes. Swiss Journal of Palaeontology, 130, 173-185.

Thuy, B., & Meyer, C. A. (2013). The pitfalls of extrapolating modern
depth ranges to fossil assemblages: new insights from Middle
Jurassic brittle stars (Echinodermata: Ophiuroidea) from Swit-
zerland. Swiss Journal of Palaeontology, 132, 5-21.

Wetzel, A., & Meyer, C. A. (2006). The dangers of high-rise living on
a muddy seafloor: An example of crinoids from shallow-water
marine mudstones (Aalenian, northern Switzerland). Palaios, 21,
155-167.



	Balanocrinus (Crinoidea) from the Jurassic: species concept, reconstruction, ontogeny, taphonomy and ecology
	Abstract
	Introduction
	Balanocrinus species based on columnals and parts of the crown
	Balanocrinus gracilis (Charlesworth), the most completely preserved species of the genus (Fig. 2)
	Columnal ontogeny in Balanocrinus brachiospina Hess (Fig. 3)
	Reconstruction of Balanocrinus brachiospina Hess (Fig. 4)
	Taphonomy and palaeoecology of Balanocrinus occurrences
	Conclusions
	Acknowledgments
	References


