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Eocrinoids are recognized in the Oslo Region for the first time, and comprise three genera:
Cryptocrinites, Bockia and Rhipidocystis. Six new species Bockia mirabi/is, Bockia grava, Bockia
heintzi, Bockia sp. A, Cryptocrinites? similis and Rhipidocystis norvegica are established. The fauna is

similar to that of lngennanland and Estonia in the USSR. The restricted stratigraphical and geographical
distribution of individual species shows a high degree of specialization of these taxa. The appendages of
Rhipidocystis norvegica and Bockia mirabilis are well preserved. Bockia has erect biserial pinnate
'arms' with biserial brachioles, a unique feature of food-gathering appendages in primitive echinoderms.
The class Eocrinoidea does not form a natura! unit in its present taxonomic state. The wide spectrum of
morphological characters present confuses rather than clarifies the taxonomic relationship between
members of the class.
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This paper forms a part of a series initiated by
the late Professor Størmer (1953) to investigate
the stratigraphy, tectonics and palaeontology of
the Norwegian Middle Ordovician. A detailed
account of the stratigraphy and geographical
districts of the area is given by Størmer (1953)
and Henningsmoen (1960).
Systematic search for fossil echinoderms over
the Oslo Region for nearly ten years has given a
fairly extensive and varied echinoderm fauna,
some of which has already been described
(Bockelie 1973, 1979 and in press) and the rest
will be described in forthcoming papers. The
present study deals with the dass Eocrinoidea,
not formerly recognised from the Oslo Region.
However, specimens of Bockia have been col
lected from 1934 onwards, but were placed
among the cystoids in the museum collections
and were mentioned by StØrmer (1953, p. 64) as
Caryocystis. The discovery of eocrinoids in
different parts of the Oslo Region, some with the
appendages preserved, and the use of artificial
decalcification and casts have made a detailed
study of these echinoderms possible. At present
three genera, Cryptocrinites?, Bockia and Rhipi
docystis are recognised from the Oslo Region.
Fragments of other eocrinoids may be present,
but cannot be readily identified. All the eocri-

noids from the Oslo Region lack sutural pores
and in this respect differ from eocrinoid faunas in
many other areas. Preservation is such that the
morphology of the eocrinoids from the Oslo
Region can be studied in detail. The stratigraphic
and geographic distribution of the genera and
species was studied and comparisons made with
other areas.

Material and methods
Material of Rhipidocystis is derived from one
siltstone block formerly deposited in the Toten
museum. The block was broken down into smal
ler stabs. Subsequently these stabs were decalci
fied with 10% hydrochloric acid, impregnated
and east, using a silicone rubber. The carbonate
content of the rock was very low. The details
seen on the casts depend on the grain size of the
sediment, which in the case of Rhipidocystis was
a fine quartz silt.
Large collections of Bockia were stored in
Paleontologisk museum, Oslo. The majority of
the material came from one locality. During the
last 10 years, larger collections of Bockia have
been gathered from other parts of the Oslo
Region by the present author. Bockia is found in
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different lithologies, ranging from calcareous
mudstones to shales and siltstones. Material
from some localities was metamorphosed by
contact metamorphism in the Permian time.
Some details of these fossils may consequently
be blurred by the formation of contact metamor
phic minerals, particularly wollastonite. Howev
er, the metamorphic state of the shales and
siltstones has made the rock durable. Specimens
preserved in rock with a high calcium carbonate
content had to be decalcified with great care, and
only 5% solutions of hydrochloric acid were
used. The process was watched carefully.
Material from different localities has also been
cut, polished and acetate peels or thin sections
have been made. It appears that the Norwegian
material is hetter preserved than may appear
from superficial inspection; many specimens are
impregnated with pyrite formed very early dur
ing diagenesis and show good detai1s of the
original skeletal structures (Fig. 6F-H). The in
temal surfaces of some decalcified thecal plates
of Bockia were studied using a scanning electron
microscope (SEM).

General morphology
The skeleton of complete eocrinoids typically
consists of three parts: a stem (column) or a
holdfast (Sprinkle 1973), a theca and the food
gathering appendages (brachioles). A column is a
hollow structure built up of regular elements. A
holdfast consists of many irregularly arranged
elements, usually less differentiated from the
theca.
The theca is composed of plates enclosing the
viceral mass and contains orifices of peristome
and periproct. Additional pores, including
hydropore and gonopore, have been observed in
some genera and species. Thecal plates may be
imbricate or non-imbricate. The pattem of plate
growth is important for the classification of
subphyla according to Sprinkle (1973). All eocri
noids in which the plate stereom meshwork has
been studied show an ioner coarse mesh and an
outer fine mesh layer, typical for the subphylum
Blastozoa. Consequently the eocrinoids may be
regarded as more closely related to cystoids and
blastoids than to the crinoids.
Sutural pores (epispires) may be present in
some eocrinoids, others may lack respiratory
pores. The food-gathering appendages are usual-
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ly simple brachioles, often erect. In some genera
more complex, pinnate 'arms' with biserial
brachioles may be present. Eocrinoids are small
to medium sized with thecal height seldom ex
ceeding 6-7 cm.

General discussion on taxonomy
Eocrinoidea, erected as a class of echinoderms
by Jaekel in 1918, contains a variety of echi
noderms, some bearing pore structures, some
without. The plates may be imbricate, tesselate
or arranged in definite circlets. A history of the
classification of eocrinoids appear in Ubaghs
(1967). The principal features in the classifica
tion of the eocrinoids are l) number and mode of
arrangement of thecal plates, 2) presence or
absence of sutural pores (or structures associ
ated with them), 3) symmetry of the theca, and 4)
disposition of the brachioles.
Because the eocrinoids contain a variety of
morphological features, more varied than
perhaps any other echinoderm class, the con
struction of systematic categories above family
or super-family rank is difficult at present.
Ubaghs (1967) dropped Jaekel's classification
int9 categories above family leve!, and arranged
the families in a successive order according to
morphological similarities. Sprinkle (1973)
arranged the eocrinoids into five orders, only
one of which was named (lmbricata). However,
Sprinkle states that he is not certain if the genera
and families in these provisional orders form a
natura! phylogenetic grouping. Even though the
eocrinoids discussed in this present study show
morphological features that may be important
for the classification of eocrinoids into categor
ies above family leve!, I feel no need for the
erection of new superfamilies or orders at pre
sent. Consequently, I am inclined to accept
Ubaghs' view of arranging the eocrinoids into
families on!y. Future studies may prove the
establishment of a more sophisticated classifica
tion necessary. At present, however, we know
too little.

Relationship to other echinoderm
classes
Many eocrinoids have been suggested as being
the ancestral stock of crinoids. According to
Ubaghs, 'this seems quite improbable, consider-
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ing the differences that exist between the
brachiole and a crinoid arm. A brachiole is a
purely exothecal appendage that has no direct
connection with the interior of the theca and,
consequently could not have carried extensions
for the main coelomic cavity, the haemal, geni
tal, and entoneural system' (Ubaghs 1978, p.
T275).
The type of plate growth in eocrinoids differs
considerably from that of crinoids (Sprinkle
1973, p. 44) and is also dearly a character useful
for discriminating the subphylum Crinozoa from
the Blastozoa (containing eocrinoids).
The plate configuration of the oral areas of
non-specialized eocrinoids appears to have a
basic pattern of six peri-oral plates (Figs. 3A,
lO). This plate arrangement is similar to that
found in the Diploporita (fam. Sphaeronitidae,
Glyptosphaeritidae and Dactylocystidae; per
haps also in other diploporite families), and in
some genera of rhombiferan cystoid families.
Whether or not this is of any significance in
indicating a dose relationship between the eocri
noids and the rhombiferans and diploporites
needs further investigation. Structurally there is
a limited number of possibilities by which the
plates surrounding the mouth can be disposed.
The eocrinoids, representing a rather strongly
diversified group of primitive echinoderms, may
be related to several dasses, and may them
selves need to be separated into further dasses
in the future.
It is interesting to notice that the addition of
plates in the peri-oral and adjoining cirdet during
the ontogeny of the eocrinoid Cryptocrinites
follows a dockwise pattern (Fig. lOC-E). In the
diploporite cystoid family Sphaeronitidae new
brachiole facets are added in the s ame manner
(Bockelie 1978). This similarity in growth pattern
may strengthen the hypothesis of a doser rela
tionship between the eocrinoids (or at !east some
of them) and other primitive echinoderm dasses,
induding the Diploporita.

Stratigraphy
Eocrinoids from the Oslo Region are found in the
Upper Arenig to the Llandeilo (Fig. l). This
distribution coincides in essentials with that of
Estonia and lngermanland. The Ordovician stra
tigraphy of the Oslo Region is under revision, and
the present stratigraphical diagram (Fig. l) is
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Fig. l. The stratigraphic distribution of eocrinoid genera in the
Oslo Region. The occurrence of Bockia in the Orthoceratite
Limestone is somewhat uncertain. Stratigraphic data mostly
from G. Henningsmoen (1960).

based mainly on existing published information.
The only comprehensive stratigraphical outline
given for the Oslo Region is that of Hennings
moen (1960) based on works by various authors.
It has for long been suggested that the stage
boundaries currently used are diachronous in
various parts of the Oslo Region. This dia
chronism applies in particular to 'the Silurian, but
has recently been proved to exist for the Ordovi
cian as well (Brenchley & Newall 1975, Owen
1978, Bruton & Owen 1980). For further in
formation on the general stratigraphy of the Oslo
Region, see Bockelie (in press).
Cryptocrinites? is restricted both stratigraphi
cally and geographically. At present this genus is
known from the lower part of the Expansus
Shale (Upper Arenig) in the central part of the
Oslo Region. Its stratigraphic distribution coin
cides with that of Cryptocrinites in lngermanland
and Estonia.
Similarly, the distribution of Rhipidocystis is
very restricted. At present, this genus is known
from one locality only, in the Oslo Region,
occurring in the Coelosphaeridium Beds of the
Furuberg Fm. (Llandeilo), in the northern part of
the Oslo Region. In Estonia and lngermanland,
Rhipidocystis ranges from the Volkhov (Bu) to
Johvi (D1) according to Hecker (1940, p. 57).
The only genus which is common and has a
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Bockia is present in sediments with high con
tents of terrigenous clay. The oldest species, B.
mirabilis, is present in a shale containing grapto
Region is in the Ogygiocaris Shale (Llanvirn), its
lites, trilobites and a new starfish. The black
youngest representative in the Ampyx-Echinos
shales are interbedded with 5-10 cm thick silt
phaerites Beds and in the Lower Chasmops
stones, occasionally with internat laminations.
Shale (Llandeilo-Caradoc) in the southern and
These siltstones were presumably deposited
central parts of the Oslo Region. In Estonia and
rapidly at irregular intervals and killed off some
lngermanland Bockia ranges from Volkhov (Bn)
of the fauna in the dark, fine-grained terrigenous
to Idavere (C111), and thus seems to disappear
mud.
simultaneously both in Norway and in the east.
The other Bockia species are preserved in
Bockia? has also been reported from the Middle
, calcareous shales, and were killed either by
Ordovician of Sweden (Regnell 1945, p. 67).
rapid influx of mud and then not filled with
The eocrinoids, as indeed is the case with
sediment, or they died a natura! death and were
many other echinoderms, may be useful both as
subsequently sediment filled. The former speci
stratigraphic and environmental indicators.
mens were preserved in a compacted state or
filled with secondary calcite. Specimens filled
with mud are often preserved in full relief.
Rhipidocystis norvegica is found in a siltstone
together with starfish, crinoids, trilobites,
bryozoa and brachiopods, all showing clear in
Distribution in relationship to
dications of rapid burial. All the crinoids (more
environments
than 30 specimens) are preserved with their
appendages and stem, and so are the cystoids.
Eocrinoids, like many other echinoderms, often
show a restricted distribution related to different Rhipidocystis apparently lived on a muddy sea
environments. Recently Bockelie (in press)
bottom, but was caught in a rapidly deposited
studied the relationship of Diploporita to various
quartz-rich sediment. The stratigraphic sequence
environments in the Oslo Region. Such studies
in which it occurred suggests that periodic in
are not numerous. The Norwegian eocrinoids are
fluxes of coarser sediments formed silt beds
present in different environments.
10-60 cm in thickness.
Cryptocrinites? similis n.sp. occurs in cal
Isolated thecal plates present in several diffe
careous shale in what was probably a relatively
rent environments may belong to eocrinoids, but
shallow water environment with a high fauna!
the nature of these plates cannot be ascertained.
diversity containing more than eight taxa of ' A recently investigated sample of washed Mid
trilobites, brachiopods, bryozoa, ostracodes,
dle Cambrian material from Bornholm, Denmark
cephalopods, other echinoderms (including Vol
and plates from Paradoxissmus zone in Oster
chovia norvegica, Cheirocrinus hyperboreus,
gotland, Sweden contained eocrinoid plates with
Erinocystis broeggeri, Hemicosmites? sp. , Echi
sutural pores (epispires).
noencrinites senckenbergii) graptolites (not com
All the Norwegian eocrinoids observed so far
are restricted to soft bottom environments in
mon), conularids and occasional gastropods.
sediments deposited below wave base and
The fossils are often complete, particularly the
trilobites. Some echinoderms may have their
associated with rich faunas of filter-feeding
appendages preserved (Cheirocrinus hyper
organisms and in environments of relative!y high
boreus) and this may indicate rapid burial. For
fauna! diversities. The distribution of eocrinoids
as known at present and the possible presence of
similar sediments in Sweden, Bohlin (1949) sug
gested a rapid burial by larger quantities of
Bockia from the Middle Ordovician of Sweden
as well as the Middle Cambrian specimens from
fine-grained clay periodically killing the fauna.
Bornholm, suggest that eocrinoids may be more
This may have been accomplished by storm
deposits or some kind of mass flow. The under
common in Scandinavia than was formerly be
lying sediments are relatively pure dolomitized
lieved. The Norwegian fauna is very similar to
limestones (Skaar 1972), and the overlying mas
that of Estonia and seems to represent a typical
sive limestone contains several horizons of non
Baltic echinoderm association. This becomes
deposition with phosphatic erosional surfaces
even more pronounced when the other echi
with hard-grounds.
noderm groups are taken into consideration.

wider stratigraphic and geographic distribution is

Bockia. Its oldest representative in the Oslo
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Systematic palaeontology

Genus Bockia Hecker, 1938

Class EOCRINOIDEA Jaekel 1918

Type species. - Bockia neglecta Hecker, 1938,
423, fig. 2; from the Echinosphaerites Limestone
(C1) (Llanvim-Llandeilo), right bank of river
Volkhov, between Velssy and Petropavlovskoye,
USSR.

Fami1y BOCKIIDAE Ubaghs 1972
Synonyms: TRACHELOCRJNIDAE Sprinkle 1973

Diagnosis: Eocrinoids with irregular globular

Diagnosis. - Eocrinoids with elongate cylindri

calyx lacking epispires, well developed columnal
bearing stem, and unusual food-gathering appen
dages consisting of 3-5 biserial 'arms' ( ambu
lacra?) bearing biserial 'pinnules' ( brachi
oles?) attached together to a single projecting
continuation of the mouth on the calyx summit.

cal calyx composed of numerous irregularly
arranged, slightly ridged plates lacking epispires.
Thecal plates with fine outer mesh and an inner
coarse mesh layer. Large central 'spout' or
probosis on summit containing mouth and ambu
lacral system. Mouth surrounded by six peri-oral
plates and one additional plate. Food-gathering
appendages biserial with biserial 'pinnules'.
Hydropore and gonopore in inter-radius V-1.
Anal pyramid on side of calyx about 114 of way
down from summit. Stem unknown, but prob
ably present. Lower.-Middle Ordovician, USSR,
Sweden ? and Norway.

=

=

Discussion. - The presence of biserial 'pinnule

bearing' appendages makes Bockia resemble
Trachelocrinus (Sprinkle 1973, p. 125). In fact,
Bockia may be a descendent of Trachelocrinus.
This type of appendages may resemble similar
structures in the rhombiferan Caryocrinites.
However, Trachelocrinus and Bockia have
appendages unlike those of all other eocrinoids
in which the appendages are known (see further
discussion on p. 128). The construction of the
thecal plates places Bockia with the subphylum
Blastozoa of Sprinkle (1973).
Ubaghs (1972) erected the family Bockiidae
for two genera of eocrinoids with numerous,
irregular plates, lacking epispires. Bockia was
selected as the type genus of the family. The
present study shows that Bockia is closely re
lated to Trachelocrinus and the family name
Bockiidae has priority over Trachelocrinidae
Sprinkle 1973. Because of the additional in
formation of Bockia which is now available, the
diagnosis for the family Bockiidae is emended,
particularly to make room for the characteristic
food-gathering appendages. At present two
genera can be referred to Bockiidae: Bockia
Hecker and Trachelocrinus Ulrich. Balanticystis
Ubaghs, originally referred to the family Bock
iidae by Ubaghs (1972, p. 4), is removed from
this family. The reson for this is that the food
gathering appendages of Balanticystis differ con
siderably from those of Bockia. Balanticystis
have twelve erect uniserial brachioles and a large
number of oral cover plates. It is not known to
which family Balanticystis should be referred at
present; most likely it may belong to a new
family.

Description. - Theca: height (without the oral

proboscis) reaching a maximum of 11. 5 cm. The
shape and the total numer of rhecal plates change
during ontogeny. All known species are elon
gate, cucumber or sack-shaped with circular
cross section in all species. In the best known
species, B. neglecta, the shape changes during
ontogeny: young specimens are mostly spindle
shaped with the greatest diameter mid-way down
the theca. In adult specimens the middle part is
constricted and the greatest diameters are found
near the base and the oral projections (figs. 5A,
B, 6A, B). This appearance is most clearly
marked in the !argest specimens. In other spe
eies, where only relatively small specimens are
known, there is no constriction of the middle
portion of the theca.
Plates: The theca is composed of numerous
irregularly arranged polygonal plates. In young
individuals, however, the plates may be
arranged in circlets. The shape of individual
plates is variable. In young individuals the plates
are mostly penta- or hexagonal. In older indi
viduals the plates may vary from triangular to
seven or eight-sided. However, five, six or
seven-sided plates are most usual. Individual
plates have a slightly elevated plate centre. The
individual plates consist of a fine outer mesh and
a coarse inner mesh of trabeculae (Fig. 6F-H).
Growthlines on individual plates are exposed
both on the outer side and on the inner side
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parallel to the plate edges. The growth lines may
be very clear (Fig. SD, E). The plates are thin,
generally 0. 25--0.30 mm; plates of the basal eire
let are thicker than those of the upper portion of
the theca. Plates of B. laevis may reach a thick
ness of 0.5 mm (Hecker 1940, p. 69).
Thecal growth was accomplished both by an
increase in the size of already existing plates and
by the addition of new plates, intercalated be
tween the existing plates. The maximum dimen
sion of Bockia plates is 15 mm. The total number
of thecal plates is related to the size (and age) of
the animal. In the !argest specimens of Bockia
neglecta the total number of plates may be 160 or
more, whereas in young individuals the number
of such plates may be about 65. In B. sculpta as
many as 300 plates have been observed (Hecker
1940, p. 69). The individual plates may be
smooth or provided with finely granulated orna
ment and occasionally coarser knobs, often pre
sent at the plate centres. According to Hecker,
the frequency and distribution of this ornament
may be used for specific discrimination.
The basal portion of the theca consists of three
or four basal plates forming the attachment area
for a stem. The diameter of the attachment area
is l.0-1. 5 mm in B. neglecta, but may vary
slightly more. The attachment area also contains
a slightly oval central canal through the stem
(Figs. 6D, 7B-D) and concentric ribs for indi
vidual columnals (Fig. 7D). The columnals are
very thin at !east in the proximal portion of the
stem (Fig. 7C). B. laevis and B. sculpta have
larger attachment areas for their stems (up to 4. 5
mm), and the central canal may be considerably
larger than in B. neglecta. No stems have been
found. According to Hecker (1940, p. 70, Pl. 8,
fig. 7, text-figs. 23-25), fragments of stems that
may belong to Bockia have been found. In B.
grava n.sp. one columnal element has been
located as indicated above (Fig. 7D).
The oral projection: Prior to the detection of
such structures in the Norwegian material, no
species was known with the oral area preserved.
The projection consists of several plates, often
forming distinct plate series on the oral prob
oscis. The number of plates present in this
proboscis are variable. According to Hecker
(1940, p. 70) the plates forming this projection
may be slightly thicker than those in the theca
itself. In the Norwegian material this is not the
case (Fig. 7A). Here on the contrary, the plates
are slightly thinner than on the rest of the theca.
This may also account for the fact that the oral
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projection is missing (broken off) in most of the
material.
The mouth: As far as can be observed from the
present material, the apex of the oral projection
consists of six plates surrounding the mouth, and
a seventh plate which shares a suture at the
hydropore (Fig. 3A). The plate arrangement is
thus very similar to some of the diploporite
families, e. g. Sphaeronitidae (see Bockelie, in
press). Facets for the food-gathering appendages
are set at the edge of the peri-oral plates. Re
latively broad food-grooves lead to the mouth,
the shape of which is unknown (Fig. 3A, B).
However, the shape and position of the mouth
can be seen from the inside of the calyx (Fig.
7B).
Gonopore: large, circular 0. 3 mm in diameter,
located just below the oral area and to left of the
hydropore.
Hydropore: large zig-zag suture with three
branches on top of triangular elevation (Fig. 3A,
G).
Food-gathering appendages: the appendages
extend from five large facets. The appendages
(ambulacra ?) are biserial with biserial 'pinnules'
(brachioles ?) regularly present on both sides of
each 'arm' element (Fig. 2G-J). The 'arm' ele
ments are approximately 2 mm in diameter, the
'pinnules' approximately 0.8 mm. The longest
'arms' observed were 15 mm, the longest 'pin
nules' 6 mm. The 'arms' have a characteristic
zig-zag groove on their aboral side On their
adoral side, the 'arms' have a series of small
cover plates leading onto the 'pinnules' (Fig.
21, J).
Periproct: a circular anal opening approx
imately 4 mm in diameter is present about 114 the
distance down from the summit. It is surrounded
by a series of small elongated plates and covered
by a pyramid of nine large and nine smaller
triangular plates (Fig. 2C, D) in B. mirabilis. In
Bockia neg/ecta there are eight large triangular
anal plates, but no small plates. Close to the
apex of the pyramid large knobs, or spine-like
ornament, one on each of the large anals may be
present.
Discussion. -The oral area of Bockia resembles

that of many other eocrinoids, particularly Rho
palocystis with the six plates surrounding the

mouth, but perhaps even more with Balanticys
tis which has seven plates (Ubaghs 1972, fig. 5).

Also the brachioles of Balanticystis are inserted
in the same manner as in Bockia. However,
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Fig. 2. Diagrams of Bockia mirabilis n.sp. All figures from the Holotype (PMO 9710 1), Ogygiocaris Beds. Rognstrand,
Skien-Langesund. A: flattened and eroded theca showing large plates, most of them primary. Dotted: inner-side of plates
exposed; white: fragments or complete plates seen from the outer side. B: plates close to the oral projection, notice the great
differences in size. C-D: details of the anal area and anal pyramid with large primary plates (p) and smaller secondary plates (s). E:
cross section of brachiole with'pinnule' (pi). F: aboral side of brachiole (b) showing its biserial nature and characteristic groove.
G: biserial brachiole (b) with.biserial'pinnules' (pi). H: details of aboral surface of biserial brachiole (b) and facets for 'pinnules'
(F). 1: details of adoral surface of brachiole (b) showing food grooves (Fg), brachiolar cover plates (c) and facets for 'pinnules' (F).
J: reconstruction of biserial brachiole with regular branching of 'pinnules' (shown by their facets, F) and the brachiolar cover
plates. Scale of C, D also to fit E-H.

there is a limited number of possibilities for the
disposition of peri-oral plates if five ambulacra
are present, the arrangement of Bockia, Rhopa
locystis and Balanticystis being the most com
mon type. This type of arrangement can also be
seen in both Rhombifera, Diploporita and Para
crinoidea (Columbocystis). The food-gathering
appendages of Bockia may represent branched
biserial brachioles. Bockia differs from crinoids
in tl;te shape of the calyx, and also has differ
ences in the construction of the ambulacral
system. It has been suggested that a fundamental
difference exists in the construction of the arms
of crinoids and the brachioles of blastozoans (see
Sprinkle 1973). In this respect, Bockia is a
blastozoan echinoderm. Also Bockia has a typi
cal blastozoan plate meshwork. Furthermore the
anus is present down on the side of the theca and
there is a large gonopore just below the central
opening on the thecal summit. The brachioles
are characteristic of Bockia and probably also of
Trachelocrinus.
9-
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Three species of Bockia are present in Nor
way, and four species have been described from
Russia and Estonia (Hecker 1940). Details of
growth and phylogeny of Bockia are not known.
However, there is a tendency towards a reduc
tion in plate number with time from approx
imately 300 in Bockia sculpta to less than one
hundred in B. heintzi. The time range is from the
Arenig to the Upper Llandeilo.

Bockia mirabilis n.sp.
Figs. 2, 3, 4
Derivation ofname. -From the Latin Mirabilis,

strange, alluding to the type of food-gathering
appendages.
Ho/otype. - PMO 97101, a compressed specimen

showing most of the thecal plates, the oral and
anal areas and the food-gathering appendages.
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3. Diagrams of Bockia mirabilis n.sp. All tigures from the Holotype. Data as for Fig. 2. A: reconstruction of the oral area
based on more or less loosely connected peri-oral plates .(1-7). Note that the plate arrangement is similar to that of many
diploporite cystoids. Circular gonopore (G) on small mound, and tare zig-zag shaped hydropore (H) with three branches. B: oral
area seen from the under-side. Notice the thickness of the plates. The peri-oral plates (1-7) surround the mouth (M) the shape of
which is not known in detail. Scale to tit A and B. C: cross-section of biserial brachiole facet (F). D, E: peri-oral plates with
brachiole (br). F: details of connected peri-orals (l, 7, 6. 5),containing the hydropore (H) and a brachiole face! (F) and the suture
of a fractured plate (s?). G: details of connected peri-orals (1, 7, 6), containing hydropore (H), brachiole facet (F), brachiole (b)
and 'pinnule' facets (pif). Scale at D, E also to tit C-G.
Fig.

Type stratum and type locality. - Ogygiocaris

Shale (Lianvim), Rognstrand, Skien-Langesund,
Oslo Region.

Diagnosis. - A species of Bockia with sac

shaped theca, possibly without constriction.
Theca consists of a limited number (80-100) of
large, mostly hexagonal or pentagonal plates,
mostly 12-15 mm in diameter. Plates thin (0.46
mm), smooth, occasionally with finely granu
lated ornament on plate centres. Mouth central
on apex. Hydropore with triangular zig-zag su
ture. Gonopore circular, I mm in diameter,
present on small mound to the left of the hydro
pore. Food-gathering appendages biserial, large,
with large biserial 'pinnules' . Anal opening 4 mm
in diameter, covered by pyramid of nine large
and nine small triangular anals with small granu
lar ornament, and larger knobs at apex of indi
vidual large plates.

Description. - The shape of the theca : com

pressed (figs. 2A, 4A), but appears to have been

sac-shaped, more than 85 mm long and 45 mm
wide. It consists of approximately 80-100 thecal
plates, mostly hexagonal or pentagonal. Most of
the plates are large, measuring 12-15 mm in
greatest diameter. Plate thickness 0.46 mm.
Growth lines on individual plates indistrinct.
Peristome: present on the apex of the theca,
on the top of an oral projection. However, the

Fig. 4. Bockia mirabilis n. s p. All tigures are casts ofthe Molo

type (PMO 97101). Data as for Fig. 2. A: the compacted theca,
x l. B: details of the peri-oral area showing biserial brachioles,
x l. C: the anal pyramid with large triangular primary plates
and smaller secondary plates, x 5. D: biserial brachiole from
the aboral side, x 6. E: biserial brachiole with biserial 'pinnu
les', x 6. F, G: details of dorsal side of brachiole, showing
food-grooves, brachiolar cover plates and facet for the 'pinnu
le', x 6. H: details of peri-oral plate showing brachiole and
brachiole facet, x 6. 1: aboral side of brachiole, x 6. J: dorsal
side of proximal portion of brachiole showing food-grooves;
cover plates missing, x 6. K: aboral side of biserial brachiole
showing characteristic groove, x 6. L: same in side view show
ing regularly arranged 'pinnule' facets. x 6. M: peri-orals l
and 7 showing zig-zag shaped hydro-pore and brachiole; stereo
photo, x4.
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details of this projection cannot be evaluated
because of the compressed state of the sped
men. The plates of the oral area are detached.
Six perioral plates appear to have been present;
some of them are partly joined together, some
were found completely detached (Figs. 3D--G,
4B, H, M). Details of the configuration are
unknown. However, a reconstruction of the oral
area (Fig. 3A) based on the loose individual
peri-oral plates may be produced.
Food-gathering appendages: biserial brachi
oles (?) attached to facets on the edge of triangu
lar peri-oral plates (Figs. 20, J. 4H). No external
food-grooves leading to the mouth. The biserial
brachioles have a characteristic zig-zag groove
on their underside in which the sutures between
contiguous brachiolar plates are located (Fig.
2F, 4K). Cross section of brachioles slightly
elliptical (Figs. 2E, 3C). Brachiolar plates are not
of equal size in cross section (Fig. 2E).
Brachioles finely granulated, provided with bise
rial 'pinnules', one at each brachiole element
(Fig. 2H-J). The longest brachiole is 15 mm;
'pinnules' are more than 5 mm long and 0. 8 mm
in diameter.
Gonopore-hydropore: a circular pore, 0. 5 mm
in diameter, present on the top of small elevated
area l mm in diamter is located just below the
apex of the mouth. It may represent the gono
pore. A zig-zag, three-branched structure, on the
top of a triangular elevation most probably is the
hydropore. The three branches make it a conspi
cuous feature.

Periproct: the anal opening, 4 mm in diam
ter, is covered by a pyramid of nine large and
nine small, triangular anal plates (Fig. 2C, D).
The anal area is bordered by a series of elon
gated thecal plates (Figs. 2C, 4C). Individual
anals are provided with ornament of some fine
granules and at the apex of the large plates large
granules are present.
The attachment area: unknown, probably con
taining a short stem.
Palaeoecology.- Bockia mirabilis n. sp. lived on

a soft mud bottom and is preserved together with
graptolites and trilobites in a dark shale rich in
pyrite. The sequence is interbedded with 2 to lO
cm thick beds of quartz and carbonate silt which
periodically came into the deeper portion of the
basin, killing off the fauna. The fossils found are
thus a mixture of animals that died a natura!
death and animals that were killed by the
periodic influx of coarser material.
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Discussion.- Bockia mirabilis n. sp. differs from

the other known spedes in the number of thecal
plates and the number and positions of the anal
plates. Bockia mirabilis is more closely related
to B. neglecta Hecker than to the other Bockia
spedes.

Bockia grava n.sp.
Figs. 5, 6, 7A-D

- From Gravastranda.
Herøya, Skien-Langesund, the type locality.

Derivation of name.

Holotype. - PMO 105.732, about one half speci

men, cut sagittally, preserved as an external
mould.
Type stratum and type locality. - Ampyx-Echi
nosphaerites Beds (Llandeilo), Gravastranda,

Herøya, Oslo Region.
Additional material.- More than a dozen sped

mens, all in the PMO-collections, derived from
the
Langesund-HerØya
area
(including
Blegebakken at Trosvik), from the Kongsberg
area (S. side of Lågen, near Lund, at Ravalsjøel
ven, Road to Dalen at Sandsvær, Muggerud road,
Hamre farm at Eikeren), and from the hillside
north of Hokksund on the northern side of the
Drammen river. All specimens derived from the
same stratigraphic level.
Diagnosis. - A species of Bockia with sac-like

theca, with constriction in adults. Theca consists
of a limited number of large, mostly hexagonal or
pentagonal plates (lO by lO mm). Plates relative
ly thin (0. 34>. 5 mm), smooth. Basals with fine
granular ornament, and occasionally with
coarser granules. Oral projection distinct in most
individuals, gently tapering in others. Angular
anal opening about 114 distance down on theca, 4
mm iri diameter. Basal portion with 3 basal
plates. Stem attachment large 3-3. 5 mm in dia
meter.
- Theca: sac-shaped, and con
stricted in its central part in adult spedmens.
Thecal height 73 mm, width 35 mm. It consists of
approximately 80-90 thecal plates in the holo
type (the plates of the oral projection not in
cluded). Plates are mostly pentagonal or hexaDescription.
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5. Bockia grava n. sp. All specimens drawn from casts. Material from the type locality a t Gravastranda, Herøya, Skien
Langesund. A: plate distribution of PMO 105.731. Notice the small plates in the oral projection (ot). B: plate distribution in the
Holotype (PMO 105.732). Notice the differences in the distribution of the plates, particularly above the constricted part in fig. A
and B. Several small plates ptesent around the periproctal area (Pe). C-E: shape and distribution of plates in the basal circle!. C: in
PMO 106.112, D: in PMO 106.113, E: in PMO 106.111. Notice that mostly three plates are present, but in Fig. E, a fourth plate is
present. ot: oral tube or projection, p: pore, possibly secondary, Pe: periproct, s: stem attachment. Random dash hatch: areas not
readily visible in the specimen. Scale to fit all drawings.

Fig.

gonal, and measure 4 mm in diameter. Most of
the plates are large, smaller intercalated plates
not usually present. Growth lines on individual
plates distinctive. Most thecal plates smooth.
Individual plates have an outer fine mesh layer,
and an inner coarse mesh layer (Fig. 6F-H). The
trabeculae on the ioner side of the plates are
often orientated, with a long axes perpendicular
to the plate sutures. Plates in the basal part of the
theca are slightly thicker (0.47 mm) than those
of the oral projection (0.23 mm).
Oral projection: the proximal part of the oral
projection is known in several individuals (Figs.
6A-C, 7A) and shows some variation in plate
distribution, as is apparent from Fig. SA, B. In
longitudinal section the projection can be mea
sured to 5.0 mm.
Periproct: the anal opening, 4 mm in diameter,
was originally covered by a pyramid of anal
plates, but these have not been found in the
present species. The anal opening was sur-

rounded by a series of thecal plates, somewhat
different from those of the remaining part of the
theca (Fig. 5B).
The attachment area: 3 basal plates form the
attachment area for a stem. The diameter of the
attachment area is 3-3.5 mm. A central luminal
canal (0.8 mm in diameter) is present. The stem
was apparently built up of ossicles, each of
which consisted of a thin. irregular disk-shaped
element. These individual plates were provided
with ridges and furrows not radiating from the
lumen as in crinoids, but with concentric fea
tures.
Palaeoecology.- Bockia grava n.sp. is found in
a bioclastic carbonate-poor sediment, probably
indicating a realtively shallow water. There is a
very high fauna! diversity in the sediments con
taining B. grava, including other echinoderms
(Echinosphaerites
aurantium,
cheirocrinids,
Ristnacrinus, calceocrinids and other crinoids,
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7. Diagrams ofBockia grava n.sp. (A-D) and Bockia heintzi n.sp. (E). A: saggital section ofPMO 106.115 showing shape of
theca. B-D: basal portions of thecae. Notice irregular shape of lurnen (lu) and concentric grooves (g) on attachment area. B, C:
PMO 106.118, D: PMO 106.122. E: Bockia heintzi n.sp. showing distribution of plates of Holotype (PMO 18918). Loe. Gyssestad
near Sandvika, Oslo-Asker. Basal portion oftheca missing. Notice the location of the periproct high up on the theca. Scale at D to
tit B-D. B: base oftheca, cav: internat cavities ofunknown origin, col: columnal, g: grooves on attachment area, gr: granulated
surface, ot: oral tube or projection, Pe: periproct, ps: plate suture.

Fig.

Cyathotheca sp. and other echinoderms of un
known affinities). Brachiopods, bryozoa and
trilobites are amongst the most common ele
ments in the fauna. Minor elements are grapto
lites and cephalopods. No ostracodes have yet
been found. The environment was occasionally
covered in fine terrigenous mud at irregular
intervals. At times of rapid depositions Echino-

6. Bockia grava n.sp. A-E are casts of external moulds.
Data as for Fig. 5. A: Holotype (PMO 105.732), x 0.7. B: PMO
105.731, x 0.7. C: details offig. B showing the small plates of
the oral area (compare with Fig. 5A), x 2.5. D: basal portion of
PMO 106.122, showing the joined three basals at the slem
attachment area. Notice the ovale turnen (compare with Fig.
7B-D), x 5. E: basal portion of a theca seen from the innersi
de, showing basals (PMO 106.123). All the basals each has an
internat ridge on their innerside, x 3.5. F--G: Details of mesh
work on the innerside of decalcified thecal plates. Granular
ornament showing the filling of the trabeculae with calcite
poor clay. Larger cavities in central part of the plates, finer
mesh towards the plate centres; SEM micrographs. F: PMO
106.662 (SEM 4290), x 13, G: PMO 106.663 (SEM 4282), x 50.
H: PMO 106.664 (SEM 4285), x 50. Irregular plate sutures due
to formation ofmetamorphic minerals.
Fig.

sphaerites aurantium was killed and the ambulac
ral appendages were occasionally preserved.
Discussion. - Bockia grava n.sp. shows resembl
ances to Bockia neglecta Hecker, but has fewer
thecal plates. The basal plates of the two species
are quite different. Whereas B. neglecta has
three basals and a fourth not reaching the attach
ment area, B. grava has three basals that always
reach the attachment area. The number of thecal
plates of the two species is similar; the Norwe
gian species has fewer plates. These two species
may be closely related, and occur in beds of
approximately the same age.

Bockia heintzi n.sp.
Figs. 7E, 8

1953 Caryocystis sp.; Størmer, p. 64.
Derivation of name. - In honour of the late

Professor Anatol Heintz, who collected most of
the specimens of this species.
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Holotype. - PMO 1S91S, a compressed, weath
ered specimen showing the greater part of the
theca, including the periproct. The oral and basal
portions missing.
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Type stratum and type locality. - Lower Chas
mops Shale (Stage 4ba), Llandeilo, Gyssestad

15

near Sandvika, Bærum, Oslo Region.
Material. - An extensive collection of more than
one hundred partial thecae. Additional material
also referred to this species is derived from the
same stratigraphic leve! at the railway section
1.5 km west of Slependen station, Asker and
from the shore section at Bratterud, Ringerike.

10

5

Diagnosis. - A species of Bockia with a theca

shaped like an inverted pear, non-constricted
with the adoral half wider than the aboral part.
Theca consists of a limited number of large,
mostly hexagonal or pentagonal plates (15 by lO
mm). Thecal plates of some specimens arranged
in rows. Plates elevated, thick (0. 6- 1.3 mm),
granulated. Three basals. Oral projection dis
tinet where known, 6 by 4 mm in diameter.
Angular anal opening high up on theca, l/5
distance down theca; its diameter being 6 by 4
mm.
Description. - Theca: shaped like an inverted
pear, but because all specimens known are more
or less compressed, details of the shape are
uncertain. Thecal height varies from 40 to 100
mm, average 75-80 mm. Thecal width (in com
pressed state) from 30 to 60 mm, average 40 mm.
The theca consists of a small number of thecal
plates (50--60 plates in the holotype ?), the oral

Fig. 8. Bockia heintzi n.sp. A: somewhat compressed theca
(PMO 19814) showing plate distribution, x 0.9. Lower Chas
mops, Shale, Gyssestad, near Sandvika, Oslo-Asker. B: the
compressed theca of the Holotype (PMO 18918). Notice the
position of the periproct (white pentagonal opening high up on
the theca), x 0.9. Data as for fig. A. C: casts of the basal
portion of the theca (PMO 79666) from Bratterud, Ringerike
with granulated plate surface, x 2. Growth lines of decalcified
thecal plates (PMO 19787) showing inside of plates. Note the
distinct banding of growth lines, and the breaks in the banding
where lines reach radii from the plate centres towards the plate
borders, x 3. Data as for Fig. A. E: east of extemal mould of
PMO 18926 showing distinct growth lines, finely granulated
plates and larger knobby ornament, x 3. Data as for Fig. A. F:
steinkem of oral projection of PMO 19849 in lateral view, x 3.
Data as for Fig. A. G: stereophoto of plates in the basal portion
of a theca (PMO 7966) showing granulated plate surface, x 2.
Data as for Fig. C.

10

20
15Piate
width (mm)

Fig. 9. Diagram showing plate length to plate width of Bockia
heintzi (A) and B. grava n.sp. (B). Notice that the plates of B.
heintzi are somewhat larger than those of B. grava. Data for B.
heintzi based on material from Gyssestad near Sandvika, Oslo
Asker, data for B. grava based on material from Gravastranda,
Herøya, Skien-Langesund.

projection not included. Plates: mostly hexagon
al or pentagonal and measure mostly 15 by 12
mm (Fig. 9). Some large plates 23 by 2 1 mm have
been located. There is some variation in the size
of the plates as can be seen from Fig. 9. Smaller
plates are usually present towards the base or
the oral region. Growth lines on the plates are
usually very distinct (Fig. se, D). Most thecal
plates are provided with finely granulated sur
face (Fig. se, E, G) and even1y distributed
knobs. Individual plates have a fine outer mesh
structure and an ioner coarse mesh layer.
Oral projection: the basal portion of the oral
projection is known from one specimen only,
PMO 19S49 (Fig. SF). It is slightly compressed.
Its diamter is 4 by 6 mm. Only 5 mm of the basal
portion is present. Because of many small cracks
in the oral projection, the plate configuration
cannot be made out.
Periproct: In the holotype a pentagonal opening
has been located about l/5 the distance down the
theca. It measures 6 by 5 mm in major directions
(Figs. 7E, SA). It was originally covered by a
pyrmaid of anal plates, but these have not been
found in the present material. The plates sur
rounding the periproct were as large as those of
the remaining part of the theca.
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The attachment area: 3 basal plates form the
attachment for the stem. Details of the attach
ment area are not known.
Palaeoecology. - Bockia heintzi n.sp. is found in
a carbonate poor sediment (less than 5% CaC03)
with a delicate, but rich fauna. The environment
was probably one of low sedimentation rates,
and the fauna is more or less in situ, deposited
well below wave base. The associated fauna
includes a variety of brachiopods, trilobites,
bivalves, conchostracans as well as other echi
noderms, including Echinosphaerites auran
tium, Cheirocrinus s.l. and crinoid ossicles of
different types, including 'Encrinites' snar
oeyensis. There is a high proportion of com
pacted and decalcified fossils at the type locality.
Discussion. - Bockia heintzi n.sp. differs from

the other two Norwegian species in the presence
of the large thecal plates (Fig. 9), their granu
lated surfaces, the position of the periproct high
up on the theca. The plate number of Bockia
heintzi differs from the Russian species (Hecker
1940) in the small number of thecal plates. The
on1y comparative species is B. cucumis Hecker,
which occurs in Stage C3, comparable to the
Lower Chasmops Shale. However, B. cucumis
is known from one specimen only. Also the
granulation of the plates of B. cucumis is stron
ger than in most specimens referred to B. heintzi.
The plates of B. cucumis resemble those of B.
heintzi, but the total plate num ber of the theca in
the Russian species may be somewhat larger
than in the Norwegian species. The position of
the periproct in the Norwegian species seems to
differ from that of all other species known.

Bockia ? sp. A
Fig. l! F,G
Material. - A single specimen, PMO 106.559
from the Asaphus marl (Stage 3cj3), (Upper
Arenig), Bjerkåsholmen, Asker, Oslo Region.
Description. - A large, incomplete theca with a

minimum height 70 mm and minimum width 40
mm. The oral and basal areas missing, periproct
not observed.
Plates: large, up to 20 by 20 mm, 0.5 mm thick,
strongly granulated, gently curved without ele
vated plate centres. All other features unknown.
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The species differs from all other
echinoderms known from the Oslo Region. The
large size and lack of pores suggest that it not a
cystoid. Besides the cystoids the only other
echinoderm known from the same beds is Vol
chovia (Regnell 1948), but V. norvegica has
smaller and relatively smooth plates. The true
nature of Bockia ? sp. A is not known, and may
represent a new genus, probably amongst the
eocrinoids.

Remarks.

-

Family CRYPTOCRINITIDAE Bassler, 1938

(?) with a globular calyx
composed of four slightly irregular circlets of
smooth polygonal calyx plates lacking epispires.
Mouth and ambulacral system central on sum
mit, anus laterial in 'BC' interradius, and two
small accessory openings also present. Five
short ambulacral grooves each leading to 1-2
small ambulacral facets mounted on single
plates. Food-gathering appendages unknown
(brachioles ?); stem present in life, but also
unknown. Lower-Middle Ordovician.

Diagnosis: Eocrinoids

Genus Cryptocrinites von Buch,
1840
Type species. - Echinosphaerites laevis Pander,
1830, 147, Pl. 2, figs. 24-26; from the Echinos
phaerites Limestone (C1) (Llanvirn- Llandeilo),
Pulkova, near Leningrad, USSR.
Diagnosis. - Same as for the family.
Discussion. - Cryptocrinites was, with some

hesitation, placed amongst the eocrinoids by
Sprinkle (1973, p. 126). The lack of information,
particularly as to the structure of the food
gathering appendages, makes a closer deter
mination difficult. A characteristic feature of
Cryptocrinites is the pattem of the plate addition
around the mouth. Each of the facets is located
on a small plate; these are added on as new
facets are formed. An early ontogenetic stage
with no facets should have six plates surround
ing the mouth (Fig. lOA). This is the same
number of plates as observed in many other
echinoderms of several classes (Columbocystis
of the Paracrinoidea, Rhopalocystis of the Eocri
noidea and Haplosphaeronis of the Diploporita).
A pore observed in the inter-radius 1-11 and

Middle Ordovician eocrinoids
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Fig. JO. Diagrams of Cryptocrinites ? similis (A) and Cryptocrinites laevis (B-E). A: oral area of Qryptocrinites ? similis n.sp.,
Holotype (PMO 106.727) showing distribution of primary peri-oral plates (!�) and additional plates with brachiole facets (F).

Asaphus expansus Beds, Vækerø, Oslo. B: diagram of the oral area of Cryptocrinites laevis (PMO A7931), from Echinosphaeri
tes Beds at Katlina, near Pavlovsk, Leningrad, USSR, to compare with Fig. A. Notice that the perioral plates of C. laevis are
more regularly distributed than in C ? similis n.sp. C--E : generalized diagram of ontogenetic stages of plate development in the
oral area of Cryptocrinites. C: primary stage with six periorals, D: the first set of additional plates (vertically ruled), E: second set
of additional plates (dotted) added in a clockwise manner. G? possible gonopore, H? possible hydropore, M: mouth, Pe:
periproct. Scale to fit A and B.

interpreted as a gonopore (Ubaghs l%7, p.
S486, fig. 3 16:3) has not been observed in the
collections containing Cryptocrinites from the
Baltic area in the PMO collections. However,
the pore was observed by Yakovlev (1918) and
by Cuenot (1953) and interpreted as a gonopore.
Bather, who also was aware of the presence of
this pore, interpreted it as an excretory pore
(Bather 1900). The other pore at the plate suture
l :6 in the the peri-oral circlet is present (Fig.
10B).

Cryptocrinites ? similis n.sp.
Figs. lOA, llG-1.

Derivation of name. -From Latin similis similar,
resembling, referring to the likeness of this spe
eies to a Cryptocrinites species.
Holotype. - PMO 106.727 an extemal mould
showing the oro-anal area and approximately
half of the theca.

Type stratum and type locality. - Asaphus ex
pansus Shale,

1.0 m above the Megistaspis
Limestone (Upper Arenig), westemmost section
(within the anticline) at Vækerø Farm, Oslo.
Material.
In addition to the holotype, two
partial thecae showing only the plates (PMO
105.729 and PMO 90246) may belong to this
species. They both derive from the lower part of
the Expansus Shale, from BygdØy, Oslo, the
latter from Djuptrekkodden, Slemmestad.
-

Diagnosis. - A genus of Cryptocrinites ? with

large globular theca 26 mm in diameter, with 6
plate circlets of somewhat irregular, but general
ly pentagonal or hexagonal plates. Plate smooth
or finely granulated with elevated plate centres;
peristome and facetal area elevated to form an
oral projection l mm high.
Description. - Theca: globular, approximately 26

mm in diameter in the holotype. The theca con-
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sists of six series of polygonal plates, mostly
irregular, pentagonal or hexagonal.
Plates: 6 by 6 to 8 by 8 mm in greatest dimen
sions, their thickness is about 0.4 mm. The
plates are smooth or finely granulated, the plate
centres gently elevated. The total number of
thecal plates cannot be evaluated, nor is it
possible to trace out the details of plate sutures
in the oral area. The base of the theca may
consist of four or five basal plates. The sutures
between contiguous plates are generally fine or
almost indistinct.
Peristome: pentagonal or oval 1.2 by 3.0 mm
(Fig. lOA). The number of peri-oral plates is
uncertain but may be up to 15. However, there is
a basic pattem of 6 such plates. The mouth was
apparently covered by a pyramid of oral cover
plates, but these have not been preserved. Five
short ambulacra with food-grooves ending in
brachiole (?) facets at the outer end of the oral
prominence (Figs. lOA, llG-H). The total num
ber of brachioles is nine (2-2-ll-2-2). The
ambulacral grooves are very narrow and may
have been covered by minute cover plates.
Brachiole (?) facets 0.7-0.8 mm wide, possibly
with two sockets for muscular or ligament
attachment. No traces of appendages were
found.
Periproct: the somewhat irregular anal open
ing, 3.0 mm in diameter, is located to the right
side of the peristome, its edge approximately 3.2
mm from the peristome border. The periproct
may have been covered by an anal pyramid, but

Fig. l l. A-E, F: Rhipidocystis norvegica n.sp. Casts from the

'Toten-block', loose block from the Coelosphaeridium Beds,
Toten area. A: specimen showing almost complete calyx
(PMO 101.143), dorsal side, x 1.3. B: Holotype (PMO 101.144)
showing almost complete specimen in aboral view with remini
scences of central plates, x 1.3 C: details of oral area of Fig. B,
Holotype (PMO 101.144) showing uniserial brachioles and oral
cover plates, x 5. D: details of oral area of Fig. A (PMO
101.143) showing brachioles, brachiolar cover plates, gonopo
re and hydropore, x 3. E: specimen showing marginals and
central plates (PMO 101.463), indicating only one row of cen
tral plates, ca. x 3. F: Bockia? sp.A (PMO 106.559). Details of
thecal plates with coarsely granulated surfaces. Asaphus ex
pansus Beds, Bjerkåsholmen, Asker, x 2. G: Plates of Bockia
? sp. A. Data as for Fig. F, x 1.2. H: stereophoto of east of
oro-anal area of Cryptocrinites ? similis n.sp. Holotype (PMO
106.727), showing indistinct plate sutures. Data as for Fig.
lOA. x 2. l: Rhipidocystis norvegica n.sp. Basal portion of
calyx of PMO 101.145 with two marginal plates and the prox
imal portion of the stem, x 1.5. J: lateral view of Cryptocrinites
? similis n.sp. Data as for Fig. lOA. x l. K: oral area of
Cryptocrinites laevis (PMO A7931). Echinosphaerites Beds at
Katlina, near Pavlovsk, Leningtad, USSR., x 10.
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this has not been preserved. Gonopore-hydro
pore: two tubercles, one located on the lower
side of the peristome border and the other l mm
below the upper one may represent the gonopore
and hydropore.
Attachment: a stem was probably present at
the aboral pole.
Remarks. - C. (?) similis n.sp. differs from
species generally referred to as Cryptocrinites.
First of all, C. (?) similis has six series of
polygonal plates, whereas C. laevis has four.
Also the plate arrangement around the peristome
differs from typical Cryptocrinites (Figs. 10,
llG, H, J, K). However, due to insufficient
knowledge of the configuration of these plates in
C. (?) similis, a detailed comparison cannot be
made. It is possible that C. (?) similis may belong
to a new genus closely related to Cryptocrinites.
However, I do not wish to erect a new genus on
the basis of the present material. It can also be
demonstrated that there is considerable variation
in material referred to Cryptocrinites laevis in
museum collections. This is also an argument for
not erecting a new genus until Cryptocrinites
itself is better understood.

Family RHIPIDOCYSTIDAE Jaekel, 1900

Diagnosis: Eocrinoids with an elongate flattened
calyx, relatively few thick marginals and thin
central plates, a central mouth and two short
ambulacra on the summit bearing long, com
pletely or partially modified brachioles, an anal
pyramid laterally near summit, and a reduced
stem attached aborally. Lower-Middle Ordovi
cian.

Genus Rhipidocystis Jaekel, 1900
(emended Hecker 1938, 1940).

Type species. -Rhipidocystis gigas Jaekel, 1900,
665, fig. 3; from Kunda Fm ( Bm), Near Leningrad
and Gomaya Sheldiche, U S SR.
Diagnosis. - A genus of the Rhipidocystidae

with a flattened calyx with slightly depressed
dorsal and ventral side; central made up of few
large thin central plates surrounded by a thick
ened rim of more numerous U-shaped marginal
plates. Summit (oral surface) flattened, bearing
central mouth and 2 short ambulacra leading to
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groups of 6- 12 modified brachioles slightly lon
ger than the calyx. Brachioles strongly modified
along entire length to a uniserial plating. Anal
opening not safely established; tiny accessory
pores present on adoral and lateral marginals
possibly the gonopore and hydropore. Stem
short and small and plated with large columnals
or small disk-like columnals usually attached to
one or two basal marginal plates. Middle Ordovi
cian.
Discussion. - The Norwegian species has two

basal marginals to which the stem is attached.
Three thecal openings may be the anal opening,
the hydropore and the gonopore. All three pores
are present on the same side of the theca. All
brachioles of the Norwegian species are uniserial
and bear ambulacral cover plates. A review of
the genus was given by Sprinkle ( 1973, p. 130),
who also suggested a possible synonymy be
tween Rhipidocystis and Batherocystis. The
latter genus, however, has a stem completely
different from known Rhipidocystis species. Ac
cording to Parsley in Ubaghs ( 1967, p. 489),
Batherocystis also has more central plates than
Rhipidocystis.
Distribution. - Rhipidocystis occurs in Estonia

and lngermanland (Bu-D1 : Arenig-L. Caradoc),
in the Oslo Region (Upper Llandeilo- L. Cardoc)
and on Anglesey, Britain (Arenig: see Paul
1979).

Rhipidocystis norvegica n.sp.
Figs. IIA-E, l, 12, 13, 14, 15.
Derivation of name. - From Norway, its type

area.
Holotype. - PMO 10 1. 144, an external mould
showing the lower side of the animal.
Type stratum and type locality. - Coelosphaeri
dium Beds of Furuberg Fm. (Lower Cardoc).

Loose block from Toten Museum, derived from
the northern part of the Oslo Region.
Material. - In addition to the holotype, four

more or less complete specimens and partial
thecae, PMO 10 1, 143, PMO 10 1. 145, PMO
10 1. 146 and PMO 101. 163. All specimens derive
from the same slab.

NORSK GEOLOGISK TIDSSKRIFT 2 (1981)

Diagnosis. - A species of Rhipidocystis, with

triangular outline, length 2.5-3 times thecal
width, bordered by eight marginals. Two margin
als forming the attachment for strong, rounded
stem with tapering, individual columnal long.
Eight uniserial brachioles. Ambulacral cover
plates with plate-like ornament. Thecal surface
smooth or very finely granulated.
Description. - Theca: flattened, approximately

38 mm long (from oral area to base of stem), 15
mm wide and 2.5 mm thick. It is triangular with a
straight oral area, and the two sides gradually
tapering towards the base. A series of marginal
plates border the animal, forming a rigid outer
frame (Fig. 12A, B). The marginals, generally 2.5
mm thick along the theca, expand towards the
oral area to approximately 4 mm. The dorsal side
of the theca has three openings, the ventral none
(Figs. IlA, B, 12A, B).
Marginal plates: The theca is bordered by
eight marginals, four on either side. The margin
als are thickened at the outer end and split
towards the central portion of the theca to form a
characteristic asymmetrical U-shape in cross
section (Fig. 12C). Each of the two extensions is
thin (0.35-0.40 mm), usually triangular and is in
contact with a limited number of central plates.
The marginals are smooth or provided with
finely granulated ornament. The extensions of
the marginals towards the central plates vary
considerably. Some of the marginals have their
edges extending half way towards the centre of
the theca, whereas in others they are short (Fig.
12B). Adorally the marginals are locally pro
vided with Iedges or ridges for the attachment of
central plates (Figs. I lA, B, l2A, B, H). These
ledges are extensive in the oral and basal por
tions of the thecae but very limited elsewhere.
The central plates were in plate to plate contact.
There is no evidence for imbrication.
Central plates: The centrals are thin (0.36 mm
in PMO 10 1.463) and relatively few in number.
The exact number cannot be ascertained, but
judging from the fragments available there is a
limited number of central plates. There seem to
be only 4 or 5 centrals on either side of the theca
(Figs. l lB, E, 12B).
Thecal openings: In addition to the mouth (see
later) three openings are located on the theca.
They are all present on the upper side of the
animal (Figs. I lA, 12A). One opening is located
on the plate suture at the median line of the
animal near the mouth. By analogy, with cyst-
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12. Rhipidocystis norvegica n.sp. (A-C, H). Cast of material from the 'Toten block'. A: diagram of an almost complete
specimen (PMO 101.143) showing adoral side (compare with Fig. liA). Four marginal plates (Ml-M4) present on either sides of
calyx. Gonopore (G) and hydropore (H) present. A possible periproct (Pe?) present on adoral portion of M3. B: Holotype (PMO
IOJ.l44) showing the aboral side. Five uniserial brachioles (br) visible and the facets of two more (F). On marginals there are
ledges (r) for the attachment of central plates (cen), more commonly in the oral and adoral portions of the calyx (Fig. H). Two
sutures of central plates present (cps). C: cross section of marginal plate at M3' in Holotype. D: marginal of R. baltica, E:
marginal of R. robusta, F: marginal of R. sp.A., G: marginal of R. sp. B. (Figs. D--G from Hecker 1940, fig. ll). H: basal portion
of calyx of PMO JOJ.l45 showing two marginals (Ml, Ml') to which the slem was attached, and numerous ledges (r) for the
attachment of ventral plates. Scale to fit all figures.

Fig.

oids, it may be the hydropore. The pore is
located on the top of an elongated ridge, the
outer portion of which is 0.5 by 0.3 mm. The
presence of the pore at the top of a ridge suggests
an inlet, rather than an outlet structure, and thus
a hydropore is most likely. Another opening to
the left of the hydropore is regarded as being the
gonopore (Fig. 12A). It is oval, 0.30 by 0. 15 mm,
and present on a very slightly elevated area. The

gonopore is present within the plate and does not
seem to be associated with a plate suture.
A third pore is present orally on the M3 and
distally on M4 in P MO 10 1. 143 and PMO
10 1.463. In the latter specimen the opening is
partly covered by bioclastic fragments (plates of
an anal pyamid?). A similar opening has been
located on M3 in Rhipidocystis opiki (Hecker
1940, p. 1 3, text-fig. 6). This opening has been
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li

l mm
Fig.

13. Diagrams of brachioles of Rhipidocystis norvegica n.sp. of PMO 101.463: proximal portions. A: laterial view, B: adoral

view with cover plates (c), C: aboral side with large ligament grooves, D: cross sectional view, showing brachiolar cover plates
(c), food-groove (Fg), fulcral ridge (fa) and two adoral ligament grooves and one aboral ligament groove (li). Scale to fit all figs.

suggested as being the anal opening. However, it
is very small (approximately 0.5�.6 mm in dia
meter) for a periproct.
The stem: the proximal portion of a stem is
present in two specimens, PMO 101. 143 and
PMO l0l.l45. The stem is attached to two
marginals, Ml and Ml'. The stem is 0.25 mm in
diameter proximally and the proximal columnals
seem to be 5 mm long or more (total length of
stem observed is lO mm).
The oral area: The mouth is surrounded by a
rectangular frame of nine adoral marginals, more
or less symmetrically arranged (Fig. 15). The
adoral marginals form a distinct border towards
the ambulacral cover plates. The aboral marginal
border is 0.�.8 mm wide, the lower border
probably being slightly thinner than the upper.
The mouth is not visible, but covered under a
double series of polygonal ambulacral cover
plates. The plates have rectangular sides which
abut each other, forming a characteristic zig-zag
pattern. At their sutures, the plates have raised
edges giving a raised sutural area (Figs. 12A, B,
15). Individual ambulacral plates each have a
blade-like ornament on the central portion, the
direction of which is parallel to the side of the
individual plates. The individual cover plates are
almost as broad as long when covering the
central portion of the ambulacra, but become
thinner and smaller when approaching and
reaching onto the brachioles. The ornament on
individual ambulacral plates projects very
strongly, forming a spine-like pattern. Also
because individual plates are smaller, there is a
tight zig-zag suture between the brachiolar cover
plates (Fig. 15A).
Brachioles: eight uniserial brachioles are pre-

sent in Rhipidocystis norvegica. They are more
numerous on the upper side of the theca than on
the lower side (Fig. 15A). The individual facets
for these brachioles appear to be sub-circular in
cross section, and approximately l mm in diam
ter. However, two of the facets on the upper side
in PMO 101. 144 are smaller than the others (Fig.
15A, B), being just under l mm in diameter.
Individual brachiole elements are provided
with a strongly developed fulcral ridge. This
ridge is particularly well developed in the pro
ximal portions of the brachioles. The ridge may
be perpendicular to the sagittal plane of the
brachiole, or forming an angle to it (Fig. l3D). A
large groove is developed aboral to the ridge and
two minor grooves are developed adorally (Fig.
15A, B). These grooves were probably the loca
tions for ligament or muscles. The large aboral
ligament field may be an expression of strong
flexibility of the brachioles. It is evident that this
portion of the brachiole was more flexible than
the distal portion, where the aboral ligament
field is much smaller. When in a relaxed position
the brachioles would bend towards, rather than
away from the oral area (Figs. liA, B, 12A, B,
14A). When the animal was alive, the brachioles
would bend out, forming a collecting fan. The
uniserial brachioles, probably as long as the
theca itself, were made up of brachiolars 0.�.8
mm long, with oval cross section, measuring 2.0
by 1.0 mm about mid-way out on the brachiole.
In their proximal portions the cross-section of
the brachiole was about 2.2 by 1.4 mm.
The brachiolar cover plates are rather irregu
lar in the proximal portions of the brachioles
with numerous blade-like ornaments as with the
ambulacral cover plates, but become more regu-
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Fig. 14. Diagrams of the brachioles of Rhipidocystis norvegica n.sp. A: The proximal portions of brachioles of the Holotype,
PMO 101.144, at plate 5 in the oral frame, showing three brachioles (br), with largejoints (join) in the proximal portions, becoming
smaller distally. Facets at plates distinctive (F). B: distal portion of brachiole of PMO 101.145 in lateral view. A and B to same
scale. C-E: Details of brachiole elements of Fig. B (the element marked x ). C: adoral view showing brachiolar cover plates (c),
D: aboral view with small ventral ligament groove (compare with Fig. 13A, C), D: cross sectional view. C-E at same scale.

lar in the central and distal portions of the
brachioles (Fig. 14C). In these portions of the
brachioles they are triangular, and the food
grooves of the brachioles in this portion are
about 0.8 mm wide.
·

Functional morphology and made oflife.- The
flattened shape of the theca of Rhipidocystis
norvegica suggests that the animal rested on the
sea floor. All the three vital pores are present on

�
O
2

the upper side. The rigid frame of marginal plates
is similar to that of most flattened echinoderms
considered to have been resting on the sea floor.
The following functions will be considered be
low: feeding, respiration and movement.
Feeding: Rhipidocystis norvegica was re
latively small and provided with eight brachioles,
much more flexible proximally than distally.
This indicates that the animal was able to spread
its appendages out considerably, forming a col-

©
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Fig. 15. Diagram of oral area of Rhipidocystis norvegica n.sp. A: Reconstruction based mainly on PMO 101.143 and the Holotype
(PMO 101.144), showing the oral cover plates, gradually being transformed into brachiolar cover plates. The mouth is surrounded
by nine plates (1-9) with a distinct oral frame. B: specimen seen from the adoral surface (PMO 101.143) showing most of the oral
cover plates and some of the plates surrounding the mouth (6, 8, 9) and some brachioles (br) and facets (F). C: specimen seen from
the aboral side (the Holotype, PMO 101.144) showing three of the plates surrounding the mouth (5, 6, 7) and some of the proximal
portions of the brachioles (br). Scale to fit all figures.
lO- Norsk
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lecting basket with the lower brachioles resting
on the sea floor and the other lifted up; the upper
ones probably to an almost vertical position. The
feeding posture thus would be a collecting bas
ket, probably directed forwards as a semicircle.
The presence of a possible hydropore suggests
that the brachioles may have borne tube-feet for
collecting food particles in a zone from the sea
floor to I 0-20 mm above it and thus within the
boundary layer, as well as possibly collecting
particles directly from the sea floor. The
brachioles are found in a relaxed position in the
present material, hending towards the theca in a
characteristic 'death position'.
Respiration: No thecal respiratory pores have
been observed. However, the theca is covered
by very thin distal portions of marginal plates
and central plates (0.36 mm thick), and respira
tion may have taken place directly through these
plates. The very narrow theca also suggests
direct respiration. Whereas most central plates
in other flattened echinoderms are small or they
have a very large sub-anal area, the few large
plates of Rhipidocystis may not have been flexi
ble. The flexible central portions of the thecae of
the rhombiferan Pleurocystites and Amecystis
and in the many stylophorans (Cothurnocystis)
suggests a possible anal respiration through
pulsation of the theca. In Rhipidocystis this was
probably not the case. In this genus respiration
may have been directly through the thecal sur
face and possibly the brachioles if provided with
tube feet.
Movement: The thecal shape suggests that the
animal was resting on the sea floor. Movement
of such animals was most likely either by the
stem or by the brachioles. Hecker ( 1940) sug
gested that the stem of Rhipidocystis evolved
towards a reduction. The relatively large col
umnals of the stem in Rhipidocystis suggest that
the stem was not very flexible. Nor are there any
indications of a specialisation to push the animal,
as suggested by Jefferies for the mitrates (Jeffer
ies 1975, p. 227, fig. 1 1). It is possible that
Rhipidocystis was statozoic. Alternatively Rhi
pidocystis may have moved using the brachioles.
The extreme flexibility of the proximal portion of
the brachioles may suggest that the animal
moved directing the brachioles forwards, resting
them on the sea floor and then pulling itself
forwards when the muscles or ligaments were
relaxed. To enable the animal to perform such a
type of movement the brachioles must be able
get a proper grip, possibly by penetrating into
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the sediment. The way the brachioles are
arranged on the theca also suggests that the
animal would have had no difficulties turning
back to its proper position if it had been turned
over by currents or by other means.

Palaeoecology. - Rhipidocystis norvegica n.sp.
lived on a clay bottom with low carbonate con
tent. The bottom currents were normally not
strong, but the sequence in which the fossils are
found contains numerous beds with fine quartz
silt and sand 5-50 cm in thickness spaced at
intervals. These silt and sand beds are usually
massive and may be interpreted as silt and sand
flows, generated either by storm or microtecto
nic movements. These rhythmites often contain
whole faunas that were picked up from the clay
over which they passed. The faunas were then
redeposited and buried alive within these sand or
silt beds. Together with Rhipidocystis norvegica
is a large sample of filter-feeding organisms
(Protocrinites), crinoids, bryozoa and brachi
opods as well as non-filter-feeders like trilobites
and starfish.
Systematic position. - Rhipidocystis norvegica
n.sp. differs from all other Rhipidocystis species
by its characteristic shape. Hecker ( 1940) dis
tinguished 7 species on the basis of the thecal
shape and the surface ornament. He also sug
gested two major lineages of Rhipidocystis de
velopment: R. baltica, R. batheri, R. opiki and
R. sp.a were all closely related, being provided
with a strongly marked marginal zone and ellip
tical thecae. The other line contains R. esthona
and R. robusta, which have thick marginals (Fig.
l2F) without a strongly marked marginal zone
and a thickening of the marginal plates in the
attachment area of the stem. The Norwegian
species is more closely related to the former
group. Both R. robusta and R. opiki occur in
strata of the same age as the Norwegian species.
Sprinkle ( 1973, p. 130) placed the Rhipidocy
stidae (containing Rhipidocystis, Bathericystis
and Petalocystis) under his second order of
indeterminate eocrinoids, containing flattened
animals. This grouping may equally well repre
sent several groups of eocrinoids with parallel
development rather than show a true phylogentic
relationship. The mode of life as seen with these
eocrinoids is similar to that of the rhombiferan
Pleurocystites, and various 'carpoids'. Conse
quently certain similarities exist in forming, for
instance, a series of marginal plates and the way
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the brachioles have been grouped to be function
al. The nature of the brachioles, whether they
are uniserial or biserial may not be of any great
importance in grouping the eocrinoids.
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