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Orientation of Spondylus valves cemented
to the hard-rock substrates
(Bivalvia, Upper Cretaceous, Bohemia)

Orientace misek rodu Spondylus,
pritmelenych k pevnym horninovym substratim
(Bivalvia, svrchni kiida, Cechy) (Czech summary)
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Data on orientation of Spondylus sp.encrusting the rocky bottom and boulders in the nearshore facies (upper Cenomanian-lower
Turonian, Bohemian Cretaceous Basin) are summarized and compared with those on encrusting bivalve Atrera. While the
subhorizontal rocky surfaces bear both Spondylus sp. and Atreta orientated chaotically, on sloping substrates (the dip equal to or
exceeding 10°) they are usually orientated preferentially, i.c., umbos of valves are directed to the upper left quadrant (so-called
slope orientation). In agreement with Seilacher (1960) we tentatively consider this posture to be advantageous for nutrition and
providing other biological functions. Most recently, a modified orientation of Spondylus was found on the overhanging roof of
asmall cavity, sheltered from the exterior by a clast barrier. The Spondylus valves are here mostly directed to the lower left
quadrant by their umbos. It means that, under the local conditions, the posterior margins of valves were turned to the barrier,
through which the cavity communicated with the exterior water environment. A fragment of an irregular cluster with partial
radial orientation of Spondylus valves was also found on another substrate of the same locality (Skalka near Velim, central

Bohemia). Several extra-Bohemian examples of Mesozoic encrusters are discussed.

Introduction

From the Bohemian Cretaceous Basin (BCB), the
spondylids encrusting hard-rock substrates (mostly
clasts) have been known for a rather long time (see Fri¢
1870, 1910, Culek 1944, Zdzvorka 1946, Klein 1962,
Soukup 1966, Boucek 1968, Macik et al. 1968, Zie-
gler 1982). Unpublished observations are also frequent
(see table 1), Fauna encrusting the rocky bottom and
large boulders which both occur in the nearshore facies,
was, however, intensively studied only during the last
few years (Housa - Nekvasilovd 1984, Nekvasilova -
Zitt 1988, Zitt - Nekvasilova 1989, 1990, 1991, 1992,
1993, Zitt 1992). The bivalve Spondylus sp. was ascer-
tained to be relatively frequent in the studied
communities. Most recently, the authors found new
rocky surfaces colonized by these bivalves which are
so far the richest in number of specimens per area meas-
ured and which provided new interesting information
on their distribution and orientation. As a result, all the
data on cemented Spondylus sp. are summatized from
the BCB, and this bivalve growth orientations are com-
pared with those of Atreta in search for preferred
orientation causes.

The studied materials are deposited in the Geo-
logical Institute of the Czech Academy of Sciences,
Prague. The paper is a contribution to the project No.
205-93-0344 supported by the Czech Grant Agency.
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V. Housa from the Geological Institute of the Czech
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Geology, substrates, localities

Localities of the studied encrusters are situated in the
Korycany Member of the Peruc-Korycany Formation
and in the basal parts of the overlying Bild Hora For-
mation. Korycany Member consists mostly of
conglomerates (containing gneiss or silicite clasts at
the studied localities), usually clast supported, very
coarse and unsorted, with lithologically complicated
but prevailingly limestone-claystone matrix. They are
of upper Cenomanian age. The base of the lower Turo-
nian Bild Hora Formation is formed mostly by
clayey-silty sediments which pass upwards into silt-
stones with sponges. There exists a hiatus between the
mentioned formations, spanning probably the upper-
most Cenomanian. During this interval, sedimentation
rate rapidly decreased and phosphogenesis occurred
followed by a period of reworking (see Zitt - Mikulas
1994). At the studied localities, the sediments of both
units usually fill the depressions eroded in the rocky
bottom by transgressing Cenomanian sea (see pls. I
and III).

Though Spondylus encrusts several types of hard
substrates in the BCB (such as the bioclasts, rock -
clasts, and rocky bottom), only the specimens from the
rocky bottom, and from rock clasts undisturbed in their
position since their encrustation till now, are included
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in this paper. Basic data on all known localities, types
of substrates and partly on the number of encrusting
specimens are summarized in table 1. As regards
a detailed information on the Radim locality, we refer
to Zitt (1992). Localities of Kutnd Hora-Karlov and
Libeznice were described by Nekvasilova - Zitt (1988)
and Zitt - Nekvasilova (1992), respectively. New in-
structive occurrence of encrusting Spondylus and other
fauna were recently found at the locality Skalka near
Velim (about 6 km west of Kolin, central Bohemia).
Here, several erosional troughs cutting a low gneiss

Table 1

elevation are exposed in a small abandoned quarry.
Most important are two large depressions located in
the western (see pl. IIT, fig. 1, and Nekvasilova 1986,
fig. 2) and a small one in the eastern parts of the quarry
(see pl. I, fig. 1).

Encrusting communities
In the paper by Zitt - Nekvasilovd (1993) a preliminary

concept of two successive encrusting communities was
introduced. The older community is characterized by

Distribution of Spondylus sp. cemented to the hard-rock substrates in the nearshore facies (BCB, upper Cenomanian-lower Turonian)

Spondylids found in
Locality wg)[::f:i ty Atre::l-figzﬂi(;i;iina Determination Authors
cl.r. [ rb. |clis| chr | rnb

Chrtniky - - 1 §? - | Spondylus sp. Zitt - Nekvasilovd (1991)

- - - + - S. hystrix Zazvorka (1946)
Kojetice +(7) - - - - Spondylus Fric (1910)
Kutna Hora-Karlov - - >50 S? - Spondylus sp. Nekvasilovd - Zitt (1988)

- - >51 S? - Spondylus sp. Zitt - Nekvasilovd (1989)
Kutnd Hora - Na Vrsich + - - - - Spondylus Boucek (1968)

+ - - spondyli valves Macik et al. (1968)
Libeznice - - - + 21 | Spondylus sp. Zitt - Nekvasilova (1992)
Mezholezy +M - - - valves of Spondylus Klein (1962)
Novi Ves near Kolin ) } ) 1 ) Spondylas sp. (l)g.glgekvasilovzi - field observation
QOdolena Voda - - - 1 - Spondylus sp. ;Ei‘:)mké - Nekvasilovd - Zitt (in
Plafiany - + - - - Spondylus Soukup (1966)
Piedboj (close to road) +(M) - - - - Spondylus sp. O. Nekvasilova (unpublished data)
Radim + - - - - Spondylus lineatus Ziegler (1982)

1" - - - 20 |Spondylus sp. Zitt (1992)

Skalka near Velim
site No. 1. - - - - 2 Spondylus sp. This paper
site No. 2 3 } ) ) 1 Soondylus s ?éél\sﬁfl:;iassgzgir- field observation
site No. 3 - 6 - - - Spondylus sp. This paper
site No. 4 - - - - 82 [Spondylus sp. This paper
Skalka near Zehusice - - - + | Spondylus sp. Culek (1944)

1 1 ) 1 Spondylus sp. 0. Nekvasilovi - field observation

1982

Stredokluky i » } 9 22235;{1115 sp. (slope lOg.ﬁl\éekvasilovzi - field observation

i i i v |Spondylisisp, Klein - personal communication

1989

Tuchoméfice - Knézivka 1 - - - Spondylus sp. Zitt - Nekvasilovi (1990)
Zbyslav - - - + Spondylus shells Fri¢ (1870)

cl. . - encrusted and then redeposited clasts, cl. i. s. - clasts preserved in undisturbed position since their encrustation, r. b. - rocky bottom, +
- number of specimens not recorded, +(?) - number of specimens not recorded and community type uncertain, S(?) - remains of Spondylus

affinity (bad preservation)
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oysters [Exogyra reticulata Reuss, Exogyra haliotoi-
dea (Sowerby), a. 0.], the younger one by the bivalve
Atreta (two species) and the agglutinated foraminifera
Bdelloidina cribrosa (Reuss). The first community was
replaced by the second when the coarse accumulations
of the Korycany Member became stable and sedimen-
tation rate rapidly decreased prior to a phosphogenic
episode. The Atreta-Bdelloidina community survived
not only during the breaks in phosphogenesis when the
supposed anoxy of the environment was temporarily
decreasing, but also after the phosphogenesis, under
the fully oxic conditions at the beginning of the lower
Turonian sedimentation. Spondylus sp. formed a part
of both oyster, and Atreta-Bdelloidina communities.
Attribution of the studied bivalves to the respective
community types is specified in table 1.

General notes to Spondylus

The genus Spondylus Linné, 1758 belongs to the fam-
ily Spondylidae Gray, 1826 of pectinacean bivalves.
Its right valves are slightly inequilateral, pectiniform
(see Hertlein - Cox 1969). In our material they are low
and attached to the hard-rock substrate by the whole
surface. Left valves were never found in situ by the
present authors. Attachment of some specimens on the
walls of very narrow crevices, however, suggests their
relatively low height. Radial costae but no apparent
muscle scars are present in the interiors of the cement-
ed valves. Hinge parts are mostly badly preserved.

In the sediments of the upper Cenomanian-lower
Turonian of Bohemia three species of Spondylus were

Fig. 1. Distribution and orientation of Spondylus and Atreta valves
on variously inclined surfaces of a polyhedron (scheme of sphaler-
ite crystal as an example). Note the top plane (horizontal) where
Atreta is more frequent than Spondylus but both are chaotically ori-
entated. On inclined or vertical planes, they have a preferred slope
orientation. Atreta is rare on vertical, and absent from the over-
hanging surfaces. S - Spondylus, not marked-Atreta. Not in scale

distinguished by Reuss (1845), Fri¢ (1911) and other
workers. These are S. lineatus Goldfuss (= S. latus Sow-
erby according to Fri¢, op. cit.), S. striatus Sowerby,
and S. hystrix Goldfuss. Small fragments of left Spond-
ylus valves found by ourselves in the sediments
surrounding the encrusted rock substrates were, how-
ever, difficult to determine, as well as the in situ
preserved right valves. For that reason, we use only the
Spondylus sp. designation for our specimens. Careful
taxonomic revision of the above mentioned spondylid
species from the BCB is, in our opinion, a prerequisite
to more precise determinations.

Orientation of cemented valves on the substrate

In the BCB, the first observation of Spondylus orienta-
tions on the rocky surfaces was made by Soukup (1966)
at the Plafiany locality in central Bohemia (substrates
later destroyed by quarrying). Except for the statement
of orientated attachment to the rock, no other details
were, however, given by this author. First more precise
information from the BCB was published by Nekvasi-
lové - Zitt (1988) from the Karlov locality. Considering
those and all the other so far gathered data, the orienta-
tions of Spondylus sp. may be summarized into the
following three groups:

1. Orientations on horizontal surfaces

At the studied localities, strictly horizontal rock sur-
faces are scarce. However, on subhorizontal substrates
(of about 5° dip angle), both Spondylus and Atreta were
observed in chaotic orientations (see pl. IV, fig. 5).
While Spondylus is very rare here, Atreta is common
and shows the same density as in populations on steep-
er slopes (see below).

2. “ Slope orientation” on inclined surfaces

At Karlov locality, Spondylus sp. formed a part of
a community encrusting a large gneiss boulder of the
uppermost part of the conglomerate accumulation, im-
mediately overlaid by claystones of the Bila Hora
Formation. On slopes of minimum dip angle of ca. 10°,
both Spondylus and Atreta orientate themselves pref-
erentially, their cemented valves directed by the
umbonal parts to the upper left quadrant (see pl. IV,
figs. 3, 4, text-fig, 2). It is necessary to note, however,
that this orientation does not originate as a response to
the general slope of the substrate, but rather as a reaction
to its strictly local position. For example, we can see
aroughly rugged sloping surface with several speci-
mens orientated in other and sometimes even opposite
directions. However, a detailed inspection shows that
every Atreta and Spondylus is orientated adequately to
the local dip. On flat smooth slopes the orientation is
mostly uniform.
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Fig. 2. Rose diagram showing a typical slope
orientation of Spondylus sp. valves, meas-
ured on a gneiss boulder from the Kutna
Hora-Karlov locality. One sector equals to
15°, one specimen = 4 mm. Number of spec-
imens per sector is marked. N = 43

This orientation of Atreta and Spondylus on slopes
was, until the present, confirmed several times in the
BCB. In accordance with Seilacher (1960), we desig-
nated it as the slope orientation ( Zitt - Nekvasilova
1991, 1992, Zitt 1992). Orientations of Dimyodon
nilssoni (Hagenow) on the steep walls of highly con-
vex echinoid tests from the north German Upper
Cretaceous (see Schmid 1949, Nestler 1965, Miiller
1969, Kutscher 1971) correspond well with the above

A

@g\ Os 3cm

mentioned slope orientation of the Bohemian Atreta
on the rock substrates. The identity or at least a close
affinity of D. nilssonito our Atretasp. 2 (sensu Nekvasi-
lové - Zitt 1988) seems to be, after all, highly probable.

Spondylus is a little different from Atreta in its
relation to the overhanging surfaces. While we never
found Atreta cemented to the overhangs (and it is very
rare on vertical surfaces), Spondylus encrusts them com-
monly (see text-fig. 1). This corresponds well with the
observation of Lescinsky et al. (1991, p. 137) that
“spondylids are one of the few bivalves cemented to
overhangs “.

Measurements of Spondylus orientations (see rose
diagram on text-fig. 2) on very steep, vertical, and over-
hanging surfaces of the Karlov boulder (see Nekvasi-
lova - Zitt 1988) showed that the position of substrate
in no case substantially affected them. Identical slope
orientations of Spondylus were found on the rocky bot-
tom of the Radim locality (Zitt 1992, pl. II, fig. 1; pl.
IV, figs. 1, 2). At the Libeznice locality, the orienta-
tions were the same both on the oblique, vertical, and
overhanging silicite-rock surfaces. The majority of
Spondylus valves occurred here, however, on boulders,
the undisturbed position of which was uncertain (see
Zitt - Nekvasilova 1992, fig. 7, and here pl. IV, fig. 2).
Spondylus sp. in slope orientation was formerly found

il

Section-A

Fig. 3. Fauna encrusting rock
surface at the site No. 4, Sk-
alka near Velim locality. For
a precise location see pl. I,
fig. 2. Obliquely orientated
dashed line shows the bot-
tom of a crevice. Encrusters
of the crevice (dotted) were
cemented to its rear wall
(dashed in the section on the
right). A - Atreta, B - Bdel-
loidina, Bu - Bullopora, O -
indetermined oyster, S -
Spondylus. Note that Arreta
and Bdellodina are missing
\ on the overhangs
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also at the Skalka near Velim locality. Here, specimens
rarely encrusted the steep rock walls of depressions
called Viclav and Veronika in the western part of the quar-
ry (see sites Nos. 1 and 2 in table 1 and on pl. II, fig. 1).

3. Different orientations on inclined surfaces

Until now we presented here a rather uniform orienta-
tion pattern of our Spondylus specimens on the oblique,
vertical and overhanging rock surfaces. Different ori-
entations were found to be highly exceptional on our
substrates (one specimen at the Radim locality - see pl.
IV, fig. 1, one specimen at the Kutnd Hora-Karlov lo-
cality). The break-through into this “obligatory” scheme
of orientations on inclined substrates was made only
due to the most recent finds at the Skalka near Velim
locality (sites Nos. 3 and 4).

Spondylus sp. observed at site No.3 (see table 1
and pl. III, fig. 2) formed an interesting colony, which
was, unfortunately, only fragmentarily preserved. Some
specimens are orientated approximatelly radially, thus
resembling those described by Surlyk - Christensen
(1974) from the Swedish Upper Cretaceous. Colonized

Fig. 4. Fauna encrusting rock
surface at the site No. 4, close @-W
to the surface figured in text-

fig. 3. P - pycnodonte oyster, (lj
W - worm, for other symbols *
see legend to text-fig. 3. Up- @

per left - rose diagram of
Spondylus orientations fig-
ured in text. figs. 3 and 4. N
= 17. Note the absence of
Atreta and Bdelloidina from
overhangs

rock is very steep (about 60-70°), morphologically sim-
ple and deeply buried by the conglomerate filling of
the depression (Veronika depression). Most important
is, however, the site No. 4 located in the eastern part of
the quarry, on the wall of a shallow depression, where
the encrusted rock parts are covered by uppermost clasts
of the conglomerate accumulation and by the overly-
ing claystones (see pl. I, figs. 1, 2). Rock substrate
highly varies morphologically, being erosively shaped
into the deep and long crevices with ledges in between,
and with many overhanging parts (local profiles see
text-figs. 3 and 4). Text-figures 3, 4, and 5 show the
valves of Spondylus on the overhangs and, in part, on
vertical surface (text-fig. 4 ). While on the substrates
infigs. 3 and 4 they have, with one exception, a typical
slope orientation (see the rose diagram in text-fig. 4),
the overhang in text-fig, 5 displays orientations rather
different. We can see that the majority of valves is ori-
entated by their umbonal parts subhorizontally or down
to the left (see the rose diagram in text-fig. 5). We have
ascertained here at least three generations of Spondy-
lus specimens, which do not differ substantially in the
position of their growth axes.

-

Section-A
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Search for orientation causes
1. History

Schmid (1949) summarized older data by Dacqué
(1921) and Voigt (1929), who related the parallel ori-
entations of cemented epibionts to the currents carrying
food. When describing the preferred orientations of
Ostrea vesicularis Lamarck and Dimyodon nilssoni
(Hagenow) (in addition to the brachiopod Crania paris-
iensis Defrance) on the dead echinoid tests from the
lower Maastrichtian of Hemmoor, Schmid, however,
rejected this idea. He found no parallel orientations of
encrusters but, on the contrary, he found echinoid tests
having current-independent pattern of the epibiont dis-
tribution and of the orientation on their sloping sides.
This is what later Seilacher (1960) described as the slope
orientation and what we found in the BCB on the rock-
grounds. Spondylus proper was mentioned by Schmid
(op. cit.) as relatively rare encruster of Hemmoor echi-
noids and its orientation was not specified. Solitary
valves of Spondylus labiatus described by Surlyk -
Christensen (1974) from Iv Klak (Upper Cretaceous
of Sweden), were found cemented on the steep sides of
boulders in random orientations. However, if they set-
tled in clusters, the valves were growing radially from

a centre. This orientation in clusters was advantageous
for specimens preventing them from the competition
for space during growth,

Seilacher (1960) considered a geotropism or pho-
totropism as a tool for encrusting epibionts to be
preferentially orientated on slopes in order to attain
a position which “suits them best for gathering food
and for other biological functions”. These preferred
orientations may have been obscured by some envi-
ronmental factors, if they are very intensive (e. g.,
particularities of a substrate or a density of populations)
and if the slope is mild. Seilacher (op. cit.) gives that
rheotropism may have a similar effect, too. His con-
clusions about slope orientations are supported by data
on various organisms (bivalves, gastropods, worms,
cirripeds) colonizing bioclasts or the still living hosts.

Another example of bivalves (Placunopsis) en-
crusting the skeleton of living host (in this case of an
ammonite shell) is provided by Meischner (1968). He
gives also the geotropism or phototropism as the main
mechanisms in which the preferred orientation of Pla-
cunopsis is reached. Orientation of this bivalve is not,
however, on oblique or vertical shell surfaces in any
way influenced by currents. Nevertheless, Meischner
(op. cit.) mentions the nutritional demands as the main
purpose of this preferred Placunopsis orientation. By

Fig. 5. Three parts of the rock surface roofing the cavity at the site No. 4, Skalka near Velim locality (see plL.L fig. 2; text-fig. 6). Strong arrow
- dip of the overhang, Rectangles by dotted line show enctusters figured on pl. I1, figs. 1, 2, and 4. Orientation of all Spondylus valves marked
by small arrows. O - indeterminable oysters, other indeterminable remains of bivalves without designation. Note absence of Atreta and
Bdelloidina. Central upper part - rose diagram of Spondylus valves orientation. N = 65
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this author, the oblique orientation of Placunopsis on
substrate corresponds well with feeding from above,
the posterior feeding margin being directed upwards.
The same relation of feeding structures to the upward
direction (against the planktic rain) was already stated
by Seilacher (1954) for encrusters generally.

In some brachiopods (craniids, thecideans) orien-
tated on sloping or vertical surfaces with their anterior
commissure pointing downwards (see Schmid 1949,
Seilacher 1960, Surlyk - Christensen 1974) a protection
against the sediment downfall is believed to be the main
cause of this position (see Surlyk - Christensen 1974,
HouSa - Nekvasilova 1984, 1987). On the contrary,
many various factors were responsible for the orienta-
tion of thecideans as shown by Nekvasilovd - Pajaud
(1969) and Pajaud (1970).

Orientations of cemented bivalves were studied
also by Fiirsich (1979). Atreta occurring on the slop-
ing parts of Bathonian hardgrounds of France is
orientated preferentially with its hinge directed upwards
and subordinately to the upper left quadrant. On the
other hand, the examples from planar Bathonian sub-
strates of France and England show the chaotic
orientation of Atreta valves. Spondylus cemented to the
sloping hardground surface (foreshore E of Luc-sur-
Mer, N of Caen, Upper Bathonian) was orientated with
its hinge- line parallel to the dip, i. e. perpendicular to
the prevailing Atreta orientation of the same substrate.
Unfortunately, the actual direction of the valve umbo
(i. e., to the left or right) was not mentioned. Fiirsich
did not discuss the causes of the preferred bivalve ori-
entations in detail. However, when interpreting the
chaotic Atreta orientations on the horizontal surface of
Bajocian rocky sea-floor from Cloford (England), he
speculates about the absence of unidirectional currents
in the respective environment. Preferred orientation of
encrusters is thus believed to be a function of prevail-
ing current direction.

The apparent taxonomic incongruities within the
genus Atreta ( see e.g. Schmid 1949, Zitt - Nekvasi-
lovd 1991, and Hodges 1991) and Spondylus should be
taken into consideration in detailed comparisons of bi-
valve orientations from the localities of different ages.
Atreta, described from the Lower Cretaceous of Stram-
berk (Moravia) by Hou8a - Nekvasilova (1984),
orientated on steep rock walls of fissures similarly to
the thecideans mentioned above, represents also the
species (or the genus) rather different from those of the
Upper Cretaceous Bohemian localities. The same might
be true as regards the Bathonian (see above) and Up-
per Cretaceous Spondylus representatives.

2. Discussion on the Bohemian material

Reaction of settling Atreta to strictly local slope of the
attachment place and not to the general slope of the
substrate as well as the identical slope orientations on
differently directed surfaces of the same substrate (see
text-fig. 1) show, that we may reject the idea on the
induction of slope orientation by currents, similarly as
did Schmid (1949) for Dimyodon nilssoni. The same
holds for the majority of our Spondylus sp. specimens
on sloping, vertical or overhanging substrates where
they are orientated identically to Atreta. Except for the
specific angle of slope, no other substrate features seem
to provoke the preferred orientation of both Atreta and
Spondylus. For that reason, we tentatively follow
Seilacher’s (1960) wide idea on the relevance of this
orientation to the best feeding and other biological func-
tions. We do not suggest the reflection of sediment
downfall in these orientations, because of probable high
tolerance to sedimentation (bivalves encrusting the el-
evated rocky bottom parts were apparently successful
also during clay sedimentation in the surrounding more
depressed areas). The same holds for Atreta, but yet
emphasized by its isochronous rich encrusting of pla-

Fig. 6. The notch eroded in rock elevation and filled
with sediments at site No. 4, Skalka near Velim
locality. 1 - gneiss, 2 - conglomerates with litho-
logically varied, variously coloured matrix, 3 -
overlying claystones filling also the cavity (C) and
uppermost clast interstices. Black triangles on
clasts - epibionts (mostly oysters and rarely Atreta
and Spondylus) from the period of clast transpor-
tation and reworking. White triangles - younger
phase of in situ colonization. Left arrow - direc-
tion of water penetrating the clast barrier into the
cavity prior to and during clay sedimentation. Small

parallel arrows - orientation of Spondylus sp. on
the cavity roof. Note the oblique orientation of this
surface strike to the barrier
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nar surfaces under otherwise identical sedimentary con-
ditions.

Looking for an explanation of “anomalous”
Spondylus orientations (see text-fig. 5), we had to rely
only upon the particularities of strictly local microen-
vironment. Text-fig. 6 shows a schematic reconstruction
of a small cavity found at the site No. 4 of the Skalka
near Velim locality, that was formed by partial filling
of a rock notch by a coarse psephite and by contempo-
rary or subsequent separation of remaining free notch
space from the surroundings by large clasts. During
. the following sedimentation of claystones, these clasts
functioned as a type of barrier. Inside the cavity roofed
by the overhanging rock wall, the sediment is distinct-
ly, even though irregularly (the barrier was only partial)
impoverished in bioclasts in relation to the sediments
outside the barrier. This shows the microenvironment
of the cavity as substantially calmer at the beginning
of clay sedimentation. Atreta occurring on the cavity
bottom clasts shows the slope orientation demonstrat-
ing well their in situ position till the present. This
bivalve could obviously live there only before the ac-
cumulating claystones covered their substrates. (Atreta
colonized the clasts also during their preceding trans-
portation phases but these specimens can be mostly
easily distinguished from those mentioned above.) In
situ encrustation by Atreta and Bdellodina has been
ascertained also on the uppermost conglomerate clasts
situated outside the cavity and, moreover, on clasts shel-
tering the mouth of the cavity.

When speculating about the timing of encrusta-
tion of the cavity roof by Spondylus, we noted different
preservation of identically orientated valves. Howev-
er, even the worse preserved ones demonstrate rather
non abrasive wear (slight chemical dissolution, desq-
uamation). Destructions of some specimens could have
been also caused by falling away of small highly mica-
ceous substrate parts (encrusted surfaces more or less
coincide with foliation planes of paragneiss substrate,
where mica is concentrated). Spondylus could thus col-
onize the cavity roof even under the conditions of partial
side closure of the cavity by clasts, which prevented
epibionts from stronger abrasion. This analysis has
shown that the main feature distinguishing the studied
part of the site No. 4 at Skalka near Velim from all the
others is just the presence of a barrier and the exist-
ence of a type of semicryptic environment behind it.
An oblique position of cavity roof strike relative to the
barrier direction seems to be also very important (see
text-fig. 6). So, if the “anomalous” orientation of Spond-
ylus on the cavity roof is considered in this context, we
can see that the posterior parts of valves (i. e., those
parts that are directed upwards in usual slope orienta-
tions) are directed just to the barrier of clasts closing
partially the cavity entrance. Through this barrier the
cavity communicated with the exterior water environ-
ment. Thus, the “anomalous™ orientation of Spondylus

could have developed as a response to the influence of
modified local hydrologic regime combined with
a special position of the substrate.

The identity of orientations of all generations (at
least 3) and the reached adult dimensions of some spec-
imens confirm a relative prolongation (we suppose 10
or more years) of the whole encrustation period of the
cavity. As mentioned in General notes to Spondylus
(see above), the Spondylus valves found in sediments
surrounding the encrusted rocks, are very fragmentary.
This holds also for those found in the filling of the cav-
ity. We suppose that these fragments, variously worn,
were transported from the cavity exterior and derived
from another and not just the studied part of popula-
tion. In the sediments outside the cavity these fragments
are yet richer. In our opinion, if Spondylus had inhabit-
ed the cavity during sedimentation, its not very damaged
upper (left) valves would have been present in the cav-
ity filling. As such valves are missing in this filling,
we suppose that the majority of Spondylus specimens
colonized the cavity before the beginning of clay sed-
imentation, when the bidirectional penetration of water
through the clast barrier was not yet decreased by new
sedimentary fillings and the bioclasts were possibly
easily removed from the cavity. For this we suppose
stronger currents, as oposed to the following period of
clay sedimentation. However, even under these calmer
conditions, the rocks of the sea bottom in the nearshore
facies of the BCB were still abundantly colonized by
Spondylus sp., which was possibly limited only by the
advancing clay sedimentation over their substrates (see
e.g., upper rock parts of the Velim site No. 4 - text-figs.
3 and 4, or the majority of other occurrences summa-
rized in table 1). This is also true for other species of
Atreta-Bdelloidina community.

An extraordinarily rare find of a cluster of Spon-
dylus valves which show a partial radial orientation (site
No. 3 at Skalka near Velim) was discussed above (see
e.g. the section on different orientations).

Summary of results

Close inspection of so far known occurrences of the
bivalve Spondylus sp. encrusting the rocky substrates
in the nearshore facies of the upper Cenomanian-low-
et Turonian of Bohemia provided new interesting data
on the growth orientation of cemented organisms. Two
types of substrates were studied, namely the rocky bot-
tom and large boulders. Geological sections at four
localities were examined, the Kutnd Hora-Karlov and
Skalka near Velim being the most important.
Spondylussp. formed a part of two successive fau-
nal encrusting communities, i.e., of an oyster and
following Atreta-Bdelloidina communities. Spondylus
and Atreta were found to be chaotically orientated on
subhorizontal surfaces, while on slopes of at least c.
10°dip angle they are orientated preferentially. In this
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case, the umbonal parts of cemented valves are direct-
ed to the upper left quadrant. Spondylus is rare on
horizontal or subhorizontal surfaces, but both genera
are frequent on the inclined ones. Spondylus is com-
mon also on vertical and overhanging surfaces, while
Atreta is rare on the former and completely missing on
the latter substrates. In accordance with Seilacher
(1960), we designated the above mentioned type of
Spondylus and Atreta orientations on more inclined
substrates as the slope orientation. A detailed inspec-
tion of these bivalves’ orientation has shown, however,
that it was not a general slope of the substrate, but only
a strictly local position of the place of settlement which
raised their respective orientation response. When in-
terpreting the causes of this preferred orientation, we
tentatively consider them, in accordance with Seilach-
er (1960), to be a result of food-gathering needs and
providing of other biological functions. On the basis
of identical Spondylus (and Atreta) orientations on dif-
ferently directed sloping surfaces of the same substrate
(sides of boulders, walls of rock elevations) we reject-
ed possible induction of this behaviour by currents.
However, we are convinced of an urgent need for fur-
ther special studies, mainly the actualistic ones, to
elucidate the problem of preferred orientations indetail.

At the Skalka near Velim locality, we recently
found another, rather modified types of Spondylus ori-
entations. The first one is represented by a cluster of
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Orientace misek rodu Spondylus, piitmelenych k pevnym horninovym substratim

(Bivalvia, svrchni k¥ida, Cechy)

MiIzi rodu Spondylus tvofili vyznamnou slozku spole&enstev, inkrustujicich povrchy skalniho mofského dna a balvani v sedimentaénim
prostiedi piibfezniho vyvoje ¢eského svrchniho cenomanu-spodniho turonu (korycanské vrstvy, bazélni d4st b&lohorského souvrstvi). Na
subhorizontdlni povrchy klastii a dna se Spondylus sp. ptitmeloval v libovolné orientaci (chaoticky), podobné jako mlzi rodu Atreta. Na
substrdtech se sklonem okolo 10°a vét$im v3ak jiZ oba rody vykazuji prednostni, tzv. svahovou orientaci (slope orientation). Piitmelené
misky sméfuji svymi vrcholy do levého horniho kvadrantu. Svahové orientace patrné nejlépe vyhovuji pozadavkim na piijem potravy
a zajisténi ostatnich biologickych funkei (Seilacher 1960) a nejsou zavislé na sméru vodniho proudéni. Na piipadu osidleni pfevislého
stropu &dsteén& uzaviené skalni dutiny byla viak z lokality Skalka u Velimi popséna pfednostni orientace rodu Spondylus, jez je znaénd
modifikovand. Tato orientace byla zfejmé reakei pravé na specificky hydrologicky rezim dutiny.

V prici je ddle popsdn vyskyt fragmentdmiho shluku jedincii se zhruba radialni orientaci misek a diskutovény jsou i nékteré priklady
pfednostnich orientaci mlZi a brachiopoddi zndmé z literatury. V pfehledu jsou téZ shrnuty vyskyty misek rodu Spondylus pfitmelenych
k pevnym horninovym substratim, dosud zjisténé v éeské kiidg.
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I. Zitt - 0. Nekvasilova: Orientation of Spondylus valves cemented to the hard-rock substrates... (PL. )

For explanation see p. 295
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J. Zitt - O. Nekvasilovd: Orientation of Spondylus valves cemented to the hard-rock substrates... (P1. II)
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I. Zitt - O. Nekvasilové: Orientation of Spondylus valves cemented to the hard-rock substrates... (PL. III)
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Explanation of plates
Plate I

1. Skalka near Velim, eastern part of the quarry. Depression in the rocky sea bottom filled with Cretaceous sediments, eastern view. Dashed line
- surface of rocky bottom, dotted - boundary between conglomerates (cg) and claystones (cl). c- cavity with Spondylus sp. forming a part of
the site No. 4,

2. Southern view of the site No. 4 at Skalka near Velim (see fig. 1 of this plate). cg - conglomerates with some clasts sheltering the mouth of
the cavity (2) with Spondylus sp. cl - claystones filling the cavity and covering upper parts of the rock elevation with epibionts. 1 - location

of surfaces figured in text-figs. 3 and 4, 2 - location of surface figured in text-fig. 5. Photos J. Zitt, 1993
Plate II
1-4. Spondylus sp. attached to the roof of the rock cavity at the site No. 4, Skalka near Velim (see pl. I, text-fig. 5). For the dip of the surfages
see text-fig. 5. 1-3.0x, 2-1.6x, 3-4.1x, 4-1.9x. Photos J. Zitt
Plate III

1. Skalka near Velim, western part of the quarry. Two large depressions in the rocky sea bottom. Left - depression Viclav, right - depression
Veronika (eastern view). cg - conglomerate, cl - claystone. 1, 2, 3 - sites Nos. 1, 2, and 3 with the occurrence of fauna encrusting the rock. Site

No. 2. destroyed by quarrying. Photo J. Zitt, 1991
2. Detailed view of site No. 3 (see above). Orientation of attached Spondylus valves marked by small arrows. Large scale - 1 bar equals to
5 cm, small scales - 1 bar equals to lem. Photo J. Zitr, 1986
Plate IV

1. Spondylus sp. (s) and a pycnodonte oyster (p) on the rock surface at the Radim locality. The dip of substrate marked by long arrows,
orientation of Spondylus valves by short arrows. The left Spondylus attached in a slope orientation, the right one in a different orientation,

The length of the match is ca. 4 cm. Field photo J. Zitt, 1988
2. Spondylus sp. attached to a silicite boulder from the Libeznice locality. Original position of substrate unknown but specimen situated as
if in a slope orientation. 2.1x. Photo J. Zitt

3-5. Encrusters of a gneiss boulder from the Kutnd Hora-Karlov locality. 3 - strongly inclined surface with Spondylus (s) and Atreta (a), both
in a slope orientation (see arrows). 1.4x. 4 - Spondylus in a slope orientation on another part of the same substrate. 1.3x. 5 - Spondylus (s)
and Atreta on a subhorizontal surface. Note chaotic orientation of valves. 1.6x. Field photos J. Zitt, 1985
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SDELENSf

Nové vydani mezindrodnich zasad
stratigrafické klasifikace

Subkomise pro stratigrafickou klasifikaci, kterd je orginem Mez-
indrodni stratigrafické komise, se po roce 1976, kdy byl poprvé
vydan International Stratigraphic Guide, intenzivné zabyvala
pfipravou nového vyddni. Béhem let 1977-1993 pfipravilo vedeni
Subkomise pod redakci pfedsedy Amose Salvadora z univerzity
v Austinu (USA) celkem 32 cirkuldfi o celkovém objemu vice nez
tisice stran, které postupné rozesilalo k vyjddfeni jak &lentim Sub-
komise, tak pfednim svétovym stratigraftim,

Touto sice zdlouhavou, ale cilevédomou praci se b&hem pos-
lednich festndcti let podafilo ziskat rozsahly a mnohdy
i kontroverzni materidl, ktery jistym zpisobem odraZi “obecné
minéni” v otdzkdch stratigrafické klasifikace, zejména v konfrontaci
s prvym vyddnim International Stratigraphic Guide (1976). Tento
materidl byl pak pouZit k pfipravé druhého vyddni, které pod titu-
lem International Stratigraphic Guide, a guide to stratigraphic
classification, terminology, and procedure, vydaly v r. 1994
v koprodukei Mezindrodni unie geologickych véd (IUGS)
a Americkd geologickd spolecnost (Geological Society of Ameri-
ca, Inc.).

ProtoZe jiZ prvé vydini “Guidu” zdsadné ovlivnilo praktické
uplatfiovani stratigrafickych klasifikagnich principii a vyrazng piis-
pélo ik jejich svétové integraci (pfikladem jsou i és. zdsady zr.
1978), 1ze s podobnym vlivem pogitat i u vydani druhého. Proto je
ucelné upozornit na nékteré jeho aspekty.

Tfeba zdiraznit, Ze nové vyddni nepfindéi zdsadni zmény
v klasifikaénich principech a hlavnich kategoriich stratigrafickych
jednotek (litostratigrafické, biostratigrafické a chronostratigrafické
jednotky). Nov& jsou viak pfidruZeny i jednotky omezené diskor-
dancemi (Unconformity-bounded Units) a jednotky magneto-
stratigrafické (Magnetostratigraphic Polarity Units). Text je
v mnohém pfestylizovdn a doplnén, coZ se tykd napf. jednotek bio-
stratigrafickych.

V obecnych kapitoldch o principech klasifikace, definicich,
procedurdch vymezovani jednotek a o stratotypech je jen mdlo
zmén. Zdsady potvrzuji jako podminku platnosti nové vymezova-
nych jednotek nutnost publikace v uzndvanych védeckych médiich,
k nimZ napt. nepatfi lokdlni exkurzni priivodce s omezenou cirku-
laci nebo abstrakty publikaci &i komeréni tisky. Nové vyddni
potvrzuje omezeni zdsady priority (zji§ténd priorita neni sama o sobé
ditvodem ke zménam bé&zné uZivanych ndzvii jednotek). V kapitole
o stratotypech je zdiiraznén vyznam standardnich definic, hraniénich
stratotypi a referencnich profilii (reference sections), a to
i u jednotek biostratigrafickych. Role typickych lokalit je neza-
stupitelnd i u téles vyvielych hornin a v metamorfovanych
souborech klasifikovanych jako stratigrafické jednotky.

K hierarchicky sefazenym litostratigrafickym jednotkdm
(Group, Formation, Member, Bed) je nové zafazen i Flow, tj. proud
jako nejmensi definovand édst ve vulkanickém sledu. V litostrati-
prafické klasifikaci je potvrzena zésada uZivat v ndzvech jednotek
pouze jednoduché, v terénu aplikovatelné litologické terminy
a naopak je zdlraznéna nevhodnost genetickych, strukturnich nebo
morfologickych terminti (napf. Zila, diapyr, batolit).

V nové viazené kapitole o jednotkdch omezenych diskordance-
mi je pro zédkladni jednotku doporucen nizev syntem (Synthem), jehoz
ndplii je analogicka s alostratigrafickymi jednotkami americ-kého strati-
grafického kddu (1983). Pii soutasném trendu sekvenéni stratigrafie
md viak syntem jen malou nadé&ji na skuteéné vziti,

Kapitola o biostratigrafickych jednotkach doznala znaé¢nych sty-
listickych zmén. Zakladnit terminem zistala biostratigrafickd zona
(biozona) s jednotlivymi zdkladnimi druhy (Range Zone, Interval Z.,
Lineage Z., Assemblage Z., Abundance Z). Vymycen byl pojem Op-

pel-Zone. V ndzvech druhii zén byla déna piednost anglické termi-
nologii pfed latinsko-feckou, &imz se omezuje moznost prekladil.

Novi kapitola o magnetostratigrafickych jednotkdch (Mag-
netostratigraphic Polarity Units) stanovuje za zdkladni jednotku
zdnu polarity (Polarity Zone) s moZnosti hierarchického dé&leni na
subzony a superzony. Praxe &islovani zén polarity se jisté opravnéns
zamitd a odkazuje do kategorie neformélnich jednotek. Rozhodné
se nedoporucuje ani uZivdni terminii epocha, interval apod., které
jsou bud' piili§ obecné, nebo vyhrazeny pro jiné formalni strati-
grafické jednotky.

Podrobné zpracovani kapitola o chronostratigrafickych jed-
kategoriich, tj. stupnich (Stage), oddélenich = sériich (Series), 1it-
varech (System), eratemech a eonotemech, je viak misty upravena
a text zpfesnén. Termin chronozéna md novou ndplii a je chdpdn
jako nehierarchickd formdlni jednotka oznacujici “horninova téle-
sa vytvofend kdekoliv na svété béhem doby trvani uréité strati-
grafické jednotky nebo geologického znaku™. Tato vdgni definice
je zfejmé nejvyrazn&j§im dstupkem americké praxi, kterd zénu
chdpe jako zcela obecné oznaceni. To vyrazné kontrastuje zejména
s evropskou tradici, kterd vidy pojimala zény jako hierarchicky
nizké jednotky pfedevsim biostratigrafického obsahu.

Ve stati o sériich = odd&lenich (Series) se opravnéné& kritizu-
je aplikace nazvu série na litostratigrafické celky (“série” misto
spravného oznaceni skupina = group se dosud i u nds ojedinéle
vyskytuje u autorti, ktefi nejsou sezndmeni se zdkladnimi pravidly
stratigrafické terminologie). Jména oddéleni = sérii se b&¥n& voli
bud podle vztahu k titvaru (napf. stfedni devon), nebo podle geo-
grafickych ndzvii - v tomto pfipadé se b&Zné uzivaji i s koncovkou
-an anebo -ian (napf. Chesterian Series). Snaha nékterych strati-
grafi eliminovat u oddéleni koncovku -an nebo-ian jako odlifovaci
znak od stupiiii (napf. v siluru) je proto ilegdlni a nema oporu
v Zidném mezindrodnim usneseni o stratigrafické klasifikaci.

Zvlastni pozornost se vénuje déleni prekambria, v némz jsou
jako obecné chronostratigrafické jednotky uznany pouze archai-
kum (Archean) a proterozoikum (Proterozoic), a to v kategorii
eonotémii (eont), Principy déleni prekambrickych celki jsou jinak
tytéz jako u celki fanerozoickych s tim, Ze geochronometrické jed-
notky, opfené o izotopovd datovini, nejsou jednotkami
chronostratigrafickymi, u nichz je zdvazné vymezeni podle strato-
typt.

V zévérecné desdté kapitole vlastnich zdsad se podrobng dis-
kutuje vztah mezi jednotlivymi druhy stratigrafickych jednotek,
jejichZ nezdvislost je ticba respektovat. Zvldstni postaveni maji
pouze chronostratigrafické jednotky jako prostfedek k dosaZeni
vlastniho cile stratigrafie pfi hodnoceni historie Zemé.

Nové vydani stratigrafickych zdsad obsahuje slovnik strati-
grafickych termini se struénymi definicemi (celkem 38 str.). Vedle
béiné uZivanych terminii zde najdeme i ndzvy uZivané jen zcela
ojedinéle (napf. aurora, geolith, holozonite), vcelku vsak jde
o slovnic¢ek uziteény.

Text nového vyddni mezindrodnich stratigrafickych zdsad je
doplnén vyétem ndrodnich stratigrafickych kodexii (63 polozek)
a obsahlou bibliografii praci o stratigrafické klasifikaci, terminologii
a procedurdch (56 str.).

Nové vyddni mezindrodnich zdsad stratigrafické klasifikace
Neni proto ani ditvodem pro zasadngj$i zmény ndrodnich strati-
grafickych kodex, které vychdzely z vydani prvého (to je pfipad
i nadich stratigrafickych zdsad z r. 1978). Nové vydani viak miiZe
byt podnétem k jistym dpravam, revizim a dopliikiim stdvajicich
stratigrafickych zésad,

Vyhradnim distributorem 2. vydéni International Stratigraphic
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