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Abstract The incertae sedis Carpathoporella Dragastan,
1995, reported from the Lower Cretaceous of the Western
Tethyan domain, is usually interpreted as remains of calcar-
eous algae (Dasycladales or Characeae). New thin-section
material from the Aptian of Albania sheds light not only on
its biogenic nature but also on the morphological variability
of this taxon. In fact, Carpathoporella represents the debris
of colonial, bushy, most likely gorgonid octocorals with
tuberculated spheroids that may be fused at least near the
basal root-like holdfast. Colony branching originates from
longitudinally grooved calcareous branches or internodes.
Possible relationships to other Upper Cretaceous to Palaeo-
gene genera are discussed and a revised critical inventory
of Cretaceous octocorals is presented. Due to the evidenced
morphological features, Carpathoporella could either rep-
resent an ancestral isidid octocoral of the order Alcyonacea
such as Moltkia Steenstrup or, due to the likely primary ara-
gonitic skeletal mineralogy, a representative of Epiphaxum
Lonsdale of the order Helioporacea. Due to morphological
analogies, the new combination Carpathoporella elliotti
(Radoicic) is proposed. In any case, the Lower Cretaceous
record from Tethyan peri-reefal shallow-water carbonates
is highlighted since numerous skeletal findings of fossil
gorgonid Octocorallia were so far only known from Upper
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Introduction

Microproblematica (or incertae sedis) are microorganisms,
sometimes only parts of them, that are, due to the poverty
of characteristic features, or due to contradictory character-
istics, not compatible with existing taxonomic concepts.
Therefore, these fossils cannot be assigned with certainty to
an organism or a group of organisms (e.g., Schmid 1996).
Small, variously star-shaped or elongated calcitic bodies
with or without a central hollow and assigned to the enig-
matic incertae sedis Coptocampylodon Elliott and Carpath-
oporella Dragastan are widespread in Upper Jurassic to
Upper Cretaceous shallow-marine carbonates of the Teth-
yan realm (e.g., Elliott 1963; Dragastan 1967, 1989;
Radoici¢ 1969; Basson and Edgell 1971; Schlagintweit
et al. 2002). Since the establishment of both taxa, their
validity, possible synonymies, and biogenic nature has long
been disputed with contradictory opinions. Coptocampyl-
odon was interpreted by Elliott (1963) as calcitic remains of
octocorals (“soft corals”), later as anomuran coprolites or
algal remains (see micropalacontological part for details).
New material from Lower Cretaceous carbonates on top of
the Mirdita ophiolites in Albania sheds light not only on
the systematic position but also on the intraspecific
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morphological variability of a taxon invalidy described for
the first time by Patrulius (1966) as Coptocampylodon fon-
tis, later typified as Carpathoporella occidentalis Draga-
stan, 1995, non 1967, non 1989. It will be shown in the
present paper that this taxon cannot be ascribed to debris of
calcareous algae but can be referred to different skeletal
parts of fossil octocorals. Noteworthy, also for Pienina
oblonga Borza and Misik, 1976, another microproblemati-
cum that can occur in Lower Cretaceous shallow-water
limestones, a possible octocoral origin is discussed (Granier
1988; Misik 1998).

Geological setting

In the Mirdita Zone of central Albania, large areas on top of
the radiolaritic-ophiolitic trench fills (=mélange) are cov-
ered by Neocomian shallow-water carbonates (Xhomo
et al. 2002), e.g., the Munella and Mali i Shejtit carbonate
platforms (MCP, MSP) (see Gawlick etal. 2008 and
Schlagintweit et al. 2008 for details) (Fig. 1). At the so-
called Gezolla section, representing the southernmost part
of the MCP (Fig. 2), clasts of (Upper) Berriasian-Valangin-
ian shallow-water carbonates with abundant benthic foram-
inifera, namely Andersenolina campanella (Fig.3a) and
Pseudocyclammina lituus (Yokoyama) (Fig.3b), are
reworked within basal breccias associated with coal series.
The following reddish to grey limestones above the brec-
cias are devoid of biostratigraphic useful microfossils.
Dasycladalean algae of the NikSi¢ type assemblage (Sokac
and Nikler 1973; Schindler and Conrad 1994) such as Sup-
piluliumaella elliotti Bakalova (? = Crinella carsica Sokac
and Nikler) (Fig. 3c) or Montenegrella div. sp. (Fig. 3e)
occur in the lower and middle part of the section (samples
Al 832, 836, 839, 840, 842 and 844; see Fig. 2b). It is not
the intention here to document further on this group of
dasycladales needing taxonomic reconsideration (e.g.,
Barattolo 1984; Radoici¢ 2002). The occurrence of these dasy-
cladales within samples containing extraclasts and iron-
stained matrix compares to the occurrence in the NiSi¢ area
of Montenegro where they are reported above reddish kar-
stic bauxites also with “Coptocampylodon fontis” (Sokac
and Nikler 1971, 1973). The occurrence of the dasyclada-
lean alga Montiella ellitzae (Bakalova) (Fig. 3d) in sample
Al 848 roughly accounts for a Barremian-Aptian age at
least for the topmost parts (e.g., Bucur 1999). From the
highest part of the Gezolla section, Peza and Marku (2002)
reported Cylindroporella sudgeni Elliott, Carpathoporella
fontis (Patrulis) and Paleodictyoconus arabicus Henson
(=Montseciella arabica acc. to Cherchi and Schroeder 1999
and Schroeder et al. 2002) pointing to an Aptian age of the
upper part of the profile. Therefore these shallow-water car-
bonates belong to the MSP. Summarizing, the Gezolla
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section represents another transgressive sedimentary cycle fol-
lowing the Neocomian Munella platform starting in the Upper
Hauterivian or Lower Barremian and named as the Mali I
Shejtit platform (Gawlick et al. 2008) as documented by the
occurrence of the benthic foraminifer Campanellula capuensis
De Castro (e.g., Veli¢ 2007) at another sampled section.

Fossil versus recent octocorals: a brief overview with
special reference to Cretaceous taxa

Octocorals, frequently also referred to as soft corals, are a
subclass of sessile Anthozoa, being mostly colonial with
forms ranging from encrusting sheets to complex branching
forms (e.g., Bayer 1956; Bayer et al. 1983). As the name sug-
gests, it refers to their polyps having eight tentacles. Many
(but not all) octocorals can be classified as cold-water or
deep-water corals. Recent forms range in size from only a
few centimeters up to a few meters and occupy habitats rang-
ing from the intertidal zone down to abyssal depths and a
geographical distribution from pole to pole (e.g., Bayer
1961). Some octocoral families are characteristic for warm
shallow-water areas where they are conspicuous components
of reef communities, especially in the tropical Indo-Pacific
realm (e.g., Bayer 1961; Fabricius and Alderslade 2001;
Grasshoff and Bargibant 2001), others are almost exclusively
inhabitants of cold deep-water habitats (e.g., Wing and
Barnard 2004). Recently, representatives of the genus Narella
Gray have been recorded from a depth of 4,594 m in the
North-Pacific realm (Cairns and Baco 2007). With respect to
fossil counterparts, for example, depths of 100-300 m were
estimated by Bernecker and Weidlich (2006) for the well-
known Danian coral mounds of Fakse, Denmark. Especially
deep-sea octocorals are slow growing, possessing a longevity
potential of up to 200 years (Andrews et al. 2002, 2005).

In the “Treatise of invertebrate palaeontology” of 1956,
Bayer mentions 45 living families of which 13 are known
from the fossil record. From the Upper Cretaceous onwards,
six families are recorded (Bayer 1956; Voigt 1958). At pres-
ent, approximately 340 genera of octocorals are known
(Williams and Cairns 2006) including over 3,000 extant spe-
cies (Daly et al. 2007). For the approximate numbers of genera
and species within each of the extant octocoral families, see
Daly et al. (2007). Octocorals belong to a group of animals,
such as also Holothuroidea, that are composed of multi-ele-
ment skeletons disarticulating rather quickly post-mortem.
Findings of fossil octocoral remains are therefore generally
rare with occasional records in the Palaeozoic (e.g.,
Lindstrém 1978; Bengtson 1981; Reich 2001, 2002; Cope
2005). The oldest record might be from the Cambrian Burgess
Shale (Ausich and Babcock 1998, 2000). Generally, there is
a discontinuous record, and the relationship of the Palaeozoic
spicules ascribed to the order Alcyonacea to Mesozoic or
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Fig. 1 Geological map of cen-
tral Mirdita Zone in Albania
with shallow-water carbonate
platforms on top of the ophio-
lites resp. the radiolaritic-ophio-
litic trench fills (mélange)—the
Mali i Sheijtit and Munella
Mountains (Mali i Munelles).
Arrow shows locality of Gezolla
section. Map simplified on base
of Harta Gjeologjike e Shqipe-
rise 1:200,000 (Xhomo et al.
2002), including own results
(Gawlick et al. 2008)

Macedonia

Adriatic Sea

Greece

Shallow-water carbonates (Munella and Mali i Shejtit:
Berriasian-Valanginian and 7B ian-Aptian)

Flyschoid-molasse (Firza Formation:
Berriasi langinian)

1 1o Ve q )

Reefslope deposits of eroded shallow water car-

bonates (Kurbnesh Formation: ?Kimmeridgian-Tithonian)

Radiolaritic-ophiolitic trench fill (mélange)
(Perlat Formation: Bathonian to Oxfordian)

Gabbro-plagiogranite complex

Harzburgite-type ophiolites
("Eastern belt ophiolites”)
mostly basaltic volcanics
(Triassic to ?Jurassic)

Lherzolite to harzburgite-type ophiolites
("Western belt ophiolites”)

Basalt pillow lava ("Western belt ophiolites™)
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Fig. 2 a Simplified tectonic a b 4 Mali i Shejtit Carbonate
situation at the southern rim of .| Flagom
Munella platform characterized v i 12
by hi P Mali i Shejtit Carbonate ViR
y high-angle normal faults and % NG OAT
position of Gezolla section. Platform T us 10
b Gezolla section and position of . giiEnE o
the sample AL 847 containing Gezolla (Flg B) <. 87 gre—
the described material Early Cretaceousl = S o © rALBAs
paralic coals i = e +ALB36
£ BELh +AL834, 835
g 2 AL 833, 843
g o aem
: + AL 831, 840-842
o ] +AL 829, 830, 837-839
" volcanic-ophiolitic clastic series 0.5

younger findings, is obscure. Octocorals are well recorded
from Upper Cretaceous (e.g., Voigt 1958; Konig 1991; Zitt
and Nekvasilova 1993; Wittler 2001a; Helm and Schiilke
2003; Loser 2003) or Cenozoic (e.g., Nielsen 1913, 1917,
1925; Langer 1989; Giammona and Stanton 1980; Kocurko
and Kocurko 1992; Kocurko 1993; Bernecker and Weidlich
2005, 2006; Lozouet and Molodtsova 2008) sediments. The
taxon Prographularia triadica from the Upper Triassic of the
Northern Calcareous Alps was interpreted by Frech (1890),
followed by Haas (1909) and Voigt (1958) as remains of an
alcyonarian octocoral, an interpretation rejected by Jeletzky
and Zapfe (1967), resulting in the lack of a confirmed octo-
coral record from the Triassic. This data set is also high-
lighted in the compilation of fossil octocorals provided by
Sepkoski (2002) with one genus from the Palaeozoic, one
genus from the Lower Jurassic, six genera (including Cop-
tocamylodon as valid taxon) from the Lower Cretaceous and
already 15 genera from the Upper Cretaceous expressing the
pronounced phylogenetic radiation during this time. In detail,
the data set of Sepkoski (2002) for the Lower Cretaceous lists
four genera of the order Helioporacea (=blue corals) (Prohe-
liopora Kuzmicheva, Polytremacis d’Orbigny, Pseudopoly-
tremacis Morycowa, Epiphaxum Lonsdale), one genus from
the order Pennatulacea (=sea pans) (Virgularia Lamarck) and
two genera of the order Alcyonacea (Coptocamylodon Elli-
ott, Corallium Cuvier). The rare available literature data,
however, are not consistent and in parts also contradictory
necessitating to add some further comments on the Sepkoski
list and the proposed stratigraphic occurrences therein.

Heliopora de Blainville

This genus should appear in the Upper Cretaceous (Santo-
nian) according to Sepkoski (2002). As a living fossil, the
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(fluviatile sediments of probably
Hauterivian - ? Barremian age)

E:::| red, fossil-rich limestones,
partly with lumachella

] grey, fossil-rich limestones

B reddish, breccia-rich limestones,
partly with erosional surfaces

taxon Heliopora was treated in detail by Colgan (1984)
with the oldest species being H. japonica from the Lower
Cretaceous Miyako Group of Japan (Eguchi 1948). In the
original work, however, no details on the stratigraphic
position were indicated. Today, the stratigraphy of the
Miyako Group is well established and the coral facies
encompasses the Upper Aptian (e.g., Iba and Sano 2007).
Recently, Heliopora japonica was transferred to the genus
Pseudopolytremacis Morycowa (Loser and Ferry 2006;
Tomds etal. 2008). Thus, the today-living Heliopora
coerulea (Pallas) represents the oldest fossil record of this
genus appearing in the Albian (Upper Greensand) of
England (Duncan 1879).

Epiphaxum Lonsdale

The oldest described species of the genus Epiphaxum
Lonsdale was E. labyrinthicum from the Albian of Texas;
this taxon, however, belongs to the genus Polytremacis
(Loser 2005, p. 259). Other described species of Epipha-
xum belong to Aulopsammia Reuss (Loser 2000, p. 34).
The type-species Epiphaxum auloporoides Lonsdale is
well recorded from the Upper Cretaceous (Turonian) to
Danian (Nielsen 1925; Voigt 1958; Wittler 2001a).
Another fossil representative was recently described as
Epiphaxum arbuscula from the Cenozoic (Eocene to
Miocene) of France (Lozouet and Molodtsova 2008). The
place of Epiphaxum within the Octocorallia is uncertain,
and therefore regarded as an enigmatic genus (e.g., Daly
et al. 2007). Loser (2005, p. 259) states, that Epiphaxum
“cannot be claimed to be a coral at all”. Noteworthy, that
the Helioporacea (blue corals) hold some kind of excep-
tional position as representing octocorals characterized
by a massive aragonitic skeleton.
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Fig. 3 Microfossils from the reddish, breccia-rich limestones from re-
worked pebbles of the Lower Cretaceous Munella Carbonate Platform
at the base of Gezolla section, Mirdita Zone of Albania, Munella
Mountains. a Benthic foraminifer Andersenolina campanella (Arnaud-
Vanneau, Boisseau and Darsac). Sample Al 837. b Benthic foraminifer
Pseudocyclammina lituus (Yokoyama). Sample Al 838. ¢ Dasycladale
Suppiluliumaella elliotti Bakalova (? = Crinella carsica Nikler and
Sokac). Sample Al 840. d Dasycladale Montiella ellitzae (Bakalova).
Sample Al 848. e Dasycladales Suppiluliumaella elliotti Bakalova

Corallium Cuvier

Our research could not confirm the supposed occurrence of
the genus Corallium Cuvier in the Lower Cretaceous. The
fossil representatives Corallium pindborgi (Nielsen 1925)

(left) and large Suppiluliumaella? sp. (right). Note Bacinella irregular-
is Radoici¢ filling the main axis. f Packstone with lithoclasts and iron-
stained matrix (right); left a transverse section of the dasycladale
Dissocladella sp. or Suppiluliumaella sp. Sample Al 843. g Packstone
with abundant remains of Carpathoporella occidentalis Dragastan;
white rectangle marks the detail shown in h. Sample Al 847. h Detail
from g. Sample Al 847a. For a—c, e, f scale bar is 1 mm; for d, h scale
bar is 0.5 mm, for g scale bar is 2 mm

and Corallium becki (Milne Edwards and Haime 1851)
from the Danian of Denmark are both considered synonyms
of Moltkia isis Steenstrup, 1846 (see Voigt 1958). The only
remaining Cretaceous species is the Campanian-Maastrich-
tian Corallium elegantum Kuzmicheva, 1987.
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Proheliopora Kuzmicheva

According to Loser (1993), Proheliopora Kuzmicheva rep-
resents a synonym of Pseudopolytremacis Morycowa.

Pseudopolytremacis Morycowa

P. spinoseptata, the type-species of the genus (Morycowa
1971), originally described from the Lower Cretaceous of
Romania, was also reported from the Upper Jurassic
(Oxfordian-Kimmeridgian) of Slovenia (Turnsek 1997).

Moltkia Steenstrup

Concerning the genus name, Moltkia, introduced by
Steenstrup (1846), it should be noted that a homonym
angiosperm plant of the family Boraginaceae exists
(Lehmann 1817). Both represent so-called inter-code hom-
onyms and are vaild, as both codes (ICZN-ICBN) are
independent; only a recommendation to avoid the introduc-
tion of new generic names that already exist under another
code exists (e.g., Hawksworth et al. 1994). When dealing
with fossil (here: Cretaceous) octocorals, there arises the
general difficulty of directly assigning them to extant gen-
era. This will be shortly demonstrated with the couple Isis
and Parisis.

Isis Linné—Parisis Verril

There are several species assigned to Isis Linné and
described from the Upper Cretaceous and Paleogene
(Nielsen 1913; Voigt 1958; Helm and Schiilke 2003). The
two Cenomanian species Isis tenuistriata (Reuss) and Isis
miranda (Pocta) have been shown to represent differently
shaped internodes of Moltkia foveolata (Reuss) (see Lehner
1937). Bayer (1955b, p. 211) already doubted the reference
of some of the fossil representatives to Isis, assuming that
they rather might belong to Parisis Verrill. Helm and
Schiilke (2003) illustrated a nice, almost completely pre-
served, specimen of Isis ramosa Voigt from the Campanian
of northwest Germany showing a throughout rigid fan-
shaped corallum completely different from recent Isididae
with alternating calcareous internodes and horny nodes.
Helm and Schiilke (2003) and also Bernecker and Weidlich
(2006) obviously escaped notice of the monography of
Upper Cretaceous to Palacogene corals of the former USSR
provided by Kuzmicheva (1987). In this work, all the
Upper Cretaceous-Palacogene taxa originally described as
species of Isis (including also Isis ramosa) were treated as
representatives of Parisis, but Parisis is also characterized
by alternating horny (nodes) and calcareous (internodes)
skeletal parts (e.g., Bayer 1955b), thus, excluding the new
combination concerning Isis? ramosa as proposed by
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Kuzmicheva (1987). The compact and strongly calcified
skeleton (without horny nodes) and the branching colony
shape of “Isis” ramosa rather points to the family Elliselli-
dae of the order Alcyonacea (e.g., Bayer and Deichmann
1960) offering the possibility that first representatives of
this family could have originated in the Upper Cretaceous
period. The colonial axis of “I.” ramosa should then show
the occurrence of a radial pattern of calcification, being a
characteristic feature of the Ellisellidae (Bayer 1955b).
Already Bayer (1955b, p. 219) shortly discussed the possi-
bility that the “Ellisellidae arose from ancestral isidids by
elimination of the horny nodes” and with this respect was
referring to the fossil genus Moltkia. Another example is
related to Isis melitensis Goldfuss, 1826 considered as
belonging to Parisis by some palaeontologists (e.g.,
Kuzmicheva 1987), yet others treat it as belonging to Kera-
toisis Wright, 1869 (e.g., Langer 1989; Noé and Dullo
2006). In conclusion, there is still much uncertainty
amongst palacontologists to which genera the fossil species
actually belong. It also makes clear that with respect to fos-
sil isidids, a generic determination based only on isolated
calcareous internodes is not reliably possible.

In Fig. 4 we tried to establish a stratigraphic range chart
of Cretaceous octocoral genera being aware that the incom-
plete record and the controversial opinions about the sys-
tematics/synonymies of individual taxa lead to the
provisional character of the chart presented. It shows that
the evolution of the modern octocorals started at the end of
the Lower Cretaceous (genera Heliopora) and more pro-
nounced during the Upper Cretaceous (genera Epiphaxum,
Nicella, Corallium, Parisis). The compilation includes two
genera that are only known from the Cretaceous, Krimella
Kuzmicheva and Paramoltkia Loser. These two taxa are
also so-called singletons, genera occurring in only one
stage (Kiessling and Baron-Szabo 2004). It can be
assumed, however, that this only results from the poor state
of knowledge expressed also by the fact that both were so
far only reported from their type localities. In any case, the
short discussion of Cretaceous octocorals in general, the
dubious records of some genera from the Lower Cretaceous
and the taxonomic problems when referring fossil to recent
taxa highlights every new finding of any stratigraphic
interval at all and especially those older than the Upper
Cretaceous.

The numerous records from the Upper Cretaceous to Pal-
aeogene, especially the Maastrichtian—Danian interval, are
mainly from marly or carbonatic deep-water sediments but
also from the littoral zone (e.g., Nielsen 1913, 1917, 1925;
Voigt 1958; Leloux 1999). Whereas all these occurrences are
from the boreal realm, e.g., the Danish Basin, with typical
cool-water carbonates (e.g., Bernecker and Weidlich 2005,
2006; Bjerager and Surlyk 2007), proved occurrences from
shallow-water carbonates of the (sub-)tropical Tethyan realm
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Cretaceous

I modern genera
_ g Lower

Be Va Ha Ba

Krimella

Paramoltkia

Moltkia

Polytremacis - =
Carpathoporella = =
Pseudopolytremacis

Fig. 4 Simplified Cretaceous stratigraphic range chart of octocoral
genera (Pennatulacea excluded), critically revised on the basis of bib-
liographical data (Voigt 1958; Kuzmicheva 1987; Loser 2000;
Sepkoski 2002). Note that the genus Primnoa Lamouroux was excluded
as it is considered to lack fossil representatives (see Voigt 1958; Cairns

are virtually lacking. Within the marly Upper Cretaceous
lithologies, the occurring dissociated remains of octocorals
and recovered from washing samples or extracted from the
carbonates (e.g., Nielsen and Jacobsen 2004) can be well
ascribed to their basal holdfasts and internodes whereas find-
ings of their sclerites are comparably seldom (e.g., Alexan-
drowicz 1977) and findings of more or less complete
specimens represent a real rarity (Bayer 1955a: sea-pens;
Helm and Schiilke 2003). The sclerites of Recent octocorals
embedded in coenenchyme, the colonial tissue between the
polyps and consisting of mesogloea (see Bayer et al. 1983),
are one of the most important features for their taxonomic
classification (e.g., Janes and Wah 2007). In some families,
their arrangement and occurrence within the whole colony is
“as important as the shape of the spicules themselves” (Bayer
1956). This approach can understandably not be applied to
fossil material; they can just be classified and described
according to the glossary of Bayer et al. (1983). Therefore,
the classification of fossil octocoral sclerites established by
Deflandre-Rigaud (1955, 1956, 1957) is irreproducible and
taxonmonically misleading as already remarked by Giam-
mona and Stanton (1980, p. 73). This scheme refers to
mainly spindle-shaped sclerites that should all belong to the
only one morpho-genus Micralcyonarites Deflandre-Rigaud,
1955, with more than 20 different form-species.

Sclerites of modern octocorals are composed of tightly
packed crystals of calcite with variable amount of magne-
sium (high Mg-calcite) (e.g., Weinbauer and Vellmirov
1995; Rahman and Oomori 2008), but also calcite with an
admixture of aragonite or aragonite alone (e.g., Bayer
1955b, 1981a). Stanley et al. (2002) conclude that the Mg
content in the skeletal calcite of anatomically simple organ-
isms correlates directly with the Mg/Ca ratio of the ancient
seawater. For groups such as the alcyonarians (with high-
Mg calcite today), the authors assume that they probably

Upper
Ap Al Ce Tu Co Sa Ca Ma

and Bayer 2005, 2009, and details in the text). The compilation shows
that the evolution of the modern octocorals started in the Lower
Cretaceous (genus Heliopora) and more pronounced during the Upper
Cretaceous (genera Nicella, Corallium, Parisis, Epiphaxum)

produced skeletons with low-Mg calcite in Late Cretaceous
seas. In addition, also the temperature of the seawater can
be a factor influencing the skeletal Mg/Ca ratio (Sherwood
et al. 2006). Such a complex interplay of factors, however,
should only have an impact when comparing shallow-water
with deep-water taxa.

The internodes/branches maybe purely calcareous, such as
in the isidids, or with a central axis composed of scleropro-
tein, gorgonin, and hydroxylapatite (e.g., Lewis and Von
Wallis 1991; Macintyre et al. 2000; Bayer and Macintyre
2001). Bayer and Macintyre (2001) suppose that the axes and
holdfast mineralogy could be of importance for octocoral
systematics. Such an assumption was already discussed by
Kocurko (1988) stressing that the microstructure of the hold-
fasts may be aragonitic, calcitic or composed of calcareous
layers alternating with gorgonin. Noteworthy, that within
four recent families (Ellisellidae, Ifalukellidae, Chrysogorgii-
dae, Primnoidae) the latter type of holdfast microstructure is
prevailing (Grasshoff and Zibrowius 1983). By all means, the
original mineralogy and microstructural features are difficult
to assess in fossil taxa as shortly discussed above. It is likely
that the remains of fossil octocorals “are not as rare as previ-
ously thought” (Kocurko 1988, p. 114), but obviously often
go unrecognized, although especially their calcified sclerites,
axes, and holdfasts have a fairly good potential for preserva-
tion. Our contribution is therefore of special interest and rep-
resents a further jigsaw piece for resolving the question
recently put forward by Reich (2007): “Where are all the fos-
sil octocorals™?

Coptocampylodon—Carpathoporella: a historical review

The taxon Coptocampylodon was established by Elliott
(1963) with the type species C. lineolatus (Lower Cretaceous
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of Iraq) as follows: “Small solid cylindrical calcareous bod-
ies, longer axis gently curved or irregular, circular in cross
section but deeply incised by longitudinal grooves, ends
irregularly rounded”. The material of Elliott collected from
two different formations contained isolated specimens
(holotype) from the Hauterivian and some specimens
recovered from Lower Cretaceous thin-sections (para-
types). The isolated, slightly curved specimens (with
rounded ends) exhibiting longitudinal ribs are comparable
large, attaining diameters of up to 1 mm and lengths of up
to 3 mm, whereas the transverse sections in the thin-section
material only attain diameters of up to 0.5 mm. As one dis-
criminating feature of “species” established later on, the
number of the marginal-longitudinal grooves became
important (e.g., Patrulius 1966; Dragastan 1989; Schlagint-
weit et al. 2002; Ljubovi¢-Obradovi¢ and Radoi¢i¢ 2003).
Elliott (p. 298) concluded that Coptocampylodon “com-
prises the skeletal remains of a small octocoral in which
horny and calcareous joints alternated”.

A second representative was described by Patrulius
(1966) as Coptocampylodon fontis from the Lower Creta-
ceous of Romania differing from the type species by a
higher number of grooves (9—15) and the often-occurring
central canal. Noteworthy, the variability of C. fontis also
comprises solid specimens lacking this feature. The exter-
nal diameters (0.20-0.42 mm), however, are in the range of
the paratype specimens of C. lineolatus. As the occurrence
of a central canal is not compatible with the generic diagno-
sis of Coptocampylon, C. fontis cannot be included in the
latter without emendation by incorporating also non-solid
forms, thus, enlarging the generic diagnosis or—if one con-
siders this as a criterion of generic importance—establish-
ing a new genus. By the way, the occurrence of a central
canal was also the reason for Patrulius to doubt an interpre-
tation as skeletal elements of Octocorallia as done by Elliott
for Coptocampylodon lineolatus. Last but not least, men-
tion should be made that Patrulius did not designate a holo-
type, thus, Coptocampylodon fontis represents a nomen
nudum (see Granier and Deloffre 1993). In 1967, Dragastan
introduced the genus Carpathoporella (type species C.
occidentalis) from the Lower Cretaceous of Romania by
taking the existence/absence of a central canal as generic
criterion and assigned it to the dasycladalean algae; a holo-
type was not indicated, thus representing a nomen nudum.
Radoici¢ (1969) described another new species as Coptoc-
amylodon elliotti from the Middle Cretaceous of the Dina-
rides, also possessing a central cavity. Radoi¢i¢ draw the
following conclusions: (a) Carpathoporella occidentalis
Dragastan is identical with Coptocampylodon fontis Patru-
lius; (b) Coptocampylodon lineolatus Elliott corresponds to
tufts of secondary laterals of Triploporella-type dasyclada-
lean algae; and (c) representatives of Coptocampylodon
might belong to the debris of different groups of organisms.
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In his classification of fossil dasycladaleans, Deloffre
(1988) treated Coptocampylodon with C. fontis as a possi-
ble dasycladale alga (family Acetabulariaceae) and Car-
pathoporella as a “mélange des formes” excluded from the
dasycladales.

The identity of Coptocampylodon fontis and Carpatho-
porella occidentalis was later accepted by Dragastan
(1989) introducing the new combination Carpathoporella
fontis (Patrulius). Also, Coptocampylodon elliotti was con-
sidered as belonging to the genus Carpathoporella. Regard-
ing the biogenic origin of Carpathoporella fontis,
Dragastan envisaged a possible characean nature. In their
revision of Jurassic-Cretaceous dasycladalean algae, Gra-
nier and Deloffre (1993) stated the invalidity of Carpatho-
porella  Dragastan, 1989 nom. nud. based on
Carpathoporella fontis (Patrulius) as representing a hom-
onym of Carpathoporella Dragastan, 1967 nom. nud. based
on Carpathoporella occidentalis. Regarding Coptocampyl-
odon lineolatus Elliott, the coprolite nature for the isolated
holotype, as suggested by Cuvillier et al. (1969), was sup-
ported by Granier and Deloffre (1993); the paratypes from
the thin-sections, however, should correspond to algal spic-
ules. The genus Carpathoporella with the type species C.
occidentalis was validated later by Dragastan (1995) by
choosing a lectotype from the original material (pl. 1, fig. 9,
in Dragastan 1967) in accordance with article 9.2 of the
International Code of Botanical Nomenclature.

In 2002, another possible representative of Coptocam-
pylodon Elliott was described as Coptocampylodon? rhaeti-
cus by Schlagintweit et al. (2002) from the Upper Triassic
of the Northern Calcareous Alps; it was interpreted as
“parts...of a larger organism of unknown systematic posi-
tion”. Ljubovi¢-Obradovi¢ and Radoici¢ (2003) introduced
the new species Coptocampylodon pantici (Turonian of
Serbia), and emended the morpho-genus Coptocampyl-
odon, indicating its origin as “dislocated tufts of the
elongate trichophorous secondary laterals of some dasycla-
dalean species, perhaps even of several genera”. Whether
all Coptocampylodon “species” represent laterals of larger
dasycladales, however, was later questioned by Schlagint-
weit and Gawlick (2007). Besides the interpretation as
octocoral sclerites by Elliott (1963), a view not followed by
subsequent workers, Coptocampylodon was—as already
mentioned—interpreted as algal remains and the isolated
specimens as crustacean coprolites (Cuvillier et al. 1969).
The latter opinion was regarded as a simple case of homeo-
morphism by Ljubovi¢-Obradovi¢ and Radoici¢ (2003).
Zivkovic and Bogner (2006) studied isolated specimens of
Coptocampylodon lineolatus from the Eocene of Croatia
demonstrating that these show similar chemical composi-
tion as the host marl. Together with the detection of cocco-
liths within C. lineolatus, a sediment-derived nature
(deposit-feeding!) is evident, supporting the interpretation
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as crustacean coprolite. As lacking any internal structures,
C. lineolatus cannot be compared with the different taxa
showing genus and species characteristic internal canals
(e.g., Cuvillier et al. 1969; Bronnimann 1976).

The specimens described in the present paper can be
assigned to Carpathoporella occidentalis Dragastan 1995
(non 1967, 1989). A detailed synonymy of this taxon is
included in Schlagintweit et al. (2002).

Description of material

Sample Al 847 (thin-sections Al 847-a and -b) from which
the material illustrated and discussed in the present paper
derives, represents a poorly washed-out packstone with
debris of “Coptocampylodon-Carpathoporella” in great
abundances, remains of gastropods and corals, Bacinella-
Lithocodium nodules, dasycladalean algae such as Salpin-
goporella cf. pygmaea (Glimbel) and some benthic forami-
nifera (Nautiloculina sp., Vercorsella sp.) (Fig. 3g, h). The
sections of Carpathoporella are totally recrystallized, con-
sisting of sparry calcite. Most of them display spherical
shapes. With respect to occurring frequencies, star-like sec-
tions with commonly five deeply lobed margins (pentamer
symmetry) are comparably rare (Fig.5a—). Mostly, the
edges are even, rarely concave, the space between is typi-
cally V-shaped with a rounded base. Usually, the star-like
specimens are fairly small in diameter (0.18—0.25 mm) and
can be well compared to the small paratypes of “Coptocam-
pylodon lineolatus” or Coptocampylodon sp. 2 of RadoiCi¢
(2005) from the Valanginian of the Mirdita Zone of Serbia,
Carpathoporella? sp. from the Lower Cretaceous of the
Mid-Pacific Mountains (Masse and Arnaud-Vanneau 1999)
or the supposedly “second order laterals of Selliporella neo-
comiensis” from the Valanginian of Iran (Hosseini and Con-
rad 2008). The vast majority of spherical sections have 8-12
marginal grooves of hemi-spherical to ovoid shapes, gener-
ally showing resemblances to transverse sections of acicu-
lariacean algae (Fig. Sc pars, d—j). Normally, these forms are
larger (diameters up to 0.6 mm) than the star-like sections,
but there also exist rare tiny forms (diameter 0.14 mm)
(Fig. 5¢). Besides solid specimens, there are also forms
showing a central hollow (diameter 0.075-0.185 mm) occu-
pying about 25-45% of the total diameter (0.25-0.45 mm)
(Fig. 5k—n, o pars). The number of marginal grooves varies
between seven and 12. This type is here called “gearwheel
typus”. The dimensions/data are in accordance with those
indicated for Carpathoporella occidentalis or “Coptocam-
pylodon” fontis nom. nud. (Patrulius 1966; Dragastan 1967,
1989). In some cases, the central hollow is not totally sur-
rounded by calcite but shows an open side. Such specimens
may occur free within the sediment (Fig. 5m) or as part of
the basal fixed portion (see below).

Another group of skeletal debris, and interpreted as lon-
gitudinal sections, shows cylindrical, straight-to-curved
tubes (diameter 0.14-0.25 mm: wall thickness 0.048-
0.080 mm), also exhibiting branching (Fig. 5p—z). They
arise from the “grooves” of similar-shaped “gearwheel
type” with a small central hollow (e.g., Fig. 5p). Usually
known from the Barremian-Aptian interval, comparable
sections were illustrated by Bucur et al. (2000) from the
Berriasian-Hauterivian of Turkey. Extremely rare are find-
ings where parts of the described calcitic elements are fixed
to hard substrates (e.g., shells, metazoan skeletons). The
attached part gains a width of 1.3 mm and a maximum
height of 0.45 mm (Fig. 6a). It contains several depressions
(four visible in thin-section) from which obviously several,
although not preserved branches were arising. There are
some smaller depressions (width about 0.1 mm) with acute-
rounded endings and a somehow larger one (width about
0.3 mm) that is broadening at its base. Two fused tubercu-
lated bodies (e.g., Fig. 5f) are still in contact with one of the
smaller depressions (Fig. 5b). Within the attachment struc-
ture, these “gearwheel types” with a central hollow occur.
The originally attached basal parts were also detected
detached in the micritic matrix (Fig. 6c¢).

Discussion

It is evident that the evidenced morphological characteris-
tics are not compatible with an algal origin of Carpathopo-
rella occidentalis. Instead, we interpret them as
representing different skeletal elements of a colonial octo-
coral, as already Elliott (1963) did for his paratypes of Cop-
tocampylodon lineolatus.

The spheroid bodies that make up the main part of the
debris can be assigned to octocoral spicules, microscopic
elements embedded in the soft tissue (coenenchyme). Fol-
lowing the terminology of Bayer et al. (1983), the majority
of our specimens can be classified as tuberculate spheroids
(Fig. 7a). Extremely rare are spheroid bodies that at one
side are elongated and fitting into the insertions of the basal
holdfast (Fig. 6b). This type, morphologically comparable
to the double-cone type (Fig. 7b) only occurs as the first
spicule connected to the holdfast, already the succeeding
second sclerite is roughly spherical in shape. The grooves
and ridges visible in thin-sections can be ascribed to a
tuberculated surface ornamentation (e.g., Fig. 7a). Those
forms with a star-like outline can be compared to the typus
“stellate plate” that are flat sclerites with deeply incised
margins, more or less radially symmetric, also of pentamer
shapes (e.g., Bayer et al. 1983, fig. 201). From recent repre-
sentatives, spicules with three (triradiate), four (cross), five
(stellate plate), or six (sixradiate) margins are occurring
(Fig. 7c). Whether our specimens are actually flattened
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Fig. 5 a-y Specimens known as Carpathoporella occidentalis Draga-
stan, interpreted as octocoral skeletal elements. a—c¢ (pars) Star-like
sclerites showing pentamer symmetry. d—j Tuberculated spheroids,
some showing resemblances with aciculariacean algae (e.g., i, j).
k-o Skeletal elements with central hollow and marginal grooves. Note
the opening in m, comparable to the occurrence within the basal hold-
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fast (compare Fig. 6a). p—y Sections of longitudinally grooved inter-
nodes or axes. Note rounded hollows in p and s interpreted as calixes
and internodal branching in y. Scale bars 0.2 mm for a—c, k; 0.3 mm
for d—j, I-0; 0.5 mm for p—y. Sample Al 847a: c—e, h—j, n, p-r, t-v, y;
Sample Al 847b: a, b, f, g, k-0, s, w, x



Facies (2009) 55:553-573

563

Fig. 6 a Basal holdfast fixed to the substrate with several pits (1-4)
representing the contact points of several branches, one containing two
fused sclerites (4). Note the skeletal element with central hollow
(arrow) and the basal joint-like broadening (1, leff). The possible
occurrence of a star- or cross-like sclerite is visible on the right (4). Scale
bar 0.5 mm. b Detail of the holdfast () showing two fused sclerites (s)
fixed to one of the pits. Scale bar 0.3 mm. ¢ Detached basal holdfast
not fixed to the substrate. Scale bar 0.5 mm. All samples Al 847a

plates cannot be answered from the thin-section material, as
three-dimensional data are not available. Their rareness,
however, can be an indication for it as the accidental sec-
tioning exactly in the sclerite plane would be extremely rare
as expected. These star-like bodies were reported already
from Tithonian strata, but this material lacks forms with a
central hollow (Schlagintweit and Gawlick 2007). Sclerites
of Recent octocorals are very variable in diameter but often
occur in different size classes (e.g., Williams 2003). Our
specimens show a normal distribution with sizes ranging
from 0.1 to 0.6 mm, and most values between 0.3 and
0.4 mm (Fig. 8). Their shape and distribution throughout
the octocoral colony is a result of the role they serve in the
mechanical system of the soft components (Lewis and Von
Wallis 1991) accounting also for their intracolonial or intra-
specific variability. The observed fused tuberculated scle-
rites in direct connection to the basal holdfast (Fig. 6b) may
allow a flexible bending on a limited scale responding to
water currents and more generally of course also as internal
support to hold the colony erect especially at the base for
ensuring the fixation to the basal substrate. In modern
octocorals, the area of the sclerites within the colony plays
an important role for correct identification (e.g., Janes and
Wah 2007), usually impossible to determine for the fossil
isolated, dispersed elements. Only in our case, the position
within in the colony is evidenced. Their arrangement points
to an axis composed of fused spheroids that would be an
explanation for their overwhelming dominance in the mate-
rial studied.

Fig. 7 Examples of spicules (a—d) of recent octocorals and holdfasts
of Upper Cretaceous representatives (e, f). a, b Tuberculate spheroids
(spicules); left: from the holdfast region of Eleutherobia flammicere-
bra; Recent (from Williams 2003); right: from Euplexaura; Recent,
(from Bayer 1956). ¢ Double cone (sclerites); from Euplexaura; Re-
cent (from Bayer 1956). d Crosses (above, below) and star (middle),
here: five-radiate; from Ellisellidae and Anthothelidae; Recent (from
Bayer 1956). e Holdfast of Moltkia sp. with diverging root-like pro-
longations; Upper Cretaceous (from Koénig 1991). f Holdfast of Prim-
noa? costata Nielsen (? Epiphaxum, compare Voigt 1958) showing
simple volcano-shape; Upper Cretaceous (from Konig 1991). Note
that in both cases (e, f) the attribution of the holdfasts to distinct genera
or species is proposed by the authors and not proven with absolute cer-
tainty

The cylindrical, slightly bending, longitudinally grooved
and occasionally branching parts (e.g., Fig.5j) may be
ascribed to internodes or axis, that is the octocoral’s sup-
porting calcareous structure. Internodes of Moltkia Steenst-
rup or branches of Epiphaxum auloporoides Lonsdale, for
example, possess longitudinal furrows and the thickened
endings exhibit calyces cavities or depressions (so-called
Kelchgruben, e.g., Voigt 1958; Loser 2003) with jagged
borders that could be similar to our sections of the “gear-
wheel types” (Fig. 9). In the juvenile parts, the calix inser-
tions occur at both endings of each internode, whereas in
the more adult parts they also occur along the sides of the
internodes. The calix insertions may also be arranged
oblique or perpendicularly to the internode longitudinal
axis (see Voigt 1958 for details). This constellation could
be an explanation for the thin-section specimens where
both the longitudinal grooves-ridges and a small central
“hollow” (? transverse section of a calix impression) at the
endings (or between) are discernible (e.g., Fig. 5Sp or s). The
dimensions of the calcareous internodes are variable
between different species; the internodes of Moltkia for
example have diameters of about 0.3-2.5 mm, the thick-
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ened ending 1-1.2 mm and the diameter of the calix inser-
tions amounts 0.5-0.9 mm (Voigt 1958; Loser 2003). An
axial canal my be present or become strongly reduced (see
Fig. 3 in Voigt 1958). Therefore, some sections could in
fact belong to transverse sections of internodes without
axial canal (e.g., Fig. 5e), but such a possible interpretation
cannot be verified here. Noteworthy is that the axial canal
of Moltkia is subdivided by transverse partitions. Some of
these features can be assigned to a specimen of “Carpatho-
porella fontis” illustrated by Radoicic (1969, pl. 3, fig. 3)
(Fig. 9a). Accepting such an interpretation, the calcareous
bodies showing a central hollow (e.g., Fig.5k) could
belong to both transverse sections of internodes/branches or
aborted calix insertions. Remarkably, similar transverse
and longitudinal sections were also illustrated by Radoici¢
(1969) for Coptocampylodon elliotti from the Albian of
Serbia. A more detailed comparison, however, is unfortu-
nately hindered by the fact that internodes of fossil octoco-
rals are known from isolated specimens obtained from
washing samples of marls, whereas representatives from
thin-sections are—according to our knowledge—unknown
from the literature. According to Loser (2003, p. 99), noth-
ing is known about the calcareous spiculae of Moltkia, a
further disadvantage for comparison with our material. Fur-
thermore, the author states that from a palaecobiogeographic
viewpoint, Moltkia is restricted to the boreal realm. This
observation conforms to the general circumstance that from
this area the octocorals are mainly recorded from marly
lithologies and not from shallow-water carbonates, wide-
spread in the Tethyan realm during both the Lower and
Upper Cretaceous period. Here, skeletal remains of
Carpathoporella-Coptocampylodon are rather widespread
during the Lower Cretaceous, reported from Albania (this
work), Austria, Bulgaria, Croatia, Greece, Romania, southern
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Fig. 8 Size of sclerites of Carpathoporella occidentalis Dragastan,
Lower Cretaceous of Albania, sample Al 847. Diameter in mm, n = 75.
Note, that the belonging to some measured data to internodes (without
central canal) cannot be excluded (see discussion in the text)

France, southern Germany, southern Italy, Spain, Serbia,
and Venezuela (see synonymy in Schlagintweit et al. 2002).
Besides representatives of the genus Moltkia, also frag-
ments of branches or stems of Primnoa? costata or Epipha-
xum auloporoides Lonsdale of the Danish Danian possess a
surface covered with longitudinal ribs separated by deep
furrows (Nielsen 1917, 1925) are also comparable to our
sections (Fig. 9b, c¢). Especially the serrated outline of the
calyces shows conspicuous similarities to Carpathoporella
occidentalis, therefore offering further comparisons and
interpretation (Fig. 9b). The holdfast of Primnoa? costata
reported by Malecki (1982), however, is different from our
finding as representing a simple disc with a central depres-
sion (Fig. 7e) and also the central canal of the internodes is
typically star-like in transverse sections (Voigt 1958: pl. 2,
fig. 4).

Fig. 9 Internodes/branches of
fossil octocorals. a Longitudinal

Carpathoporella occidentalis
Lower Cretaceous

Moltkia minuta
Maastrichtian - Danian

Epiphaxum auloporides
Danian

section of Carpathoporella occi-
dentalis (Dragastan) (from Ra-
doici¢ 1969) and interpretation
in terms of octocoral morphol-
ogy. Between brackets terminol-
ogy of Voigt (1958) for
internodes of Upper Cretaceous
Moltkia species (see also

Fig. 9¢). b Internode of Epipha-
xum auloporoides Lonsdale
(=Primnoa gracilis Nielsen
according to Voigt 1958) show-
ing longitudinal ribs and grooves
(from Nielsen 1925). ¢ Internode
of Moltkia minuta Nielsen show-
ing longitudinal ribs and grooves
(from Voigt 1958)

thickening with
calyx insertion
("Kelchgrube”

internode with longitudinal
ribs ("Langsrippen”) and
grooves ("Langsfurchen”)

transverse partition
("Querboden”)

internode with longitudinal ribs
and grooves

1 mm

transverse section
of calyces
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Growth stages, expressed by concentric rings/bandings
and reported for instance from extant and fossil gorgonians,
particularly sections of their internodes (Langer 1989; Noé
and Dullo 2006; Sanchez et al. 2004; Noé et al. 2007), or
any other microstructural features (e.g., Bayer 1981a;
Majoran 1987; Lewis etal. 1992; Macintyre et al. 2000;
Sethmann et al. 2007) are not visible in our specimens due
to recrystallization. The observable homogeneous sparry
calcite, however, makes an original alternation of horny
and calcareous material improbable.

The basal part (Fig. 6a) can be ascribed to a holdfast, one
special style of attachment strategy to hard substrates (see
overview of Bromley and Heinberg 2006). Generally, it is a
rod-like anchorage structure that fixes sessile organisms,
such as seaweed, some calcareous algae (e.g., Funaki et al.
2001; Anderson et al. 2006), stalked crinoids or sponges to
a substrate that can be muddy, sandy, or rocky (Fig. 10a, b).
In the fossil record, especially holdfasts from crinoids are
well documented (e.g., Franzén 1977; Radwanska and
Radwanski 2003; Wittler 1998, 2001b) (Fig. 10c, d) but also
from octocorals, mainly from Upper Cretaceous and (Early)
Cenozoic sediments (e.g., Malecki 1982; Langer 1989;
Konig 1991; Kocurko and Kocurko 1992) (Fig.7d, e).
Some of them also have the form of what we termed “gear-
wheel-type” elements (Fig. 7f). There are circular holdfasts

Fig. 10 Examples of recent non-calcified and fossil calcified hold-
fasts. a Modern seaweed (kelp) with (from above to below) blades
(leafs), stipe and basal holdfast. Coin diameter = 2.8 cm. Atlantic
coast of Nova Scotia, Canada. b Detail from a showing the root-like
non-mineralized holdfast. ¢, d Calcitic holdfasts of fossil crinoids
from Upper Jurassic platform margin deposits, Mount Rettenstein,
Northern Calcareous Alps (see Auer et al. 2008 for details). Northern
Calcareous Alps of Austria

with one central insertion of the axis that can be best char-
acterized as volcano-type or irregular forms with diverging
root-like prolongations and numerous round, crater-like
depressions corresponding to different insertions of axes
and other intermediate forms. A simple volcano shape of
the holdfast results from the post-mortem loss of the erect
main branch. The surface of the holdfast may be smooth or
covered with ridges or striae (e.g., Malecki 1982; Kocurko
1988), a feature not observable in our thin-sections cutting
the holdfast in a vertical plane perpendicular to the sub-
strate. Our findings are composed of coarse-grained calcite;
the mineralogy of modern octocoral holdfasts maybe highly
variable (aragonitic, calcitic, calcareous with alternations of
gorgonin, e.g., Kocurko 1988).

These holdfasts or bases are usually found isolated or
still in contact with the substrate alone without any other
parts of the octocoral. Therefore, they were classified by
Malecki (1982), according to parataxonomic criteria, with
the morpho-genus Octobasis including 11 morpho-species
based on material from the Lower Campanian of Poland; a
type species has not been fixed by Malecki (1982). The
width of the holdfasts (formerly known as bases; see Bayer
et al. 1983) described by Malecki ranges from 0.8 to 8 mm,
and up to 30 mm from a holdfast ascribed to the genus Isis;
the diameters of the depressions vary from 0.06 to 1.2 mm.
Reminding that our form (Fig. 6a) has a visible width of
1.3 mm and insertion diameters of 0.1-0.3 mm, thus falling
within the ranges reported by Malecki. This approach was
viewed critically by Konig (1991) doubting the validity of
all of these morphotaxa. According to Konig (1991), rami-
fied forms with an ornamentation composed of fine radial
striae such as Octobasis lobata, O. dichotoma, O. sulcata,
and O. flexuosa could belong to the genus Moltkia
(Fig. 7d). This conclusion, however, is only an assumption
because of the ornamentation of both the internodes (Fig. 9)
and the bases (Fig. 7d). As these holdfasts, however, were
described as isolated elements not in contact with other
parts of the animals, such interpretations need final confir-
mation for example by findings of complete specimens
(e.g., Helm and Schiilke 2003). Based on the holdfast struc-
ture of our findings with numerous insertions of axes, the
former colony shape can be classified as bushy, meaning
abundant branches arising immediately above the holdfast
and diverging upwards, not forming an obvious single main
stem (see Bayer et al. 1983). On the other side, we cannot
exclude the possibility that we are dealing with two differ-
ent taxa, one with calcareous internodes/branches and the
other with axes composed of fused sclerites, where a related
basal holdfast has been detected. The greater width at the
base of one of the insertions forming a joint likely has
served for a better stability and protection against damage.
In cases of strong currents, a comparable large leverage
effect must result from the bending especially of bushy
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forms. Anyway, the specimen showing two fused spicules
in contact to the basal holdfast represents an extraordinary
finding (conservation perhaps resulting from rapid sedi-
ment burial?) as Bayer (1956) in the Treatise on inverte-
brate paleontology remarked: “No specimen of fossil
octocoral in which the original arrangement of spicules has
been preserved is known to me”.

General taxonomic and phylogenetic considerations

The branching colony morphology, the attachment by a
basal holdfast, supporting skeletal axes and the fused scle-
rites (at least in the parts directly contacting the holdfast)
account for the order Gorgonacea (‘“sea fans”) (e.g.,
Grasshoff and Bargibant 2001; DeVictor and Morton 2007),
respectively, the suborder Scleraxonia (see Bayer 1981b).
Other classifications put the soft corals and gorgonians in
one single order Alcyonacea (see e.g., Fabricius and
Alderslade 2001; Williams and Cairns 2006; Daly et al.
2007 for details). Calcified holdfasts are known from sev-
eral gorgonacean families (in alphabetical order): Chrysog-
orgiidae, Ellisellidae, Gorgoniidae, Isididae, and
Plexauridae (e.g., Grasshoff and Zibrowius 1983). Refer-
ring Carpathoporella Dragastan to a distinct genus of
Octorallia is not possible for the moment, because of the
isolated and dispersed skeletal elements and the lack of
knowledge of the exact colony morphology. Anyway, the
sections interpreted as internodes or branches show affini-
ties to the genus Moltkia Steenstrup, 1846 (e.g., Voigt
1958; Konig 1991; Loser 2003) known so far from the
Cenomanian to Eocene interval (Konig 1991) or the taxa
described by Nielsen (1913, 1925) as Primnoa costata and
Primnoa gracilis from the Maastrichtian-Danian. It should
be noted that the generic position of the two “Primnoa”
species is still doubtful. Voigt (1958) convincingly demon-
strated that Primnoa gracilis Nielsen, 1925 only represents
the branches of Epiphaxum auloporoides Lonsdale, 1850
and thus a synonym of the former (see also Bayer 1979,
1992), a view obviously not followed by Kuzmicheva
(1987) and Bernecker and Weidlich (2006). Recent repre-
sentatives of Primnoa have massive stems showing concen-
tric laminae (growth rings) in cross sections (Andrews et al.
2002; Cairns and Bayer 2005, 2009), whereas the central
part in the Maastrichtian-Danian taxa is hollow, for
instance with star-shaped outline in “Primnoa” costata
(Voigt 1958). Hence, none of the two Nielsen taxa were
included in the “review of the genus Primnoa” provided by
Cairns and Bayer (2005) with only Recent species. The tax-
onomic status of the Danian “Primnoa” costata needs revi-
sion.

The observed internodal branching (Fig. Sy) is well
known from extant isidids (“bamboo corals”) (e.g., Bayer
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1990; Noé and Dullo 2006; France 2007; Etnoyer 2008) a
group of octocorals characterized by jointed axes composed
of alternating gorgonin nodes and calcitic internodes (see
Table 2); the basal holdfasts are root-like. In the fossil
record, isolated internodes/branches showing branching
were reported from Upper Cretaceous representatives of
Epiphaxum Lonsdale, Parisis Verril, Moltkia Steenstrup
and ?Primnoa Lamouroux (Voigt 1958; Kuzmicheva 1987;
Helm and Schiilke 2003). According to Voigt (1958), such
findings are so far not reported earlier than the Upper Creta-
ceous. Bayer (1955b, p. 219) puts the interpretation of
Moltkia as representing remains of an ancestral isidid octo-
coral up for discussion; others directly denote Moltkia as a
fossil isidid (e.g., Grasshoff and Zibrowius 1983; Bernecker
and Weidlich 2006). Due to clear morphological analogies
to taxa like Moltkia, a possible isidid origin might be possi-
ble also for the Lower Cretaceous Carpathoporella occi-
dentalis. So far, both Moltkia and Isis (or Parisis) are
unknown from strata older than the Upper Cretaceous
(Sepkoski 2002) (see Fig. 4). Generally, remains of isidid
octocorals also belong to the most common forms with spe-
cial preservation potential due to their extensive calcifica-
tion (Kocurko 1988; Squires 1999). The calcification of the
isidid internodes, however, being calcitic and showing con-
centric growth rings in transverse sections (e.g., Sdnchez
etal. 2004; Andrews etal. 2005) is altogether different
from Carpathoporella. The skeletal elements of Carpatho-
porella occidentalis consist of coarse-grained sparry calcite
without any microstructural features, pointing to diagenetic
alteration of primary aragonite, as for example typical also
for dascladalean algae (with some exceptions). If Carpath-
oporella have consisted of primary calcite, this would have
been preserved with microstructural features or perhaps
having a yellowish appearance in thin-sections (e.g., Noé
and Dullo 2006). Therefore, analogies consist of the
branches (showing furrowed exterior) of fossil species of
Epiphaxum (see Fig. 9b), known since the Albian (Wells
1932) and consisting of aragonite (Lozouet and Molodtsova
2008). Also, the branch cross sections of Epiphaxum aulop-
oroides with their central rounded hollows (different from
Primnoa? costata, which has an inner star-shaped hollow)
are comparable to sections of Carpathoporella.

The fact that Carpathoporella is a shallow-water taxon
does not necessarily speak against any relationships to the
deeper water taxa Epiphaxum or Moltkia as it has been evi-
denced from extant taxa that even within a single genus a
gain or loss of the algal symbiosis may occur in their evolu-
tionary history (Van Oppen et al. 2005). Moreover, a final
conclusion is hindered by the impossibility of a 1:1 com-
parison of our thin-section material and the isolated Upper
Cretaceous material showing all three-dimensional charac-
teristics. If a direct assignment to Carpathoporella Draga-
stan to one of the above-mentioned taxa could be
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Table 1 Species inventory of Cretaceous octocorals (Pennatulacea
excluded) based mainly on Voigt (1958), Kuzmicheva (1970, 1975, 1980,
1982, 1987), Loser (2000) and Loser and Ferry (2006). Helioporacea,
respectively, genera Heliopora, Polytremacis, Pseudopolytremacis
were not included because of ambiguous taxonomy (e.g., Kuzmicheva

1970, 1975; Loser 1993, 2000; Loser and Ferry 2006). Epiphaxum
Lonsdale (order Helioporacea, family Lithotelestidae, e.g., Lozouet
and Molodtsova 2008) showing morphological affinities to Carpatho-
porella Dragastan, however, was considered in the compilation. Note
that three species have Danian, not Cretaceous-type, strata

Genera Species

Type stratum/type area

Carpathoporella Dragastan, 1995

Corallium Cuvier, 1798
Epiphaxum Lonsdale, 1850
Krimella Kuzmicheva, 1980

Moltkia Steenstrup, 1846 Moltkia isis Steenstrup, 1846

Moltkia foveolata (Reuss, 1845)
Moltkia minuta Nielsen, 1918

Nicella Gray, 1870
Paramoltkia Loser, 1996

Parisis Verril, 1864 Parisis? ramosa (Voigt, 1958)

Parisis steenstrupi (Nielsen, 1913)

Carpathoporella occidentalis Dragastan, 1995
Carpathoporella elliotti (Radoicic, 1969) nov. comb.

Corallium elegantum Kuzmicheva, 1987
Epiphaxum auloporoides Lonsdale, 1850
Krimella kilkushini Kuzmicheva, 1980

Nicella bursini Kuzmicheva, 1980

Paramoltkia neumeieri Loser, 1996

Barremian-Aptian of Romania
Albian of Serbia

Campanian-Maastrichtian of Ukraine
Upper Cretaceous of England (“upper chalk™)
Lower Maastrichtian of Ukraine

Danian of Denmark
Upper Cenomanian of Germany
Danian of Denmark

Lower Maastrichtian of Ukraine
Upper Turonian of Germany

Upper Maastrichtian of Germany
Danian of Denmark

Table 2 Comparison of branch characteristics (with special reference
to a possible recognition in thin-section material) of selected octocoral
taxa mentioned in the text, which can be used for discussing affinities

with Carpathoporella Dragastan. Note that the data compilation
cannot be used on its own for exact genus definition as other important
criteria (e.g., spiculation) are not considered

Carbonate Axis / :
Genus General ske!eton skeletal calcification Branch construction,
construction mineralogy pattern morphology
. - s Branches perforated by pores; exterior with
Epiphaxum LONSDALE Aragonitic Axial canal grooves? sometimesysﬁghtly undulating
Corallium CUVIER Continuous axis, Calyces distributed
L:niform Axis solid / along branch surface
calcareous concentric ; i
. 3 Branches with grooved exterior;
Primnos LAMOUROUX growth rings calyces irregularly distributed
. i ; Axial canal with transverse | Branching from internodes; end of internodes
Moltkia STEENSTRUP Jointed axis, s , . o "
altemation of Calcitic partitions may be present thickened, with calyces; grooved exterior
: horny nodes Smooth branches;
R LanE and Axis solid / branching from internodes
calcareous concentric
., internodes growth rings Branching from internodes; internodes
PASE VERRL with strong radial ridges at the ends

demonstrated in the future, however, it would become
invalid as these were all described much earlier.

In Fig. 11, the database for Lower and Upper Cretaceous
octocoral genera of the three orders Alcyonacea, Heliopora-
cea, and Pennatulacea and the possible relationships of the
genus Carpathoporella are presented. In any case, there is
no confirmable evidence for the appearance of the order
Alcyonaria prior to the Upper Cretaceous, whereas both
Helioporacea and Pennatulacea are well recorded from the
Lower Cretaceous (see also Figs. 4, 11).

In most of the recent families and even genera of octoco-
rals both types with the presence (zooxanthellate) and
absence (azooxanthellate) of algal endosymbionts occur.
As the ancestral state of algal endosymbionts in octocorals
is unclear (e.g., Van Oppen et al. 2005, for details) and as

both groups are occurring in modern reefal environments,
the exclusive shallow-water findings of Carpathoporella do
not allow a final conclusion with this respect. It is worth
mentioning that Moltkia and Isis (or Parisis) are considered
as belonging to the azooxanthellate group of octocorals
(Bernecker and Weidlich 2005; Bjerager and Surlyk 2007).
Van Oppen et al. (2005, p. 2415) stress that “many gains
and/or losses of the algal symbiosis have occurred during
the evolution of octocorals, even within single genus” prob-
ably because of a “low photosynthetic efficiency”. In gen-
eral, corals that occur below the photic zone are all
azooxanthellate, but as deep-water corals were shown to
have invaded also shallow-water areas (e.g., Lindner et al.
2008: “from offshore to onshore”), this could be one expla-
nation for changes (presence/absence) of algal symbiosis.
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Lower Cretaceous Upper Cretaceous

Nicella KUZMICHEVA
Paramoltkia LOSER
smmmm Moltkia STEENSTRUP

s’ Krimella KUZMICHEVA
Carpathoporella DRAGASTAN ? Parisis VERRILL
b Corallium CUVIER

-
emme Epiphaxum LONSDALE
Heliopora DE BLAINVILLE
Pseudopolytremacis MORYCOWA
Polytremacis 0 ORBIGNY
Halipteris KOLLIKER
? Palaeosceptron ?

Heliopora DE BLAINVILLE Glyptosceptrum BOEHM
Pseudopolytremacis MORYCOWA Graphularia EDWARDS & HAIME
Polytremacis D"ORBIGNY Virgularia LAMARCK

Pennatulacea Helioporacea Alcyonacea

Fig. 11 Critical inventory of Lower and Upper Cretaceous octocoral
genera (on the basis of Voigt 1958; Kuzmicheval987; Loser 2000;
Sepkoski 2002) and the possible relationships of the genus Carpatho-
porella Dragastan. Neither the doubtful occurrence of Primnoa in the
Upper Cretaceous nor the holdfast parataxa established by Malecki
(1982), which most likely belong to already-existing not to new gen-
era, were included (details in the text). The Sepkoski compendium also
lists Axogaster Lonsdale, 1850 as a valid Upper Cretaceous genus. It is
a synonym of Moltkia Steenstrup (see discussion in Voigt 1958) and
therefore is also not included. According to Williams and Cairns
(2006) Pavonaria Kolliker (included in the Sepkoski list) represents a
synonym of Halipteris Kolliker. The doubtful occurrence of Virgular-
ia Lamarck in the Lower Cretaceous (see Sepkoski 2002) could not be
confirmed; this taxon is reliably reported since the Campanian (e.g.,
Reich and Schneider 2002)

Can it be speculated that the Upper Cretaceous deep-water
octocorals from the boreal realm originated from a com-
pletely opposite onshore/offshore evolutionary pattern from
Lower Cretaceous shallow-water tropical ancestors? This
would be just another example of a principal evolutionary
pathway reported already from a variety of other taxonomic
groups (see e.g., Jablonski et al. 1983; Jacobs and Lindberg
1998 for details). The lack of skeletal elements identical or
similar to Carpathoporella in Lower Cretaceous deep-
water sediments would fit such an interpretation. Also note-
worthy is that the three genera of the Helioporacea reported
from the Lower Cretaceous (see Fig. 4) are from shallow-
water carbonates of the Tethyan realm. The analysis of the
existing database by Kiessling and Baron-Szabo (2004) has
shown that the K/T boundary event caused an approximate
extinction of 30% of scleractinian corals at the genus level,
with a much stronger affection of shallow-water zooxan-
thellate taxa than deeper water forms lacking algal symbi-
onts. In that way, Bernecker and Weidlich (2005) also
remarked that the Maastrichtian to Danian deep-water
octocorals did not show a major change at the generic level
across the K/T boundary. This survival obviously was first
enabled by the proposed onshore/offshore evolution
assumed to have happened around the transition from the
Lower to the Upper Cretaceous. Such a hypothesis is not in
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contrast to findings of Upper Cretaceous octocorals within
shallow-water settings, but just documents a persisting
occupation of this palaeoenvironment since Lower Creta-
ceous times.

In Fig. 12 we plotted the distribution of octocoral genera
during the Cretaceous based on the stratigraphic chart pre-
sented in Fig. 4. All uncertain occurrences within individ-
ual stages were treated as definite records for the purpose of
convenience and comparability. We are aware that this
compilation certainly has a preliminary character, but it is
an attempt to classify and interpret the researched biblio-
graphical data also for future contribution of subsequent
authors. The curve obtained from connecting the data
shows a successive appearance of new genera during the
entire Cretaceous period. There is no stage where the total
number of genera is less than in the previous stage, which
would document some kind of decline, e.g., biological cri-
sis. For example, the Cenomanian-Turonian reef crisis
(Flugel and Kiessling 2002) does not show any impact.
There seems to be a more pronounced origination rate dur-
ing end-Cretaceous times in the Campanian-Maastrichtian,
an observation also made for dasycladalean algae (Barat-
tolo 2002). A little more diversified information is
obtained, when splitting the total number of genera into the
order Helioporacea and Alcyonaria separately. It shows that
the representatives of the order Helioporacea displays a
more or less continuous increase until the Albian, then
remaining constant throughout the Upper Cretaceous. Repre-
sentatives of the order Alcyonaria appear in the Cenomanian
for the first time (genus Moltkia!) increasing during end-
Cretaceous times, outcompeting the Helioporacea in the
Maastrichtian. Due to the uncertain suprageneric position
of the genus Carpathoporella Dragastan, and differing
opinions with respect to the taxonomy of individual species
and genera, however, this compilation and the conclusions
drawn only have provisionary character.

Lower Upper
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Fig. 12 Number of octocoral genera (Pennatulacea excluded) (red
dots) during the Cretaceous, based on the dataset of Fig. 4 and Table 1.
Orange rectangles refer to the genera of the order Helioporacea and
the blue asteriks to the order Alcyonaria. The genus Carpathoporella
Dragastan is included in the undifferentiated data set (red dots), but ex-
cluded from the graphs of the Helioporacea and Alcyonaria, as its su-
prageneric taxonomic position is not verified (further explanations in
the text)
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Conclusions

The taxon Carpathoporella occidentalis Dragastan (=Cop-
tocampylodon fontis nom. nud.), widespread in Lower Cre-
taceous peri-Mediterranean near-reefal shallow-water
carbonates, cannot be interpreted as algal debris but as skel-
etal elements of colonial bushy octocorals, namely calcitic
sclerites, axis (or internodes) and basal holdfast structures.
The original description of the incertae sedis Coptocampyl-
odon Elliott was in all likelihood a taxonomic mixing. It
was based on either isolated specimens for which a
coprolite nature is most likely, or smaller solid specimens
in thin-sections that could be debris of dasycladalean algae
or octocoral sclerites. Therefore, the other later described
representatives from thin-sections that altogether do not
show any feature pointing to a coprolite nature, must
belong to a new (morpho)genus (genera?) or should be
included in other existing taxa.

Within the Octocorallia, Carpathoporella belongs either
to the order Alcyonacea (when the grooved and bended
cylindrical elements are interpreted as internodes) or to the
order Helioporacea (when these elements are interpreted as
branches). With this respect, Carpathoporella shows simi-
larities to the genus Moltkia Steenstrup on the one side and
Epiphaxum Lonsdale on the other. A possible primary ara-
gonitic skeletal mineralogy, however, brings Carpathopo-
rella close to Epiphaxum Lonsdale exhibiting similar
cylindrical grooved branches. A direct synonymization at
the current state of knowledge, however, would be prema-
ture needing supplementary data. In such a case, the strati-
graphic range of one of the aforementioned taxa must be
enlarged into the Lowermost Cretaceous. For the time
being, Carpathoporella Dragastan is treated as a separate
genus including the two species C. occidentalis Dragastan
and C. elliotti (Radoi¢i¢) nov. comb. The stratigraphy of
Carpathoporella Dragastan is Berriasian?/Hauterivian to
Albian/?Cenomanian. If an octocoral interpretation would
also account for Coptocampylodon? rhaeticus Schlagint-
weit, Missoni and Gawlick, a taxon also possessing a hol-
low axis with outer grooves, this would be the first
octocoral record from the Triassic.

The exclusive record of Carpathoporella Dragastan
from Tethyan Lower Cretaceous shallow-water carbonates
is of special importance since octocorals are well recorded
from the boreal realm, preferentially from Upper Creta-
ceous or Cenozoic outer shelf environments; from Lower
Cretaceous strata no skeletal elements similar or identical
to Carpathoporella are known from deep-water deposits. It
documents that octocorals were conspicuous inhabitants of
Lower Cretaceous peri-reefal shallow-water benthic palae-
ocommunities of the Tethyan realm. A possible origin of
Upper Cretaceous deep-water octocorals from Lower Cre-
taceous shallow-water ancestors in an onshore—offshore

evolutionary pattern is here put up for further discussion. In
any case, a better cooperation amongst researchers dealing
with Recent octocorals and palaeontologists is highly desir-
able to avoid two concurrent systematics and to bring more
light onto the phylogenetic history of the octocorals.
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