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ABSTRACT:

Neumann, C. 2026. A new Pseudogibbaster Moskvin, 1983 (Echinoidea, Spatangoida) from the mid Danian
(Paleocene) deep-shelf chalk of Denmark. Acta Geologica Polonica, 76 (2), e82.

During the mid Danian, deep-water chalk accumulated in the central parts of the Danish Basin, which har-
boured a markedly impoverished macrobenthos fauna. Among the seven echinoid taxa recorded so far, five
are atelostomates belonging to the deposit feeder guild. Here, a new species of the micrasterid echinoid genus
Pseudogibbaster Moskvin, 1983, P. herkstroeteri, is erected to accommodate a single, moderately large-sized,
fairly well-preserved test from Dalbyover, in northern Jutland, the only locality where mid-Danian deep-water
chalk from the central part of the Danish Basin can be accessed. This is the first record of the genus from the
Paleocene of NW Europe. Features that distinguish the new taxon from its congeners are the relatively large
size, rectangular test profile and conspicuously large and countersunk phyllodal pores. The latter corresponded
with large penicillate podia and are interpreted as an adaptation to the nutrient-deficient bottom conditions
by optimizing the ability of bulk sediment feeding.
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INTRODUCTION

During the Cretaceous-Paleogene transition,
the Danish Basin was a cool-water epicontinental
marine basin in what is now Denmark, extending
into adjacent parts of the North Sea and Southern
Scandinavia. Following a regressive phase across
the K/Pg boundary, an early Danian transgression
initiated a long overall highstand through the Danian
until a marked change at the Danian—Selandian
transition. In the mid Danian, bryozoan mounds
and cold-water coral reefs flourished in some places
along the basin margin and hosted diverse mac-
robenthos communities (Surlyk 1997; Lauridsen
and Bjerager 2014). In the deeper parts of the basin
centre, however, pelagic nannoplankton ooze accu-

mulated, which harboured an impoverished macro-
benthos fauna (Lauridsen ef al. 2019). Those dis-
tally located successions of deep-water chalk have
received little attention, all workers focusing on
the lowermost Danian (Johansen 1989; Hékansson
and Thomsen 1999; Kjaer and Thomsen 1999).
Therefore, it is not surprising that neither Ravn
(1927) nor Asgaard (1979) mentioned echinoids
from the central Danish Basin. The chalk quarry at
Dalbyover, 20 km to the north-east of Randers in the
north of the Danish Jutland Peninsula, is the only
place where mid-Danian deposits of the basin cen-
tre are accessible for study. Based on bulk samples,
Lauridsen et al. (2019) analysed the macrobenthos
fauna of the Dalbyover section. They found only
22 taxa and among these, only two echinoids, the
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salenid Salenia pygmaea (v. Hagenow, 1840) and
the very common holasteroid Echinocorys sulcata
(Goldfuss, 1829-31), the latter being also the most
abundant macrofossil. Furthermore, they mentioned
indeterminable fragments and spines of regular
echinoids. It is thanks to the active collecting efforts
of amateur palaecontologists in recent times that
the list of echinoids found in Dalbyover has been
extended. Ladwig (2009, 2012) reported five ad-
ditional taxa: the phymosomatoid Phymosoma sp.,
the hemiasterid Bolbaster sp. [most likely B. stella
(Morton, 1830)], the schizasterid Linthia sp. and
two micrasterids, i.e., Cyclaster suecicus (Schliiter,
1897) and Diplodetus coloniae (Cotteau, 1877),
now presenting the picture of a moderately diverse
echinoid community. It is likely that more echinoid
taxa, previously unknown from Dalbyover, could
be found in various private collections scattered
throughout the region. Within one of these, the Ingo
Herkstroeter collection, a spatangoid has attracted
attention, which turned out to be a new species of
the micrasterid genus Pseudogibbaster Moskvin,
1983 and is described herein as Pseudogibbaster
herkstroeteri sp. nov.

GEOLOGICAL SETTING

The Danish Basin belongs to the eastern part of
the extensive epicontinental Chalk Sea, covering
most of NW Europe during the Late Cretaceous—
Danian transition. The WNW-ESE-trending Danish
Basin is bounded to the north and north-east by the
inverted Sorgenfrei-Tornquist Zone, and to the east
and south-east by the Ringkebing-Fyn High (Surlyk
et al. 2013). Westward, the basin graded into more
strongly subsiding sub-basins in the Danish Central
Graben and adjacent North Sea depocenters, with
Late Cretaceous—Danian chalk successions ex-
tending across these offshore areas. To the south
and southeast, the basin connected to other North
European shelf seas, with its extent constrained
by regional structural highs (Jakobsen 2014; Ineson
et al. 2022). Palynological and sedimentological
data indicate a sea-level fall and a hiatus at the K/
Pg boundary, limiting chalk deposition to the cen-
tral axis of the Danish Basin, the Central Graben of
the greater North Sea Basin and the eastern parts of
the German-Polish Basin to the NE (Thomsen 1995;
Surlyk 1997; Lauridsen et al. 2019). The lowstand
was followed by renewed onlap and a Danian trans-
gression. Sequence-stratigraphic syntheses of the
Danian—Selandian interval identify an early to mid
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Text-fig. 1. General map of Denmark showing the location of
Dalbyover quarry in northern Jutland.

Danian transgressive-regressive cycle with a ma-
jor transgression peaking within the Danian around
64.5 Ma; this implies rising and then high relative
sea level in early to mid Danian time (Ruban ef al.
2012). With rising sea level during the mid Danian,
the deposition of the pelagic facies of flint-rich, bio-
turbated calcareous nannofossil chalk continued in
the central parts of the Danish Basin (Lauridsen et al.
2019). The Dalbyover quarry is located in the central
part of the Danish Basin and exposes a succession of
mid-Danian chalk belonging to nannofossil Zone 5
(Thomsen 1995). A detailed description of the lithol-
ogy of succession exposed at the Dalbyover quarry
was provided by Lauridsen et al. (2019).

MATERIAL AND METHODS

The sole specimen from Pseudogibbaster herk-
stroeteri sp. nov. described herein has been collected
by surface-picking in the Dalbyover chalk quarry in
north Jutland (Text-fig. 1; 56.613230 N, 10.201556 E).
No information about the fossil-bearing bed within
the succession exposed in the quarry is available.
The adult specimen is largely in excellent preserva-
tion, although slightly compressed and with part of
the aboral side broken off, also affecting the apical
disc. Internally, the echinoid test is filled with flint.
Preparation consisted solely of removing adhering
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chalk with a soft brush. For photographic work, an
OM System OM-1 Mk II camera with a 60 mm macro
lens was used. Where focus stacking was applied,
images were processed with Helicon Focus Pro. The
echinoid was coated with NH4CI prior to photogra-
phy. For the taxonomic description of the echinoid,
I followed the scheme of Smith ef al. (1999) and Kroh
et al. (2004), respectively.

Repositories

OESM - East Zealand Museums, Faxe, Denmark;
MB.E - Invertebrate Palaecontology collection,
Museum fiir Naturkunde, Berlin, Germany.

SYSTEMATIC PALAEONTOLOGY

Order Spatangoida L. Agassiz, 1840
Family Micrasteridaec Lambert, 1920
Genus Pseudogibbaster Moskvin, 1983

TYPE SPECIES: Protobrissus akkajensis Moskvin
and Poslavskaya, 1959, p. 290, by original designa-
tion.

DIAGNOSIS: Test cordate, with shallow anterior
sulcus; inflated, with vertically truncated poste-
rior. Apical disc ethmophract with four gonopores.
Anterior ambulacrum sunken with pore-pairs differ-
entiated from those of other ambulacra. Peristome
almost non-labiate and downward-facing. Subanal
fasciole present (adopted from Smith et al. 1999).

Pseudogibbaster herkstroeteri sp. nov.
(Text-figs 2, 4A)

urn:lsid:zoobank.org:act:921BE080-3DCE-47B3-84DD-
1A99DES6D201

DIAGNOSIS: A rather large-sized Pseudogibbaster
with a flat base and rather flat aboral surface, rel-
atively broad petals with anterior petals 1.4 times
longer than the posterior pair. Anterior ambulacrum
subpetaloid aborally, steeply truncated posterior.
Prominent and well-developed phyllodes with deeply
countersunk buccal pores.

HOLOTYPE: The holotype is a nearly complete and
slightly compacted but otherwise well-preserved
specimen (OESM 13423).

TYPE HORIZON: Mid Danian (Lower Paleocene),
nannofossil Zone 5.

TYPE LOCALITY: Chalk quarry at Dalbyover,
Jutland Peninsula, Denmark.

DERIVATION OF NAME: In honour of Ingo
Herkstroeter, the collector of the echinoid.

DESCRIPTION: Test relatively large, subcircular in
outline, almost as wide as long with a shallow an-
terior groove and a weakly indented frontal notch
(Text-fig. 2A, B). The posterior is rather rounded. The
test length is 46.5 mm, test width is 44 mm (94.5% of
test length) and test height is 25.2 mm (54.2% of test
length). The widest part of the test is almost in the
centre (48% of test length from the anterior border).
In profile, the test is rectangular with a flat base and
a rounded anterior (Text-fig. 2D). The keeled poste-
rior part of the aboral side is gently sloping towards
the posterior and abruptly drops to an angle of 90°,
forming a vertical anal surface. The highest point of
the test is situated on the keel, immediately posterior
of the apical disc, which is slightly offset to the ante-
rior (the centre is 42% of test length from the anterior
border of the test). The apical disc is partly damaged
and genital plate G3 is not preserved. However, Gl,
G2 and G4 are preserved, exposing moderately large
gonopores with G2 separating G1 and G4 but not
the posterior oculars, thus representing an ethmo-
phract condition. The paired ambulacra are petaloid
aborally and bear elongate anisopores within the pet-
als. The isopores are separated by shallow ridges.
The petals are moderately broad, sunken and open
distally. The anterior pair is straight whereas the pos-
terior pair is slightly s-curved. The anterior petals are
1.4 times longer than the posterior. The length of the
anterior petals is 72% of the corresponding test ra-
dius and 47% respectively (posterior) in planar view.
The anterior paired petals diverge at an angle of 133°,
the posterior ones at 50° (Text-fig. 2A). Aborally,
the frontal ambulacrum is semi-petaloid with densely
spaced enlarged, partitioned isopores, each separated
by a knob-like interporal partition. Halfway to the
ambitus, these pores are replaced by tiny and widely
spaced simple isopores. The phyllodes are well-de-
veloped and consist of rows of up to five counter-
sunk large axially partitioned isopores in each half
ambulacrum separated by a large knob-like inter-
poral partition (Text figs 2B and 4A). Adorally the
frontal grove leads into the peristome. The plastron
is mesamphisternous with both sternal plates equal
and separated almost centrally. The labrum is large
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Text-fig. 2. Pseudogibbaster herkstroeteri sp. nov., holotype, OESM 13423, from the mid Danian of Dalbyover, Denmark, in apical (A), oral
(B), posterior (C) and lateral (anterior to the right; D) views; E — oral plating scheme. Specimen coated with ammonium chloride.
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and elongate and has a broad contact with both ster-
nal plates (Text-fig. 2B, E). Tuberculation consists
of homogenous small and closely spaced primaries
on the aboral site and densely crowed secondary and
milliary tubercles in between. Here, primaries do not
possess crenulations or enlarged areoles. On the oral
side, primaries are larger and more widely spaced,
crenulated and with enlarged areoles, especially on
the plastron and the basal interambulacra 1 and 4.
The periplastronal ambulacra are densely covered
with secondary tubercles while primary tubercles are
absent. The only present fasciole is a well-developed
broad and completely closed subanal parafasciole
(sensu Néraudeau et al. 1998). It is ovate in outline
and slightly indents below the periproct. The peri-
stome is anterior, its anterior margin is 22% of test
length from the anterior margin of the test. It is trans-
versally elongated (D-shaped) in outline and slightly
projecting forward. It measures 6.3 vs. 4.8 mm. The
labrum hardly projects over the peristome (Text-fig.
2B, E). The almost circular periproct is small with
a diameter of 4.8 mm and situated high on the poste-
rior surface (Text-fig. 2C).

DISCUSSION:

Relationships and comparisons

The subanal fasciole and the absence of further
fascioles characterise Pseudogibbaster herkstro-
eteri sp. nov. as belonging to the Micrasteridae.
Within this family, the new species can be assigned
to Pseudogibbaster on the base of the truncated
posterior, highest point centrally, subequal petals,
semi-petaloid frontal ambulacrum and non-labiate
peristome. It cannot be ruled out that Pseudogibbaster
may have already appeared in the upper Campanian
(Kroh et al. 2004) whereas all species described so
far are of Paleocene age. The genus has been recorded
from Crimea, northern Caucasus, the Transcaspian
region, Georgia, Bulgaria, Spain and eastern Poland
(Smith and Jeffery 2000). Pseudogibbaster herk-
stroeteri sp. nov. thus represents the first record
of the genus from the Paleocene of NW Europe.
At Dalbyover, the new taxon can easily be distin-
guished from other co-occurring spatangoids. The
micrasterid Diplodetus coloniae (Cotteau, 1877) is
ovate in outline, has no frontal notch and the paired
petals are almost equal in length. Additionally, the
plastron is protamphisternous with asymmetric ster-
nal plates and an oblique median suture. The only

other co-occurring micrasterid, Cyclaster suecicus
(Schliiter, 1897) can be ruled out by its ovate outline,
flush petals and only three gonopores. The schi-
zasterid Linthia sp. differs markedly by the presence
of a peripetalous and a latero-anal fasciole.

The genus Pseudogibbaster was described
by Moskvin in 1983 who included six species, P. ak-
kajensis (Moskvin and Poslavskaya, 1959), P. can-
aliculatus (Cotteau, 1887), P. depressus (Kongiel
in Kongiel and Matwiejewoéwna, 1937), P. tercen-
sis (Cotteau, 1877), P. indolensis (Poslavskaya
and Moskvin, 1960), and P. rionensis (Moskvin,
1964). Subsequently, Smith and Jeffery (2000) ac-
cepted only three species: P. akkajensis (includ-
ing P. canaliculatus, early Danian), P. tercensis
(late Danian to late Thanetian) and P. depressus
(including P. indolensis; early to mid Danian), but
did not consider P. rionensis from the Thanetian
of Georgia and Bulgaria. All of these species have
an inflated gibbous test often including a convex
base. Pseudogibbaster herkstroeteri sp. nov. can be
distinguished from its congeners by its rectangu-
lar profile, large size and the large and well-de-
veloped buccal pores with deeply indented peri-
poral areas, immediately distinguishing it from
all other Pseudogibbaster species. The new taxon
differs from P. akkajensis (Text-fig. 3A—C) by its
rounded outline, larger size, and greater peristome.
Moreover, P. akkajensis possesses aborally a dense
scrobiculate tuberculation, a character that is lacking
in the new taxon. Pseudogibbaster tercensis (Text-
fig. 3D—F) can immediately be excluded by its gib-
bous test with inflated lower and upper surfaces and
narrow petals. Pseudogibbaster tercensis is a large
species, reaching up to 65 mm in length (Smith et al.
1999). Pseudogibbaster depressus (Text-fig. 3G-1)
has a protamphisternous plastron, an overhanging
posterior face, a small peristome, narrower petals
and a lower periproct. Machalski and Jagt (2018, p.
584, fig. 6D—F) mentioned and figured P. cf. depres-
sus from the mid to late Danian of the Kazimierz
Dolny area, Poland. However, preservation of the
figured specimen is too poor for an adequate assess-
ment. Pseudogibbaster herkstroeteri sp. nov. shares
the character of a flat base with P. rionensis, but
differs otherwise in its having a pyramidal profile
and a non-truncate, well-rounded posterior. Finally,
a questionable Pseudogibbaster sp. from the upper
Campanian of Gschliefgraben, Austria, described
by Kroh et al. (2004) needs to be considered. This
echinoid is more cordate in outline, higher in pro-
file and possesses a protamphisternous plastron
structure. Some species of Pseudogibbaster exhibit
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Text-fig. 3. Species of Pseudogibbaster Moskvin, 1983. A—C — Pseudogibbaster akkajensis (Moskvin and Poslavskaya, 1959), from the
lower Danian of Mangyshlak Peninsula, Kazakhstan, MB.E 6923 in apical (A), oral (B) and lateral (anterior to the right, C) views. D-F —
Pseudogibbaster tercensis (Cotteau, 1877), from the upper Danian of Tercis, France, MB.E 8823 in apical (D), oral (E) and lateral (anterior
to the right, F) views. G-I — Pseudogibbaster depressus (Kongiel in Kongiel and Matwiejewowna, 1937), from the mid Danian of East Crimea,
Ukraine, MB.E15204 in apical (G), oral (H), and lateral (anterior to the right, I) views. Specimens coated with ammonium chloride.

traces of a diffuse peripetalous fasciole, but this
character may often be poorly developed or even
absent as is the case with P. herkstroeteri sp. nov.

Notes on paleoecology

The deep shelf of the central Danish Basin rep-
resents a habitat with an impoverished macrobenthos
community characterised by low diversity and low
abundances. In addition to the soft nature of the sub-
strate, nutrient deficiency was probably a great chal-
lenge for seafloor-dwelling animals. In order to suc-
cessfully cope with these conditions, the organisms
required special adaptations. As Lauridsen et al.

(2019) noted, some inhabitants were survivors of the
K/Pg extinction and therefore already well-adapted
to the conditions at the chalk sea floor. Others, such as
the micrasterid Pseudogibbaster only evolved in the
Danian (but see Kroh et al. 2004). Pseudogibbaster
herkstroeteri sp. nov. belonged to the mobile deposit
feeder guild. Adaptations for a burrowing mode of life
include sunken petals associated with respiratory tube
feet, a subanal fasciole, a frontal groove associated
with large partitioned isopores, indicating the presence
of funnel-building podia in order to build a shaft to the
sediment surface for respiratory demands and possi-
bly also for gathering food from the sediment surface
(Chesher 1968; Smith 1980; De Ridder et al. 1987).
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Text-fig. 4. Detail of the oral side showing the peribuccal region with the phyllodes. A — Pseudogibbaster herkstroeteri sp. nov., OESM
13423, holotype from the mid Danian of Denmark; B — Corystus relictus (de Meijere, 1902), from the recent of Siquijor Island, Philippines
(author’s collection).

In areas where surface sediments are characterised
by low organic content, spatangoids derive most of
their nutritional intake by processing bulk sediment
using the buccal podia around the peristome (Hollertz
2002; Barras 2008). Bulk (i.e., non-selective) deposit
feeding is especially common in benthic communi-
ties living in organically poor sediments. In nutri-
ent-impoverished environments, bulk deposit feeders
that process massive volumes of sediment can still
survive, grow, and often dominate the benthic com-
munity (Lopez et al. 1989; Jumars et al. 1990). A re-
markable feature of P. herkstroeteri sp. nov. are the
prominent and countersunk axially partitioned buccal
pores found on the phyllodes around the peristome
(Text-fig. 4A). This condition is rarely encountered
in just a few atelostomates, notably in the holasteroid
Corystus Pomel, 1883 (Text-fig. 4B, see also Forster
and Philip 1978, pl. 86, fig. 3) whose only representa-
tive today also lives in deep waters (de Meijere 1902;
Smith 2004). These pores corresponded with partic-
ularly large podia which terminated in large penicil-
late discs. The particular expression of this character,
which does not occur in any congener, is interpreted
here as an adaptation to the nutrient-deficient bottom
conditions in the deep-water chalk of the Danish Basin
and apparently served to optimise the ability of bulk
sediment feeding.

CONCLUSIONS

1. The micrasterid spatangoid Pseudogibbaster
herkstroeteri sp. nov. is formally described from

the mid-Danian deep-water chalk of Dalbyover,
Denmark. Dalbyover was situated in the central part
of the Danish Basin and harboured an impoverished
macrobenthos fauna during the mid-Danian high-
stand. The new taxon is the first record of the genus
from the Paleocene of NW Europe.

2. The new species is distinguished from all conge-
ners by its considerably large size, rectangular test
profile and prominent and well-developed phyllodes
with large countersunk buccal pores.

3. The expression of the phyllodes is interpreted as an
adaptation to a nutrient-deficient environment, opti-
mizing the ability of bulk-sediment feeding.

4. The list of echinoids occurring at the Dalbyover
locality now contains eight taxa. Six of these are
atelostomates and belong to the deposit feeder guild.
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