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The systematic affinities of Palaeocentrotus boggildi within acanthomorph fishes
have never been properly discussed. A comparative analysis of the skeletal anat-
omy of the genera Cyttus and Zeus was used by Kiihne to support the placement
of Palaeocentrotus within the zeiforms, despite certain features are completely dif-
ferent from those characteristic of zeiforms. Bonde (1966) was the first that rec-
ognised the lampridiform affinities of Palaeocentrotus and allocated the genus to
its own family, Palaeocentrotidae. However, this hypothesis was not supported
by a discussion of the relevant features to justify a possible relationship with the
Lampridiformes. The anatomical survey of the known material of Palaeocentrotus
boggildi presented here resulted in the identification of a suite of features that is re-
garded as diagnostic of the Lampridiformes, including: anterior palatine process
absent, mesethmoid posterior to lateral ethmoids, elongate ascending premaxil-
lary process longer than the alveolar process and inserting into the frontal vault,
premaxilla and dentary edentolous, endopterygoid teeth absent, urohyal bearing
a large ventral laminar expansion, second ural centrum free from fused first ural
and preural centra and fused posteriorly to the upper hypural plate, presence of
two supraneurals and of a single postcleithrum. The most striking feature of the
Palaeocentrotidae, comprising only Palaeocentrotus and Natgeosocus, is the unique
configuration of the dorsal fin wherein true spines occur exclusively in the central
portion. This peculiar condition represents a further example of the remarkable
plasticity of the acanthomorph median fins.
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The lampridiform Palaeocentrotus boggildi was the
very first bony fish from the earliest Eocene Fur For-
mation to be described in detail (Kiithne 1941). Fos-
sils belonging to this taxon are rather rare in the Fur
Formation. Between 1937 and the late 1960s, only
two specimens including the holotype were known
(Bonde 1966), while in the period from 1993 to 2018,
six additional specimens have been recovered from
two localities (the Ejerslev and Skarrehage moclay
pits) and deposited in officially recognised muse-
ums’ collections. Two of these specimens have been
collected by staff at the local Fossil- and Moclay Mu-
seum on Mors. The other four specimens have been

recovered by private collectors, two of which have
subsequently been acquired by local museums on the
islands of Fur and Mors, and two have been declared
Danekree fossil trove, due to their exceptional scien-
tific and exhibition value (Danekrae no. 79 and 1067).
Danekree are exceptional objects of fossil nature,
meteorites or rare minerals found in Denmark, cov-
ered by national legislation and belong to the Danish
state, and are entered into the Danekree collection of
the Natural History Museum Denmark (Christensen
& Hald 1990; Bonde et al. 2008).

Lampridiforms constitute a well-defined clade
within the acanthomorphs. However, as morpholog-
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Fig. 1. A: Map of Denmark showing the area where the Fur Formation is present. B: Outcrop localities and near-surface
occurrences of the Fur Formation. Circles mark the locations from where the examined specimens have been collected.
1 = Skarrehage moclay pit, which is also the type locality of the holotype; 2 = Ejerslev moclay pit. The star indicates the
type locality of the Fur Formation. C: Sedimentological log comprising the positive and negative ash series throughout
the Stolleklint clay unit of the @lst Formation and the Fur Formation in northwestern Denmark. Modified from Schreder
and Carnevale (2023).

34 - Bulletin of the Geological Society of Denmark



ical and molecular evidence often provide contrast-
ing results, the phylogenetic position of the order
Lampridiformes is still debated. Most morphological
studies concur to place Lampridiformes as sister to
all the other acanthomorphs, i.e. Euacanthomorpha
(e.g. Johnson and Patterson 1993; Olney et al. 1993;
Wiley et al. 2000). Molecular studies have also placed
Lampridiformes as sister group to Euacanthomor-
pha (e.g. Grande et al. 2013), as sister to the Acan-
thopterygii (e.g. Hughes et al. 2018), as sister to the
Polymixiiformes (e.g. Li et al. 2009), as sister to the
Paracanthopterygii (e.g. Betancur-R et al. 2013, 2017),
as sister to the Polymixiiformes + Paracanthopterygii
(Dettai & Lecointre 2005), and as sister to the Eua-
canthopterygii (Near et al. 2012). Molecular studies
based on mitochondrial-DNA place Lampridiformes
as sister to either Ateleopodiformes or Myctophi-
formes (see Miya et al. 2005, 2007; Poulsen et al. 2013).

Extant lampridiforms comprise strictly marine
and pelagic taxa, exhibiting remarkable morpho-
logical diversity despite their comparatively limited
species richness, currently comprising 26 species
arranged in six families. These families are divid-
ed into the deep-bodied bathysomes (Veliferidae
and Lamprididae) and the elongate-bodied taenio-
somes (Lophotidae, Radiicephalidae, Regalecidae,
Trachipteridae; Oelschldager 1983; Olney et al. 1993;
Davesne et al. 2014, 2016; Brownstein & Near 2024).
To date, not less than 15 fossil genera of Lampridi-
formes have been described (e.g. Sorbini & Sorbini
1999; Bannikov 1991, 1999, 2014; Carnevale 2004;
Delbarre et al. 2016; Carnevale & Bannikov 2018;
Micklich & Bannikov 2022; Davesne et al. 2023). Dav-
esne et al. (2014) and Delbarre et al. (2016) found that
Lampridiformes + Pharmacichthys Woodward, 1942
+ Aipichthyoidea + Pycnosteroides Woodward, 1942
form a clade, the Lampridomorpha, representing the
sister group to the Euacanthomorpha, with the old-
est representatives of Lampridomorpha dating back
to the Cenomanian.

The earliest known lampridiform (Campanian),
Nardovelifer altipinnis Sorbini & Sorbini, 1999, was
resolved as a stem-lampridiform based on the pres-
ence of a suite of plesiomorphic characters absent
from the crown-group (Davesne et al. 2014; Delbarre
et al. 2016). Morphologically, this taxon represents
the most derived Cretaceous lampridomorph taxon,
exhibiting the closest affinity to extant veliferids
(Sorbini & Sorbini 1999). Another putative stem-lam-
pridiform (earliest Eocene) was recently described
from the Fur Formation by Schreder and Carnevale
(2025a), with several characters overlapping with
Nardovelifer altipinnis. Bathysoma lutkeni Davis, 1890,
from the Paleocene strata of Denmark and Sweden,
is presently regarded the oldest Cenozoic lampridi-
form (Patterson 1964, 1968; Davesne et al. 2014). The
most recent integrative morphological and molecu-

lar phylogenetic studies support the hypothesis that
the diversification of extant lampridiform morpho-
types occurred approximately ten million years af-
ter the Cretaceous-Paleogene mass extinction event
(Brownstein & Near 2024), roughly corresponding
to the earliest Eocene Fur Formation of Denmark
(Storey et al. 2007; Westerhold et al. 2009; Stokke et al.
2020), in the immediate aftermath of the Paleocene—
Eocene Thermal Maximum (Stokke et al. 2021).

The aim of the present study is therefore
to provide a descriptive analysis of the mor-
phology of Palaeocentrotus boggildi and dis-
cuss its affinities within the Lampridiformes.

Geological setting

The earliest Eocene Fur Formation is exposed at sev-
eral places in the western Limfjord area of northern
Denmark (Fig. 1A). The bulk of localities are exposed
on the islands of Mors and Fur, represented by old
and active digging pits and costal cliff exposures.
Other notable exposures are present in the western
part of Himmerland, the northern part of Salling,
and in Thy (Fig. 1B). The Fur Fm comprises a fossil-
rich, marine argillaceous diatomite, approximately
60 m in thickness, interbedded with possibly up to
200 ash layers, originating from the volcanic activ-
ity related to the opening of the Northeast Atlantic
(e.g. Baggild 1918; Pedersen & Surlyk 1983; Storey
et al. 2007; Baumann 2024). Beggild (1918) assigned
the layers individual numbers and subdivided them
into a negative and a positive series from -39 to +140.
The series from -39 to just below -33 is now consid-
ered part of the lowermost section of the Haslund
Member, @lst Formation. This section of silicified
hardened clay is commonly referred as the ‘Stolle-
klint clay unit’ (Heilmann-Clausen et al. 1985; Heil-
mann-Clausen 1995), which also comprises the Pa-
leocene-Eocene boundary, based on the onset of the
CIE (Schmitz et al. 2004; Stokke et al. 2020, 2021). The
section from -33 to just below +1 reflects the lower
Knudeklint Member of the Fur Fm, whereas the
section from +1 to +140 reflects the upper Silstrup
Member of the Fur Fm. The lower Knudeklint Mb
is mainly laminated with relatively few ash layers,
and the upper Silstrup Mb predominantly consists
of structureless beds with numerous ash layers (Fig.
1C). Later recognised ash layers, not included in the
series of Baggild, have been assigned letters together
with the number of the closest original ash layer (Fig.
1C; e.g. Gry 1940; Larsen et al. 2003; Pedersen et al.
2004). The Fur Formation was ostensibly deposited
in a local nutrient-rich upwelling area, causing inter-
mittently massive diatom blooms. The lamination of
beds, general scarcity of benthic fauna together with
other indicators, such as jaw tetany and other types
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of muscle contractions, evident from the fossil bony
fishes, suggests a fluctuating oxygen level, varying
from anoxic to slight dysoxic conditions throughout
the sequences (Pedersen 1981; Pedersen and Surlyk
1983; Heilmann-Clausen et al. 1985; Schreder et al.
2022; Schreder and Carnevale 2023).

With a few and rare exceptions (e.g. Schrgder et al.
2023b, fig. 9G-J; Schroder and Carnevale 2025b, fig.
2), fossils from the soft diatomite are commonly pre-
served as flattened or shallow carbonaceous 3D im-
pressions, where the original elements of the fossils
have been entirely dispersed to the enclosing diato-
mite matrix — even if bone fragments are still present
(Schreder et al. 2023b, figure 9A-E).

Carbonate concretions are present in certain strati-
graphical horizons throughout the formation (Fig.
1C). These were formed just below sea-floor level
by precipitation of calcite before compaction of the
surrounding sediment. The concretions occasionally
formed and grew around dead organisms, leaving
the fossils within preserved predominantly as calci-
um phosphate or calcite (Pedersen and Buchart 1996;
Pedersen et al. 2004). Later examinations have further
shown that other original elements are preserved
within the carbonate concreted fossils as well, relat-
ing to the body anatomy of the organisms (Schreder et
al. 2023b). The fossils preserved in carbonate concre-
tions, particularly the fishes, are usually exquisitely
preserved, commonly retaining at least part of their
original three-dimensional morphology (Schreder et
al. 2022, 2023a, 2023b; Schreder and Carnevale 2023,
Schroder and Carnevale 2025b). Only a single speci-
men, MM-108, described in this paper, is preserved
in a carbonate concretion.

Material and methods

This study is based on museum collection mate-
rial from the Eocene Fur Formation of northwestern
Denmark. A total number of eight specimens have
been examined. (Table 1). The material is reposited
in four public recognised institutions, including the

collections of the Fur Museum and Museum Mors
in northern Denmark, the Natural History Museum
Denmark, and the Natural History Museum, London
(United Kingdom). All material originates from the
Ypresian Fur Formation in Denmark.

The holotype NHMUK PV P 22956 + PV P 22957 is
kept at the Natural History Museum, London, and
is part of the Walter Kiihne collection. The holotype
was collected by Charlotte Petsche in 1937 from the
Skarrehage moclay pit on the island of Mors (Figs 1B,
2). The collection of Kiihne, including this holotype,
was purchased by the British Museum (=Natural His-
tory Museum, London) in October 1937. A second
specimen, NHMD-2002586, from the Fur Formation
(locality unknown) was collected by seminary teach-
er Frits Hastrup in 1942 and entered the collections
of the Mineralogical Museum, University of Copen-
hagen (merged into NHMD in 2004) as an exchange
possibly for another fossil in the 1960s. No further
specimens referred to Palaecocentrotus were recorded
for almost 50 years until two other specimens were
recovered by private collectors from the Skarrehage
moclay pit in 1993, NHMD-624663, and the Ejer-
slev moclay pit in 2016, NHMD-625274; these were
subsequently declared Danekree fossil trove (DK-79
and DK-1067, respectively). Local museums have
acquired two further specimens from private col-
lectors, one in 2001 from the Skarrehage moclay pit,
now kept in the Fossil- and Moclay Museum (MM-
94), and one in 2008 from the Ejerslev moclay pit,
now kept in the collections of Fur Museum (FUM-
N-16193a+b). Moreover, the staff at the Fossil- and
Moclay Museum recovered two specimens in 2007
and 2018, MM-108 and MM-11959, respectively, both
from the Ejerslev moclay pit.

The material was examined with a Leica M80 ste-
reomicroscope equipped with a camera lucida draw-
ing arm, a Nikon SMZ1000 stereomicroscope, a Wild
Heerbrugg M7A equipped with a camera lucida
drawing arm, and a Leica MZ75.

Photos of NHMUK PV P-specimens were taken
with a Canon EOS 600D, while a Canon EOS R5 was
applied for all remaining specimens.

Table 1. Palaeocentrotus boggildi Kiihne, 1941. Studied material comprising the holotype,

referred material and relevant specimen collection data

Catalogue number Type status Formation Member Lithology Ash-series Locality

NHMUK PV P 22956 Holotype (part) Fur Fm  Knudeklint ~ Soft diatomite 2 m below -18a Skarrehage moclay pit, Mors
NHMUK PV P 22957 Holotype (counterpart) Fur Fm  Knudeklint  Soft diatomite 2 m below -18a Skarrehage moclay pit, Mors
FUM-N-16193a Referred material FurFm N/A Soft diatomite N/A Ejerslev moclay pit, Mors
FUM-N-16193b (cp to 16193a) Referred material FurFm N/A Soft diatomite N/A Ejerslev moclay pit, Mors
MM-94 Referred material FurFm N/A Soft diatomite N/A Skarrehage moclay pit, Mors
MM-108 Referred material Fur Fm  Silstrup Carbonate concretion +25 Ejerslev moclay pit, Mors
MM-11959 (p & cp) Referred material Fur Fm  Silstrup Soft diatomite +25 Ejerslev moclay pit, Mors
NHMD-624663 (DK-79) (p & cp) Referred material FurFm N/A Soft diatomite N/A Skarrehage moclay pit, Mors
NHMD-625274 (DK-1067) (p & cp) Referred material FurFm N/A Soft diatomite N/A Ejerslev moclay pit, Mors
NHMD-2002586 Referred material FurFm N/A Soft diatomite N/A Unknown

cp = counterpart, p = part.
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Selected specimens, MM-108 and MM-11959 (only
the counterpart) were subjected to uXRF-element
mapping. We followed the procedures, settings
and machinery outlined in Schreder et al. (2023b)
and Schreder and Carnevale (2023), i.e. applying a
Bruker M4 Tornado Plus Amics at the Department
of Geosciences and Natural Resource Management,
University of Copenhagen, with a maximum accel-
eration of 50 kV and an anode current of either 250
or 600 pA. With a few and rare exceptions fossils
from the soft diatomite are commonly preserved as
flattened or shallow carbonaceous 3D impressions,
where the original elements of the fossils have been
entirely dispersed to the enclosing diatomite matrix
(e.g. Schroder ef al. 2023b, fig. 9G- J; Schreder and
Carnevale 2025b, fig. 2). Considering these results,
we sent loan applications to the NHMUK, concern-
ing the holotype specimen kept in London, for it to
undergo non-destructive uXRF in Denmark. How-
ever, for several reasons it was not possible to get it
to Denmark.

Measurements were obtained either directly on the
specimens with a digital calliper or with Image] due
to the fragility of the specimens. Standard length (SL)
is used throughout.

Institutional abbreviations: DK, Danekree fossil trove
collection, Natural History Museum Denmark (Uni-
versity of Copenhagen); FUM-N, Fur Museum, a
division of Museum Salling (Denmark); MM, Fos-
sil- and Moclay Museum, a division of Museum
Mors (Denmark); NHMD, Natural History Museum
Denmark, University of Copenhagen; NHMUK PV
P, Fossil Fish Collection (=PV P, Palaeontology Ver-

tebrates, Pisces), Natural History Museum, London,
United Kingdom.

Anatomical abbreviations: aa, anguloarticular; ab, ac-
cessory bone; ach, anterior ceratohyal; ba, basipte-
rygium; br, branchiostegal rays; clt, cleithrum; co,
coracoid; dhh, dorsal hypohyal; dfs, dorsal-fin spine;
dn, dentary; ect, ectopterygoid; enpt, endopterygoid;
ep, epural; fr, frontal; hh, hypohyals; hspu, haemal
spine of preural vertebra; hyo, hyomandibula; hyp,
hypural; ob, orbitosphenoid; iop, interopercle; le, lat-
eral ethmoid; me, mesethmoid; mtp, metapterygoid;
mx, maxilla; na, nasal; op, opercle; pa, palatine; pas,
parasphenoid; pch, posterior ceratohyal; pcl, post-
cleithrum; pfr, pectoral-fin radials; phy, parhypural;
pmx, premaxilla; pop, preopercle; ptm, posttempo-
ral; pu, preural centrum; qu, quadrate; sc, scapula;
scl, supracleithrum; sop, subopercle; soc, supraoc-
cipital; sym, symplectic; u, ural centrum; un, uroneu-
ral; uh, urohyal; vhh, ventral hypohyal.

Systematic palaeontology
Order Lampridiformes Goodrich, 1909
Family Palaeocentrotidae Bonde, 1966

Emended diagnosis. A lampridiform family unique
and derived in having spines only in the middle of
the dorsal fin, and first dorsal-fin pterygiophore in
the first interneural space. The family is further dis-
tinguished from all other lampridiform families in
having the following combination of features: body

Fig. 2. Palaeocentrotus boggildi, holotype NHMUK PV P 22956 + NHMUK PV P 22957. Moderately preserved, incomplete
part and counterpart in soft diatomite, collected from the Skarrehage moclay pit (locality 1 in Fig. 1B). High-resolution
photo images of the holotype, NHMUK PV P 22956, part (left), and counterpart NHMUK PV P 22957 (right).
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deep and laterally compressed; vertebrae 29-32 (in-
cluding second ural centrum); second preural ver-
tebra with fully developed neural spine; caudal fin
rounded, containing 10-13 principal rays; dorsal fin
long-based, with an anterior crescent lobe; coracoid
not expanded ventrally.

Genus Palaeocentrotus Kiihne, 1941

Type species. Palaeocentrotus boggildi, from the Skarre-
hage moclay pit, Island of Mors, Northern Denmark.

Stratigraphic  and ~ geographic ~ range.  Ypresian
(earliest Eocene), Fur Formation, northwest-
ern Denmark (Fig. 1). Holotype NHMUK PV P
22956-22957 was recovered approximately 2 me-
tres below volcanic ash layer -18a, which corre-
sponds to the lower part of the Knudeklint Mb.

Emended diagnosis. A palaeocentrotid genus unique
in having the following combination of characters:
body depth about half of SL; head length exceeds
65% of SL; ventral keel of orbitosphenoid absent;
basisphenoid absent; beryciform foramen absent;
29 (10+19) vertebrae; parapophyses on posterior
four abdominal vertebrae; two supraneurals, both
inserting in the preneural space; predorsal formula
0+0/2/1+1/1/; dorsal-fin with six elongate rays fol-
lowed by eight or nine spines and 21-24 rays; anal
fin with six or seven spines and 21-22 rays; three ep-
urals; accessory autogenous bone between haemal
spines of the second and third preural vertebrae; cau-
dal fin with 13 principal rays plus two to four dorsal
and two or three ventral procurrent rays; distal end
of the postcleithrum very close to the anterior margin
of the first anal-fin pterygiophore; pelvic fin contain-
ing up to nine rays, of which the outer two or three
are thicker and notably elongate.

Remarks. The family Palaeocentrotidae comprises
two taxa, the Eocene Palaeocentrotus boggildi from
Denmark examined herein, and the Oligocene Nat-
geosocus sorini from the Pshekha Horizon of north-
ern Caucasus, Russia (Bannikov 2014). These two
taxa are unique within the lampridiforms and share
a unique configuration of the dorsal fin with spines
restricted to its middle portion, and the first dorsal-
fin pterygiophore that inserts in the first interneural
space. However, they can be easily separated from

each other based on a series of morphological and
meristic features. Palaeocentrotus differs from Nat-
geosocus in having body depth comprised between
60 and 72% SL (vs. not less than 80% SL), 29 (vs.
32) vertebrae, three (vs. two) epurals, accessory au-
togenous bone lying between the haemal spines of
the second and third preural vertebrae (not pres-
ent in Natgeosocus), 13 (vs. 10) principal caudal-fin
rays, two (vs. none) supraneurals, predorsal for-
mula 0+0/2/1+1/1/ (vs. /1/1/1/1+1/), dorsal-fin with
six elongate rays followed by eight or nine spines
and 21-24 rays (vs. six rays followed by eight spines
and 20 rays), anal fin with six or seven spines and
21-22 rays (vs. 5 spines and 22 rays), distal end of
the postcleithrum close to the anterior margin of
the first anal-fin pterygiophore (vs. well separated).

Palaeocentrotus boggildi, Kiihne, 1941
(Figs 2, 3,4, 5,6, 7, 8, Table 1, Table 2)

1941 Paleeocentrotus boggildi: Kithne, p. 374-386, text-figs
1-3.

1964 Palaeocentrotus Kithne: Rosen, p. 251.

1966 Palaeocentrotus boeggildi Kithne: Bonde, p. 200

1968 Palaeocentrotus Kiithne: Patterson, p. 97

1969 Palaeocentrotus Kithne: Rosen & Patterson, p. 367, 418
1983 Palaeocentrotus boggildi Kithne: Oelschlager, p. 31, 89,
99, 106, 109, text-fig. 80

1992 Palaeocentrotus boeggildi Kithne: Bonde, p. 36-37, text-
fig. 2

1995  Palaeocentrotus boeggildi Kiihne: Bonde, p. 1-2,
frontpage + figure text

1997 Palaeocentrotus Kithne: Bonde p. 39 & text-table p. 48
1999 Palaeocentrotus boeggildi Kithne: Bannikov, p. 68-69,
text-fig. 1a

2008 Palaeocentrotus boeggildi Kiithne: Bonde et al., p. 97,
text-fig.

2010 Palaeocentrotus Kiithne: Bonde et al., p. 31, text-figs
21-22

2012 Palaeocentrotus boeggildi Kithne: Pedersen ef al., p. 91,
text-fig. 44G

2014 Palaeocentrotus boeggildi Kiithne: Bannikov p. 625-627,
text-fig. 1

2021 Palaeocentrotus boeggildi Kithne: Madsen & Rasmus-
sen, p. 49, text-fig.

2023 Palaeocentrotus boeggildi Kiihne: Schreder, p. 252, text-
fig.

2025a Paleeocentrotus biggildi Kithne: Schreder & Carnevale,
p. 33, 35, 4243

Fig. 3. Palaeocentrotus boggildi Kithne, 1941, referred specimens. High-resolution photo images and uXRF-element maps.
A-D: MM-108, the smallest specimen available and preserved in a slab of carbonate concretion. A: High-resolution photo
image. B: Phosphorous element map (green). C: Strontium element map (red). D: Combined strontium, phosphorous, and
calcium maps; note the visuals of the dorsal- and anal-fin spines (yellowish) versus the soft, segmented rays (green). The
scale bar in A also applies to B-D. E: NHMD-625274 (DK-1016) the largest specimen known from the soft diatomite. F:
MM-94, incomplete specimen, soft diatomite. G-H: FUM-N-16193a+b in part and counterpart, soft diatomite. Scale bar in

G also applies to H.

A reappraisal of Palaeocentrotus boggildi - 39



Etymological note. Kithne (1941) originally named the
taxon Paleeocentrotus biggildi. However, according to
ICZN nomenclature code Article 27, the correct ge-
nus name should be Palaeocentrotus, as the ligature
‘@’ of the letters a and e is forbidden (ICZN 1999).
Kiithne (1941) named the species biggildi in hon-
our of the Danish professor Ove Balthasar Boggild
(1872-1956) and used the German letter ‘6" (o with
an umlaut) for the linguistically same Danish letter
‘e’. However, since the origin being the Danish ‘¢,
and not the German 0, the correct spelling of the spe-
cific name is therefore boggildi and not ‘boeggildi’ as
reported by several authors since the publication of
Bonde (1966; pers. comm. Thomas Pape, president of
the International Commission on Zoological Nomen-
clature, July 2025; see also the ICZN nomenclatural
code Article 32.5.2.1).

Holotype. NHMUK PV P 22956 + NHMUK PV P
22957, a moderately well-preserved incomplete ar-
ticulated skeleton, in part and counterpart, estimated
SL of 84.6 mm. This specimen is preserved in soft
diatomite as a superficial 3D impression, compris-

ing also minute skeletal fragments. The part, PV P
22956, was treated with a form of stabilising var-
nish, resulting in a dark-coloured, shiny surface.
Similarly, the counterpart, PV P 22957, was treated
with a non-colouring/non-staining consolidant al-
lowing a latex cast to be made (Fig. 2, Table 1).

Diagnosis. As for the genus.

Type locality of holotype. Knudeklint Member of the
Fur Formation, lowermost Eocene (Ypresian). Col-
lected from the Skarrehage moclay pit on the island
of Mors, northwestern Limfjord area, Denmark (Fig.
1). Excavated about 2 m below volcanic ash layer -18a
(Kithne 1941).

Referred material. FUM-N-16193a+b, nearly complete
well-preserved articulated skeleton preserved as im-
pression in soft diatomite, in part and counterpart,
20 mm SL; MM-94, incomplete, articulated skeleton
showing part of the head and axial skeleton, pre-
served as impression in soft diatomite, with faint cy-
cloid scale imprints exposed in the abdominal region;

Fig. 4. Palaeocentrotus boggildi Kithne, 1941. High-resolution photo images of referred material, continued. A-B: MM-11959,
part (A) and counterpart (B). C: NHMD-624663, the most well-preserved part of the superficial three-dimensional impres-
sion in soft diatomite. D: NHMD-2002586, incomplete, superficial three-dimensional impression, soft diatomite.
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Fig. 5. Palaeocentrotus boggildi Kithne, 1941. Reconstruction of the head skeleton, primarily based on MM-11959, right lateral view.
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MM-108, nearly complete well-preserved articulated
skeleton in a small carbonate concretion, 14 mm SL;
MM-11959, impression of nearly complete, well-pre-
served articulated skeleton in soft diatomite, in part
and counterpart, 29 mm SL; NHMD-624663 (DK-
79), impression of nearly complete, well-preserved
articulated skeleton in soft diatomite, in part and
counterpart, 35 mm SL; NHMD-625274 (DK-1067),
impression of well-preserved articulated skeleton in
soft diatomite, including small patches of overlap-
ping scales, in part and counterpart, about 178 mm
SL; NHMD-2002586, incomplete, articulated skel-
eton lacking the caudal fin, and most the of anal- and
dorsal fins preserved mostly as impressions, in soft
diatomite, preserved length 26 mm.

Description. The body is rather deep, discoid and lat-
erally compressed. The head is higher than long, its
depth contained about two times in SL. The body
depth ranges between about 60% to more than 72%
SL. The dorsal profile of the body is almost straight
from the nape to the posterior end of the spinous por-
tion of the dorsal-fin, becoming oblique for the entire
length of the soft-rayed portion of the dorsal fin. The
caudal peduncle is short and deep, its maximum
depth contained about seven times in SL. The orbit
is moderately large its diameter being contained be-
tween three and more than five times in SL.

Neurocranium. The neurocranium is large and
roughly triangular in outline. There is a broad, rela-
tively high and triangular supraoccipital crest; lat-
erally, at the base of both sides of the crest there is
a thick and expanded shelf that also involves the

br
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frontals, the parietals, and other neurocranial bones.
The supraoccipital crest is relatively low and in-
conspicuous in juveniles (Fig. 3A-D, MM-108), be-
coming much more prominent in larger specimens
(Figs 2 and 3E-F). The lateral surface of the crest is
ornamented with numerous almost parallel delicate
ridges; a larger and thickened ridge radiates from
the base of the crest to its posterodorsal corner. A
large ovoid hole is visible on the ventral portion of
the crest on the holotype; this was misinterpreted
and illustrated as an actual anatomical structure by
Kiihne (1941: p. 382 “spacious hole”; figure 1 and 3)
and Bannikov (1999: p. 68 “a foramen between the
frontal and supraoccipital crests”), but later identi-
fied as an artifact of preservation by Bannikov (2014).
A similar preservational feature is visible in MM-94
and FUM-N-16193 (Fig. 3F, and 3G-H, respective-
ly). The supraoccipital articulates anteroventrally
with the dorsally expanded frontals that are arched
anteromedially to form a vault for the insertion of
the ascending process of the premaxilla (see Olney
et al. 1993). The frontals are the largest bones of the
skull roof; the central portion of the supraorbital
lateral-line canal is well-exposed along the dorsal
border of the orbit; a tubule emerges dorsally from
the supraorbital canal at the level of the mid-length
of the orbit, possibly corresponding to the so-called
epiphyseal branch (see Arratia & Huaquin 1995; Di
Dario 2004). The ethmoid region is thickened and
compact. The lateral ethmoid is massive, robust and
columnar; the irregularly curved posterior rim of the
lateral ethmoid forms the anterior wall of the orbit.
The mesethmoid is located posteriorly and medially
to the lateral ethmoids and is exposed in the anterior

dhh

vhh

ach

Fig. 6. Palacocentrotus boggildi
Kiihne, 1941. MM-11959, Re-
construction of the hyoid bar,
right lateral view.

1 mm




one-third of the orbit. The mesethmoid is posterior to
the lateral ethmoid being well exposed in the ante-
rior part of the orbit. The mesethmoid together with
the orbitosphenoid possibly form part of the floor of
the frontal vault. The vomer is stout, toothless and
almost triangular in lateral view. The parasphenoid
is almost straight and thick, and exposed in the lower
part of the orbit, showing a curvature just behind the
orbit; an ovoid foramen pierces the parasphenoid
at the level of the posterior wall of the orbit and is
tentatively interpreted herein as the foramen for the
internal carotid artery. The orbitosphenoid has a
smooth outer surface and lacks a ventrally directed
process. There is no clear evidence of the presence of
the basisphenoid. The sphenotic and pterotic are rec-
ognisable in the holotype; both these bones articulate
dorsally with the frontal. Although the limits of the
other bones of the otic and occipital regions are diffi-
cult to recognise, the basioccpital is partially exposed
in the holotype. The nasal is rather large, tubular,
and curved.

Circumoribital bones. Of the infraorbital series, only
the lachrymal is preserved in the holotype. It appears
to be subquadrangular, with a slightly curved antero-
ventral margin; at least two pores of the infraorbital
lateral-line canal are recognisable.

hyp 6

u2+hyp4+5

hyp 3

hyp 2

hyp 1

phy

hspu 2

Jaws. The mouth is terminal, and the lower jaw artic-
ulation is in front of the anterior margin of the orbit.
The premaxilla is large, toothless and bears a remark-
ably elongate and robust ascending process, measur-
ing about 43% of head length; the outer surface of
the premaxilla is ornamented with short and moder-
ately deep striations. The maxilla is relatively large,
thick, and L-shaped, resembling that of veliferid fish-
es (Oelschlager 1983; Olney et al. 1993; Carnevale &
Bannikov 2018); it has a prominent articular process
and a distally spatulate main shaft similar in size and
form to the ascending process. The outer surface of
the maxilla is ornamented with thin ridges radiat-
ing towards the angle formed by the main shaft of
the bone and its ascending process. There are no su-
pramaxillae. The mandible is very large, its length is
about 57% of head length; it is approximately trian-
gular, with a thick and vertically oriented symphy-
sis and a gently sigmoid anteroventral margin. The
toothless alveolar process of the dentary is relatively
short and slightly concave. The anguloarticular is
large and has a prominent posteroventral corner.

Suspensorium. The suspensorium is relatively
well-preserved in the holotype, MM-108 and MM-
11959 (Figs 2, 3A-D, 4A-B, 5). The hyomandibula is
obliquely oriented and has a moderately expanded
dorsal articular head and a thick vertical shaft that

ul + pu1

pu2
pu3
Fig. 7. Palaeocentrotus boggildi
Kiithne, 1941. MM-11959, re-
construction of the caudal-fin
1mm

skeleton, right lateral view.
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Table 2. Measurements (as percentage of SL) of Palaeocentrotus boggildi Kihne, 1941

NHMUK PV FUM-N- NHMD-625274 / NHMD-624663 / MM-108 MM-11959
P 22956-22957 16193a+b / DK-1067 / DK-79
Standard Length (mm) 84.6* 201 178 35.2 141 28.9
Head length 33.8 40.3 43.1 41.2 37.6 42.2
Head depth 49.6 N/A 453 52.6 50.4 42.9
Maximum body depth 725 64.2 71.9 64.2 68.8 60.2
Snout length N/A 14.4 19.7 21.9 15.6 17.3
Orbit diameter 1.7 10.0 7.5 9.9 12.1 8.3
Mandible length N/A N/A 17.6 25.9 20.6 23.2
Dorsal-fin base N/A 48.8 53.8 47.4 54.6 471
Anal-fin base N/A 41.8 N/A 48.9 46.1 39.8
Caudal peduncle lenght N/A 7.5 7.4 7.7 8.5 10.5
Caudal peduncle depth N/A 16.9 N/A 16.8 17.7 15.7
Prepectoral distance N/A 34.3 421 40.6 41.8 38.1
Predorsal distance N/A 51.7 49.4 52.0 34.0 453
Prepelvic distance N/A 41.3 48.2 39.2 44.0 471
Preanal distance N/A 49.8 N/A 58.2 56.7 56.1

*Estimated Standard Lenght.

bears a long and laterally protruding flange. The
quadrate is compact and triangular in outline, with
a notably thickened anterior margin. The symplec-
tic is rod-like. The metapterygoid is quadrangular
in outline; it is weakly ossified and laminar in adult
individuals and mostly cartilaginous in juveniles.
The endopterygoid is toothless and appears to be
roughly triangular in outline. The ectopterygoid is
slightly arched. The anterior palatine process (=pala-
tine prong; Olney et al. 1993) seems to be absent.
Opercular series. The preopercle is crescent-shaped,
its horizontal limb is more than half of the length
of the vertical one; the posterior margin of the pre-
opercle is smooth and its outer surface is ornamented
with delicate longitudinally oriented striations. The
interopercle is thin and scarcely recognisable in the
available specimens. The opercle is quadrangular in
outline and laminar, with a straight and moderately
thickened anterior margin and a gently curved poste-
rior margin. The subopercle is partially exposed just
below the opercle in MM-11959 (Figs 4A-B, 5).

Hyoid apparatus and branchial skeleton. The hyoid
bar is compact and resembles those of other lamprid-
iforms in having the dorsal hypohyal that overlaps
the anterior dorsal half of the anterior ceratohyal.
The articulation between the anterior ceratohyal and
ventral hypohyal is difficult to interpret. The anterior
and posterior ceratohyals are ornamented with deli-
cate transversal striations. There is no evidence of a
beryciform foramen in the anterior ceratohyal (Figs
4A-B, 6). At least five sabre-like branchiostegal rays
can be recognised. The urohyal is well-developed
and ventrally expanded, leaf-shaped, with curved
anterior and posterior margins. The branchial skel-
eton is not recognisable in the available specimens
due to inadequate preservation.

Vertebral column and intermuscular bones. The
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vertebral column consists of 10 abdominal and 19
caudal (including the second ural centrum) verte-
brae (Figs 3A-D, 4C). The abdominal portion rep-
resents slightly more than one third of the length
of the entire vertebral column. The first abdominal
vertebra is often laterally displaced from its original
position, overlapping the posterior portion of the ba-
sicranium; such a displacement might indicate that
the articulation between neurocranium and vertebral
column was relatively weak in origin. The centra are
subrectangular, longer than high, their lateral surface
being ornamented with thick horizontal ridges and
deep irregular pits and fossae. Dorsal prezygapoph-
yses are moderately developed throughout the verte-
bral column. The posterior four abdominal vertebrae
bear thick and distally pointed parapophyses gradu-
ally increasing in size backward. The neural arches
are triangular in lateral view. The neural spines are
thin and slender. The neural spines of the abdomi-
nal vertebrae are nearly vertically oriented except
the three posterior that are slightly bent forward; the
length of the neural spines gradually increases up
to the third caudal vertebra, and then gradually de-
creases. The haemal spines are similar to their neural
counterparts except for those of the first two caudal
vertebrae that are anteroposteriorly expanded and
spathulate. There are seven pairs of thin ribs that
articulate with the basal portion of the centra or the
parapophyses of the posterior abdominal vertebrae;
the ribs are rather short, extending ventrally into the
upper third of the abdominal cavity. Epineural frag-
ments associated with the second abdominal verte-
bra can be recognised.

Caudal skeleton and fin. The caudal fin is rounded
and contains 13 principal rays, plus two to four dorsal
and two or three ventral procurrent rays. The caudal
skeleton consists of the hypurals 1 and 2 that articu-
late with the compound centrum (fused first ural and



first preural centrum) together with the parhypural,
and autogenous hypural 3 that articulates with hy-
purals 4 and 5 fused with the second ural centrum;
the hypural 6 is autogenous, the uroneural appears
to be fused with the compound centrum, and there
are three elongate and slender epurals. There is no
evidence of the parhypurapophysis. The neural spine
of the second preural vertebra is completely devel-
oped and its opposite haemal spine is autogenous;
the autogenous haemal spine of the second preural
vertebrae is bifid in MM-11959 (Fig. 4A-B, 7). There
is an autogenous accessory bone that lies anterior to
the haemal spine of the second preural vertebra (Figs
2,4,7).

Median fins. There are two slender supraneurals
with an expanded distal end that insert in the pre-
neural space. The predorsal formula is difficult to
determine in the holotype and MM-108 due to the
displacement of the anterior part of the vertebral col-
umn discussed above that has modified the mutual
relationships between dorsal fin (and supraneurals)
and the interneural spaces; for this reason, the for-
mula indicated by Patterson (1993) should be re-
garded as not correct. In FUM-N-16193a+b and MM-
11959 (Figs 3G-H, 4A-B) the anterior portion of the
vertebral column is not displaced from its original
position and the predorsal formula is 0+0/2/1+1/1/.
There is a single long-based dorsal fin that ex-
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tends backward up to the neural spine of the 15th
caudal vertebra. The dorsal fin can be subdivided
into three portions, of which the first one forms a
well-developed crescent lobe. The first portion con-
sist of six elongate, filamentous and segmented rays,
whose length gradually decreases backward (Figs 2,
4D); the anterior dorsal-fin ray is supernumerary on
the first pterygiophore; the lateral surface of these
filamentous rays is ornamented with irregular stria-
tions. The central portion of the dorsal fin contains
eight or nine thick and short spines similar in length
and characterised by lateral ornamentations repre-
sented by oblong and shallow pits (Figs 2, 3E, 8). The
posterior portion of the dorsal fin consists of 21 to 24
segmented and distally bifurcated rays that are much
more elongated than the preceding spines. Overall,
the dorsal-fin spines and rays are supported by 35
to 38 pterygiophores; the pterygiophores of the ante-
rior and central portions of the fin are much thicker
and ossified, and anteroposteriorly expanded com-
pared to those of the posterior soft-rayed portion;
however, the morphological transition between the
pterygiophores of the spinous portion and those of
the posterior portion of the dorsal fin is gradual. The
length of the base of the spinous portion of the dorsal
fin is about three times longer than that of the an-
terior (soft-rayed) crescent-shaped portion, and only
slightly shorter than that of the posterior portion.
The anal-fin is long-based, its length represents

Fig. 8. Palaeocentrotus boggil-
di Kiihne, 1941. MM-11959,
reconstruction of the 3rd
and 4th dorsal-fin spines
and of the basipterygium,
___1mm__  rightlateral views.
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slightly less than 70% of that of the dorsal fin. The
anal fin consists of six or seven thick spines plus 21
to at least 22 segmented and distally bifurcated rays;
the anal-fin rays are distinctly longer than the pre-
ceding spines. The soft-rayed portion of the anal fin
is about 1.4 times longer than the spinous portion.
The posterior end of the spinous portion of the anal
fin is usually opposite to the posterior end of the cen-
tral (spinous) portion of the dorsal fin, located at the
transition between the third and fourth caudal ver-
tebrae. The size and shape of the anal-fin spines are
almost identical to those of their dorsal counterparts.
The first anal-fin spine is supernumerary on the first
anal-fin pterygiophore. The anal-fin is supported by
at least 27 pterygiophores. The first anal-fin pterygi-
ophore is very large and anteroposteriorly expand-
ed, slightly bent posteriorly and characterised by a
gently concave anterior profile. The pterygiophores
of the spinous portion of the anal fin are thicker and
strongly ossified. However, the morphological tran-
sition between the pterygiophores of the spinous and
soft-rayed portions of the anal fin is gradual and the
overall size of the anal-fin pterygiophores constantly
decreases posteriorly in the series. The anterior three
anal-fin pterygiophores insert in the first interhae-
mal space, and the successive interhaemal spaces are
usually occupied by two (rarely one) pterygiophores.

Paired fins and girdles. The posttemporal has two
large arms, of which the upper one is longer, thicker
and slightly curved. The supracleithrum is oblong.
The cleithrum is the largest bone of the pectoral gir-
dle; it is distinctly sigmoid in shape and terminates
ventrally into a pointed process; it shows a thickened
and sigmoid anterior shaft and bears a large, trian-
gular and laterally flattened posterior shelf, whose
ventral margin articulates with the anterodorsal mar-
gin of the scapula. The coracoid is rather large and
curved. The scapula is polygonal and pierced by an
ovoid scapular foramen. A single postcleithrum can
be recognised; it is strong and elongate, terminating
ventrally in the restricted space between the pelvic-
fin base and the anal-fin origin. The pectoral-fin radi-
als are not clearly recognisable. The pectoral-fin base
is almost vertically oriented being located just above
the mid-length between the vertebral column and the
ventral profile of the body. The pectoral fin consists
of 16 segmented rays, of which the longest extends
posteriorly up to the level of the last abdominal ver-
tebra.

The basipterygia are large, obliquely oriented and
teardrop-shaped, bearing laterally flattened anterior
and posterior keels that emerge from a thick central
shaft (Figs 2, 4, 8). The pelvic-fin origin is located just
behind the pectoral-fin base. The pelvic fin seems to
contain up to nine rays, of which the outer two or
three are thicker and greatly elongate, almost reach-
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ing posteriorly the distal end of the spinous anal fin.

Squamation. Delicate cycloid scales are rarely pre-
served. The squamation is partially preserved in
NHMD-625274 (Fig. 3E), where small areas with
cycloid scales are preserved between the dorsal-fin
pterygiophores, ventral to the pectoral-fin base, and
immediately above the pelvic fin and the bases of the
anal-fin spines, and a few remains at the pectoral fin
in NHMD-2002586 (Fig. 4D).

Comparative discussion

The systematic affinities of Palaeocentrotus within
acanthomorph fishes have never been properly dis-
cussed. A comparative analysis of the skeletal anato-
my of the genera Cyttus and Zeus was used by Kiihne
(1941) to support the placement of Palaeocentrotus
within the zeiforms. He recognised that despite cer-
tain features (e.g. the caudal skeleton) are completely
different from those characteristic of the zeiforms, the
overall configuration of the skeleton of Palaeocentro-
tus provides unambiguous evidence of its alignment
with this lineage of paracanthopterygian fishes. The
monophyly of the zeiforms has been demonstrated
by the recognition of a broad set of morphological sy-
napomorphies (e.g. Johnson & Patterson 1993; Tyler
et al. 2003; Wiley & Johnson 2010; Davesne et al. 2017;
Grande et al. 2018), among which only one — second
preural vertebra bearing a fully developed neural
spine — can be easily recognised in Palaeocentrotus.
This condition, however, is widespread among para-
canthopterygians (Patterson & Rosen 1989; Borden et
al. 2013) and it has been observed also in other acan-
thomorphs, including the pan-lampridiform Aipich-
thys (see Patterson 1968) and the elongate crown lam-
pridiforms Desmodema and Trachipterus (see Rosen
1973; Fujita 1990). A further potential similarity be-
tween the caudal skeleton of Palaeocentrotus and that
of Zeiformes is the autogenous accessory bone that
lies between the haemal spines of the second and
third preural vertebrae. The occurrence of this pecu-
liar structure in the caudal skeleton was figured by
Kiihne (1941) and not reported in subsequent recon-
structions of the caudal skeleton of Palaeocentrotus
(e.g. Oelschldager 1983). This unpaired autogenous
ossification lying in the mid-sagittal plane is also
termed the “Y bone’, being common in gadiform fish-
es (e.g. Monod 1968; Fahay & Markle 1984; Patterson
& Rosen 1989), and is also present in some zeiforms
(Cyttus, Xenolepidichthys, Zenopsis and Zeus; Borden et
al. 2013; Grande et al. 2013), the extinct polymixiiform
Omosomopsis (see Patterson & Rosen 1989), and cer-
tain atheriniforms, beloniforms, and channids (Fu-
jita 1990; Johnson & Patterson 1993; Murray 2012).
There are different interpretations about the identity



of these accessory bones. Markle (1982) and Fahay
& Markle (1984) regarded them as anal-fin pterygi-
ophores that have lost their rays, while Rosen & Pat-
terson (1969) considered them as haemal spines of
centra that have been either fused or lost (see also
Borden et al. 2013). Given the distribution of these
accessory bones among acanthomorphs, it is reason-
able to conclude that its presence in Palaeocentrotus
may be interpreted as the result of convergence.

Bonde (1966) was the first that recognised the
lampridiform affinities of Palaeocentrotus. However,
this hypothesis was not supported by a discussion
of the relevant features that can justify a possible re-
lationship with the Lampridiformes. The anatomical
survey of the known material of Palaeocentrotus bog-
gildi presented herein resulted in the identification
of a suite of features that are regarded as diagnostic
of the Lampridiformes (e.g. Olney et al. 1993; Wiley
& Johnson 2010; Davesne et al. 2014; Delbarre et al.
2016), including anterior palatine process absent,
mesethmoid posterior to lateral ethmoids, elongate
ascending premaxillary process longer than the al-
veolar process and inserting into the frontal vault,
premaxilla and dentary edentolous, endopterygoid
teeth absent, urohyal bearing a large ventral lami-
nar expansion, second ural centrum free from fused
first ural and preural centra and fused posteriorly
to the upper hypural plate, and presence of two su-
praneurals and of a single postcleithrum. Accord-
ing to Olney et al. (1993), lampridiforms are also
characterised by the insertion of the first dorsal-fin
pterygiophore in the preneural space. As described
above, the first dorsal-fin pterygiophore of Palaeo-
centrotus boggildi is allocated in the first interneural
space between the first and second neural spines.
This condition is shared with the Oligocene palaeo-
centrotid Natgeosocus sorini, thereby representing
a diagnostic feature at the family level (Bannikov
2014). Other fossil lampridiforms diverge from the
condition reported by Olney ef al. (1993), including
the turkmenid Analectis pala from the Upper Eo-
cene and Lower Oligocene of Caucasus, whose first
dorsal-fin pterygiophore inserts in the second inter-
neural space (e.g. Bannikov 1999), and the putative
stem-lampridiform [ratusichthys ulirikii from the
Lower Eocene of Denmark (Schrader & Carnevale
2025a), which is unique by having the first dorsal-
fin pterygiophore inserting in the third inteneural
space. The pattern of dorsal-fin insertion, therefore,
is not stable within the lampridiform lineage and
should not be regarded as an unambiguous lam-
pridiform synapomorphy.

Deep-bodied (bathysomous) lampridiforms have
traditionally been recognised as non-monophyletic
with the Lamprididae representing the sister group
to the long-bodied (taeniosomous) families (e.g. Ol-
ney et al. 1993; Davesne et al. 2014, 2016; Delbarre et

al. 2016). Recent studies, however, have recovered a
monophyletic clade formed by veliferids plus lam-
pridids (Grande et al. 2013; Wang et al. 2023; Brown-
stein & Near 2024). The peculiar configuration of the
caudal skeleton (with elongate neural spine of the
second preural vertebra and an autogenous acces-
sory bone between the haemal spines of the second
and third preural vertebrae) and of the dorsal fin
(with spines restricted to its central portion) of Pal-
aeocentrotus, allows the exclusion of any possible at-
tribution to the Veliferidae or Lamprididae, as well
as to the other Paleogene deep-bodied lampridiforms
(Oelschlédger 1983; Olney et al. 1993). A unique com-
bination of character states further rules out the attri-
bution of Palaeocentrotus to the Veliferidae and Lam-
prididae, including a reduced number of vertebrae
(29 vs. 33-46; Olney 1984) and principal caudal-fin
rays (13 vs. 19; Olney et al. 1993), basisphenoid ab-
sent, and ventral keel of the orbitosphenoid absent
(see Oelschlager 1983). The alignment of Palaeocen-
trotus with the Veliferidae can be also excluded due
to a set of reductive features (see Oelschlager 1983),
including the infraobital series solely represented by
the lachrymal, anterior ceratohyal lacking a beryci-
form foramen, parapophyses absent on the anteri-
ormost abdominal vertebrae, and absence of scaly
sheaths along the dorsal- and anal-fin bases. Finally,
a distinct separation from the Lamprididae is also
justified by the possession of two (vs. one) supraneu-
rals and almost vertical (vs. horizontal) pectoral-fin
insertion.

Bannikov (1999, 2014) suggested that Palaeocen-
trotus should be regarded as closely related to the
veliferid fishes and based on this hypothesis, Near
& Thacker (2024) considered it as a pan-veliferid.
The descriptive analysis of Palaeocentrotus presented
herein does not provide a clear support for this hy-
pothesis for which additional comparative informa-
tion about Paleogene bathysomous lampridiforms
would be necessary (see Davesne et al. 2023).

Concluding remarks

The most salient feature of palaeocentrotids is the
unique structure of the dorsal fin that contains true
spines only in its central portion. Bonde (1966) used
this very peculiar feature to assign Palaeocentrotus to
a separate family within the Lampridiformes. The
uniqueness of the dorsal fin of Palaeocentrotus was
also mentioned by Rosen (1964) in the context of an
extensive discussion on the variable structure and
position of paired and median fins in certain acan-
thomorph groups.

The evolutionary origin of this unique condition
is difficult to interpret. The dorsal-fin spines of pal-
aeocentrotids seem to exhibit the chain-link support
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(see Bridge 1896) and are therefore different from the
spinous rays present in certain veliferids (see Ban-
nikov 1991; Olney et al. 1993). Overall, the ‘first’ spi-
nous dorsal fin of acanthomorphs seems to represent
a new module, which is independent from the other
median fins (first dorsal fin module of Mabee et al.
2002), being positioned anteriorly along the trunk.
According to Mabee et al. (2002), the evolution of a
regionalised (spinous) and spatially separated an-
terior dorsal fin is an example of duplication and
divergence (e.g. Raff 1996), facilitated by modular
organisation. Duplication allows the formation of
redundant structures, and divergence allows them
to assume new roles (Gilbert 2013). Following this
perspective, the dorsal fin is essentially duplicated
anteriorly in acanthomorphs. True spines are solid
bony structures resulting from the fusion of two con-
tralateral hemitrichia, which lack proximo-distal seg-
mentation and are usually rounded in cross-section.
Recent studies by Miyamoto et al. (2025) revealed
that actinotrichia do not play a relevant role in the
development of fin spines in acanthomorphs, where-
as mesenchymal cell condensation surrounded by
a thick layer composed by basement membrane
and basal lamella appears to be crucial for the mor-
phogenesis of developing spines. Hoch et al. (2021)
demonstrated that the positioning of the dorsal and
anal fins into spinous and soft-rayed portions is es-
tablished through canonical developmental mecha-
nisms responsible for the anteroposterior patterning
of the appendages. Hoch et al. (2021) also suggested
that homeotic transformations of spines into rays
and vice versa can be induced by modulation of
BMP signalling. As repeatedly mentioned above, the
spines of palaeocentrotids are placed in the central
portion of the dorsal fin, preceded and followed by
rays. However, what actually produces the unique
configuration of the dorsal fin in palaeocentrotids are
the elongate and filamentous rays that precede the
dorsal-fin spines, which form an additional distinct
module positioned in front of the ‘spinous” dorsal-fin
module (see Mabee et al. 2002). In this context, it is
reasonable to suggest that the evolution of a further
regionalised anterior portion of the dorsal fin in Pa-
laeocentrotus and Natgeosocus could represent the re-
sult of an additional duplication event. In any case,
regardless of the possible evolutionary interpretation
of its origin, the peculiar configuration of the dorsal
fin of palaeocentrotids represents another spectacu-
lar example of the remarkable plasticity of the acan-
thomorph median fins.
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