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Abstract. A new specimen of coelacanth based on a new specimen from the Meride Limestone Formation
of the UNESCO World Heritage area of Monte San Giorgio is described. It represents the first occurrence of an
actinistian in this formation. The newly discovered specimen shares many characters with the poorly known Heptanema
paradoxum Bellotti, 1857 from the Ladinian Perledo Formation of Northern Italy. A comparison with the holotype and
only existing specimen of H. paradoxum supports the assignment of the new specimen to the genus Heptanema. Some
anatomical differences between the two specimens are most probably due to different ontogenetic stages, while few
may support the erection of a new species; since the specimen is a juvenile it is preferred not to erect a new species,
but to classify the specimen as Heptanema sp.
New available data from both the holotype of H. paradoxum and form the new specimen allows an attempt to assess
the phylogenetic relationships of Heptanema.

Introduction
Coelacanths (Actinistia) are a clade of sarcopterygian fishes that are first known from the Early
Devonian (Johanson et al. 2006). They peaked in
diversity in the Early-Middle Triassic being mostly known from Europe (see Cavin et al. 2013 and
Ferrante et al. 2017 for a reappraisal of European
and American taxa) and China (Tong et al. 2006;
Wen et al. 2013), their diversity declined in the Cretaceous and are absent from the Cenozoic fossil
record. They were considered extinct until a living specimen of Latimeria was discovered in 1938
(Smith 1939). Coelacanths are known in the Middle
Triassic of Monte San Giorgio, across the Italian
Swiss boundary, with nearly complete specimens
of Ticinepomis peyeri (Rieppel 1980), and fragments
of a larger coelacanth tentatively referred to cf.
Holophagus by Rieppel (1985), both from the Anisian-Ladinian, Besano Formation. Further findings
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have recently been made in the in levels of Prosanto Formation coeval with the Lower Meride Limestone, which yielded large specimens of Ticinepomis
cf T. peyeri (Cavin et al. 2013) and the highly derived
Foreya maxkuhni (Cavin et al. 2017; a reappraisal of
the Middle Triassic coelacanths diversity from Switzerland has been recently published by Ferrante et
al. 2017).
Here we describe a new coelacanthiform
specimen, from the Sceltrich beds at the base of the
Upper Meride Limestone (Ladinian). It was discovered in 2016 and represents the first record of this
clade in over 160 years of excavations in the Meride
Limestone Formation

Geological setting
The Middle Triassic carbonate succession
of Monte San Giorgio (Switzerland-Italy; Figs 1,
2), belonging to the western part of the Southern
Alps, has been inscribed in the UNESCO World
Heritage List (WHL) because of its unique paleon-
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Fig. 1 - Map of the Monte San Giorgio area (Ticino, Southern
Switzerland), showing the
carbonate Anisian-Ladinian
sequence together with the
locality.

tological value. It is, in particular, world-famous for
the exceptionally well-preserved fossil fishes and
marine reptiles (e.g. Rieber 1973; Kuhn-Schnyder
1974; Bürgin et al. 1989; Etter 2002). In Middle
Triassic times, the South-Alpine domain was situated at a northern intertropical latitude of about
15-18° (Muttoni et al. 2004) and was strongly influenced by monsoonal circulation (Preto et al.
2010). This passive continental margin open to the
western Neo-Tethys was progressively submerged
by a long-term transgression from the east. The
marginal location of the Monte San Giorgio Basin resulted in a peculiar sedimentary succession
and in temporarily dysoxic to anoxic bottom water
conditions (e.g. Bernasconi 1994; Röhl et al. 2001;
Etter 2002; Stockar 2010; Stockar et al. 2013). The
Middle Triassic succession (Fig. 2) starts with fluvio-deltaic deposits (Bellano Formation, Illyrian;
Sommaruga et al. 1997), unconformably overlying
Lower Triassic transitional clastic deposits (Servino, Induan-Olenekian; Frauenfelder 1916; Sciunnach et al. 2015), in turn onlapping an erosional
unconformity at the top of a Lower Permian volcanic basement. The following upper Anisian sediments indicate the progressive transgression of a
shallow epicontinental sea and the related expansion of carbonate platforms (San Salvatore Dolomite; Zorn 1971) north of an emerged land area,
which is nowadays covered by the Po Plain (Brusca
et al. 1981; Picotti et al. 2007). During the latest
Anisian and the Ladinian, although shallow-water
sedimentation continued in the north, an intraplatform basin opened in the area of the Monte San
Giorgio, which led to the deposition of the Besano Formation, the San Giorgio Dolomite, and the
Meride Limestone (Rieber 1973; Bernasconi 1994;

Furrer 1995; Röhl et al. 2001). The Besano Formation (“Grenzbitumenzone”; Frauenfelder 1916)
directly overlies the Lower Salvatore Dolomite and
is composed of a 16 m thick alternation of black
shale and laminated dolostone. Its uppermost part
includes the Anisian-Ladinian boundary (Brack &
Rieber 1993; Brack et al. 2005). Most of the spectacular vertebrate fossils together with important
index invertebrate fossils come from this formation, which also yielded the only fossil coelacanths
so far described from Monte San Giorgio (Rieppel 1980; Rieppel 1985). The Besano Formation
grades upwards into the San Giorgio Dolomite
and the Meride Limestone, together constituting a
614-m thick sequence in total (Stockar et al. 2012).
Recent studies (Stockar 2012; Stockar et al. 2013)
showed that the San Giorgio Dolomite results
from early and late diagenetic dolomitization, the
latter cutting across stratification and affecting the
original limestone in an irregular pattern up to a
major volcaniclastic bed (“Val Serrata tuff ”). The
Lower Meride Limestone consists of well-bedded micritic limestone, laminated limestone and
volcaniclastic layers. Three fossiliferous intervals, informally known as “Cava inferiore beds”,
“Cava superiore beds” and “Cassina beds”, mainly
consist of finely laminated limestone and yielded
different vertebrate fossil assemblages (e.g. Peyer
1931, 1939a); Sander 1989; Furrer 1995; Stockar
2010; Stockar & Renesto 2011). The top of the
Lower Meride Limestone is defined by a very discontinuous dolostone horizon (“Dolomitband”;
Frauenfelder 1916) resulting from late diagenetic
dolomitization cutting across the stratification of
the Meride Limestone (Stockar 2012; Stockar et
al. 2013). The overlying Upper Meride Limestone
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Fig. 2 - Stratigraphic column of the Monte San Giorgio area; coelacanth shapes indicate the levels that yielded coelacanth
material.

is a sequence of alternating well-bedded micritic limestone and marlstone. The uppermost part
comprises the 120 m thick “Kalkschieferzone”
(Senn 1924), made up of thinly-bedded, mostly
laminated, limestone and marlstone with peculiar faunas of fishes, crustaceans and insects (e.g.
Wirz 1945; Furrer 1995; Krzeminski & Lombardo 2001; Bechly & Stockar 2011; Lombardo et al.
2012; Montagna et al. 2018). Finally, the following
Carnian regressive phase resulted in the formation
of sabkha-type depositional environments and in
the related sedimentation of evaporites (Pizzella
Marls; Furrer 1995).
The fossiliferous interval yielding the specimen described herein belongs to the lowermost
part of the Upper Meride Limestone and was informally introduced as “Sceltrich beds” in Stockar
(2012) and Stockar et al. (2013). Its age is assigned
to the transition interval between the Gredleri
and Archelaus Ammonoid Zones (sensu Brack &
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Rieber 1993) of the Ladinian Stage (Stockar et al.
2012). After a first exploration in 2010 yielding
the first fossils from this horizon (Stockar 2012),
two small bed by bed excavations on a surface of
around 6 and 10 square meters respectively were
started in 2012 by the Museo cantonale di storia
naturale (MCSN, Lugano) under the direction
of the second author. The site is located on the
northern bank of a small creek (Valle di Sceltrich;
Swiss National Coordinates: 716’910/84’370;
WGS8 coordinates 8.4503/45.90084; Fig. 1),
northwest of the village of Meride. The fossiliferous interval consists of a 30 cm thick sequence
of prevailing organic-rich laminated limestone (up
to 3.1% TOC) intercalated between thick-bedded
marly limestone. In the Valle di Sceltrich area, this
fossiliferous horizon lies around 2.5 m above the
“Dolomitband”. At places, the laminated limestone shows storm-generated concentrations of
platform-derived skeletal grains and thin-shelled
bivalve pavements (Stockar 2012; Stockar et al.
2013). Benthic microbial activity accounts for the
microfabrics observed in the laminated limestone,
including clotted-peloidal micrite and amorphous
organic matter showing EPS (extracellular polymeric substance) -like structures as well as for the
geochemical signature being characterized by high
hydrogen indices and prevailing Type-II (Type
I) kerogen (Stockar et al. 2013). Preservation of
such a labile lipoid-rich organic material requires
anoxic/lower dysoxic bottom-water conditions
(Stockar et al. 2013 and references therein). Lower dysoxic conditions were able to allow episodic
seafloor colonization by thin-shelled opportunistic posidonioid bivalves (Stockar 2012; Stockar et
al. 2013). On the other hand, both lower dysoxic and anoxic bottom-water conditions ruled out
higher macrobenthos, including scavengers, and
resulted in complete oxygen depletion within the
sediment. Coupled with widespread oxygen depletion excluding benthic scavenger organisms, rapid coating of skeletons by benthic bacterial mats
(‘microbial shroud’ effect; Gall, 2001) played the
key role in protecting the carcasses from decay
and in holding skeletal elements together (see also
Furrer 1995, 1999; Stockar 2010), thus accounting for the microfabrics observed in the laminated
limestone and for the exquisite preservation of
the vertebrate fossils (Stockar et al. 2013).
So far, the excavation carried out in the
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Fig. 3 - Heptanema sp., specimen MCSN 8532. Scale bar equals 10 mm.

Sceltrich beds yielded a rich vertebrate fossil fauna
(mostly articulated specimens, and rare sauropterygian reptile bones and teeth), among fishes, specimen of Saurichthys represent the most common
finding; in addition, specimens of Archaeosemionotus
connectens (López-Arbarello et al. 2016) and of yet
unnamed halecomorph fishes have been found. Invertebrate fossils, mostly bivalves and crustaceans
(Stockar & Garassino 2013) and terrestrial plant remains have been found.

Systematic Palaeontology
Sarcopterygii Romer, 1955
Actinistia Cope, 1891
Heptanema Bellotti, 1857
Type species: H. paradoxum Bellotti, 1857
Diagnosis (emended from Forey 1998): Heptanema is diagnosed by the presence of scales on the flanks of the body ornamented by one very prominent ridge, ending in a spine that extends
beyond the posterior margin of the scale. Additional characters are:
body fusiform, head relatively long and shallow with a short postparietal shield equal to approximately half of the parietonasal shield.
Anterior and posterior parietals equal in length; lachrymojugal expanded anteriorly and curved posterodorsally. Dentary hooked.
Operculum large dorsally and narrowing ventrally. Presence of simple anocleitrum. First dorsal fin with seven robust rays ornamented
with spines.

Heptanema sp.
Material: Specimen MCSN 8532 (Fig. 3), housed in the palaeontological collection of the Museo cantonale di storia naturale in
Lugano (Switzerland). It is nearly complete and articulated, exposed
in left lateral view, which was found in Valle di Sceltrich, Monte San
Giorgio, Cantone Ticino, Switzerland from an outcrop of the Upper
Meride Limestone, Sceltrich beds, bed 9 (8 cm above the base of
the Sceltrich beds); Middle Triassic, early/late Ladinian (transitional
interval Gredleri/Archelaus Ammonoid Zones).
Measurements (in mm): Total length 81.7; Standard length
(distance from the tip of the snout to the base of the caudal lobe
(Forey 1998) 60.5; Head length 20.5, Head height 19.9, Supplementary lobe length ca 21.2 (11.2 excluding the portion overlapped by
caudal lobes).

Description
The specimen is nearly complete and articulated (Fig. 3), it lacks only of the pectoral fin, and the
tip of the snout is crushed. The outline of the body
is revealed by an underlying layer of black organic
matter, visible also in areas where the scale covering
is missing. Veins of calcite crystals run across the
specimen obscuring some details, especially in the
skull area.The outer surface of some skull bones is
worn out.
The specimen was mechanically prepared
with the aid of vibrotools and sharpened steel
needles. It has been examined under a stereomicroscope and photographs have been taken both under

Coelacanth fish from Meride Limestone of Monte San Giorgio (Canton Ticino, Switzerland)

643

Fig. 4 - Heptanema sp., specimen MCSN 8532. A) close up of the skull; B) Sketched outline of recognizable bones abbreviations are: acl) anocleithrum, ar) articular, cl) cleithrum, d) dentary, lj) lachrymojugal, op) operculum, pa) parietals, po) postorbital, pop) preoperculum,
psp) parasphenoid, pt) pterygoid, sq) squamosal, stt) supratemporal, sy) symplectic, tec-so) tectals-supraorbitals. The black spots indicate the area in which the outer wall of the sensory canal crushed. Scale bar equals 10 mm.

visible light and UV light (360 nm) with a SIGMA
Sd Quattro H camera. UV photographs were particularly useful in revealing details of the fins and scales, while were of little help for the reconstruction
of the skull because UV reflexion was very scarce
on skull bones in case of poor preservation of the
outer surface of the bones.
Skull and pectoral girdle (Fig 4 A-B) - Skull
bones are fractured, and in some case splitted and
obliquely embedded in the matrix, thus precise
identification of bones is difficult. When preserved,
the outer surface of skull bones is smooth, lacking
any ornamentation apart for the fragments of premaxillae that bear small tubercles. The parietonasal
shield is at least two times longer than the postparietal shield. The anterior and posterior parietals are
approximately the same size. A calcite vein obscures
part of the contacts between the anterior and posterior parietals and between left and right parietals.
Nasals are not preserved. The anterior margin of
the postparietal is straight, without interdigitations
along the intracranial joint. The posterior margin
of the postparietal is not well preserved. A small
fragment of bone lying posterolaterally to the postparietal is tentatively identified as a portion of the
left supratemporal; like many other skull bones, it
does not lie parallel to the slab surface, but it is partially sunk in the matrix so that the exact outline
cannot be detected. Ventrolaterally to the parietals
and postparietals, at least six small bones are pre-

served and are identified as the posterior tectals/
supraorbitals.
The postorbital is high and only moderately
expanded, it is also partially sunk in the matrix so
that it appears extremely thin. The lachrymojugal
is elongate and curved; its dorsal margin forms the
ventral margin of the orbit and it extends anteriorly beneath the preorbital area. Other cheek bones
are crushed or embedded obliquely in the matrix
so that their exact outlines cannot be determined.
Fragments of several bones are visible anterior to
the lachrymojugal, but poor preservation does not
permit any reliable identification apart for the anteriormost fragment that may be identified as portion
of the premaxilla, which is ornamented by tiny tubercles.
The anterior part of the pterygoid is visible in
lateral view; it has a usual subtriangular shape as in
most coelacanths; a fragment of the narrow anterior portion of the parasphenoid is also visible.
The squamosal and preoperculum are also
preserved, they are flat subrectangular bones but
preservation precludes a more detailed description.
The left operculum is also poorly preserved
and crossed by elements of the shoulder girdle;
it is nevertheless possible to observe that it had a
straight anterior margin and a rounded posterior
margin, its outline distinctly narrowing ventrally.
Few bones of the lower jaw can be described:
the dentary is posteriorly embayed (hook shaped
sensu Forey 1998) and edentulous; it appears inclined
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Fig. 5 - Heptanema sp., specimen MCSN 8532. Sketched outline of
the first (A) and second (B) dorsal fin, anal (C) and pelvic
(D) fins. Scale bar equals 5 mm.

anteroventrally, however it may have been partially
rotated from its original position.
The angular is elongate and shallow; its dorsal
margin is broken. Some anteroposteriorly elongate
irregular openings may be interpreted as areas in
which the thin outer walls of the mandibular sensory canal have been crushed (Fig. 4).

Fig. 6 - Heptanema sp., specimen MCSN 8532, UV photograph of the
first dorsal fin. Scale bar equals 5mm.

The gular is large, its lateral margin is slightly
convex but the contact with the angular is not clearly discernable so that its exact shape is difficult to
be reconstructed.
The cleithrum is dorsoventally elongate and
sickle shaped as in most coelacanths, other bones
of the pectoral girdle are of difficult identification
due to the superimposition of left and right halves
of the pectoral girdle and the partial rotation of different elements. A, slender, and slightly sygmoidal
anocleithrum is a visible at the dorsal end of the
cleithrum (Fig. 4).
Axial skeleton. No ossified centra are present,
as is typical for coelacanths. The exact number of
neural arches remains unknown due to the covering
of scales on most of the body. Few neural arches
are visible ventral to the first dorsal fin; they show
a typical inverted Y-shape with very high but thin
neural spines. The neural spines become lower and
more robust in the caudal region. Haemal arches are
visible just dorsal to the anal fin and at the base of
the lower lobe of the caudal fin; their shape is almost
identical to that of the corresponding neural arches.
No ossified ribs are visible.
Paired fins. The pectoral fin is not preserved.
The pelvic fin (Fig. 5) is located at the level between
the first and second dorsal fin lying slightly closer
to the anal. The basal plate cannot be seen. At least
eight fin rays are present, and they are segmented in
their distal half. Fin rays are not expanded.
Median fins. The first dorsal fin (Figs 5-6) is
crossed by a calcite vein that obscures some details;
the basal plate is not visible. Since the area was covered by matrix before preparation, the bone was not
lost during collection, also, careful preparation revealed that it is not hidden below scales or by black
organic matrix, thus it is feasible that it was not yet
ossified. The fin consists of seven robust fin rays
segmented in their distal half. The first two rays
bear stout and sharp spines.
The second dorsal fin (Fig. 5B) bears at least
10 rays, much thinner than those of the first dorsal
fin. Again, the basal plate is not ossified.
Six ray bases are visible but only five-four rays
are well preserved, they are segmented in their distal third, and the basal plate does not seem to be
ossified.
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Fig. 7 - Heptanema sp., specimen MCSN 8532, the tail photographed in visible light (A) ad in UV light (B). The supplementary lobe is more
visible in (A), while the structure of the dorsal and ventral lobe is more visible in (B). Scale bars equal 10 mm.

Caudal fin. The dorsal and ventral lobe are
symmetrical (Fig. 7), both consisting of 13 fin rays;
some rays are disjointed in their unsegmented portion so that the concave internal part of some of
the right hemilepidotrichia can be seen. Fin rays are
segmented for about the distal third of their length.
The first two rays of the dorsal lobe bear stout denticles. The first ray of the ventral lobe is short and
unsegmented, while the following are much longer
and distally segmented. Few spines are visible on
the first segmented ray of the ventral lobe as clearly
revealed by UV photographs (Fig. 7B).
Each fin ray is supported by one radial (Figs

7B, 13A). The radials slightly extend along the leading edge of the first five-six distally segmented lepidotrichia; this feature is clearly visible in the ventral lobe, while in the dorsal lobe the area is heavily
damaged by a fracture in the stone slab.
The supplementary lobe is elongate; the protruding portion is almost as long as the length of
the dorsal and ventral lobes and bears up to ten fin
rays both on its dorsal and ventral side.
Scales. Scales (Fig. 8) are preserved in patches
covering most of the body, apart for the area at the
level of the insertion of the dorsal fins. The scales
are longer than deep, densely packed together so
that the exact outline of each scale is difficult to
observe. Each scale bears a stout, prominent median ridge ending posteriorly in a pointed spine that
extends beyond the posterior margin of the scale.
Lateral line cannot be detected.
Ossified bladder. Fragments of an ossified
structure extends from the pectoral girdle to a point
at mid distance between the first and second dorsal
fins (Fig. 9). It consists of a series of bony plates
slightly superimposed each other with tiny, parallel
striations on their internal surface suggesting the
possible presence of an ossified bladder (Brito et
al. 2010).

Discussion
Fig. 8 - Heptanema sp., specimen MCSN 8532, detail of the scales.
Scale bar equals 5 mm.

Specimen MCSN 8532 shows a peculiar morphology of the scales that is matched only by the
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Fig. 9 - Heptanema sp., specimen MCSN 8532. A) the body region, B)
an enlargement of the area in which fragments of the ossified bladder are preserved. With the thick white outline it
is reconstructed the hypothetical shape of the bladder, with
the thin white line is indicated the position of the preserved
fragments.

poorly known species Heptanema paradoxum Bellotti,
1857 from the late Ladinian of Perledo (East side
of the Como Lake, Lombardy, Northern Italy).
The genus Heptanema was erected by Rüppel
(1855-56) including one species, Heptanema paradoxa,
but was never described or figured. Bellotti (1857)
based on a plaster cast of the original specimen,
made a partial diagnosis of the specimen, but in the
description he misinterpreted the dorsal region as
the ventral one, thus he described the first dorsal
fin as a pectoral fin and attributed the species to the
Actinopterygia. Later, Deecke (1889) and De Alessandri (1910) redescribed the specimen, renamed
the species as Heptanema paradoxum and correctly
identified it as a coelacanth. The latter description
was based on two specimens, but in its work De
Alessandri (1910) figured only one. The unfigured
specimen was unfortunately destroyed during World
War II, when an incendiary bomb hit the Museo di
Storia Naturale di Milano where it was housed. For
this reason, some characters referred to “the Milano
specimen” by De Alessandri (1910) are unverifiable
at present. The only existent specimen of Heptane-

ma paradoxum is the holotype, cat. No. SMF P1242
of the vertebrate palaeontological collection of the
Senckenberg Forschungsinstitut und Naturmuseum
in Frankfurt (Germany). This specimen (Fig. 10-12)
has been reexamined for the present study.
Based on the embedding rock, the holotype
of Heptanema paraxodum may be tentatively attributed to the uppermost part of the Perledo-Varenna
Formation (Perledo Member, late Ladinian; Gaetani et al. 1992) which possibly correlates with the
uppermost Meride Limestone (Kalkschieferzone,
late Ladinian; Furrer 1995; Tintori 1998). This unit,
quarried in the area of Perledo (Lecco, Northern
Italy) until the middle of the XIX century for the
production of slabs and ornament stones, consists
of an up to 100 m thick sequence of dark, finely
laminated limestone with thin-bedded shale intercalations and yielded most of the classical “Perledo
Fauna” among which the actinopterygian genera
Perleidus and Saurichthys, (De Alessandri 1910) and
the sauropterygian reptile Lariosaurus balsami (Peyer
1939b) .
Due to poor preservation, as it is frequent for
the Perledo material, most details of the bones of
the skull have been obliterated so that their outline
and structure cannot be reconstructed. It can only
be stated that the skull is elongated, with a well-developed preorbital region, a long parietonasal
shield, short postparietals, elongate parietals and an
elongate lachrymojugal that extends anterior to the
orbit. A coarse granular ornamentation is present
on the parietonasal shield and rostral bones, similar
to that of Guizhoucoelacanthus Liu et al. 2006 (Geng
et al. 2009). Few robust, sharply pointed triangular
structures are visible on the ventral margin of the
skull: (Fig. 11) they may belong to the lower jaw,
but the latter unfortunately is almost completely
missing, thus their identification is difficult, despite
some similarity with coronoid fangs (sensu Forey
1989). The variable size and the position on different level suggest that they may instead have been
ornamentations, thus in the phylogenetic discussion
the character “fang-like coronoid teeth” has been
considered absent. Few thinner rods anteroposteriorly inclined are visible in the posterior third of the
abdominal region (Fig. 12A) and are interpreted as
fragment of very short ribs. Contrary to previous
descriptions, the scale covering of Heptanema paradoxum is differentiated. The scales on the lateral and
ventral region (Fig. 12A) show the peculiar morphol-
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Fig. 10 - Heptanema paradoxum holotype, specimen SMF P1242. Scale bar equals 50 mm.

Fig. 11 - Heptanema paradoxum SMF P1242, holotype. A) skull, the
rectangle indicates the area enlarged in B. B) Tooth-like
structures. Scale bar in (A) equals 10 mm.

ogy described by Deecke (1889) and De Alessandri
(1910): they bear a single thick, long and prominent
ridge ending in a pointed spine (as it occurs in specimen MCSN 8532), sometimes flanked ventrally by
a thinner second smaller ridge. In the dorsal region,
at the level of the insertion of the dorsal fins, the
ornamentation of the scales is different: they lack
the prominent central spine, bearing instead 10/12
thin longitudinal ridges, with the central one that
is only slightly more robust than the others (Fig.
12B). The first dorsal fin (Fig. 12C) is formed by
seven robust rays. The caudal fin (Fig. 12D) tapers
posteriorly with the last rays (those adjacent to the
supplementary lobe) that start and extend much farther than the rays along the outer margin, giving to
the tail a slanting outline similar to that of many
coelacanths such as Diplurus (Schaeffer 1948, 1952)
and, at a lesser extent, to that of Laugia groenlandica
Stensiö, 1932, as figured by Wendruff and Wilson
(2012, pp. 908-909, figs 4-5). The tail of H. paradoxum seems also asymmetrical, with the dorsal lobe
of the caudal fin that starts anteriorly with respect
to the ventral lobe and is made by 17 rays, while
in the ventral lobe only 12 rays are visible (11 according to De Alessandri 1910); there would have
been a difference of five rays (six, if De Alessandri
was possibly correct) between the dorsal and ven-
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Fig. 12 - Heptanema paradoxum SMF P1242, holotype. A) lateral scales with prominent ridge and the small ribs on the posterior abdominal region
(indicated by the white arrow); B) Scales of the dorsal area just below the dorsal fins; C) first dorsal fin; D) caudal fin. Scale bars equal
5 mm (A-B), 10 mm (C), 25 mm (D).

tral principal lobes, rendering the tail asymmetrical,
again as in Laugia (Lambers 1991; Forey 1998). This
would have been of taxonomic significance. Close
examination of the specimens reveals however that
the ventral margin of the tail is incomplete and that
there are remains of further radials anterior to the
first preserved rays of the ventral lobe; thus it is possible that the asymmetry of the tail is an artifact of
preservation, while the difference in the number of
fin rays between the dorsal and caudal lobe probably
amounts to only to two-three rays.
While Heptanema may superficially look similar
to Diplurus, as noted by Forey (1998), it differs from
the latter genus by the nuber of rays in the dorsal fin,
the ornamentation of the scales and for the absence
of long ossified ribs.
A comparison between MCSN 8532 and H.
paradoxum holotype shows that MCSN 8532 shares
with H. paradoxum all observable skull characters
except the ornamentation, the structure of the first
dorsal fin (that is in both cases composed of seven rays) and the peculiar morphology of the lateral

scales. Since the dorsal part of the squamation is not
preserved in MCSN 8532, it is not possible to assess
if the scales are also differentiated in this specimen.
MCSN 8532 differs from H. paradoxum holotype for the size, the body proportions, the presence
of a smooth surface on all skull bones except for the
premaxilla, and for the symmetrical caudal fin that is
rounded posteriorly and has only 13 fin rays in each
lobe (Fig. 13).
Some of the differences between MCSN 8532
and H. paradoxum can be related to the early ontogenetic stage of MCSN 8532. The small size and the
proportionally large head (head length reaches nearly one third of the standard length) suggest a juvenile condition. Also, in MCSN 8532 endoskeletal
basal plates of the unpaired and paired fins are not
yet ossified, as it has been reported for juveniles and
embryos of some coelacanth taxa such as Rhabdoderma exiguum and Undina pennicillata (Schultze 1980;
Watson 1927) in which the ossification of the basal
plates is delayed with respect to other elements of
the skeleton.
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Fig. 13 - Comparison between the caudal fins of Heptanema sp. (A)
and Heptanema paradoxum (B). Scale bars equal 10 mm.

Another character present in MCSN 8532
that is considered as indicative of early ontogenetic stage for coelacanths (Schultze 1972, 1980; Brito & Martill 1999; Anthony & Robineau 1976) is
the elongate supplementary lobe of the caudal fin.
The supplementary lobe of MCSN 8532 extends
well beyond the dorsal and ventral lobes, and its
length including the portion overlapped by caudal
lobes reaches approximately 1/4th of the total body
length (1/7th, when considering only the portion
not overlapped by caudal lobes). De Alessandri
(1910), possibly on the basis of the lost specimen,
stated that the length of the supplementary lobe of
H. paradoxum was 32 mm, thus it should have reached 1/7 of the total length. This assumption however, cannot be verified because the supplementary lobe of the holotype is incomplete and it is not
even clear if the measurement given by De Alessandri included the portion overlapped by main caudal
lobes or not. The possible presence of an ossified
bladder is an unusual feature in fossils of juvenile
coelacanths, in which the bladder, if present, is preserved as a mass of phosphatized tissue (Brito &
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Martill 1999). However, the presence of an ossified
bladder in a juvenile specimen has been already reported for Axelrodichthys (Yabumoto & Brito 2013).
The same area is poorly preserved and covered by
scales in H. paradoxum, thus the presence or absence
of an ossified bladder cannot be ascertained in the
holotype of H. paradoxum.
In conclusion, MCSN 8532 shares several characters with H. paradoxum holotype, as listed
above, and most existing differences between the
two specimens can be explained as related to the
earlier ontogenetic stage of the former specimen;
thus it is proposed here that MCSN 8532 can belong to the genus Heptanema. The different posterior outline of the tail lobes may either be related
to different growth stage, or instead have taxonomic
significance. The difference in number of caudal fin
rays may also have taxonomic significance (in fact,
while a difference of one-two rays between conspecific individuals occur frequently, a difference of
four-five is rare). The latter two charcters may thus
indicate that MCSN 8532 could belong to a different species of the genus Heptanema. However, taking
into account that the specimen is a juvenile, and that
the only significant difference with the holotype of
H. paradoxum is the number of lepidotrichia on the
dorsal lobe of the caudal fin, it is preferred here not
to erect a new species but consider specimen MCSN
8532 as Heptanema sp.

Phylogenetic relationships
The only phylogenetic tree that included Heptanema was published by Schaeffer (1948, p. 13 fig.
10) and reproduced by Forey (1998, p. 226 fig 9.2)
as a cladogram. According to Schaeffer (1941), Heptanema was closely related to Scleracanthus, and the
two were closely related to Whiteia.
All subsequent phylogenetic analyses of coelacanths excluded Heptanema from their species list
because the taxon was too poorly known to be included in a dataset.
Forey (1998) however included Heptanema
within the Latimeroidei, but without discussion,
and stated (Forey 1998, pp. 350-351) that the overall
shape and the ornamentation of the scales may be
similar to that of Diplurus.
Some characters, such as the operculum
rounded dorsally and posteriorly but pointed ven-
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Fig. 14 - 50% majority rule consensus tree of four most parsimonious trees, obtained by
adding Heptanema to a modified version of Cavin et al.
(2017) matrix and dataset.
Consistency Index 0.381,
Retention Index 0.678.

trally, the first dorsal fin made of only seven rays,
fin rays not expanded distally, and the presence of
pointed denticles on the anterior fin rays of the first
dorsal and caudal fins, are shared by the Whiteiidae
sensu Schultze (1993) but are present also in other
taxa. The proportionally slender body and relatively large head, a snout (preorbital length) long and
more than one-third of the length of the skull roof,
a lachrymojugal with a curved posterior region and
a long anterior region with a straight dorsal margin,
are not only known in the Whiteiidae but are also
present in a variety of different taxa (e.g.: Diplurus
and Ticinepomis) which fall within the Latimeroidei

(Smith 1939; Lund & Lund 1984, 1985; Forey 1998;
Moy-Thomas 1935; Schaeffer 1948; Clément 2005;
Arratia & Schultze 2016; Cavin & Gradinaru 2012;
Cavin et al. 2013, 2017). In addition, recent analyses
(Cavin et al. 2017) do not support the monophyly
of Whiteiidae.
We tried to establish the phylogenetic relationships of Heptanema, by adding scoring for
Heptanema to a slightly modified version of the the
matrix by Cavin et al. (2017). With respect to the
original matrix the following changes have been
made: Rebellatrix has been deleted since not informative and adding instability; Charachter 107, ossified
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00????100?????????????????001?1??01?000?????????0??0???????????????????????????????????1?1?0111201000?0??01???
Tab. 1 - Characters scoring of Heptanema according to the dataset by Cavin et Al (2017)

bladder absent (0) or present (1) has been coded
[01] for Whiteia, due to the claimed presence of an
ossified bladder in Witheia oishii (Yabumoto & Brito 2016). The scoring for Heptanema is reported in
Tab. 1. Character 92, ossified ribs absent (0), present
(1), has been coded (0) for Heptanema paradoxum according to Forey (1998) who coded (1) the presence
of several well developed ribs covering most the abdominal region and (0) the presence of few short
ribs in the posterior abdominal region.
A parsimony analysis was conducted with
TNT (Tree analysis using New Technology, Goloboff et al. 2008), which allows a faster, exhaustive
search of the tree space. In particular we used the
parsimony Ratchet (Nixon 1999) and the conventional Wagner parsimony models. The Ratchet and
Wagner models, performed equally, have yielded two
equally parsimonious trees after 3.636.801 rearrangements with the best score of 318 with (Consistency
Index 0.381, Retention Index 0.678).
The consensus tree (Fig. 14) gives full support
to the results by Cavin et al. (2017) and Heptanema is
nested after (Wimania + Axelia) in an unresolved trichotomy with Dobrogeria and the node at the base of
the (Yunnanocoelacanthus (Luopingocoelacanthus (Mawsoniidae (Latimerioidei))) clade. It must be remarked,
however, that even if the discovery of specimen
MCSN 8532 and the re-examination of the Heptanema paradoxum holotype increased at some extent the
knowledge of the genus, the scarcity of skull character still represent an obstacle for a solid phylogenetic
analysis. For this reason, the conclusions about phylogenetic relationships of Heptanema presented here
must be considered as tentative.
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