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Abstract. The Rhamphosidae is an extinct family of syngnathiform fishes from the lower Eocene deposits of

Europe, primarily known from specimens derived from the Ypresian Konservat-Iagerstitte of Bolca (Verona province,
Italy). A descriptive analysis of 28 specimens of Rbamphosus from Bolca revealed the existence of six species, showing
a greater taxonomic diversity compared to the previous scenario of only two species (the type species Rbamphosus
rastrum and Rbamphosus biserratus). Four new species are established herein: Rhamphosus bloti n. sp., characterized by a
peculiar and unique rostrum with a discoid shape; Rbamphosus brevirostris n1. sp., which exhibits a moderately large size
associated with a relatively short rostrum; Rbamphosus longispinatus 1. sp., characterized by having the longest dorsal-fin
spine and rostrum of all the Rbamphosus species; Rhamphosus tubulirostris n. sp., which shows a peculiar slim rostrum,
long-based dorsal and anal fins, and a unique squamation characterized by the presence of numerous bucklers. The
species from Bolca ate also compared to the only other known Rbamphosus species, Rhamphosus rosenkrantzi, from the
Fur Formation, Denmark. A number of morphological features support the assignment of the Rhamphosidae to the
syngnathiform clade Dactylopteroidei, together with the extant families Dactylopteridae and Pegasidae, representing

the sister group to the Pegasidae.

INTRODUCTION

The Eocene fish assemblage from the Bolca
Lagerstitte (northeastern Italy) represents one of the
richest and most diverse known fossil ichthyofau-
nas, which provides a unique window into the eatly
Cenozoic shallow tropical marine biodiversity (e.g,,
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Marrama et al. 2016a; Friedman & Carnevale 2018).
The Bolca fish assemblage includes the earliest
documented record for a number of teleost lineag-
es currently inhabiting a variety of coastal marine
biotopes, thereby providing substantial evidence of
the stability of the structural features of the tropi-
cal shallow marine ichthyofaunas throughout the
Cenozoic (Bellwood & Wainwright 2002; Carnevale
2006; Carnevale et al. 2014; Marrama et al. 2016b,
¢). Overall, the Bolca ichthyofauna represents a
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peri-reefal assemblage (Marrama et al. 2016a)
strongly dominated by percomorphs in terms of
taxonomic diversity. Up to date about 250 fish taxa
have been described, including sharks, batoids,
pycnodontiforms, crossognathiforms and crown
teleosts (Carnevale et al. 2014). The recognition of
such an amazing taxonomic diversity is the result
of considerable efforts in the past four decades,
resulting in the publication of several dozens of
papers. Therefore, thanks to these efforts, the di-
versity of certain groups is currently well defined,
including anguilliforms (Blot 1978, 1984), aulopi-
forms (Marrama & Carnevale 2017), beryciforms
(Sorbini 1975, 1984; Sorbini & Tirapelle 1975),
clupeomorphs (Marrama & Carnevale 2015a, b,
2016, 2018; Marrama et al. 2019), lophiiforms
(Carnevale & Pietsch 2009, 2010, 2011, 2012;
Pietsch & Carnevale 2011; Carnevale et al. 2020),
pharyngognaths (e.g., Bannikov & Carnevale 2010,
2012a) and tetraodontiforms (e.g., Tyler & San-
tini 2002). Other groups remain poorly or inad-
equately known and would certainly benefit from
a detailed analysis of the available material. This is
especially true for the numerous members of the
Syngnathiformes (sensu Santaquiteria et al. 2021),
whose diversity in the Bolca fish assemblage has
been only marginally defined. Of the eight syn-
gnathiform families (Aulostomidae, Centriscidae,
Fistularioididae, Paraeoliscidae, Parasynarcualidae,
Solenostomidae, Syngnathidae, Urosphenidae)
listed by Blot (1980) only the ghost pipefishes of
the family Solenostomidae have been described in
detail (Bannikov & Carnevale 2017). In addition,
Tyler (2004) provided an accurate overview of the
extinct family Aulorhamphidae and, more recently,
Carnevale & Bannikov (2019) described the earli-
est dragonet Gilmounrella minuta based on a single
specimen in part and counterpart.

One of the most elusive families of the Bol-
ca fish assemblage is the Rhamphosidae, whose
syngnathiform affinities were proposed by Agassiz
(1839) and corroborated by Gill (1884), Eastman
(1914) and Pietsch (1978), and reported elsewhere
only from the Eocene Fur Formation of Denmark
(Nielsen 1960). Although Blot (1980) recognized
three species-level taxa pertaining to the Rham-
phosidae in the Bolca ichthyofauna, he placed
these species among the Scorpaeniformes. Despite
the efforts by Pietsch (1978), our knowledge of
the morphology of these fishes is very limited and
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their phylogenetic affinities remain elusive. The
goal of this paper is therefore to provide a detailed
morphological analysis of the Rhamphosidae of
the Bolca Lagerstatte in order to define their taxo-
nomic diversity and discuss their affinities within
the syngnathiform fishes.

LocALrty AND STRATIGRAPHY

All the Rbhamphosus specimens known to date
from the Bolca Lagerstitte were collected in the
Pesciara site (Fig. 1A-B), in the eastern part of the
Monti Lessini (Verona province, northeastern Ita-
ly). The intense tectonic activity that affected this
area and the broad occurrence of volcanites made
the study of the exposed Eocene sedimentary suc-
cessions extremely difficult. The Pesciara succes-
sion was referred to the informal stratigraphic unit
of the lower-middle Eocene “Calcari Nummuliti-
ci”, widely exposed in northeastern Italy (Papaz-
zoni et al. 2014; Friedman & Carnevale 2018).

The Pesciara (Vestenanova, Verona prov-
ince), consists of a 20-meter-thick limestone block
(an olistolith) packed into volcanic deposits (Fig.
1C-D). It is characterized by an alternation of fine-
ly laminated micritic limestones with fish, plants
and invertebrates, and biocalcarenites/calcirudites
with molluscs and larger foraminifera (Papazzoni
& Trevisani 2000). Based on their larger benthic
foraminifera and calcareous nannofossil content,
the Pesciara limestones have been referred to the
Alveolina dainelli Zone (Trevisani et al. 2005; Papaz-
zoni & Trevisani 20006), or SBZ11 Biozone (Sierra-
Kiel et al. 1998) and to the calcareous nannofossil
zones NP14 zone or CNEG6 zone (Martini 1971;
Agnini et al. 2014), dating back to the late Ypresian
(48.96—48.50 Ma; Papazzoni et al. 2017).

The fossils found in the Pesciara are usually
complete and very well-preserved, suggesting a
rapid burial and accumulation of the carcasses over
a poorly oxygenated substrate. The presence of mi-
crobial biofilms probably favoured fossil preserva-
tion by preventing a fast decay and the scavenging
activity (Marrama et al. 2016a, 2021). Moreover, a
lot of fish specimens show typical signs of mus-
cular tetany, a factor which hints at how toxic al-
gae blooming events could have been one of the
causes of death of the marine lifeforms of the Pe-
sciara paleobiotope (Marrama et al. 2016a, 2021).
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Fig. 1 - A) Sketch map of Italy showing the location of Bolca; B) sketch map of the Bolca area (modified from Pasini et al. 2022); C) photo of
the outcrop of the Pesciara site (taken in Jan 2017); D) stratigraphic log of the Pesciara site. Legend: (1) fine-grained laminated micritic
limestone with fish and plant remains; (2) coarse-grained biocalcarenite-biocalcirudite limestone with benthic fauna; (3) volcanic and
basaltic rocks (modified from Marrama et al. 2023). Fish and plants silhouettes from www.phylopic.org.

The depositional context of the fossiliferous
laminated micrites of the Pesciara site was an in-
traplatform basin with low energy and permanent
anoxic or disoxic conditions on the seafloor (Mar-
rama et al. 2016a).

MATERIALS AND METHODS

The material examined in this study includes 28 articulated
skeletons among which six species have been recognized. The skel-
etal anatomy of type species of the genus Rbamphosus — R. rastrum
— has been described in detail herein in order to illustrate the os-
teological structure of the rhamphosid fishes, whereas the descrip-

tive analysis of the other species has been focused primarily on the
diagnostic features.

Photos of the specimens were taken using a Sony «7R3 cam-
era mounting a Sony FE 2.8/90 mm macro G OSS lens. Some speci-
mens were photographed after being moistened with alcohol in order
to emphasize the osteological details. Counts and measurements were
taken directly on the specimens using a digital caliper or on digital
photos using the software TpsDig (Rohlf, 2005). The specimens were
studied with a stereomicroscope Wild Heerbrugg M5 equipped with
a camera lucida drawing arm.

Anatomical terminology mostly follows Orr (1995).

Institutional abbreviations: CNHM: Carnegie Natural
History Museum, Pittsburgh; CMC: Collezione Massimiliano Cerato;
FUM: Fur Museum, Fur, Denmark; MCC: Museo Padre Aurelio Me-
nin, Chiampo; MCSNV: Museo di Storia Naturale, Verona; MGPPD:
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Sezione di Geologia e Paleontologia del Museo della Natura e dell’'Uomo
dell’Universita di Padova (former Museo di Geologia e Paleontologia
dell’Universita di Padova), Padova, MNHN: Muséum national d’Histotie
Naturelle, Paris; NHMUK: Natural History Museum, London; NHMD:
Natural History Museum of Denmark, Copenhagen.

Anatomical abbreviations: aa: angulo-articular; bas: basipter-
ygium; br: branchiostegal rays; cor: coracoid; cl: cleithrum; den: dentary;
ep: epural; epi: epioccipital; let: lateral ethmoid; fr: frontal; h: hypural;
hspu2: haemal spine of the second preural vertebra; hspu3: haemal spine
of the third preural vertebra; hyo: hyomandibula; i02: second infraorbital;
i03: third infraorbital; iop: interopercle; la: lachrymal; mes: mesethmoid;
mx: maxilla; na: nasal; nspu2: neural spine of the second preural vertebra;
nspu3: neural spine of the third preural vertebra; op: opercle; pa: parietal;
ph: pathypural; pmx: premaxilla; pop: preopercle; psp: parasphenoid; ptt:
posttemporal; pro: prootic; pto: pterotic; q: quadrate; t: rays; rad: pectoral-
fin radial; rpt: rayless pterygiophore; sca: scapula; sph: sphenotic; soc: su-
praoccipital; sop: subopercle; u: urohyal; un: uroneural; v: vertebra.

Measurement abbreviations: AFL: anal-fin base length;
ARL: anal-fin ray length; BAS: basipterygium length; BD: maximum
body depth; CP: caudal peduncle length; D1D2D: distance between first
and second dorsal fins; DFL2: second dorsal-fin length; DRI2: second
dorsal-fin ray length; HDS: first dorsal-fin spine length; HI.: head length;
O: orbit diameter; PA: preanal distance; PD1: predorsal distance; PD2:
predorsal distance; PFL: pectoral-fin length; POO: postorbital distance;
PRO: preorbital distance; PP: prepectoral distance; PV: prepelvic distance
RL: rostral length (measured as horizontal distance between the anterior
tip of the rostrum and the anterior tip of the premaxilla); RPT: rayless
pterygiophore length; SL: standard length; TL: total length; VFL: pelvic-
fin length.

HISTORICAL NOTES

The monograph “Iftiolitologia veronese del Museo
Bozziano: ora annesso a quello del Conte Grovambattista
Gazola e di altri gabinetti di fossili verones?” by the Ab-
bott Giovanni Serafino Volta (1754-1842) was a first
attempt to organically describe the extremely rich
ichthyofauna coming from the Bolca Lagerstitte and
constitutes the earliest paleoichthyological treatise
(Carnevale et al. 2014). In this oeuvre, the author
beautifully illustrated the Bolca fishes, including the
description of more than 120 species (Carnevale et
al. 2014). Volta erroneously referred the majority of
the fossils to extant taxa, and only two genera and
15 species were described as new (Bannikov 2014;
Carnevale et al. 2014), including the rhamphosid
‘Uranoscopus’ rastrum, examined herein. Usually, the
scholars referred to 1796 as the actual date for the
creation of the taxa by Volta since that year was re-
ported on the frontispiece of the “Ittiolitologia ve-
ronese”. However, it is known that the publication
of this monographic work started in 1796 and was
officially completed in 1809, as testified by a colo-
phon reported in its last page (see Riva 1966: 72).
According to Gaudant (2011), the preparation of the
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entire the “Ittiolitologia Veronese” required sixteen
years (1793-1809). It was structured in sections of
text (“quaderni”) and their related plates were print-
ed all over thirteen years, not in chronological order.
Based on unpublished material, Gaudant (2011) pro-
vided a reconstruction of the troubled history of this
monograph. The detailed work of Gaudant (2011),
however, did not define a reconstruction of the pre-
cise date of printing of the various sections of text
(“quaderni”) and related plates. For the nomenclatur-
al purpose of accurately determine the year in which
the taxa created by Volta were actually published, we
propose herein to apply the provisions of the Art.
21.6 of the ICZN Code (1999) affirming that “If the
date of publication specified in a work is a range of
dates, the work is to be dated from the final day of
the range”. As reported above, the “Ittiolitologia Ve-
ronese” was published between 1796 and 1809, and
for this reason the work and the nomenclatural acts
contained therein should be referred to 1809, not to
1796.

SYSTEMATIC PALEONTOLOGY

Order Syngnathiformes sensu Nelson et al., 2016
Suborder Dactylopteroidei Betancur et al., 2017
Family Rhamphosidae Gill, 1884

Diagnosis: A family of the Syngnathiformes unique in hav-
ing the following combination of features: anterior abdominal verte-
brae elongate; 13 or 14 caudal vertebrae; head and nape encased in
thick bony plates; mouth small and ventral; nasal bones fused along
the midline forming a rostrum that extends anteriotly far beyond the
mouth; rostrum tapering or spatulate distally; preopercle remarkably
expanded medially; large rayless pterygiophore consolidated with the
head shield; first dorsal fin inserted behind the head and consisting of
a massive spine with serrated margins, followed by 2-4 thin, slender
and flexible spines; first dorsal-fin spine articulated with the large ray-
less pterygiophore; second dorsal and anal fins placed posteriorly and
approximately opposed to each other; caudal fin gently rounded with
ten principal rays; pectoral fins inserting laterally on the body flanks
and subhorizontally oriented; pectoral-fin rays unbranched; pelvic fins
inserting just behind the pectoral fins and containing one spine plus
five rays; caudal skeleton with hypurals, parhypural and uroneural con-
solidated into a single plate and two epurals; neural and haemal spines
of the penultimate vertebra broadly expanded anteroposteriorly.

Genus Rbamphosus Agassiz, 1835

Type species (by monotypy): Rbamphosus aculeatus Agas-
siz, 1835, objective junior synonym of Centriscus aculeatus de Blainville,
1818. Both species are junior synonyms of Uranoscopus rastrum Nolta,
1809.

Diagnosis: As for the family.
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Fig. 2 - Rhamphosus rastrum (Nolta, 1809); A) drawing of the lost syntype (MHNH FEBOL33) figured in the “Ittiolitologia Veronese” (Volta
1809); B) drawing of the lost syntype (MHNH FEBOL33) figured in the fourth volume of the “Recherches sur les Poissons Fossiles”
(Agassiz 1839). Rbamphosus biserratus Bassani, 1876; C) drawing of the holotype (MGPPD 8879-8880) figured by Bassani (1876); D)
XIX century watercolor drawing of the holotype (MGPPD 8879-8880) housed in the Biblioteca di Geoscienze of the Universita degli
Studi di Padova.

Remarks. The skeletal anatomy of the rec-
ognized species is rather conservative, and the main
interspecific differences are related to the general
physiognomy and relative development of the ros-
trum, elongation of the dorsal-fin spine, and other
morphometric and meristic features. Therefore, the
osteology of the type species is described herein.

Composition. Rhamphosus biserratus Bassani,
1876; Rhamphosus bloti 0. sp.; Rbhamphosus brevirostris
0. sp.; Rhamphosus longispinatus n. sp.; Rbamphosus ra-
strum (Nolta, 1809); Rhamphosus rosenkrantzi Nielsen,
1960; Rhamphosus tubulirostris n. sp.

Nomenclatural remarks. The name Rham-
phosuswas created by Agassiz in a review of the fish-
es of Bolca illustrated and described by Volta in the
“Ittiolitologia veronese” (Volta 1796-1809). Such
Agassiz’s paper was published twice in the same
year in French and German. The French version
appeared as offprint of the fourth “livraison” (in-
stalment) of the monumental “Recherches sur les
poissons fossiles” (Agassiz 1835a), while the Ger-
man version was published in the journal “Neues
Jahrbuch fur Mineralogie, Geognosie, Geologie und
Petrefaktenkunde” (Agassiz 1835b). We were un-
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able to determine which of the two publications has
priority, but fortunately it did not affect the establish-
ment of the correct year of institution of Rbamphosus
(Agassiz 1835a, b). Rhbamphosus has been erected by
indication (Art. 12.2.7 of the ICZN Code 1999) re-
ferring to the specimen originally figured by Volta as
Uranoscopus rastrum (Nolta 1796-1809: pl. 5, fig. 4) and
renamed by Agassiz “Rbamphosus aculeatns Ag.” (Agas-
siz 1835a, b). Agassiz attributed to himself the pater-
nity of the specific epithet “aculeatus” already coined
for the same Volta’s specimen by de Blainville, who
renamed it “Centriscus aculeatns” (de Blainville 1818:
339). Centriscus aculeatus has been erected by de Bla-
inville (1818) explicitly and uniquely referring to the
specimen figured by Volta (1796-1809: pl. 5, fig, 4;
Fig. 2A). Centriscus aculeatus de Blainville, 1818 and
Rbamphosus aculeatns Agassiz, 1835 share therefore
the same name-bearing type and are to be considered
objective synonyms (see the glossary of ICZN Code
1999).

Agassiz introduced some confusion using two
different spellings of the genus (“Rbamphosus” and
“Ramphosus”) in the same works (e.g., Agassiz 1835a,
b). He introduced the genus for the first time using
“Rhbamphosus” (Agassiz 1835a: p. 4 and Agassiz 1835b:
p. 292), but in the subsequent pages of both papers
both spellings were used. “Ramphosus” is reported
at p. 21 in Agassiz (1835a), whereas at p. 39 “Rham-
phosus” was used again. Similarly, in Agassiz (1835b)
“Rhbamphosus” occurs at p. 303, whereas “Ramphosus”
was used at p. 314. In the volume IV of the text of
the “Recherches”, Agassiz uses both spellings. In
the volume IV of the plates of the “Recherches”,
in which the fossil is illustrated, the spelling is Rbam-
phosus (Agassiz 1839: pl. 32, fig. 7; Fig, 2B). Based on
what we observed in the cited papers, the original
spelling of the name (sensu Art. 32 of ICZN Code
1999) is “Rhamphosus’ and not “Ramphosus’, which
should be regarded as a lapsus calami or a printer’s
error propagated throughout the text. In any case, in
the “Nomenclator Zoologicus” (Agassiz 1842-1846)
de facto Agassiz acted as first reviser of spelling (sensu
Art. 24.2.4 of ICZN Code 1999). Agassiz (1839) ex-
plained the etymology of this generic name from the
Greek pappog (=rostrum) using the spelling “Rhazn-
Pphosus”. The initial misspelling of Agassiz has been
perpetrated by some late authors and hence it is not
uncommon in the literature to find the genus name
spelled as “Ramphosus” (e.g., Berg 1947; Nielsen 1960;
Pietsch 1978; Sorbini 1983; Carnevale 2020).

Calzoni P., Amalfitano ]., Ginsberti L., Marrama G. & Carnevale G.

Rbamphosus rastrum (Volta, 1809)
Figs. 3-8, 10A-11A

+1809 Uranoscopus rastrums; Nolta, p. 22, pl. V, fig, 4.

1818 Centriscus acnleatus; de Blainville, p. 339.

1839 Rbamphosus aculeatus Ag.; Agassiz, pl. 32, fig. 7.

1842 Ramphosus aculeatns Ag.; Agassiz, p. 270.

1856 Rbamphosus aculeatns Ag.; Bronn, p. 698, pl. XLID, fig, 2.

1848 Rb. aculeatns Ag.; Giebel, p. 99.

1888 Rbamphosus aculeatns Agass.; Vaillant, p. 339.

21888 Rhamphosus; Woodward, p.39.

1901 Rbamphosus aculeatus (Blainville); Woodward, p. 377.

v1983 Ramphosus aculeatus (de Blainville); Sorbini, pl. 67 (non pl. 68 =
Rbamphosus brevirostris n. sp.).

Type series: The original type seties consists of the three
specimens cited by Volta (1796-1809, p. 23), among which the author
described and illustrated only one syntype (Volta 1796-1809: pl. V, fig,
4; Fig. 2A), originally pertaining to the “Gabinetto Bozziano” and la-
ter acquired by the Museum National d’Histoire Naturelle, Paris with
several other fishes from Bolca. The two unfigured syntypes are un-
traceable and the syntype MNHN FEBOL33 (former 10919), figured
also by Agassiz (1839), (Fig. 2B) is lost since the eatliest part of 1990s
and could not be traced (Alan Pradel pers. comm.). For this reason,
we designate herein a neotype for Rbamphosus rastrum (Nolta 1809).

Neotype: MCSNV T.286 (Figs. 3A-8, 10A, 11A), a complete
specimen from the Pesciara site is designated herein as a neotype
of Rhamphosus rastrum (Nolta 1809). We designate this specimen as
neotype due to its remarkable completeness and provenance from
the locality of the original type series. Moreover, the selected neotype
exhibits all the morphological characters of R. rastrum, it is consistent
with the original illustration by Volta (1809) and allows to better defi-
ne the diagnostic features of the species. In T.286 the head is intact as
is the rest of the body, the fins are complete and even the ornamen-
tation of the rostrum and cranial armor shows the complete pattern
of minute tubercles and indentations.

Referred material: MCSNV 1G.135681-135682, an in-
complete articulated skeleton measuring 39.1 mm SL, in part and
counterpart; MCSNV 1G.135683, an incomplete articulated skeleton;
MCSNV 1G.186660, an incomplete articulated skeleton; MCSNV
T.1002, a partially complete and modified articulated skeleton;
MCSNV T.1003, a partially complete articulated skeleton measuring
52.6 mm SL; MCSNV VII C.11-12, a partially complete articulated
skeleton measuring 50.5 mm SL, in part and counterpart; CMC 38
an incomplete articulated skeleton; MCC 19.1513 an incomplete and
modified articulated skeleton; NHMUK P.5125, an incomplete arti-
culated skeleton; NHMUK P.17494, a partially complete articulated
skeleton measuring 59.3 mm SL; NHMUK P.17495, a partially com-
plete articulated skeleton measuring 54.5 mm SL.

Type locality and horizon: Pesciara site, Bolca Lagerstatte,
northeastern Italy; lower Eocene, upper Ypresian, middle Cuisian,
slightly less than 49 Ma (Papazzoni et al. 2017).

Original diagnosis: “Uranoscopus pinna dorsali priori uni-
radiata: radio osseo validissimo longitudine corporis, denticulato”
(from Volta 1796-1809).

Emended diagnosis: A small-sized Rbamphosus species (less
than 60 mm SL) characterized by the following combination of fe-
atures: remarkably elongate dorsal-fin spine (between 50 and 60%
SL), steeply inclined backward, extending posteriorly to the base of
the caudal fin; rostrum well-developed (between 38.9 and 45.1% of
SL) and distally pointed, ornamented with minute tubercles arranged
in discrete rows; caudal fin with six-eight dorsal and six-seven ventral
procurrent rays; first dorsal fin with three-four rays; pectoral fin up
to 14 rays.
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Fig. 3 - Rhbamphosus rastrum (Nolta, 1809), A) lateral view of the neotype MCSNV T.286. Lateral view of B) MCSNV VII C.11; C) MCSNV VII
C.12; D) CMC 38; E) MCSNV T.1003; F) MCSNV 1G.135681; G) MCSNV 1G.135682. Scale bars = 10 mm (A, B, C, E, I, G). Scale

bar = 2 mm (D).

Description. The peculiar body physiog-
nomy of Rhamphosus rastrum is due to the combi-
nation of a large, armored head bearing a greatly
elongate nasal rostrum and of a massive dorsal-fin
spine with serrated posterior margin. The body is
moderately depressed dorso-ventrally. The mouth
is ventral, tubular, highly protrusible, with a mod-
erately large gape, roofed by the pointed rostrum
formed by the coalesced nasal bones. The caudal fin
is gently rounded. The second dorsal fin originates
in the posterior fourth of the body, the predorsal
distance (PD2) ranges from 71.9 to 75.2% of SL,

except for the juvenile specimen (CMC 38; Fig. 3D)
in which the second dorsal-fin origin is placed in
close proximity to the caudal fin, thereby suggest-
ing a delayed allometric development of the caudal
peduncle (see Tab. 1). The opposite second dorsal
and anal fins are compact, with the length of their
bases not exceeding 12.3% SL (see Tab. 2).

The neurocranium (Figs. 5-6) occupies
most of the cranial armor. All the dorsal and lat-
eral neurocranial elements consist of thick bony
plates showing a distinct ornamentation on their
outer surface, with spines or tubercle-bearing ridges
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R. rastrum | R. biserratus | R. bloti n. sp. | R. brevirostris n. sp. | R.longispinatus n. sp. | R. tubulirostris n. sp. | R. rosenkrantzi

SL (mm) | 36.9-59.3 143.3 71.4-88.3 82.1-84.5 22.7-42.9 51.4 25.5
RL 38.9-45.1 44 22-29.1 20.4-21.4 45.4-69 9.8 47.5
PA 72.6-74.8 73.6 62.6 68.3-73.8 71.6-79.1 65.1 72.9
PD2 71.9-75.2 74 63.6 69.1-73.7 69.8-79.6 63.5 72.2
HDS 50-60.2 20.5 47.8-49.7 46.3-46.5 57.9-79.1 46.1 76.1
DFL2 11.5-12.3 13.5 10.2 12.5-12.8 10.3-13.2 313 13.3
AFL 11.3-12.3 13.2 10.9 12.1-13.5 10.2-13.3 28.1 12.9
PRO 44.4-49.9 10.8 29.6-35.4 27-27.8 51.8-77.1 14.4 56.5
BD 13.1-18.1 22.6 15-15.2 15.7-20.6 12.5-19.4 12.7 12.6
CP 6.5-9.2 9.5 5.6 13.1-15 6.8-12.1 8.6 10.2
D1D2D 17.1-22.2 22.6 18.5 22.6-23.8 18.3-23.5 16.8 25.1
BAS 5.2-10.5 15.1 4.2 11.2-13.2 5.8-10.6 5.2? 5.9

Tab. 1 - Summary of the most relevant measurements of the various species of the genus Rhamphosus. Values are as percentage of SL.

forming a dense reticulate pattern that covers their
entire surface. These ornamentations are more
evident along the edges of the bones, where they
appear as serrations. The two contralateral nasals
are fused into an elongate rostrum, whose length
ranges between 38.9 and 45.1% of SL. The base
of the rostrum is robust, and it gradually tapers
anteriorly becoming slightly spatulate distally and
showing a rather deep horizontal concavity along
its anterior border (Figs. 3A-B-C, 6, 10A). It is char-
acterized by regularly spaced longitudinal ridges
that are variously ornamented with tubercles and
spines. The ridges that form lateral borders of the

rostrum bear a continuous and dense series of small
retrorse spines. The upper margin of the rostrum
is characterized by small, fine, and dense serrations
towards the anterior extremity, which in turn be-
come coarser and thicker, almost thorn-like, close
to the base of the rostrum; spines are also pres-
ent along the lower margin of the rostrum espe-
cially in the region just anterior to the mouth (Figs.
3A, 5, 10A). There is a broad concavity along the
ventral surface of the proximal portion of the ros-
trum, which probably represents the outer border
of a cavity in which the jaws were allocated when
the mouth was closed. The nasals articulate poste-

MCSNV MCSNV MCSNV | MCSNV | NHMUK | NHMUK | Range Tab. 2 - Measurements of Rbanmpho-

T.286 | 1G.135681-135682 | T.1003 | VIIC.11-12 | P.17494 | P.17495 sus rastrum (Volta, 1809). Va-

lues are as percentage of SL.
SL(mm) | 369 39.1 526 505 593 545 | 36.9-59.3
TL(mm) | 615 ” 86.1 80.7 88.4 88.1 | 61.5-884
HL 343 343 30.5 305 322 319 | 305343
RL 402 ? 417 402 45.1 389 | 38.9-45.1
PP 36.6 35.9 36.5 39.6 34.9 319 | 31.939.6
PA 748 726 72.6 74.1 ? 743 | 72.6-74.8
PDI 46.9 48.9 47 503 48.1 466 | 46.6-503
PD2 75.1 725 71.9 747 ? 752 | 71.9-75.2
PV 423 393 39.5 37 36.5 385 | 365423
HDS 503 50 60.2 56.9 54.9 53.4 50-60.2
DFL2 122 115 11.8 115 ? 123 | 115123
AFL 114 12.2 123 113 ? 15 | 113123
VEL 19.8 23.1 18.1 19.4 12.3? 177 | 177231
PFL 14.1 175 13.9 14.1 11 9.5 9.5-17.5
PRO 472 ? 475 49.9 484 444 | 444499
0 10.3 ? 78 8.7 9.1 9.9 7.8-103
POO 18.2 19 15.2 15.4 18.6 17.1 15.2-19
RPT 18.7 21 20 20 17.1 18.5 17.1-21
DRL2 18.3 17.6 17.1 212 16.9 196 | 171212
ARL 17.4 14.8 124 145 10.5 134 | 10.5-17.4
BD 18.1 15.7 16 14.1 ? 130 | 13.1-18.1
cp 8.9 9.2 6.5 7.9 6.7 73 6.5-9.2
DID2D | 222 217 183 204 17.1 19 17.122.2
BAS 52 5.5 7.7 10.5 8.9 ) 52105
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Fig. 4 - Rbamphosus rastrum (Nolta, 1809), neotype MCSNV T.286: interpretative reconstruction. Scale bar = 10 mm.

riorly with the lateral ethmoids and posterodorsally
with the mesethmoid and the frontals. The olfac-
tory capsules are bordered by the nasals and lateral
ethmoids. The frontals are the largest bones of the
skull roof. The outer surface of the frontals exhibits
some finely tuberculated longitudinal ridges. Spines
can be recognized along the lateral margins of the
frontals with some evident spines close to the edge
of the orbit (Figs. 5-6). The frontals articulate an-
teriorly with the nasals, anteriorly and anterolater-
ally with the lateral ethmoids, postero-laterally with
the sphenotic and posteriorly with the parietals and
supraoccipital. The mesethmoid is a small median
bone that articulates with the nasals anteriorly and
the frontals posteriorly. The lateral ethmoid is a co-
lumnar bone with a constriction at its mid-height,
forming the anterior border of the orbit. The lateral
ethmoid articulates posterodorsally with the fron-
tal, anteriorly with the nasal rostrum and ventrally
with the lachrymal. The parietals are polygonal in
outline and are separated from each other by the
relatively large median supraoccipital. Each parietal
articulates anteriorly with the frontal, laterally with
the sphenotic and pterotic, medially with the supra-
occipital and posteriorly with the epioccipital. The
supraoccipital is a moderately large median bone
that articulates anteriorly with the frontals, laterally
with the parietals and epioccipitals and posteriorly
with a large and ovoid rayless pterygiophore. The

sphenotic is triangular in shape, showing a gently
curved anterior profile. The sphenotic articulates
anterolaterally with the frontal, and posteriotly with
the parietal and the pterotic. The pterotic is sub-
rectangular in outline; it articulates anteriorly with
the sphenotic, laterally with the parietal, posteriorly
with the epioccipital and the posttemporal. The
epioccipital articulates anteriorly with the parietal,
medially with the supraoccipital, and laterally with
the posttemporal. The posttemporals are notably
expanded posteriorly and are consolidated with the
neurocranium. The parasphenoid is stout and well-
ossified, with an almost straight ventral margin. The
anterior portion of the prootic is partially exposed
in several specimens.

The lachrymal is a quadrangular bone with a
thickened and serrated ventral border. It articulates
dorsally with the lateral ethmoid, anteriorly with the
nasal rostrum and posteriorly with the second in-
fraorbital bone. The second and third infraorbital
bones border the lower portion of the orbit; both
these bones are closely associated to the expanded
preopercle.

The premaxilla (Fig. 5) has a notably elongate
ascending process, a slightly spatulate and vertically
oriented articular process and a broad postmaxillary
process. The alveolar process bears numerous small
and delicate teeth (as shown in MSCNV T.286). The
maxilla is rather elongate and distally expanded,
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Fig. 5 - Rhbamphosus rastrum (Nolta,
1809), neotype MCSNV
T.286: interpretative recon-
struction of the neurocra-
nium (lateral view). Scale bar
=10 mm.
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Fig. 6 - Rbamphosus rastrum (Volta, 1809), neotype MCSNV T.286:
interpretative reconstruction of the neurocranium (dorsal
view).

with a straight dorsal margin and a gently convex
posterior half of the ventral margin. The dentary is
well ossified, with an almost straight anterior mar-
gin, a moderately developed coronoid process, and
a concave ventral margin. Small and delicate conical
teeth similar to those of the premaxilla can be ob-
served in certain specimens. The anguloarticular is
anteroposteriorly compact.

The structure and composition of the sus-
pensorium are difficult to define. The pterygoids

and the palatine are difficult to recognize and were
probably cartilaginous or almost completely absent
in origin. The hyomandibula is broadly expanded
dorsally and bears two articular heads for the neuro-
cranium and a short opercular process. The quadrate
is subtriangular in shape and bears a small articular
condyle. The symplectic is scarcely recognizable.

The opercular series of R. rastrum is greatly
expanded and covers a large part of the postero-
ventral portion of the head (Figs. 3A, 4, 5). All the
opercular bones exhibit ornamentations similar to
those of the bones of the neurocranium. The pre-
opercle is remarkably enlarged, being also expanded
medially almost approaching its antimere on the
ventral midline of the head. The ventral margin
of the preopercle is regularly serrated and its outer
surface is extensively ornamented with ridges and
pits forming a reticulate pattern similar to that of
the neurocranial bones. The interopercle is rod-like
and appears to be closely associated to the posterior
border of the mandible. The opercle and suboper-
cle are strongly reduced in size and widely separated
from the interopercle. The opercle is very small, V-
shaped, with a horizontal dorsal arm and an oblique
ventral arm. The subopercle is narrow and almost
vertical.

The hyoid bar appears to be short and stout
and is partially exposed in MCSNV T.286. There are
probably five thin and distally pointed branchioste-
gal rays. The elements of the branchial arches are
not clearly recognizable.

The vertebral column (Figs. 4, 7) seems to
comprise 26 vertebrae (°13 abdominals plus 13 cau-
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Fig. 7 - Rhamphosus rastrum (Nolta,
1809), neotype MCSNV
T.286: interpretative recon-
struction of the postcranial
skeleton. Scale bar = 10 mm.

dal). Overall, the vertebral centra are rectangular,
longer than high. The anterior centra are not clearly
exposed, in large part covered by the posttempo-
ral and other cranial bones, but they appear to be
elongate compared to the subsequent elements. The
neural arches and spines of the anterior abdominal
vertebrae are anteroposteriorly expanded. The neu-
ral spines of the six posterior abdominal vertebrae
as well as those of the caudal vertebrae are slender,
straight, and distally pointed, obliquely emerging in
the posterior third of each centrum. The haemal
spines are slender. The haemal arches and spines
originate ventrally from the anterior border of each
caudal centrum. Dorsal prezygapophyses are well
developed and partially overlap the neural arch of
the preceding vertebra. The four posterior abdomi-
nal vertebrae bear thick parapophyses gradually in-
creasing in size posteriorly. There is no evidence of
ossified ribs. Epineurals are visible in the posterior
abdominal and anterior caudal vertebrae where they
articulate with the base of the parapophyses or of
the haemal arch.

The neural and haemal spines of the sec-
ond and third preural vertebrae are fused to their
respective centra and are notably expanded antero-
posteriorly, especially those of the second one (Fig;
8). The compound centrum is fused with a con-
solidated hypural plate. The hypural plate consists
of two dorso-ventrally symmetric triangular plates
separated by a deep and narrow median notch that

Fig. 8 - Rbamphosus rastrum (Volta, 1809), neotype MCSNV T.2806:
interpretative reconstruction of the caudal skeleton. Scale
bar = 2 mm.

separates the epaxial and the hypaxial lobes from
each other. The parhypural is consolidated with
the hypural plate. There are two large epurals and a
pair of uroneurals fused to the epaxial hypural plate
(Fig. 8).

The caudal fin contains ten (I, 4-4, I) principal
rays plus six to eight dorsal and six or seven ventral
procurrent rays.
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There are two dorsal fins separated by a large
gap (Figs. 4, 7). The first dorsal fin consists of a hy-
pertrophied and robust spine, followed by three or
four slender and flexible spines. The spine is mas-
sive and greatly elongate, its length ranges between
50 and 60.2% of SL, extending posteriorly up to
the base of the caudal-fin rays; overall, it is steeply
inclined backwards and has a slightly curved apex.
The anterior surface of the spine bears a series of
regularly spaced longitudinal ridges ornamented by
a dense series of minute tubercles, while its pos-
terior margin is irregularly serrated, with thick and
stout spines decreasing in size towards the apex.
The massive dorsal-fin spine inserts over the nape,
and its basal portion articulates with what we in-
terpret as a rayless pterygiophore. This median
bone is ovoid in outline and closely associated to
the dermal neurocranial elements, showing a simi-
larly ornamented outer surface. The posterior me-
dian portion of the rayless pterygiophore forms a
sort of locking mechanism for the basal portion of
the dorsal-fin spine. The pterygiophores associated
with the massive dorsal-fin spine and the following
flexible spines are partially recognizable in MCSNV
1G.135682. The anterior dorsal-fin pterygiophore
is large and robust, bearing a relatively short ante-
rior process underlying the articulation between the
spine and the rayless pterygiophore. The successive
pterygiophores are notably smaller and weakly os-
sified.

The second dorsal fin inserts just above the
third caudal vertebra and includes nine soft rays
supported by nine feebly ossified pterygiophores.
The first ray is the shorter of the series and is un-
branched distally. The length of the rays increases
gradually up to third or fourth element, decreasing
posteriorly.

The anal fin is opposite to the second dorsal
fin and seems to comprise nine rays supported by
eight delicate and weakly ossified pterygiophores.
Like in the second dorsal fin, the length of the rays
increases posteriorly up to the third or fourth and
then decreases posteriorly. The first anal-fin ray is
unbranched and apparently unsegmented.

The pectoral fin inserts at the midheight of
the body flanks and, based on the orientation of
the rays, it probably was subhorizontal or slightly
oblique in origin (Figs. 4-5). The fin contains up
to 14 relatively short unbranched rays. The supra-
cleithrum is oblong and laminar. The cleithrum is
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large, vertically oriented, and oblong in outline. The
scapula is relatively small and quadrangular in out-
line. The scapular foramen appears to be anteriorly
bordered by the cleithrum. The coracoid is delicate
and slender. There is no postcleithrum. There are
four short pectoral-fin radials that articulate with
the pectoral-fin rays except for the two dorsalmost
that articulate directly with the scapula.

The pelvic fins consist of a single slender
spine plus five rays, longer than those of the pec-
toral fins. The pelvic fins originate just behind the
pectoral-fin insertion. The basipterygium is relative-
ly short with a poorly developed posterior process.

The trunk is entirely covered with a dense
cover of scale plates bearing a short upright spine
emerging from a polygonal basal plate. The lateral-
line series is not evident in the available material.

Rbamphosus biserratus Bassani, 1876
Figs. 9, 10B-11B

+v1876 Rhamphosus biserratus Bassani, 1876, p. 151, pl. 11, fig. 3.
1901 Rhbamphosus biserratus Bassani; Woodward, p. 378.
v1922 Rbamphosus biserratus Bassani; D’Erasmo, p. 89.

Holotype (by monotypy): MGPPD 8879-8880, a partially
complete articulated skeleton measuring 143.3 mm SL, in part and
counterpart.

Type locality and horizon: Pesciara site, Bolca Lagerstitte,
northeastern Italy; lower Eocene, upper Ypresian, middle Cuisian,
slightly less than 49 Ma (Papazzoni et al. 2017).

Emended diagnosis: A large-sized Rhbamphosus species
showing the following combination of features: thick and robust
first dorsal-fin spine steeply inclined backward, reaching about one
fifth of SL (20.5% of SL), and extending posteriotly not beyond the
insertion of the second dorsal fin, bearing a tuberculate anterior edge
and serrated posterior edge; blunt and short rostrum (length 4.4%
of SL), ornamented with minute tubercles and serrations; caudal fin
with seven dorsal and seven ventral procurrent rays; first dorsal fin
with a large spine followed by two thin and flexible spines; pecto-
ral fin with 13 rays; second dorsal-fin origin in the posterior fourth
of the body with a predorsal distance (PD2) reaching 74% of SL;
second dorsal and anal fins opposite to each other, with their base
lengths not exceeding 13.5% of SL (see Tab. 3).

Description. Rbamphosus biserratus is charac-
terized by having a large size (143.3 mm SL) and
rather deep body (body depth, BD: 22.6% of SL).
The second dorsal fin originates in the posterior
fourth of the body, with the predorsal distance
(PD2) reaching 74% of SL. The opposite second
dorsal and anal fins are compact, with the length
of their bases not exceeding 13.5% SL (see Tab. 3).

The nasals are fused into a median short,
compact, and blunt rostrum, whose length reaches
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Fig. 9 - Rhamphosus biserratus Bassani, 1876, holotype MGPPD 8879-8880: lateral view of the holotype in part and counterpart. A) MGPPD

8879; B) MGPPD 8880. Scale bars = 20 mm.

4.4% of SL. The base of the rostrum is massive
and robust. The ornamentation of the outer surface
of the rostrum consists of tubercles and serrations
dorsally, and spines ventrally, which are more devel-
oped in the basal region of the rostrum just above
the mouth (Figs. 9-10B). The premaxilla bears an
elongate ascending process, a vertically oriented,

short, and enlarged articular process, and a slightly
expanded postmaxillary process. Due to inadequate
preservation, it is not possible to determine wheth-
er jaw teeth are present or not.

The vertebral column seems to comprise 26
vertebrae (?12+14), of which only 22 are cleatly
exposed. The four posterior abdominal vertebrae
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Fig. 10 - Interpretative reconstruc-
S tions of the nasal rostrums
of the Rbamphosus species.
. 5 P A) Rbanphosus rastrum (Nol-
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MGPPD
8879-8880
SL (mm) 143.3
TL (mm) 188.4
HL 31.9
RL 44
PP 355
PA 73.6
PDI 46.4
PD2 74
PV 33.1
HDS 20.5
DFL2 13.5
AFL 13.2
VFL 23.6
PFL 115
PRO 10.8
0 6
POO 18.7
RPT 2
DRL2 237
ARL 226
BD 226
cp 9.5
DID2D 226
BAS 15.1

Tab. 3 - Measurements of

Rbamphosus  biserratus
Bassani, 1876. Va-
lues are as petrcenta-

ge of SL.

bear thick parapophyses,
gradually increasing in
size posteriorly. Epineu-
rals are associated with
the posterior abdominal
and anterior caudal ver-
tebrae.

The caudal skele-
ton is structurally similar
to those of other spe-
cies of the genus Rhan-
phosus. 'The compound
centrum is fused with
a consolidated hypural
plate. The hypural plate
consists of two dorso-
ventrally symmetric tri-
angular plates separated
by a deep median notch.
There are two large ep-
urals, a single uroneural
fused to the epaxial hy-
pural plate and a par-
hypural fused to the
hypaxial hypural lobe.
The neural and haemal
spines of the second
and third preural verte-
brae are greatly expand-
ed antero-posteriorly.
This is most evident for
the second preural ver-
tebra (see Fig. 9), which

has a broadly expanded and subtriangular haemal
spine, contacting the preceding haemal spine ante-
riorly and the parhypural posteriorly. The caudal fin
contains ten principal rays (1,4-4,I) plus seven dorsal
and seven ventral procurrent rays. The two dorsal
fins are separated by a large gap (22.6% of SL). The
first dorsal fin consists of a thick and robust dorsal-
fin spine, followed by two thin and flexible spines
(Fig. 11B), which can reach half the length of the
first spine. The first dorsal-fin spine is massive, its
length does not exceed 20.5% of SL, extending pos-
teriorly not beyond the insertion of the first ray of
the second dorsal fin. The entire anterior surface of
the spine bears numerous longitudinal ridges orna-
mented with tubercles; few heavy spines gradually
decreasing in size distally emerge along the poste-
rior edge of the spine. The dorsal-fin spine inserts
over the nape, and its basal portion articulates with
an elongate rayless pterygiophore (22% of SL).
The pterygiophores associated with the massive
dorsal-fin spine and the successive flexible rays are
not clearly recognizable in the examined material.
The second dorsal fin includes nine rays supported
by nine pterygiophores. The anal fin is opposite to
the second dorsal fin, and it includes nine rays sup-
ported by eight pterygiophores. The pectoral fin
contains 13 relatively short, unbranched, and un-
segmented rays. The pelvic fins consist of a single
slender spine plus five rays, definitively longer than
those of the pectoral fins. The basipterygium is no-
tably developed (15.1% of SL), with a greatly elon-
gate and posteriorly expanded posterior process
that tapers posteriorly into a pointed end, clearly
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Fig. 11 - First dorsal-fin spines of
the Rbamphosus species. In-
terpretative reconstructions
of:  A) Rbamphosus  rastrum
(Volta, 1809); B) Rbamphosus
biserratus Bassani, 1876; C)
Rhamphosus bloti n. sp.; D)
Rbamphosus brevirostris n. sp.;
E) Rbamphosus longispinatus n.
sp.; F) Rbamphosus tubulirostris
n. sp. Scale bars = 5 mm.

exposed at the level of the dorsal-fin spine insertion
(see Fig. 9). As far as the squamation is concerned,
the trunk is entirely covered with a dense cover of
scale plates bearing a short upright spine emerging
from a polygonal basal plate. The lateral-line series
is not evident in the specimen.

Discussion. Rhamphosus biserratus is the larg-
est species of the genus Rbamphosus (reaching 143.3
mm SL and 188.4 mm TL). The blunt rostrum
emerging from a massive base, characteristic of K.
biserratus, is the shortest among the Rbamphosus spe-
cies (4.4% of SL). R. tubulirostris n. sp. is the only
other species besides R. bzserratus whose rostrum is
poorly developed. The ornamentation of the ros-
trum consists of minute tubercles and spines, with
the latter being more pronounced ventrally close to
the rostrum base (Fig. 10B). These spines, however,
are not as developed as those observed in the small-
sized species (R. rastrum, R. longispinatus n. sp.). An-
other peculiar trait of R. biserratus is its first dorsal-
fin spine; it is the shortest and thickest of all the
species of the genus (20.5% of SL). As reported
above, the relatively short first dorsal-fin spine of R.
tubulirostris n. sp. reaches more than 46% of SL (see
Tab. 1). R. biserratus has a considerable body depth
(measured behind the dorsal-fin spine), its body be-
ing deeper than that of any other Rhamphosus spe-
cies (22.6% of SL; see Tab. 1). The basipterygium in
R. biserratus is especially developed, being the largest
of any other Rhamphosus species (15.1% of SL). Its
posterior process is greatly elongated and posteri-
orly expanded, tapering into a thin and pointed end,
extending posteriorly up to the level of the first

dorsal-fin spine insertion. As far as the meristics is
concerned, R. biserratus can be distinguished from
its congenerics by having two rays just behind the
dorsal-fin spine, 14 caudal vertebrae (feature shared
only with R. zubulirostris n. sp.), seven dorsal and
seven ventral procurrent rays in the caudal fin and
13 unbranched and unsegmented pectoral-fin rays.
The subtriangular haemal spine of the second preu-
ral vertebra is greatly expanded antero-posteriotly,
and the neural spine of the second preural vertebra
is also expanded but to a lesser extent.

Rhamphosus bloti n. sp.
Figs. 10C-11C-12

v1980 Rhamphosus sp.; Blot, p. 366.

Holotype: MCSNV VII C.13-14, a partially complete articu-
lated skeleton measuring 88.3 mm SL, in part and counterpart.

Paratype: MCSNV VII C.15-16, a partially complete articu-
lated skeleton measuring 71.4 mm SL, in part and counterpart.

Etymology: Species named after the French paleoichthyolo-
gist Jacques Blot (1924-1988), who kept separate this morphotype of
Rhamphosidae from the hitherto known species of the genus Rbaz-
phosus (Blot, 1980).

Type locality and horizon: Pesciara site, Bolca Lagerstitte,
northeastern Italy; lower Eocene, upper Ypresian, middle Cuisian,
slightly less than 49 Ma (Papazzoni et al. 2017).

Diagnosis: A medium-sized Rhamphosus species showing the
following combination of features: elongated first dorsal-fin spine
steeply inclined backward, reaching between 47% and 50% SL and
extending posteriorly up to the base of the caudal fin, and bearing
an anterior edge with minute tubercles along its lower half and a ser-
rated posterior edge; well-developed rostrum (length between 22%
and 29.1% of SL), expanded anteriorly into a large horizontal ovoid
structure with extensively ornamented dorsal surface and small and
thick serrations along the lateral margins, showing a median deep
concavity on its distal tip; caudal fin with at least four dorsal and se-
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MCSNV VII MCSNV VII
Range
C.13-14 C.15-16
SL (mm) 88.3 71.4 71.4-88.3
TL (mm) 113.3 103.5 103.5-113.3
HL 31.1 28.6 28.6-31.1
RL 22 29.1 22-29.1
PP 32.3 ? 323
PA 62.6 ? 62.6
PD1 40.5 41.3 40.5-41.3
PD2 63.6 ? 63.6
PV 29.5 30.4 29.5-30.4
HDS 47.8 49.7 47.8-49.7
DFL2 10.2 ? 10.2
AFL 10.9 ? 10.9
VFL 14 16.1 14-16.1
PFL 11.1 ? 11.1
PRO 29.6 354 29.6-35.4
) 6.3 5.3 5.3-6.3
POO 13.9 18.1 13.9-18.1
RPT 20.3 19.5 19.5-20.3
DRL2 15.7 ? 15.7
ARL 17.5 ? 17.5
BD 15.2 15 15-15.2
CP 5.6 ? 5.6
D1D2D 18.5 ? 18.5
BAS 4.2 ? 4.2

Tab. 4 - Measurements of Rbamphosus bloti n. sp. Values are as per-
centage of SL.

ven ventral procurrent rays; first dorsal fin with a large spine followed
by three thin and slender spines; pectoral fin with 10-11 rays; second
dorsal-fin origin in the posterior fourth of the body with a predorsal
distance (PD2) not exceeding 64% of SL; second dorsal and anal fins
opposite to each other with their base lengths not exceeding 11% of
SL (see Tab. 4).

Description. Rhamphosus bloti n. sp. exhibits a
relatively large size (71.4-88.3 mm SL) coupled with
an elongate nasal rostrum characterized by a pecu-
liar discoid outline, and a large first dorsal-fin spine
with a tuberculated anterior edge and a serrated
posterior edge. The second dorsal fin originates in
the posterior fourth of the body, with the predorsal
distance (PD2) reaching 63.6% of SL. The oppo-
site second dorsal and anal fins are compact, with
the length of their bases not exceeding 11% (see
Tab. 4). The nasals are fused into a median elon-
gate rostrum, whose length ranges between 22%
and 29.1% of SL. The base of the rostrum is rather
thick, then it is horizontally expanded into an ovoid
structure with a deep concavity along its anterior
border (Figs. 10C, 12A-C-D) and extensively orna-
mented along its dorsal surface and bearing small

and thick serrations along the lateral margins. This
horizontal expansion can also have a more rounded
shape, with the length almost equal to its width. The
ornamentation of the rostrum consists of spiny
tubercles and irregular furrows dorsally, small and
thick serrations laterally and possibly some spines
ventrally (Figs. 10B, 12C-D). Furthermore, the
ovoid/circular expanded portion of the rostrum
shows an internal structure consisting of radiating
grooves or ducts which extend from the centre to
the lateral edges (Figs. 10B, 12). The vertebral col-
umn seems to comprise 26 vertebrae (?13+13), of
which only 20 or 21 are clearly exposed, the anteri-
ormost being hidden by the posttemporal and other
cranial bones. The four posterior abdominal verte-
brae bear parapophyses gradually increasing in size
posteriorly. Epineurals are associated with the pos-
terior abdominal and anterior caudal vertebrae (Fig.
12A-D). The caudal skeleton is structurally similar
to that of other Rbamphosus species. The compound
centrum is fused with a consolidated hypural plate.
The hypural plate consists of two dorso-ventrally
symmetric triangular plates separated by a deep me-
dian notch, which divides the epaxial lobe from the
hypaxial lobe (Fig. 12A). The parhypural is fused to
the hypaxial hypural lobe. The number of epurals
and uroneurals cannot be determined due to the in-
adequate preservation of the caudal skeleton in the
available material. The neural and haemal spines of
the second and third preural vertebrae are antero-
posteriorly expanded; this is especially evident in
the second preural vertebra (Fig. 12A), which has a
greatly expanded haemal spine, displaying a subtri-
angular shape, and contacting the haemal spine of
the third preural centrum anteriorly and the parhy-
pural posteriorly. The caudal fin is preserved only in
MCSNV VII C.13 and contains ten principal rays
(I, 4-4, 1) plus seven ventral procurrent rays. Due to
inadequate preservation of the available specimens,
the original number of dorsal procurrent rays can-
not be determined. The two dorsal fins are sepa-
rated by a considerable gap (18.5% of SL). The first
dorsal fin consists of an elongate and massive spine,
followed by three thin and flexible spines, which
can reach about one tenth of the length of the first
spine (Figs. 11C-12A). The first dorsal-fin spine is
inclined backward with a slightly curved apex and
has a length ranging from 47.8% to 49.7% of SL,
extending posteriotly to the base of the caudal fin.
The anterior surface of this spine is characterized
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Fig. 12 - Rhamphosus bloti n. sp., lateral view of the holotype in part and counterpart: A) MCSNV VII C.13; B) MCSNV VII C.14, dorso-lateral
view of the paratype in part and counterpart; C) MCSNV VII C.15; D) MCSNV VII C.16. Scale bars = 10 mm.

by several longitudinal ridges ornamented with min-
ute tubercles, more evident in the lower half of the
spine (Figs. 11C-12A); the posterior margin shows
thick and irregularly spaced spines decreasing in size
towards the apex. The first dorsal-fin spine inserts
over the nape, and its basal portion articulates with
a broad ovoid rayless pterygiophore (19.5-20.3%
SL), which is closely associated to the dermal neu-
rocranial elements, showing a similarly ornamented
outer surface. The pterygiophores associated with

the first dorsal fin are not recognizable in the exam-
ined material. The second dorsal fin includes nine
rays supported by nine pterygiophores. The anal
fin is opposite to the second dorsal fin and it in-
cludes nine rays supported by eight pterygiophores.
The pectoral fin contains 10-11 relatively short,
unbranched and unsegmented rays. The pelvic fins
consist of a single slender spine plus five rays, de-
finitively longer than those of the pectoral fins. De-
spite the pelvic girdle area is badly preserved in our
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material, the basipterygium appears to be short with
a scarcely developed posterior process (Fig, 12A).

The trunk is entirely covered with a dense
cover of scale plates bearing a short upright spine
emerging from a polygonal basal plate (Fig. 12). The
lateral-line series is not evident in the available ma-
terial.

Discussion. Rbamphosus bloti n. sp. exhibits a
well-developed rostrum (rostrum length is between
22% and 29.1% SL), characterized by a peculiar and
unique ovoid/discoid hotizontal distal expansion
that occupies more than half of the rostrum length.
The ornamentation of the rostrum consists of min-
ute and thick serrations and spines that cover all its
surface including the lateral edges. The ventral por-
tion close to the base of the rostrum is not exposed
in any of the available specimens, even though in
MCSNYV VII C.15-16, it is possible to notice thick
spines near the base of the rostrum, showing a
condition more similar to that of the small-sized
species (R. rastrum and R. longispinatus n. sp.). The
rostrum of R. bloti n. sp. is shorter than that of the
small-sized species (R. rastrum, R. longispinatus n.
sp.; 38.9-45.1% and 45.4-69% of SL, respectively),
more comparable to the length of the rostrum of
R. brevirostris n. sp. (20.4-21.4% of SL; see Tab. 1)
and definitively greater than that of R. biserratus and
R. tubulirostris n. sp. (4.4% and 9.8% of SL, respec-
tively). The dorsal-fin spine is elongate (from 47.8%
to 49.7% of SL), extending posteriorly up to the
base of the caudal fin. The length of the dorsal-fin
spine of R. bloti n. sp. is consistent with those of R.
brevirostris n. sp. and R. tubulirostris n. sp. (46.3-46.5%
and 46.1% of SL, respectively), being shorter than
those of the small-sized species (R. longispinatus n. sp.
and R. rastrum) and, at the same time, by far longer
than that of R. biserratus (20.5% of SL). Reaching a
maximum size of 88.3 mm SL and 113.3 mm TL, R.
bloti n. sp. is one of the largest species of the genus
Rbamphosus, being comparable with R. brevirostris n.
sp. (84.5 mm SL; 125.1 mm TL), but still smaller
in size than R. biserratus (143.3 mm SL; 188.4 mm
TL). R. bloti n. sp. exhibits a short predorsal (PD2)
and preanal distance (PA); these parameters do not
exceed 64% of SL in R. blo#i n. sp., while in all the
other taxa (except R. #ubulirostris n. sp.) they exceed
70% of SL (see Tab. 1). The length of the caudal
peduncle of R. blo#i n. sp. is the shortest of any Rb-
amphosus species (5.6% of SL; see Tab. 1). The ba-
sipterygium is not especially large, representing the
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less developed of any Rbamphosus species: 4.2% of
SL), also lacking a particularly developed posterior
process. As far as the meristic is concerned, R. bloti
n. sp. can be distinguished from the other Rhan-
phosus species by having three short spines behind
the dorsal-fin spine, 13 caudal vertebrae, with the
last four abdominal vertebrae bearing parapophy-
ses, a total of 10-11 unbranched and unsegmented
pectoral-fin rays, and seven ventral procurrent rays.
The haemal spine of the second preural centrum
is broadly expanded anteroposteriorly (Fig. 12A),
showing a subtriangular shape similar to that char-
acteristic of R. biserratus.

Rbamphosus brevirostris n. sp.
Figs. 10D-11D, 13

v1914 Rhamphosus rastrum (Nolta); Eastman, p. 324, pl. XLIV, figs. 1-2
(non fig. 3 = Rbamphosus longispinatus n. sp.).

v1947 Ramphosus rastrum (Nolta); Berg, fig. 185.

v1978 Ramphosus rastrum (Volta); Pietsch, p. 518, figs. 13, 14.

v1983 Ramphosus acnleatns (de Blainville); Sorbini, pl. 68 (non pl. 67 =
R. rastrum (Volta, 1809).

Holotype: MCSNV T.1004-1005, a partially complete arti-
culated skeleton measuring 82.1 mm SL, in part and counterpart.

Paratype: CNHM 5328, a partially complete articulated ske-
leton measuring 84.5 mm SL.

Etymology: From Latin brevis meaning “short” and rostrum
for “snout or muzzle”, in reference to the relatively short rostrum
characteristic of this species.

Type locality and horizon: Pesciara site, Bolca Lagerstatte,
northeastern Italy; lower Eocene, upper Ypresian, middle Cuisian,
slightly less than 49 Ma (Papazzoni et al. 2017).

Diagnosis: A medium-sized Rhamphosus species showing the
following combination of features: elongate first dorsal-fin spine ste-
eply inclined backward, reaching almost half of SI (around 46% SL)
and extending posteriotly just beyond the end of the second dorsal
fin, bearing a tuberculate anterior edge and a serrated posterior edge;
rostrum moderately elongate (between 20.4% and 21.4% of SL) and
slightly expanded distally, laterally ornamented with closely spaced
serrations; caudal fin with eight dorsal and six ventral procurrent rays;
pectoral fin with 10-12 rays; second dorsal-fin origin in the posterior
fourth of the body, with a predorsal distance (PD2) reaching between
69.1% and 73.7% of SL; second dorsal and anal fin opposite to each
other with the length of their bases not exceeding 13.5% of SL (see
Tab. 5).

Description. Rhamphosus brevirostris n. sp. is
characterized by a moderately large size (82.1-84.5
mm SL) associated with a relatively short nasal ros-
trum and a large first dorsal-fin spine ornamented
with minute tubercles along the anterior edge and a
serrated posterior edge. The second dorsal fin origi-
nates in the posterior fourth of the body, with the
predorsal distance (PD2) ranging between 69.1%
and 73.7% of SL. The opposite second dorsal and
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anal fins are compact, with the length of their bases
not exceeding 13.5% (see Tab. 5). The nasals are
fused into a median rostrum, whose length reaches
from 20.4% to 21.4% of SL. The rostrum has a
broad base, then it gradually tapers anteriorly, be-
ing slightly expanded distally and showing a rather
deep concavity along its anterior margin (Figs. 10D,
13). It is characterized dorsally by a series of longi-
tudinal ridges bearing minute tubercles, laterally by
minute and thick retrorse serrations that become
more spaced towards the tip of the rostrum, and
ventrally by some spines that slightly increase in size
near the base of the rostrum (Figs. 10D, 13). The
premaxilla bears a slender and thin ascending pro-
cess, a vertically oriented and slightly expanded ar-
ticular process and a posteriorly expanded postmax-
illary process, which has an almost triangular shape.
The presence of teeth on the premaxilla is difficult
to determine. The vertebral column seems to com-
prise 26 vertebrae (?13+13), of which only 23 are
clearly exposed, while the others are hidden by the
overlying posttemporal and other posterior cranial
elements. The four posterior abdominal vertebrae
bear parapophyses gradually increasing in size pos-
teriorly (Fig. 13A-B). A few epineurals are associ-
ated to the abdominal vertebrae. The structure and
composition of the caudal skeleton are consistent
to those of other Rhamphosus species (Fig, 8). The
compound centrum is fused with a consolidated
hypural plate. The hypural plate consists of two
dorso-ventrally symmetric triangular plates sepa-
rated by a deep median and narrow notch. There
are two large epurals, a single uroneural fused to the
epaxial hypural plate; the parhypural is fused to the
hypaxial hypural lobe. The neural and haemal spines
of the second and third preural vertebrae are greatly
expanded antero-posteriorly; this is especially evi-
dent in the case of the second preural vertebra, in
which the haemal spine is considerably expanded,
displaying a subtriangular shape and being almost in
contact with the haemal spine of the third preural
vertebra anteriorly, and with the parhypural poste-
riorly. The neural spine of the second preural cen-
trum is also expanded, but to a lesser extent. The
caudal fin contains ten principal rays (1,4-4,I), plus
eight dorsal and six ventral procurrent rays. The two
dorsal fins are separated by a large gap (22.6-23.8%
of SL). The first dorsal fin consists of an elongate
first dorsal-fin spine, which is bent backwards along
the dorsal margin of the body in MCSNV T.1004-

MCSNV CMNH Range
T.1004-1005 5328

SL (mm) 82.1 84.5 82.1-84.5
TL (mm) 124 125.1 124-125.1

HL 33 31.9 31.9-33
RL 21.4 20.4 20.4-21.4
PP 32.8 33.1 32.8-33.1
PA 68.3 73.8 68.3-73.8
PD1 45.9 47.2 45.9-47.2
PD2 69.1 73.7 69.1-73.7
PV 34.6 36.8 34.6-36.8
HDS 46.5 46.3 46.3-46.5
DFL2 12.8 12.5 12.5-12.8
AFL 13.5 12.1 12.1-13.5

VFL ? 23.5 23.5

PFL 16.2 10.6 10.6-16.2

PRO 27.8 27 27-27.8

o 7.9 8.4 7.9-8.4

POO 21.1 17 17-21.1
RPT 21.5 20.9 20.9-21.5
DRL2 21.5 18.3 18.3-21.5

ARL 19.6 ? 19.6

BD 20.6 15.7 15.7-20.6

CP 13.1 15 13.1-15
D1D2D 23.8 22.6 22.6-23.8
BAS 11.2 13.2 11.2-13.2

Tab. 5 - Measurements of Rbamphosus brevirostris n. sp. Values are as
percentage of SL.

1005, thus precluding the observation of the suc-
cessive spines; in addition, there is no clear evidence
of slender and flexible spines in the first dorsal fin
of CNHM 5328 (Figs. 11D, 13). The first dorsal-fin
spine is almost straight and exhibits a length ranging
from 46.3% to 46.5% of SL, extending posteriotly
slightly beyond the end of the second dorsal fin (Fig.
13). The anterior surface of the spine is character-
ized by longitudinal ridges ornamented with minute
tubercles, more evident near the insertion of the
spine; the posterior margin shows thick and irregu-
larly spaced spines that decrease in size towards the
apex. The dorsal-fin spine inserts over the nape, and
its basal portion articulates with an elongate rayless
pterygiophore (20.9-21.5% SL). The pterygiophore
associated with the first dorsal-fin spine is not clear-
ly recognizable in the examined material. The sec-
ond dorsal fin includes nine rays supported by nine
pterygiophores. The anal fin is opposite to the sec-
ond dorsal fin and it includes nine rays supported
by eight pterygiophores. The pectoral fin contains
10-12 relatively short, unbranched and unsegment-
ed rays. The pelvic fin consists of a single slender
spine plus five rays, definitively longer than those of
the pectoral fins. The basipterygium is quite large
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Fig. 13 - Rhamphosus brevirostris . sp., lateral view of the holotype in part and counterpart. A) MCSNV T.1004; B) MCSNV T.1005, lateral view

of the paratype; C) CMNH 5328. Scale bars = 10 mm.

(11.2-13.2% of SL), with an elongated posterior
process that tapers posteriorly into a pointed end,
extending backward to the level of the dorsal-fin
spine insertion (Fig. 13C). As for the squamation,
the trunk is entirely covered with a dense cover of
scale plates bearing a short upright spine emerging
from a polygonal basal plate (Fig. 13C). The lateral-
line series is not evident in the available material.
Discussion. Rbamphosus brevirostris n. sp. has a
relatively shorter rostrum (20.4-21.4% of SL) when
compared to the small-sized species of the genus
Rbamphosus (R. rastrum and R. longispinatus n. sp.).
Moreovert, the rostrum of R. brevirostris n. sp. is still
slightly shorter compared to that of R. bkt n. sp.,
but definitively longer than those of R. biserratus and

R. tubnlirostris n. sp. (see Tab. 1). The rostrum of R.
brevirostris n. sp. has a straight outline being slightly
expanded distally, where it shows a relatively deep
concavity at its apex. Its ornamentation consists
of minute tubercles dorsally, thick and continuous
lateral serrations and scattered spines ventrally. The
first dorsal-fin spine of R. breviostris n. sp. is elongate
(46.3-46.5% of SL), extending posteriorly up to the
end of the second dorsal fin. The length of the dor-
sal-fin spine of R. brevirostris n. sp. is comparable to
those of R. bloti n. sp. and R. tubulirostris n. sp. (47.8-
49.7% and 46.1% of SL, respectively), being shorter
than those of the small-sized species (R. rastrum and
R. longispinatus n. sp.) but, at the same time, consid-
erably longer than that of R. biserratus (20.5% of SL;
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CMNH CMNH MCSNV MCSNV MCSNV MCSNV CMC 15 MGPPD NHMUK P.9834- Range
4213-4213a 5310-5310a B.6 1G.186655-186656 T.429-1G.24560 T.1000-1001 8730-8731 14400
SL (mm) 31.1 27.3 42 22.7 317 232 42.9 38.1 40.7 22.7-42.9
TL (mm) 522 47.6 65 39.8 55.5 39.1 68.2 71.6 71.6 39.1-77.6
HL 35.1 344 35.8 38.2 35 333 40.9 313 32.8 31.3-40.9
RL 46.9 51.2 ? 51 47.1 533 45.4 69 64.2 45.4-69
PP 40.1 36.2 39.8 36.1 39.7 30.6 41.7 323 344 30.6-41.7
PA 76.3 733 69.7 ? 70.7 79.1 72 71.6 71.9 69.7-79.1
PDI 51.8 50.9 49.5 49.8 50.8 47.8 48 46.7 49.2 46.7-51.8
PD2 76.5 73.7 69.8 ? 70.4 79.6 71.6 71.3 74.7 69.8-79.6
PV 41.2 393 40 39.6 41 42.5 38.9 383 377 37.7-42.5
HDS 60.6 65.7 66.8 64.7 70.5 67.9 579 67.6 79.1 57.9-79.1
DFL2 13.2 10.7 11.3 ? 11 ? 10.3 13.1 12.5 10.3-13.2
AFL 13.3 10.2 11 ? 11.4 ? ? 12.2 12 10.2-13.3
VFL 18 20.5 22.4 19.8 24.6 ? 23.1 ? 19.3 18-24.6
PFL 7.5? 20.4 15 14.1 12.7 14.2 11.2 ? 15.1 11.2-20.4
PRO 52.8 60.6 39.1 533 55.2 49.6 51.8 77.1 69.8 51.8-77.1
[0) 10.7 9.9 6.4 10.5 11 8.2 8.6 6.5 9.8 6.4-11

POO 17.1 17.1 17.6 18.3 17.4 18.1 19.1 14.3 17.3 14.3-19.1
RPT 20.2 21.8 ? 23.4 209 18.1 19.4 249 20.3 18.1-24.9
DRL2 9.6? 19.1 16.9 ? 19.8 24.7 8.87 13.9 16.1 13.9-24.7
ARL 5.7? 11 16.9 16.8 20.5 19 139 12.9 17 11-20.5
BD 12.6 12.5 15.9 19.2 12.7 19.4 16.4 18.8 15.5 12.5-19.4
CpP 10.1 11.1 9.6 8.8 8.7 12.1 ? 6.8 10.6 6.8-12.1
D1D2D 18.3 20.7 21.1 ? 219 18.4 23 19.8 235 18.3-23.5
BAS 72 5.8 ? 7.7 10.6 6.2 8.7 ? 6 5.8-10.6

Tab. 6 - Measurements of Rbamphosus longispinatus n. sp. Values are as percentage of SL.

see Tab. 1). Reaching a maximum SL of 84.5 mm
and a TL of 125.1 mm, R. brevirostris n. sp. is one
of the largest species of the genus Rhamphosus, only
R. biserratus shows a greater size (143 mm SL and
188.4 mm TL). The basipterygium of R. brevirostris
n. sp. is one of the largest of any Rhamphosus species
(between 11.2% and 13.2% of SL), second only to
that of R. biserratus, with which it shares the pres-
ence of a rather elongated posterior process, with a
posteriorly expanded shape tapering into a pointed
end and extending posteriorly up to the level of the
first dorsal-fin spine insertion. R. brevirostris n. sp.
has the longest caudal peduncle of any Rbamphosus
species (between 13.1% and 15% of SL; the other
species do not exceed 11% of SL). Moreover, K.
brevirostris . sp. can be distinguished from the other
species of the genus Rhamphosus by having a total
of 13 caudal vertebrae and parapophyses in the last
four abdominal vertebrae, plus eight dorsal and six
ventral procurrent rays, and 10-12 unbranched and
unsegmented pectoral-fin rays. The haemal spine of
the second preural vertebra is anteriorly-posteriorly
expanded (see MCSNV T 1004-1005), showing a
subtriangular shape similar to that characteristic of
R. biserratus. The neural spine of the second preural
vertebra is also expanded, but to a lesser extent.

Rbamphosus longispinatus n. sp.
Figs. 10E-11E, 14

21888 Rhamphosus; Woodward, p.39.
v1898 Rhbamphosus acnleatus Agassiz; Bassani, p. 82; pl. IX, fig. 4.
1911 Rbamphosus aculeatus (Blainville); Eastman, p. 362.

v1914 Rhamphosus rastrum (Nolta); Eastman, p. 324, pl. XLIV, fig. 3
(non figs. 1-2 = Rhamphosus brevirostris n. sp.).

v1978 Ramphosus rastrum (Nolta); Pietsch, p. 518 (non figs. 13-14=
Rhbamphosus brevirostris n. sp.).

v2011 Rhamphosus aculeatns (de Blainville, 1818); Cerato, fig. in text,
p. 107.

v2014 Rbamphosus rastrum (Nolta, 1796); Carnevale et al., p. 42, fig. 4b.

v2020 Ramphosus rastrum;, Carnevale, fig, 3f.

v2022 Rhamphosus, Zorzin, fig. in text, p. 110.

Holotype: MCSNV 1G.24560-T:429, a nearly complete at-
ticulated skeleton measuring 31.7 mm SL, in part and counterpart.

Paratypes: MCSNV B.6, a partially complete articulated ske-
leton measuring 42 mm SL; CMC 15, a partially complete articulated
skeleton measuring 42.9 mm SL; MCSNV 1G.24483, an incomplete
articulated skeleton; MCSNV 1G.186655-186656, a partially comple-
te articulated skeleton measuring 22.7 mm SL, in part and counter-
part; MCSNV T.1000-1001, a partially complete articulated skeleton
measuring 23.2 mm SL, in part and counterpart; MGPPD 8730-8731
a partially complete articulated skeleton measuring 38.1 mm SL, in
part and counterpart; CNHM 4213-4213a, a partially complete ar-
ticulated skeleton measuring 31.1 mm SL, in part and counterpart;
CNHM 5310-5310a, a partially complete articulated skeleton measu-
ring 27.3 mm SL, in part and counterpart; NHMUK P.9834-14400,
a partially complete articulated skeleton measuring 40.7 mm SL, in
part and counterpart.

Etymology: Species named after Latin /mgns meaning
“long” and spinatus for “spiny”, in reference to its remarkably elon-
gate dorsal-fin spine.

Type locality and horizon: Pesciara site, Bolca Lagerstitte,
northeastern Italy; lower Eocene, upper Ypresian, middle Cuisian,
slightly less than 49 Ma (Papazzoni et al. 2017).

Diagnosis: A small-sized Rhamphosus species showing the
following combination of features: remarkably elongate dorsal-fin
spine steeply inclined backward, whose length ranges from 57.9% to
79.1% SL, extending posteriorly almost well beyond the insertion of
the caudal-fin rays, and bearing minute tubercles on the anterior edge
and serrations along the posterior edge; massive and distally pointed
rostrum (between 45.4% and 69% of SL), ornamented with minute
tubercles dorsally, with serrations laterally and with spines ventrally,
near the base of the rostrum; caudal fin with five to eight dorsal and
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four to six ventral procurrent rays; first dorsal fin containing up to
three thin and flexible spines; pectoral fin with up to 15 rays; second
dorsal-fin origin located in the posterior fourth of the body, with a
predorsal distance (PD2) ranging between 69.8% and 79.6% of SL;
second dorsal and anal fins opposite to each other with their base
length not exceeding 13.3% of SL.

Description. Rhamphosus longispinatus n. sp.
is characterized by a relatively small size (22.7—
42,9 mm SL) and a slender body, associated with
a greatly elongate nasal rostrum and a massive
dorsal-fin spine with a serrated posterior margin.
The second dorsal fin originates in the posterior
fourth of the body, the predorsal distance (PD2)
ranges from 69.8% to 79.6% of SL (see Tab. 0).
The second dorsal fin and its opposite anal fin are
compact, with the length of their bases not exceed-
ing 13.3% of SL (see Tab. 6). The nasals are fused
into a median elongate and massive rostrum, whose
length ranges between 45.4% and 69% of SL (al-
most equal to the length of the body just behind
the insertion of the dorsal-fin spine). The rostrum
is massive basally, and then it gradually tapers an-
teriorly becoming slightly spatulate at its distal end
and showing a horizontal concavity along its ante-
rior border (Figs. 10E, 14D). The ornamentation of
the rostrum consists of regular longitudinal ridges
bearing minute tubercles dorsally and short retrorse
spines ventrally and laterally. These ventral spines
are much developed near the base of the rostrum,
just anterior to the mouth (see Fig. 14A-B-C). The
premaxilla bears a thin and elongate ascending pro-
cess, a vertically oriented and slightly enlarged artic-
ular process, and a slightly expanded postmaxillary
process. Small granular teeth can be observed along
the alveolar process (Fig. 14A-B-D). The vertebral
column comprises 26 (13+13) vertebrae. The ante-
rior abdominal centra are rarely exposed, being hid-
den under cranial and pectoral girdle bones. These
anterior vertebrae are more elongate compared to
the subsequent elements. The three posterior ab-
dominal vertebrae bear parapophyses gradually
increasing in size posteriorly. Epineurals are asso-
ciated with the abdominal and anterior caudal verte-
brae (Fig. 14A-B-C-E-F-G-H) The overall structure
of the caudal skeleton is consistent with that of K.
rastrum described above. The compound centrum
is fused with a consolidated hypural plate. The hy-
pural plate consists of two dorso-ventrally symmet-
ric triangular plates separated by a deep median and
narrow notch, which divides the epaxial lobe from
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the hypaxial lobe. There are two epurals, a single
uroneural fused to the epaxial hypural plate, and
the parhypural is fused to the hypaxial hypural lobe.
The neural and haemal spines of the second and
third preural vertebrae are slightly expanded antero-
posteriorly (Fig. 14A-B). The caudal fin contains ten
principal rays (I, 4-4, I) plus five to eight dorsal and
four to six ventral procurrent rays. The two dor-
sal fins are separated by a large gap (18.3-23.5% of
SL). The first dorsal fin consists of a greatly elon-
gate massive dorsal-fin spine, followed by two or
three slender and flexible spines that can reach up
to one fourth of the length of the massive spine
(Figs. 11E, 14A-B). The length of the first dorsal-
fin spine ranges between 57.9% and 79.1% of SL,
extending posteriorly well beyond the insertion of
the caudal-fin rays and almost reaching the end of
the fin itself in some of the available specimens
(Fig. 14A-B-E-F). This spine is steeply inclined
backward with a slightly curved apex. The anterior
surface of the first dorsal-fin spine bears a series of
longitudinal ridges, ornamented with minute tuber-
cles that are more evident near the base; along the
posterior margin, there are irregularly spaced thick
and stout spines that decrease in size towards the
apex (Fig. 14A-B). The first dorsal-fin spine inserts
over the nape, and its basal portion articulates with
the rayless pterygiophore, which has an ovoid out-
line, and it is closely associated to the dermal neu-
rocranial elements, showing a similarly ornamented
outer surface. The rayless pterygiophore is oblong
(18.1-24.9% SL,; see Tab. 6). The pterygiophore as-
sociated with the dorsal-fin spine is large and mod-
erately ossified, while the subsequent flexible and
thin spines are supported by feebly ossified pterygi-
ophores, well recognizable in the holotype. The sec-
ond dorsal fin includes nine rays supported by nine
feebly ossified pterygiophores. The anal fin includes

Fig. 14 - Rhamphosus longispinatus n. sp., lateral view of the holotype
in part and counterpart. A) MCSNV 1G.24560; B) MCSNV
T.429. Lateral view of paratypes C) CMNH 5310; D) CMC
15; E) NHMUK P.9834; IF) NHMUK P.14400; G) MGPPD
8730; H) MGPPD 8731. Scale bars= 10 mm.
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nine rays apparently supported by eight delicate
pterygiophores. The pectoral fin contains up to 15
relatively short, unbranched and unsegmented rays.
The pelvic fin consists of a single slender spine plus
five rays, longer than those of the pectoral fins. The
basipterygium is relatively short with a poorly devel-
oped posterior process (Fig. 14A-B). As far as the
squamation is concerned, the trunk is covered with
a dense cover of scale plates bearing a short upright
spine emerging from a polygonal basal plate (Fig.
14C-D). The lateral-line series is not evident in the
available material.

Discussion. Rbamphosus longispinatus n. sp.
is the smallest species of the genus Rbamphosus
(22.7-42.9 mm SL). On the other hand, the ros-
trum of R. longispinatus n. sp. is the longest among
the Rbamphosus species (45.4-69% of SL), charac-
terized by a remarkably large and stout base espe-
cially considering the reduced size of this species.
R. rastrum is the only other species with a very large
rostrum, which is shorter (38.9-45.1% of SL) and
with a smaller base compared to R. longispinatus n.
sp. These two small-sized species are the only ones
who can be defined as “longirostrate”, showing a
rostral length (RL) that easily exceeds 35% of SL,
while none of the other Rbamphosus species reaches
30% of SL (see Tab. 1). The ornamentation of the
rostrum is consistent with that of the type species
and shows dorsal minute tubercles, lateral small and
thick serrations (see CNHM 5310, Fig. 14C) and
ventral spines, all of which are more pronounced
near the base of the rostrum. The spines are pat-
ticularly evident in this species, more than in any
other Rhbamphosus (Figs. 10E, 14A-B-C). R. longispina-
tus 1. sp. also has the longest dorsal-fin spine among
the species of the genus Rbamphosus (57.9-79.1% of
SL), extending backward well beyond the insertion
of the caudal-fin rays and, in some specimens, al-
most reaching the distal end of the caudal fin (Fig.
14A-B-E-F). Even for this feature, R. rastrum is the
only other species with a comparable spine length
(50-60.2% of SL), despite being still substantially
shorter than that of R. longispinatus n. sp. The length
of the dorsal-fin spine of the other Rhamphosus spe-
cies does not exceed 50% of SL (see Tab. 1). As a
matter of fact, it is interesting to note that the small-
est species of the genus Rbamphosus (R. longispinatus
n. sp. and R. rastrunz; 22.7-42.9 mm SIL and 36.9-59.3
mm SL, respectively) are the ones who also exhibit
the longest rostrum and dorsal-fin spine (see RL
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and HDS; Tab. 1). Despite their overall similarity,
R. longispinatus n. sp. and R. rastrum represent two
separate species that can be recognized from each
other based on a specific set of morphological fea-
tures. R. longispinatus n. sp. differs from R. rastrum
by having a larger relative size of the rostrum and
dorsal-fin spine (see Tab. 1). An inverse ontogenetic
relationship between the body size and the length
of the rostrum and dorsal-fin spine can be ruled
out given that even the smallest specimen of R. ra-
strumr (MCSNV T.286, 36.9 mm SL) has a shorter
rostrum and dorsal-fin spine compared to R. longi-
spinatus 1. sp. (see Tab. 1-2-6). R. longispinatus n. sp.
can also be distinguished from the other species of
the genus Rbamphosus by having one to three spines
behind the dorsal-fin spine, with these reaching up
to one fourth of the length of the spine (Fig. 11E).
The first dorsal fin of R. rastrum contains up to four
rays, which can reach one third of the length of the
spine (Fig. 11A). R. longispinatus n. sp. has 13 caudal
vertebrae, unlike some Rbamphosus species (R. biser-
ratus and R. tubulirostris n. sp.), five to eight dorsal
and four to six ventral procurrent rays and up to
15 unbranched and unsegmented pectoral-fin rays.
The neural and haemal spines of the second preu-
ral vertebra are weakly expanded antero-posteriotly,
showing a subtriangular shape. The expansion of
the haemal spine of the second preural vertebra is
substantially different from the remarkably expand-
ed haemal spines of R. biserratus, R. bloti n. sp. and
R. brevirostris n. sp., being also less pronounced than
that of R. rastrum.

Rbamphosus tubulirostris n. sp.
Figs. 10F-11F, 15

Holotype (by monotypy): CNHM 4227-5312, a partially
complete articulated skeleton measuring 51.4 mm SL, in part and
counterpart. The specimen is housed in the Carnegic Museum of
Natural History, Pittsburgh.

Etymology: From Latin f#buius meaning “tubule” and ro-
strum for “snout or muzzle”, in reference to the peculiar shape of the
slim and tubular rostrum characteristic of this species.

Type locality and horizon: Pesciara site, Bolca Lagerstatte,
northeastern Italy; lower Eocene, upper Ypresian, middle Cuisian,
slightly less than 49 Ma (Papazzoni et al. 2017).

Diagnosis: A small-sized Rbamphosus species (less than 52
mm SL) characterized by the following combination of features: dor-
sal-fin spine elongate (46.1% SL), steeply inclined backwards, exten-
ding backward not beyond the end of the second dorsal fin; rostrum
very short (9.8% of SL), slender and tubular, laterally ornamented
with a few serrations; first dorsal fin with a large spine followed by
two thin and smaller spines; second dorsal fin with 13 rays; second
dorsal-fin insertion placed in the posterior third of the body, predor-
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Fig. 15 - Rbamphosus tubulirostris n. sp.,
lateral view of the holotype
in part and counterpart. A)
CMNH 5312; B) CMNH
4227. Scale bars = 10 mm.

sal distance (PD2) reaching 63.5% of SL; second dorsal and anal fins
approximately opposite to each other, with the length of their bases
being about 31% and 28% SL, respectively (see Tab. 7); anal fin with
12-13 rays; posterior anal-fin rays considerably elongate; pectoral fin
with ten rays; ventral portion of the trunk characterized by the pre-
sence of bucklers of different size.

Description. Rbamphosus tubulirostris n. sp. 1s
characterized by a small body size (51.4 mm SL),
associated with an elongate dorsal-fin spine and
a short, slender and tubular rostrum. The body is
elongate and slender. The second dorsal fin origi-
nates in the posterior third of the body and its pre-
dorsal distance reaches 63.5% of SL. The opposite
second dorsal and anal fins are notably elongate,
extending backwards up to the level of the cau-
dal fin rays, with the length of their bases reach-
ing 31.3% and 28.1%, respectively (see Tab. 7). The
nasals are fused into a short and slender rostrum,
whose length reaches 9.8% of SL. The base of the
rostrum is broad and abruptly tapers into a tubular
rod-like structure; the ornamentation consists of
ridges bearing minute tubercles and spines dorsally
and serrations laterally; the ventral side of the ros-
trum is not exposed (Figs. 10F, 15). The premax-

illa has an elongate ascending process, a vertically
oriented and enlarged articular process (extending
up to the level of the ascending process) and an ex-
panded postmaxillary process (Fig. 15B), almost tri-
angular in outline. The premaxilla of CNHM 5312
bears minute and delicate teeth. The ornamentation
of the cranium consists of numerous pronounced
spines, which cover the cranial armor, being most
evident along the edges of various bones of the
cranium and of the opercular region. The vertebral
column comprises 26 vertebrae (?12+14), of which
24 are clearly exposed, while the two (elongate) an-
terior are hidden by the posttemporal and the other
posterior cranial elements. The centra of the poste-
rior nine caudal vertebrae exhibit a more stretched
and elongate shape when compared to the more
square-like preceding caudal and abdominal verte-
brae. The three posterior abdominal vertebrae bear
delicate parapophyses gradually increasing in length
posteriorly. A few epineurals are associated to the
posterior abdominal and the anterior caudal verte-
brae. The caudal skeleton is only partially preserved.
The compound centrum is fused with a consolidat-
ed hypural plate. The hypural plate consists of two
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dorso-ventrally symmetric triangular plates separat-
ed by a deep median and narrow notch. There is a
single uroneurals fused to the epaxial hypural plate
and a parhypural fused to the hypaxial hypural lobe.
There are two poorly preserved epurals. The neural
and haemal spines of the second and third preural
vertebrae appear to be not significantly expanded.
The caudal fin is only partially preserved and con-
tains ten principal rays (I,4-4,1); the number of dor-
sal and ventral procurrent rays cannot be properly
determined. The two dorsal fins are separated by a
large gap (16.5% of SL). The first dorsal fin consists
of an elongate dorsal-fin spine, followed by two
short, thin and flexible spines whose length reaches
less than one tenth of the length of the massive
first dorsal-fin spine (Fig. 11F). The first dorsal-fin
spine is inclined backwards with a slightly curved
apex and has a length of 46.1% of SL, extending
posteriorly not beyond the end of the second dot-
sal fin. The anterior surface of the first dorsal-fin
spine is characterized by various longitudinal ridg-
es ornamented with many minute tubercles along
the whole anterior edge;

CMNH the posterior margin bears
4227:5312 some thick and irregulatl
SL (mm) | 514 : rreguiatly
TL (mm) 362 spaced spines, which slight-
HL 327 ly decrease in size towards
RL 9.8 the apex (Fig. 15A). The
PP 34.1 first dorsal-fin spine inserts
R r the nape, and its basal
DI 475 over the nape, a s basa
PD2 635 portion articulates with an
PV 34.7 ovoid rayless pterygiophore
HDS 46.1 (16.9% of SL). The pterygi-
DFL2 313 ophores associated with
Al b the massive first dorsal-fi
VEL 177 ¢ massive first dorsal-fin
PFL .77 spine and the following
PRO 14.4 short and flexible spines are
) 9.2 not cleatly recognizable in
POO 15.2 the examined material. The
RPT 16.9 d d | fin

DRLZ 20 second dorsal fin inserts
ARL 144 just above the last abdomi-
BD 12.7 nal vertebra and includes 13
Cp 8.6 rays supported by 13 fee-
DID2D 168 bly ossified pterygiophores
BAS 5.2? Y preryglop '

The distal portion of the
rays of the second dorsal
fin is not preserved. The
anal fin is almost opposite
to the second dorsal and

Tab. 7 - Measurements of
Rhbamphosus  tubuli-
rostris n. sp. Values
are as percentage

of SL. contains (12) 13 soft rays
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supported by at least 11 feebly ossified pterygi-
ophores. Like in the second dorsal fin, the distal
portion of the majority of the anal-fin rays is not
preserved. Only some of the very long posterior
anal-fin rays are almost entirely preserved, extend-
ing posteriorly beyond the posterior margin of the
hypural plate. The pectoral fin contains ten relative-
ly short, unbranched, and unsegmented rays. The
pelvic fin consists of a single slender spine plus five
rays, longer than those of the pectoral fins. The ba-
sipterygium is relatively small and pootly developed,
apparently devoid of the posterior processes (Fig.
15B). As far as the squamation is concerned, the
trunk is covered dorsally with a dense cover of scale
plates bearing a short upright spine emerging from
a polygonal basal plate. There is no evidence of the
lateral-line series. Aside from the scales, the hypaxial
portion of the trunk is covered with bucklers of
various sizes. These structures are scattered on the
body, starting from the pectoral-fin insertion to the
level of the sixth or seventh anal-fin ray.
Discussion. The rostrum of Rbamphosus tu-
bulirostris n. sp. is very short (9.8% of SL; only R.
biserratus has a shorter rostrum), slender and tubu-
lar and only weakly projected anteriorly, without
any distal expansion; it bears small lateral serrations
and lacks the thick spines on the ventral margin of
the base of the rostrum that are characteristic of
some of its congenerics. The first dorsal-fin spine
is elongate (46.1% SL), extending posteriorly up to
the posterior sector of the second dorsal fin. The
length of the first dorsal-fin spine of R. tubulirostris
n. sp. is consistent with those of R. b7 n. sp. and
R. brevirostris n. sp. (47.8-49.7% and 46.3-46.5% of
SL, respectively), shorter than those of R. rastrum
and R. longispinatus n. sp. but, at the same time, being
more than two times that of R. biserratus (which is
20.5% of SL). R. tubulirostris n. sp. is smaller in size
compared to that of the largest taxa of this genus
(R. biserratus, R. brevirostris n. sp., R. bloti n. sp.) and
definitively larger compared to R. longispinatus n. sp.
(see Tab. 1). With a SL of 51.4 mm, R. tubulirostris
n. sp. falls in the size range of R. rastrum (36.9-59.3
mm SL). A unique feature of this new species is
the presence of very pronounced spines and thorns
on the cranial armor and of many bucklers along
the body; the latter is a trait unique to this species,
not observed in any other species of Rhamphosus.
The bucklers are scattered randomly on the whole
body, from the pectoral-fin insertion to the pos-
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terior end of the dorsal and anal fins (around the
sixth-seventh anal fin ray). Rbamphosus tubulirostris
n. sp. is unique in having very long second dorsal
and anal fins, much more developed compared to
all the other Rhbamphosus species (LD2: 31.3% and
LA: 28.1% of SL; in the other species these do not
exceed 14% of SL), both ostensibly comprising 13
rays. R. tubulirostris n. sp. is the only species that has
more than nine rays in the second dorsal and anal
fins. The presence of a very long second dorsal and
anal fins in R. tubulirostris n. sp. results in a rather
short caudal peduncle (8.6% of SL), reduced pre-
dorsal and preanal distance (respectively 63.5% and
65.1% of SL), and the shortest gap between the two
dorsal fins (16.8% of SL, with all the other taxa be-
ing above 17% and reaching 23.8% SL) compared
to any other Rbamphosus species. Due to inadequate
preservation, both these fins are incomplete; how-
evet, the posterior rays of both these fins are greatly
elongate so that the penultimate anal-fin ray extends
backward beyond the posterior margin of the hy-
pural plate. The caudal fin is incomplete, and only
the basal portions of ten principal rays are clearly
recognizable and some of the procurrent rays are
not preserved. The pectoral fins include ten rays,
more evident in CNHM 4227. The vertebral col-
umn of R. #ubulirostris n. sp. comprises 26 (12+14)
vertebrae, of which the first two are possibly rath-
er elongate. Parapophyses are present in the three
posterior abdominal vertebrae. The posterior nine
caudal centra are rectangular, longer than high, be-
ing more elongate than the preceding caudal and
abdominal vertebrae. This is a unique feature of
this species since in all the other Rbamphosus spe-
cies the centra of the posterior caudal vertebrae are
almost squared, similar to the preceding caudal and
abdominal vertebrae.

DiscussioN

Comments on Rbamphosus rosenkrantzi

Rhamphosus rosenkrantzi Nielsen, 1960 (Fig.
16), from the lower Eocene deposits of the Fur For-
mation (Denmark), is the only species of Rhampho-
sus found outside the Bolca Lagerstitte. The holotype
of R. rosenkrantzi (a partially complete articulated
skeleton, in part and counterpart, measuring 25.5
mm SL) shows most of the typical features of the
Rhamphosidae, including head and nape encased in

thick bony plates, small ventral mouth, nasal bones
fused into a median elongate rostrum extending an-
teriorly well beyond the mouth, massive and elon-
gate dorsal-fin spine with a serrated posterior mar-
gin, peculiar ornamentation of the cranial armor,
rostrum and dorsal-fin spine (consisting of nu-
merous series of longitudinal tuberculated ridges),
presence of a large rayless pterygiophore consoli-
dated to the cranial armor, second dorsal and anal
fins placed posteriorly and approximately opposed
to each other, caudal skeleton with a consolidated
hypural plate, caudal fin consisting of ten principal
rays. Most of the meristic traits concerning the me-
dian and paired fins cannot be verified due to the
inadequate preservation of the holotype (Nielsen
1960). R. rosenkrantzi has a body size (25.5 mm SL,
43.8 mm TL) closer to the small-sized species of
Rbamphosus trom Bolca (R. rastrum, R. longispinatus n.
sp. and R. #ubulirostris n. sp.), especially of R. longispi-
natus 1. sp. (22.7-42.9 mm SL; see Tab. 1-6). More-
over, another trait shared by R. rastrum and R. longi-
Spinatus n. sp. is the anteriorly elongate and tapering
rostrum (47.5% of SL), which shows a ventral mar-
gin characterized by some pronounced spines, espe-
cially near the base. The

dorsal-fin spine of K. NHMD
rosenkranti also shows 164232a-b
a remarkable length % (mm) i;-g
(76.1% of SL; see Tab. (o) 438
8), extending backward RL 475
beyond the hypural PP ?
plate, almost to the end PA 72.9
PD1 47.8
of the caudal-fin rays. PD2 o)
When compared to PV 373
the Bolca species, the II){}]?)LSz Zg;
length of the dorsal-fin ATL 129
spine of R. rosenkrantzi VFL 20.4
is surpassed only by that PFL ?
of R. longispinatus n. sp. Pléo 536_5
(HDS: 57.9-79.1% of POO 16.1
SL; see Tab. 1-6). How- RPT 18.8
ever, in the holotype of T;IJLZ 192'82
R. rosenkrantzi, the small BD 6
slender spines follow- CP 10.2
ing the enlarged first DID2D 25.1
BAS 5.27

dorsal-fin spine appear
to be absent. The sec-
ond dorsal and anal fins
of the holotype of R.
rosenkrantyi are incom-

Tab. 8 - Measurements of Rbam-
phosus rosenkrantzi Niel-
sen, 1960. Values are as
petcentage of SL.
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Fig. 16 - Rhamphosus rosenkrantzi Nielsen, 1960, lateral view of the holotype in part and counterpart. A) NHMD 164232a; B) NHMD 164232b.
Scale bars = 10 mm. Photos courtesy of Bent Erik Kramer Lindow.

plete and show eight and seven rays, respectively, far
from the peculiar and unique longer dorsal and anal
fins of R. tubulirostris n. sp. The basipterygium dif-
fers from that of the large-sized species (R. biserratus,
R. brevirostris n. sp.) by being shorter and devoid of
a posterior process. The posterior three abdominal
vertebrae of R. rosenkrantzi bear thin parapophyses,
as seen in NHMD 164232a (Fig. 16A). Due to the
preservation of the holotype, it is difficult to deter-
mine if intermuscular bones were present or not in
origin. The caudal skeleton is not especially well pre-
served and it is not possible to estimate the number
of epurals and procurrent rays, as well as the degree
of expansion of neural and haemal spines of the

second and third preural vertebrae. R. rosenkrantzi
certainly differs from all the other Rbamphosus spe-
cies from Bolca by having a long and uniquely or-
namented dorsal-fin spine, characterized by heavy
serrations along the whole posterior margin, and
showing a slight bending towards the end of the
spine itself (Nielsen 1960), and for the presence of
slightly elongated anterior nine or ten abdominal
vertebrae (Nielsen 1960).

The Fur formation dates back to 56-54 Ma be-
ing 7-5 Myr older than the carbonates of the Pescia-
ra succession, thereby extending back the temporal
range of the genus Rbamphosus and also expanding
its geographic range up to the North Sea latitudes.
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The affinities of Rbhamphosus

As evidenced by Pietsch (1978), most of the
researchers that have examined Rbamphosus speci-
mens have recognized its syngnathiform affinities
(e.g., Agassiz 1835; Gill 1884; Vaillant 1988; East-
man 1914; Bonde 1966; Greenwood et al. 1960).
Such a hypothesis was not supported by a few
authors, who disagree with an alighment with the
syngnathiform fishes and considered Rbamphosus as
a perciform (Jurgensen 1908; Berg 1940; Nielsen
1960), or a scorpaeniform (Blot 1980).

Syngnathiform monophyly has been recently
demonstrated by phylogenomic analyses that mod-
ified the composition of this clade, traditionally
comprising several long-snouted lineages (see, e.g,,
Pietsch 1978; Orr 1995), with the inclusion of a
heterogeneous set of primarily benthic groups like
callionymoids, dactylopterids, mullids and pegasids
that were previously associated with other percom-
orph orders (Longo et al. 2017; Santaquiteria et al.
2021). Due to this recent rearrangement of the lim-
its and composition of the Syngnathiformes, mor-
phological characters that can unite all the mem-
bers of this clade remain elusive (e.g.,, Betancur-R
et al. 2017). However, a series of morphological
features, although not necessarily widespread with-
in this group, might be regarded as diagnostic when
found in combination (see Orr 1995). The puta-
tive diagnostic syngnathiform characters found in
Rhamphosus include, among the others, a posttem-
poral consolidated with the cranium, anterior ver-
tebrae elongate, ribs absent; anal-fin spine absent,
postcleithrum absent, and pectoral-fin rays simple
(see Orr 1995).

Within syngnathiforms, Rbamphosus was ini-
tially associated to the Fistulariidae (Giebel 1848;
Woodward 1888), Centriscidae (Woodward 1901),
Macrorhamphosidae (Greenwood et al. 1966) or
assigned to a separate family, Rhamphosidae (Gill
1884; Eastman 1914). Pietsch (1978) hypothesized
a sister group relationship between Rhamphosus
and the Pegasidae, placing them within the new
superfamily Pegasoidea, which was in turn consid-
ered as the sister group to the pair formed by the
families Solenostomidae and Syngnathidae. The
diagnosis of the Pegasoidea proposed by Pietsch
(1978) was based on a large set of morphological
features, the majority of which were confirmed in
the phylogenetic survey conducted by Orr (1995).
Pietsch (1978) also discussed a possible relation-

ship between Pegasidae and the Dactylopteridae
(=Cephalacanthidae) and evidenced a number of
shared features, including mouth inferior, anterior
abdominal vertebrae elongated, nasal fused along
the midline and forming a cavity for the elements
of the upper jaws, infraorbital bones connected
with an enlarged preopercle, and head encased by
thick ornamented bony plates. Johnson & Patter-
son (1993) excluded a possible affinity between
syngnathiforms and dactylopterids based on a
large set of morphological features. More recently,
large-scale molecular datasets (e.g., Kawahara et al.
2008; Near et al. 2013; Song et al. 2014; Sanciangco
et al. 2016) consistently suggested that the tradi-
tional long-snouted syngnathiform lineages form a
monophyletic group with a peculiar group of ben-
thic-associated fishes, among which pegasids and
dactylopterids form a well-defined sister pair (Lon-
go et al. 2017; Santaquiteria et al. 2021), which was
named Dactylopteroidei by Betancur et al. (2017).
Betancur et al. (2017) listed a single synapomorphy
shared by these two families, fused nasal bones in
the adult stage, a feature that is also characteristic
of Rhamphosus. However, the placement of Rbam-
Pphosus within the Dactylopteroidei is supported by
many other morphological traits (see also Gill 1890;
Allis 1909; Rendahl 1930; Pietsch 1978; Gayet &
Barbin 1985; Palsson & Pietsch 1989; Orr 1995;
Eschmeyer 1997; Imamura 2000), including mouth
ventral, infraorbital bones connected with the pre-
opercle, head encased by thick bony plates, post-
temporal consolidated with the neurocranium, sus-
pensorium remarkably projected forward, anterior
vertebral centra elongated, and short-based second
dorsal and anal fin opposite and placed posteriorly
on the body. Within the Dactylopteroidei, Rbampho-
sus shares some specialized features with the mem-
bers of the family Pegasidae, including a variously
developed nasal rostrum extensively ornamented
with tubercles and spines (Rendahl 1930; Pietsch
1978; Palsson & Pietsch 1989), preopercle enor-
mously expanded medially (Rendahl 1930; Pietsch
1978), hypurals (plus parhypural and uroneural)
fused to form a solid bony plate (Pietsch 1978; Fu-
jita 1990), and presence of a large rayless pterygi-
ophore in the first dorsal fin (Pietsch 1978). These
derived features may be considered as indicative of
a genuine sister-group relationship between Rhazn-
phosus and the Pegasidae, as formerly suggested by
Pietsch (1978).
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One of the most salient traits of Rhamphosus
is the massive dorsal-fin spine, which is articulat-
ed anteriorly with a large median rayless pterygi-
ophore. A very large dorsal-fin spine, in many ways
similar to that characteristic of the species of the
genus Rhamphosus is present in certain long-snouted
syngnathiforms, including members of the family
Centriscidae (e.g., Macrorhamphosus; Jurgensen 1908,
Altermatt 1991), as well as in the Cretaceous Gaste-
rorhamphosus zuppichinii from southern Italy (Sorbini
1981) and the Eocene Protorbamphosus parvulus from
Turkmenistan (Danilchenko 1968). Although ray-
less pterygiophores have also been reported in Ma-
crorhamphosus, these are not directly articulated with
the expanded dorsal-fin spine (Jurgensen 1908;
Altermatt 1991). Considering the presence of re-
markable anatomical differences between these
long-snouted syngnathiforms and Rhamphosus, it is
very likely that the shared occurrence of an enor-
mous dorsal-fin spine could be due to convergence,
representing a further evidence of the rampant ho-
moplasy characteristic of the syngnathiform lineage
(see Orr 1995).

The presence of a massive dorsal-fin spine in
Rbamphosus represents one of the most evident dif-
ferences with the Pegasidae; a moderately enlarged
first dorsal-fin spine is also distinctive of the mem-
bers of the Dactylopteridae (Eschmeyer 1997).
Pegasids lack a spinous dorsal fin, but like Rhan-
phosus, they exhibit a large rayless pterygiophore
(Pietsch 1978; Orr 1995). Additional distinctive fea-
tures of the pegasids, useful to separate them from
Rbamphosus, include: body completely encased in
fused dermal plates and tail encircled by bony rings,
oral jaws toothless, premaxilla without ascending
process, vertebral column comprising not more
than 22 vertebrae, median-fin rays unbranched and
unsegmented, second dorsal- and anal fins contain-
ing five rays; procurrent caudal-fin rays absent, three
pectoral-fin radials, pelvic fin with a single short and
modified spine used for “walking on the bottom”
(Stivens 1964) plus two or three rays (Rendahl 1930;
Pietsch 1978; Palsson & Pietsch 1989). In addition,
pegasids (and dactylopterids) differ from Rhampho-
sus by having greatly enlarged and horizontally in-
serted pectoral fins.

Summarizing, substantial morphological evi-
dence supports a placement of Rbamphosus within
the Dactylopteroidei as sister-group to the family
Pegasidae (Fig. 17). Given the phylogenetic rela-
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Fig. 17 - Cladogram showing hypothetical relationships of Rbanm-
phosus within the Dactylopteroidei. Characters are: (1) nasal
rostrum; (2) head encased by thick bony plates; (3) second
dorsal and anal fins opposite and neatly equal in length;
(4) preopercle enormously expanded medially; (5) rayless
pterygiophore; (6) hypurals fused into a consolidated plate.

tionships hypothesized within the dactylopteroid
fishes, the early Eocene age of Rhamphosus neces-
sarily implies that both the Dactylopteridae and the
Pegasidae were also in existence at that time. While
the earliest confirmed representative of the Dacty-
lopteridae, Praevolitans faedoensis, has been described
based on a single specimen from late Eocene of Rio
Faedo, in the vicinity of Priabona, northern Italy
(Gayet & Barbin 1985), the fossil record of the
Pegasidae remains elusive (see, e.g., Patterson 1993).

Paleobiological remarks

The overall physiognomy of the Rbamphosus
species described herein, which includes the pres-
ence of a thick cranial bony armor and of a small
and ventrally directed mouth, seems to indicate a
benthic lifestyle, similar to that characteristic of the
other dactylopteroids, the Dactylopteridae and the
Pegasidae (e.g., Palsson & Pietsch 1989; Eschmeyer
1997). Goatley et al. (2010) considered the Rham-
phosidae as daytime generalists, feeding on a broad
array of easy-catch preys, such as small fishes or eas-
ily accessible benthic invertebrates. Such a hypoth-
esis is partially confirmed by a cololite preserved
in the holotype of Rhamphosus biserratns (MGPPD
8879) (Fig. 18), which shows different phosphatic
fragments, including partially articulated vertebrae
pertaining to small-sized fishes.

The overall configuration of the feeding
apparatus of Rbamphosus is very similar to that
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Fig. 18 - Cololite preserved in the ho-
lotype of Rhbamphosus biserra-
tfus Bassani, 1876, (MGPPD
8879) showing different
phosphatic fragments: in the
top left corner of the colo-
lite some partially articula-
ted vertebrae pertaining to
small-sized fished are visible.
Scale bar = 10 mm.

of pegasids described by Pietsch (1978, 1984), in
which the elements of the upper and lower jaws
are scarcely recognizable when the mouth is closed
since they are covered by the lachrymal and folded
and allocated within a cavity formed at the base of
the rostrum (see, e.g,, MCSNV T.429; Fig. 14A-B).
Moreover, like in pegasids, there is no evidence of
the palatine and pterygoids in the examined Rhaz-
phosus specimens, although it is not possible to rule
out that these skeletal elements were cartilaginous in
origin. The peculiar jaw mechanism of the pegasids
involves enlarged premaxillo-maxillary and max-
illo-vomerine cartilages supported by premaxillo-
maxillary ligaments and strong ligaments extending
from the dorsal portion of the maxilla to the ventral
surface of the nasal rostrum; these cartilages and
ligaments are closely associated with premaxillae,
maxillae and dentaries to form a highly protrusible
mouth (Pietsch 1978). When the upper jaw ele-
ments are unfolded and the mandible is complete-
ly depressed, pegasids are characterized by a very
small buccal cavity, which becomes enormously ex-
panded to form a long tubular mouth that allows
the effective suction used to capture preys. Pietsch
(1978) demonstrated that protrusion of the mouth
in pegasids involves a single coupling by way of the
hyoid apparatus. Given the substantial similarity of
the bones of the feeding apparatus of Rbamphosus
with those of pegasids, it is reasonable to hypoth-
esize that these Eocene benthic fishes were charac-
terized by a similar feeding mechanism.

As cleatly demonstrated in the descriptive
analysis of Rhamphosus above, the morphology of
the rostrum is species-specific, showing a variety of
forms from short and stout, to tubular, to enormous-
ly elongate and massive, to ovoid and spatulate. The
possible function of the nasal rostrum in Rbamphosus
is difficult to determine. However, considering the
broad array of sizes and morphologies observed in
the species of Rbamphosus, a pure defensive function
appears to be unlikely, also because a horizontal bony
extension located above and anterior to the jaws does
not seem to offer the consistent defensive advantage
that was certainly accorded by the massive first dor-
sal-fin spine, which is present in all the known spe-
cies. The peculiar nasal rostrum of Rbamphosus likely
was a multi-adaptative structure and we speculate that
it also functioned as a sensory device. Although the
thick and densely ornamented cranial bones prevent-
ed any observation of the cephalic sensory canals, it
is likely that the cranial laterosensory system extend-
ed anteriorly into the nasals (like in pegasids; Pietsch
1978), which were probably occupied by the anterior
terminations of the supraorbital and/or infraorbital
canals. As described above, the nasal rostra of the
majority of the Rbamphosus species exhibit a concavity
along the anterior margin, which was probably con-
nected with canals running through the entire length
of the rosttum. As a matter of fact, an anterior ex-
tension of the sensory apparatus would have been
beneficial for prey detection (see Johnson & Schnell
2015), especially for a benthic fish like Rbamphosus.
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Overall, the rigid armored head, the variously
developed rostrum and the enlarged first dorsal-fin
spine characteristic of the Rhamphosus species result
in a peculiar gestalt that is in some ways reminis-
cent of those of fossil and extant centriscoid fishes
(e.g, Jurgensen 1908; Sorbini 1981; Bannikov &
Carnevale 2012b) and of certain Cretaceous gladi-
opynodontids (e.g., Marrama et al. 2016). Centris-
coid fishes (and likely also certain gladipycnodon-
tids; Marrama et al. 2016d) can swim orienting the
body vertically with the snout downwards primarily
by sculling the pectoral fins (e.g.,, Stewart & Rob-
erts 2004; Fish & Holzman 2019). This vertical pos-
ture is maintained by using the beating fins as the
position of their center of buoyancy almost cor-
responds to the center of mass (Fish & Holzman
2019). The overall similarity with the body design
of centriscoid fishes might suggest that Rhampho-
sus has a similar swimming capability, with the long
anterior rostrum and first dorsal-fin spine counter-
balancing each other to maintain a vertical posture
over the substrate (when searching for food) pos-
sibly sculling the pectoral fins.
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