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Abstract: Fish otoliths from three localities in northern Italy (Piedmont), Grazzano, Rio Freddo di Albugnano 
and Valle Ceppi, ranging in age from late Oligocene (Chattian) to Early Miocene (Burdigalian) are described herein. 
One of  these localities, Rio Freddo di Albugnano, straddles the Oligocene/Miocene boundary, and the otoliths are 
interpreted to reflect a late Oligocene age. The other two localities are from the upper Burdigalian (Lower Miocene). 
The otolith assemblages described herein complement previously described associations from the northern Mediter-
ranean region and contain a total of  68 species-level taxa, 16 of  which are new and 12 remain in open nomenclature. 
The upper Oligocene strata yielded 24 species and the Lower Miocene strata 48 species; four species are shared. The 
results are compared with previous studies and discussed. 

 Deepwater taxa are abundant in the assemblages, particularly those pertaining to the mesopelagic family 
Myctophidae. The otolith assemblage fills a stratigraphic gap in the record of  this family in Europe and thus contri-
butes to refinement of  stratigraphic ranges of  myctophid species. The otolith assemblages are also compared with 
coeval assemblages known from other regions of  the world and their paleobiogeographic significance is discussed. 
Myctophid species particularly show often a very wide geographic distribution pattern across ocean basins during 
the Miocene similar to that characteristic of  this family today. In combination with refined stratigraphic ranges of  
myctophid species, this wide geographic distribution could ultimately become useful as a biostratigraphic tool in a 
supra-regional perspective.

 The following 15 taxa are described herein as new: Bathycongrus delfinoi n. sp., Japonoconger asper n. sp., Ariosoma 
ceppiensis n. sp., Eokrefftia paviai n. sp., Diaphus cuneatus n. sp., Diaphus pertinax n. sp., Diaphus hastaensis n. sp., Lampanyctus 
rostratus n. sp., Nezumia marramai n. sp., Coryphaenoides delapierrei n. sp., Glyptophidium monoceros n. sp., Giuntellia n. gen. 
singularis n. sp., Epigonus liguriensis n. sp., Cepola macilenta n. sp., Owstonia rhomboidea n. sp.

Keywords: Late Oligocene; Early Miocene; otoliths; northern Italy; biostratigraphy; paleobiogeography.

IntroductIon

The Oligocene and Miocene rocks of  north-
ern Italy have been mainly deposited in open ma-
rine environments and are rich in fossils. Rich oto-

lith assemblages have been studied by Brzobohatý 
& Nolf  (1995, 1996, 2000) and Nolf  & Brzobohatý 
(2004) from Burdigalian and Langhian stages. Low-
er Oligocene bathyal otolith assemblages have been 
described by Nolf  & Steurbaut (1988, 1990, 2004). 
The Upper Miocene sediments, both Tortonian and 
Messinian, have yielded the richest otolith assem-Received:  May 19, 2024; accepted: September 25, 2024
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blages in this context and have been the subject of  
numerous publications, e.g., Bassoli (1906), Rob-
ba (1970), Nolf  & Steurbaut (1983), Girone et al. 
(2010), Lin et al. (2015, 2017), and Schwarzhans et 
al. (2020). Here we describe otoliths from the upper 
Oligocene and Lower Miocene of  the Monferrato 
area and the Turin Hill, northwestern Italy, filling 
a gap of  our knowledge about otoliths from this 
region and adding onto the database. As a result of  
this study, we identified a total of  68 otolith-based 
species-level taxa of  which 56 are identified to spe-
cies level and thereof  15 represent new species.

GeoGraphIcal and StratIGraphIc 
SettInG

The fossil otoliths described herein were 
collected primarily from three localities located in 
the Monferrato area (Rio Freddo di Albugnano 
and Grazzano) and Turin Hill (Valle Ceppi). The 
Monferrato area and Turin Hill represent distinct 
structural and paleogeographic domains located 
at the junction between the Alpine and Apenninic 
chains (e.g., Sturani 1973; Clari et al. 1994, 1995) 
and separated from each other by the Rio Freddo 
transpressional deformation zone (Piana & Polino 
1994, 1995). The stratigraphic succession of  Mon-
ferrato area has been traditionally arranged into two 
complexes, a substrate mostly characterized by Cre-

taceous and Paleogene flysch, which is unconform-
ably covered by middle Eocene to Pliocene terrige-
nous and carbonatic deposits (e.g., Montrasio et al. 
1968; Sturani 1973; Clari et al. 1987).

The material from Rio Freddo di Albugnano 
was collected in the site of  Fonte Solforosa from 
the clayey sediments of  the silty-marly member of  
the Antognola Formation. Overall, the deposits of  
the Antognola Formation originated in a variety of  
slope paleobiotopes (e.g., Novaretti 1993; Clari et al. 
1994). The Chattian-Aquitanian age of  these depos-
its has been established based on a moderately pre-
served, low diversity foraminiferal assemblage (e.g., 
Carta Geologica d’Italia 2003; Mancin et al. 2003). 
The otolith assemblage, however, seems to indicate 
a late Oligocene age based on the occurrence of  
taxa known to be restricted to the Chattian (Diaphus 
perspicillatoides Nolf  & Brzobohatý, 1995 and Dia-
phus pristismetallis Nolf  & Brzobohatý, 1994).

The fossiliferous calcareous marls exposed a 
few kilometers north of  Grazzano pertain to the 
Pietra da Cantoni Formation. In the eastern sector 
of  the Monferrato, the fossiliferous sediments of  
the Pietra da Cantoni Formation accumulated in 
the outer shelf  during the late Burdigalian (Clari et 
al. 1994; Mancin et al. 2003). According to Mancin 
et al. (2003), these sediments can be be referred to 
the Globigerinoides trilobus Interval Zone (16.74-16.19 
Ma; Lirer et al. 2019).

Fig. 1 - Location plate and simplified geological map based on Carta Geologica d’Italia alla scala 1:50.000 foglio 157, Trino (2003) and foglio 
156, Torino Est (2009).
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The Turin Hill is an asymmetric syncline 
formed by Eocene to Upper Miocene (Messinian) 
terrigenous successions derived from the erosion 
of  the emerging Alpine chain (Polino et al. 1991). 
The fossil otoliths described herein were collected 
in the locality of  Valle Ceppi from the middle-upper 
Burdigalian silty-clay deposits of  the Termofourà 
Formation. This formation is characterized by ex-
tremely rich resedimented fossiliferous levels that 
originated in the outer shelf  or upper part of  the 
continental slope. The paleontological content of  
these fossiliferous levels consists of  a mixture of  
shallow (corals, orbitoid foraminiferans, conid gas-
tropods) and moderately deep (tonnid and turrid 
gastropods) water taxa transported from different 
source areas (e.g., Zunino & Pavia 2009). The Bur-
digalian fossiliferous deposits of  the Termofourà 
Formation seem to be older than those from Graz-
zano and can be probably referred to the Paraglobo-
rotalia acrostoma Interval Subzone (18.38-16.74 Ma; 
Lirer et al. 2019).

 In addition, a few otoliths were studied that 
were collected by R. Janssen (coll. SMF) in the Turin 
Hill labeled as ‘hard greenish marly clay’ at an expo-
sure of  the ‘road to Sciolze, near Cascina la Gran-
gia.’ These fossiliferous deposits seem to pertain 
to the Marne a Pteropodi Inferiori Formation of  
Burdigalian age (Carta Geologica d’Italia 2009). A. 
Janssen (2010) analyzed pteropods from the sam-
ples of  R. Janssen and identified Diacrolinia revoluta 
(Bellardi, 1873) and Vaginella depressa Daudin, 1800, 
which are indicative of  pteropod zone 17. Follow-
ing A. Janssen (2010), pteropod zone 17 ranges in 
time from the base of  the Aquitanian into lower 
Burdigalian. We refer to the otoliths in the following 
as of  Early Miocene age.

MaterIalS and MethodS

The otolith terminology follows Koken (1884) with amend-
ments by Schwarzhans (1978). The morphometric measurements of  
myctophid otoliths follow the scheme established by Schwarzhans 
(2013a). In addition, maximal sizes and the size of  the holotype are 
given as references for new species descriptions.

 All the otoliths were studied with a reflected-light micro-
scope. Photographs were made with a Canon EOS 1000D mount-
ed on the phototube of  a Wild M400 photomacroscope. They were 
taken at regular focus levels for each view remotely controlled from 
a computer. The individual photographs of  each view were stacked 
with Helicon Focus software of  Helicon Soft (Kharkiv, Ukraine). 
The continuously focused pictures were digitally processed with 
Adobe Photoshop to enhance contrast or balance exposition or re-

touch small inconsistencies such as sand grains, incrustations, or pig-
ment spots, as far as this could be done without altering the otolith 
morphology. Otoliths are shown from the inner face of  the right side 
or converted in the case of  left otoliths. Lateral views are annotated 
accordingly.

 Abbreviations used are: OL = otolith length; OH = oto-
lith height; OT = otolith thickness; OCL = length of  ostial colliculum; 
OCH = height of  ostial colliculum; CCL = length of  caudal collicu-
lum; CCH = height of  caudal colliculum; CL = colliculum length in 
case of  single colliculum; CH = colliculum height in case of  single 
colliculum. The majority of  specimens are deposited at the Museo di 
Geologia e Paleontologia, Università degli Studi Torino, Torino, Italy 
(MGPT-PU), while those from Sciolze are deposited at the Senck-
enberg Museum und Forschungsanstalt, Frankfurt/Main, Germany 
(SMF PO). Paratypes and non-types have single catalog numbers per 
species and location. Additional otoliths were studied and figured for 
comparative purposes from an unspecified upper Oligocene loca-
tion in Puerto Rico (heritage collection of  J. Fitch at the Los Angeles 
County Museum, Los Angeles, U.S.A., LACM) and from the Cipero 
Formation, Bamboo Silt, Pecten waylandi Beds, upper Oligocene, plank-
tonic foraminifer zone P21, at San Fernando, Trinidad, from the col-
lection of  the Natural History Museum in Basel, Switzerland (NMB).

The nomenclatural acts in this article are registered in 
Zoobank under: urn:lsid:zoobank.org:pub:3260608F-F07F-4534-
975A-42C8D7FEC4C3

SySteMatIcS

The classification follows Nelson et al. (2016). 
However, Percomorphacea and Eupercaria sensu 
Betancur-R. et al. (2017) are currently in a state of  
flux; and even if  we are aware of  these dynamic 
changes, we follow the classification proposed Nel-
son et al. (2016) for the sake of  consistency, except 
for recognizing the Acropomatiformes in the sense 
of  Smith & Wheeler (2004).

 Complete descriptions are only provided 
for new species. All the other species are listed and 
commented where deemed necessary.

Order Anguilliformes Regan, 1909
Family Congridae Kaup, 1856

Subfamily Congrinae Kaup, 1856
Genus Bathycongrus Ogilby, 1898

Bathycongrus delfinoi n. sp.
Fig. 2F–L

2004 Rhechias aff. bullisi Smith & Kanazawa, 1977 - Nolf  & Brzobo-
hatý: pl. 1, fig. 13, non fig. 10–12 (Japonoconger asper).

Holotype: Fig. 2I–K, MGPT-PU 130477, Valle Ceppi, Turin 
Hill, Piedmont, Burdigalian.

Paratypes: 2 specimens, MGPT-PU 130478, same data as 
holotype.

Etymology: Named in honor of  Professor Massimo Del-
fino in recognition of  his remarkable contributions to paleontology.
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Diagnosis: OL:OH = 1.20–1.35. OL:CL = 2.3–2.7; CL:CH 
= 2.7–3.5. Dorsal rim regularly curved and ventral rim deepest in 
front of  its middle. Dorsal field as wide as ventral field. Posterior tip 
broadly rounded.

Description. Moderately large otoliths up to 
about 3 mm in length (holotype 2.5 mm). Otolith 
relatively compressed in shape (OL:OH = 1.2–1.35) 
with regularly and broadly curved dorsal rim and 
deeply curved ventral rim, deepest in front of  its 
midlength. Otolith moderately thick (OH:OT = 
2.4–2.7). Anterior tip median, oblique angular, 
rounded, posterior tip broadly rounded. All rims 
smooth.

 Inner face moderately convex, relative-
ly smooth with shallow, short sulcus and broad, 
moderately deep dorsal depression. Sulcus centrally 
positioned on inner face, short, terminating about 
equally distant from anterior and posterior tips, very 
slightly inclined versus sulcus axis at <5°. Sulcus 
straight, shallow, anteriorly fading, without distinct 
ostial channel and single, shallow, oval colliculum, 
sometimes with short dorsal prolongation. OL:CL 
= 2.3–2.7; CL:CH = 2.7–3.5. Ventral furrow most-
ly indistinct, close to ventral rim of  otoliths except 
slightly departing at deepest point of  ventral rim. 
Outer face similarly convex than inner face, smooth.

Discussion. Bathycongrus delfinoi differs from 
B. nagymarosyi (Nolf  & Brzobohatý, 1994) in having 
a more compressed shape (OL:OH = 1.20–1.35 vs. 
1.38–1.45), shorter colliculum (CL:CH = 2.7–3.5 vs. 
3.5–4.2) and higher and more gently rounded dorsal 
rim. Also, the deepest point of  the ventral rim is 
shifted towards anterior, while it is more centrally 
positioned in B. nagymarosyi. The posterior rim in B. 
delfinoi is broadly rounded (vs. moderately pointed 
in B. nagymarosyi), and the inclination of  the sulcus 
is <5° in B. delfinoi and >5° in B. nagymarosyi. All 
of  these differences are subtle but mostly stable in 
expression and in combination allow to distinguish 
both these species well despite the overall simple 
morphology of  Bathycongrus otoliths, which are lean 
in diagnostic features. Records of  the extant Rhechi-
as cf. bullisi Smith & Kanazawa, 1977 by Nolf  & 
Brzobohatý (2004) from the Burdigalian of  north-
ern Italy may at least in part also represent B. delfi-
noi. Bathycongrus teredophilus Schwarzhans, 2010 from 
the Middle Miocene of  the North Sea Basin differs 
from B. delfinoi in having a less highly developed 
dorsal rim, regularly curved ventral rim and a longer 
colliculum (OL:CL = 1.7–2.0 vs. 2.3–2.7).

 In extant species, the otoliths of  B. berti-
ni (Poll, 1953) from tropical West Africa resemble 
most in proportion and shape (see Schwarzhans 
2019b for figures) those of  B. delfinoi but differ in 
the narrow sulcus, moderately pointed posterior 
tip and more regularly curved ventral rim. Today, 
Bathycongrus is a speciose genus, particularly in the 
West-Pacific (Froese & Pauly 2023). Several species 
show similarly compressed otoliths, i.e., B. bleekeri 
Fowler, 1934 and B. trimaculatus Karmovskaya & 
Smith, 2008 (see Schwarzhans 2019b for figures), 
but these are even more compressed and in the case 
of  the latter with a very narrow sulcus.

Bathycongrus nagymarosyi (Nolf & Brzobohatý, 
1994)

Fig. 2A–E

1994 Rhechias nagymarosyi - Nolf  & Brzobohatý: pl. 1, fig. 3-6.
2002 Rhechias nagymarosyi Nolf  & Brzobohatý, 1994 - Nolf  & 

Brzobohatý: pl. 2, fig. 1–4.
2004 Rhechias nagymarosyi Nolf  & Brzobohatý, 1994 - Nolf  & 

Brzobohatý: pl. 1, fig. 6.

Material: 4 specimens, MGPT-PU 130479, Rio Freddo di 
Albugnano, Monferrato, Piedmont, Chattian.

Remark: Bathycongrus nagymarosyi was orig-
inally described from the Egerian (late Oligocene 
to Early Miocene) of  the Central Paratethys, later 
reported also from the Aquitanian of  SW France 
(Nolf  & Brzobohatý 2002), and it is now also re-
corded from time equivalent strata of  northern Ita-
ly. A record from the Burdigalian of  northern Italy 
by Nolf  & Brzobohatý (2004) indicates that B. nagy-
marosyi may have occurred together with B. delfinoi. 
Specimens figured as B. nagyramosyi from the Tor-
tonian of  northern Italy by Lin et al. (2105, 2017) 
most probably represent another, undescribed spe-
cies of  the genus.

Genus Gnathophis Kaup, 1859

Gnathophis saubrigensis (Steurbaut, 1979)
Fig. 2M–T

1979 “genus aff. Lemkea” saubrigensis - Steurbaut: pl. 1, fig. 
8–12, pl. 12, fig. 1.

1984 Gnathophis saubrigensis (Steurbaut, 1979) - Steurbaut: pl. 3, 
fig. 7–8.

1992 Gnathophis saubrigensis (Steurbaut, 1979) - Radwańska: pl. 
1, fig. 1–3.

2004 Gnathophis saubrigensis (Steurbaut, 1979) - Nolf  & 
Brzobohatý: pl. 1, fig. 3–5.



 Fish otoliths from the upper Oligocene and Lower Miocene of  Piedmont (northern Italy) 667

Material: 9 specimens; 8 specimens, MGPT-PU 130480, 
Valle Ceppi, Turin Hill, Piedmont, Burdigalian; 1 specimen, MGPT-
PU 130481, Grazzano, Monferrato, Piedmont, Burdigalian.

Discussion. Gnathophis saubrigensis closely re-
sembles G. elongatus Agiadi, Koskeridou & Thivaiou, 
2021 but differs in being less elongate (OL:OH = 
1.6–1.7 vs. 1.8–2.06, except small specimens at 1.6). 
Gnathophis saubrigensis has already been described 
from the Burdigalian of  northern Italy by Nolf  
& Brzobohatý (2004) and was originally described 
from the Burdigalian of  southwestern France.

Genus Japonoconger Asano, 1958

Japonoconger asper n. sp.
Fig. 2U–Y

2004 Rhechias aff. bullisi Smith & Kanazawa, 1977 - Nolf  & Brzobo-
hatý: pl. 1, fig. 12, ? fig. 10–12, non fig. 13 (Bathycongrus delfi-
noi).

?2017 Xenomystax sp. - Lin, Brzobohatý, Nolf  & Girone: fig. 2C.

Holotype: Fig. 2U–W, MGPT-PU 130482, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Referred specimens: 2 specimens, MGPT-PU 130483, 
same data as holotype.

Etymology: From asper (Latin = rough), referring to the 
rough (raw) appearance of  the otoliths.

Diagnosis: OL:OH = 1.6. OL:CL = 2.0–2.5; CL:CH = 3.2–
3.8. OH:OT = 2.4–2.7. Dorsal rim symmetrical with flat central por-
tion; ventral rim shallow and regularly curved. Dorsal field as wide as 
ventral field. Posterior tip broadly rounded.

Description. Moderately large, relatively thin 
otoliths reaching about 4 mm in length (holotype); 
OL:OH = 1.6. Otolith with symmetrical dorsal rim 
characterized by a relatively long and flat central 
portion, and shallow and regularly curved ventral 
rim. Otolith relatively thin (OH:OT = 2.35–2.7). 
Anterior and posterior tips slightly inframedian, 
rounded angular. All rims smooth.

 Inner face flat, relatively smooth with shal-
low, short sulcus and large, moderately deep dorsal 
depression filling almost entire dorsal field. Sulcus 
centrally and slightly inframedian positioned on 
inner face, short, terminating about equally dis-
tant from anterior and posterior tips, very slightly 
inclined versus sulcus axis at <5°. Sulcus straight, 
shallow, anteriorly fading, without ostial channel 
and single, shallow, oval, anteriorly blunt collicu-
lum. OL:CL = 2.0–2.5; CL:CH = 3.2–3.8. No dis-
cernable ventral furrow. Outer face slightly convex, 
smooth.

Discussion. The genus Japonoconger today 
contains four species inhabiting the various trop-
ical ocean basins. Otoliths are known from all of  
them (see Schwarzhans 2019b and Nolf  & Cap-
petta 1989 for figures). Japonoconger asper represents 
the oldest record of  the genus, and it differs from 
all the extant species in being thinner than any of  
them, and more elongate than the recent species 
except for J. proriger (Gilbert, 1891) from the trop-
ical East Pacific. Japonoconger asper differs from J. 
proriger in having a flattened central portion of  the 
dorsal rim and an anteriorly blunt colliculum. The 
dorsal rim resembles J. sivicolus (Matsubara & Ochi-
ai, 1951) from Japan, but these otoliths are more 
compressed (OL:OH = 1.4 vs. 1.6) and show a rel-
atively narrow sulcus and colliculum (CL:CH = 5.0 
vs. 2.0–2.5). The otoliths of  the extant J. caribbeus 
Smith & Kanazawa, 1977 from the tropical West 
Atlantic and J. africanus (Poll, 1953) from the trop-
ical East Atlantic are distinctly more compressed 
(OL:OH = 1.4 vs. 1.6) and mostly thicker (OH:OT 
= 1.8–2.5 vs. 2.4–2.7). The known fossil records 
are so far restricted to J. africanus from the Early Pli-
ocene of  southern France (Schwarzhans 1986 and 
Nolf  & Cappetta 1989 as J. caribbeus) and northern 
Morocco (Schwarzhans 2023). Among the otoliths 
figured by Nolf  & Brzobohatý (2004) as Rhechias 
cf. bullisi Smith & Kanazawa, 1977 from the Burdi-
galian of  northern Italy there are three specimens 
that most likely represents J. asper. Another otolith 
figured by Lin et al. (2017) from the Tortonian of  
northern Italy may possibly also represent J. asper 
but judging from the photograph, it is too poorly 
preserved for a conclusive identification. Two ad-
ditional specimens obtained from the same locality 
as the holotype are slightly eroded and differ in the 
otolith outline. They are here only tentatively re-
ferred to J. asper.

Genus Rhynchoconger Jordan & Hubbs, 1925

Rhynchoconger aff. pantanellii (Bassoli & Schubert, 
1906, in Bassoli)

Fig. 3D–E

2005 Rhynchoconger pantanellii (Bassoli & Schubert, 1906, in Bassoli) 
- Hoedemakers & Batllori: pl. 2, fig. 4–7.

Material: 1 specimen, MGPT-PU 130484, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.
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Fig. 2 - Congridae 1.
A–E) Bathycongrus nagymarosyi (Nolf  & Brzobohatý, 1994), Chattian, Rio Freddo di Albugnano, MGPT-PU 130479 (reversed).
F–L) Bathycongrus delfinoi n. sp., Burdigalian, Valle Ceppi; I–K) holotype, MGPT-PU 130477; F–H, L) paratypes, MGPT-PU 130478 (F–H 

reversed).
M–T) Gnathophis elongatus Agiadi, Koskeridou & Thivaiou, 2021, Burdigalian, Valle Ceppi, MGPT-PU 130480 (R–T reversed).
U–Y) Japonoconger asper n. sp. Burdigalian, Valle Ceppi; U–W) holotype, MGPT-PU 130482 (reversed); X–Y) paratype, MGPT-PU 130483 

(reversed).
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Discussion. Rhynchoconger pantanellii has been 
commonly reported from the Middle Miocene to 
Early Pliocene of  the Mediterranean, Middle Mi-
ocene of  the Paratethys, and the Early Pliocene of  
Morocco (see Schwarzhans 2023 for references). 
The earliest records of  this species appear to be 
those from the Early to Middle Miocene of  Spain 
reported by Hoedemakers & Batllori (2005). Like 
the single, well-preserved and rather large specimen 
found in the Burdigalian sediments of  Valle Ceppi, 
these otoliths are characterized by an anteriorly re-
duced colliculum which thus is relatively short. This 
feature, however, might suggest the existence of  a 
further species of  the genus but requires a compre-
hensive morphological analysis, which is beyond the 
scope of  this study. We therefore tentatively refer 
these specimens to R. aff. pantanellii.

Rhynchoconger sp.
Fig. 3A–C

Material: 1 specimen, MGPT-PU 130485, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, Chattian.

Discussion. A single specimen of  4.9 mm in 
length from the late Oligocene/Early Miocene dif-
fers from R. pantanellii in a number of  features, such 
as the flat outer face (vs. convex), presence of  a pro-
nounced, though rounded postdorsal angle, and rel-
atively short sulcus with an anteriorly not reduced 
colliculum (OL:CL = 2.2). The specimen undoubt-
edly represents a different species of  Rhynchoconger, 
which, however, cannot be described based on the 
single somewhat eroded specimen. Specimens with 
a relatively flat outer face and pronounced post-
dorsal angle have been figured as R. pantanellii from 
the early Burdigalian of  southwestern France by 
Nolf  & Brzobohatý (2002) and R. aff. pantanellii by 
Nolf  & Brzobohatý (2004) from the Burdigalian of  
northern Italy, but they show a very short projec-
tion of  the ostial part of  the colliculum not much 
beyond the ostial channel, clearly different from the 
specimen from Rio Freddo di Albugnano.

Subfamily Bathymyrinae Böhlke, 1949
Genus Ariosoma Swainson, 1838

Ariosoma ceppiensis n. sp.
Fig. 3F–H

?2009 Ariosoma balearicum (Delaroche, 1809) - Nolf  & Brzobohatý: 
pl. 1, fig. 2 (non fig. 1, 3).

Holotype: Fig. 3F–H, MGPT-PU 130486, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Etymology: Named after the type locality Valle Ceppi, Turin 
Hill, Piedmont.

Diagnosis: OL:OH = 0.97; OH:OT = 3.0; OL:CL = 1.45. 
Sulcus wide with short caudal section (CL:CH = 3.2). Dorsal rim 
with distinct, symmetrical lobe; ventral rim deep, regularly curved. 
Posterior tip broadly rounded. 

Description. Deep-bodied, compact otolith 
of  4.6 mm in length with a ratio OL:OH of  less than 
1.0 (0.97) and relatively thick (OH:OT = 3.0). An-
terior and posterior rims broadly rounded. Dorsal 
rim with well-developed, large and distinctly project-
ing medial lobe. Ventral rim deep and very regularly 
curved. All rims smooth.

 Inner face convex, smooth, showing slight-
ly supramedian, wide and shallow sulcus with the 
s-shaped sulcus typical of  Ariosoma otoliths. Caudal 
section relatively short; ostial channel distinct, short. 
Dorsal depression very indistinct and narrow, re-
stricted to the upper region of  the dorsal lobe, no 
ventral furrow. Outer face markedly convex, smooth.

Discussion. The holotype of  Ariosoma cep-
piensis is large and very well preserved and differs 
from the otoliths of  the only extant European Ar-
iosoma species (A. balearicum) in being higher than 
long (OL:OH <1.0 vs. >1.0), and by having regu-
larly curved anterior, ventral and posterior rims 
and a very thickened outer face. Ariosoma balearicum 
(Delaroche, 1809) has been recorded from the late 
Oligocene (Chattian) and Langhian of  SW France 
(Nolf  & Brzobohatý 2002; Nolf  2013), Langhian of  
the Central Paratethys (Radwańska 1992 and Nolf  
& Brzobohatý 2009; as Congermuraena moravica Sulc, 
1932 (and by Weinfurter 1952); and as Ariosoma longi-
caudatum Radwańska, 1984) and Burdigalian of  Vene-
zuela (Nolf  & Aguilera 1998). None of  these records 
represent A. ceppiensis, except for a single specimen 
figured by Nolf  & Brzobohatý (2009) (see synonymy 
listing above), which differs in having a more slender 
otolith shape and narrower sulcus. In this case, it is 
also uncertain whether they may represent the extant 
A. balearicum showing a relatively long sulcus. Some 
of  these records possibly represent A. mesohellenica 
Agiadi, Koskeridou & Thivaiou, 2021 (see below), 
while the ones from the Langhian of  the Central Pa-
ratethys may represent a different species for which 
the name A. moravica (Sulc, 1932) would be availa-
ble. The morphologically most similar extant Arioso-
ma otoliths exhibiting a similarly compressed otolith 
shape and thickness of  the outer face are those of  
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A. selenops Reid, 1934 (see Schwarzhans 2019b for 
figures).

Ariosoma cf. mesohellenica Agiadi, Koskeridou & 
Thivaiou, 2021

Fig. 3I

2004 Ariosoma balearicum (Delaroche, 1809) – Hoedemakers & Bat-
llori: pl. 1, fig. 8–14.

2021 Ariosoma mesohellenica - Agiadi, Koskeridou & Thivaiou: fig. 
3A–D.

Material: 1 specimen, MGPT-PU 130487, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, Chattian.

Discussion. The single available specimen 
resembles A. mesohellenica as described by Agiadi et 

al. (2021) from the Aquitanian of  Greece; however, 
due to its poor preservation it is only tentatively re-
ferred to that species.

Order Siluriformes Cuvier, 1817
Family Ariidae Bleeker, 1862

Genus indet.

Arius? germanicus Koken, 1891
Fig. 4A–D

1891 Ot. (Arius) germanicus - Koken: pl. 1, fig. 3, pl. 6, fig. 8.
2015 “genus Ariidarum” germanicus (Koken, 1891) - Syring: pl. 1, 

fig. 1–3.

Material: 2 specimens, MGPT-PU 130488, Valle Ceppi, Turin 
Hill, Piedmont, Burdigalian.

Fig. 3 - Congridae 2.
A–C) Rhynchoconger sp., Chattian, Rio Freddo di Albugnano, MGPT-PU 130485.
D–E) Rhynchoconger pantanellii (Bassoli & Schubert, 1906), Burdigalian, Valle Ceppi, MGPT-PU 130484.
F–H) Ariosoma ceppiensis n. sp., holotype, MGPT-PU 130486, Burdigalian, Valle Ceppi.
I) Ariosoma cf. mesohellenica Agiadi, Koskeridou & Thivaiou, 2021, Chattian, Rio Freddo di Albugnano, MGPT-PU 130487 (reversed).
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Discussion. Arius? germanicus is a widespread 
and well-known species in the Oligocene of  Eu-
rope. The otolith figured here from the Burdigalian 
of  Piedmont does not differ in any aspect from the 
Oligocene records and thus represents the youngest 
known record of  the species.

Order Stomiiformes Regan, 1909
Family Sternoptychidae Dumeril, 1806

Genus Polyipnus Günther, 1887

Polyipnus weitzmani Steurbaut, 1984
Fig. 4E–I

1984 Polyipnus weitzmani - Steurbaut: pl. 6, fig. 10–12.
2002 Polyipnus weitzmani Steurbaut, 1984 - Nolf  & Brzobohatý: pl. 

3, fig. 2–3.

Material: 3 specimens; 1 specimen, MGPT-PU 130489, Rio 
Freddo di Albugnano, Monferrato, Piedmont, Chattian; 2 specimens, 
MGPT-PU 130490, Grazzano, Monferrato, Piedmont, Burdigalian.

Genus Valenciennellus Jordan & Evermann, 1896

Valenciennellus sp.
Fig. 4J–K

Material: 1 specimen, MGPT-PU 130491, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, late Oligocene (Chattian).

Discussion. The single, eroded specimen 
does not allow an identification at species level. 
Nolf  & Brzobohatý (2002) reported Valenciennellus? 
kotthausi Steurbaut, 1979 from the Burdigalian of  
northern Italy.

Family Phosichthyidae Weitzman, 1974
Genus Vinciguerria Jordan & Evermann, 1896

Vinciguerria angulosa Nolf & Brzobohatý, 2002
Fig. 4L–M

2002 Vinciguerria angulosa - Nolf  & Brzobohatý: pl. 4, fig. 10–15.
2004 Vinciguerria aff. poweriae (Cocco, 1838) - Nolf  & Brzobohatý: 

pl. 3, fig. 10–11.

Material: 2 specimens, MGPT-PU 130492, Rio Freddo di 
Albugnano, Monferrato, Piedmont, Chattian.

Discussion. The holotype of  Otolithus 
(Berycidarum) fragilis Prochazká, 1893 has recently 
been rediscovered at Geosphere in Vienna (GBA 
1893/009/0006). It represents a small, eroded oto-

lith of  a Phosichthyidae that lacks the rostrum and 
therefore cannot be identified at both genus and 
species level. We regard this nominal species as of  
doubtful nature and recommend not to use this 
name in future studies.

Order Aulopiformes Rosen, 1973
Family Scopelarchidae Alcock, 1896

Genus Scopelarchus Alcock, 1896

Scopelarchus nolfi Steurbaut, 1982
Fig. 4N

1982 Scopelarchus nolfi - Steurbaut: pl. 1, fig. 31–32.
1984 Scopelarchus nolfi Steurbaut, 1982 - Steurbaut: pl. 7, fig. 10.
2004 Scopelarchus cf. nolfi Steurbaut, 1982 - Nolf  & Brzobohatý: pl. 

3, fig. 4–5.

Material: 1 specimen, SMF PO91781, Sciolze, near Cascina 
la Grangia, Turin Hill, Piedmont, Early Miocene.

Order Myctophiformes Regan, 1911
Family Myctophidae Gill, 1893

Remark. Myctophid species, like other meso- 
and bathypelagic fishes, are often characterized by 
a wide geographic distribution. It is therefore im-
portant to properly define the distribution of  fossil 
myctophid otoliths across ocean basins. This ap-
proach is used herein and has led to the recognition 
of  species with a superregional distribution pattern.

 The genus Diaphus Eigemann & Eigen-
mann, 1890 is remarkable for its exceptional num-
ber of  extant and fossil species. In order to make 
easier correlations and comparisons, the various 
species are grouped in otolith-morphotypes that 
potentially may correspond to natural groups. In 
any case, the Diaphus otolith groups are used in the 
descriptions below for the sake of  convenience and 
are not considered to represent monophyletic lin-
eages. Lineages including extant species are men-
tioned as “groups”, while those considered to be 
extinct are referred to as “plexus”.

Subfamily Eomyctophinae Prokofiev, 2006
Genus Eokrefftia Schwarzhans, 1985

Eokrefftia paviai n. sp.
Fig. 5A–H

2002 Lampadena gracile (Schubert, 1912) - Nolf  & Brzobohatý: pl. 4, 
fig. 5–7.
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Holotype: Fig. 5A–C, MGPT-PU 130493, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, Chattian.

Paratypes: 14 specimens, MGPT-PU 130494, same data as 
holotype.

Etymology: Species named in honor of  Prof. Giulio Pavia, 
in recognition of  his remarkable contribution to Italian paleontology.

Diagnosis: OL:OH = 1.30–1.35. OCL:CCL = 1.65–1.80. 
Ventral rim shallow, regularly curved, crenulated but without den-
ticles. Dorsal rim crenulated with broad postdorsal angle. Rostrum 
long, massive, 13–18% of  OL. Antirostrum and excisura minute. 
Cauda oriented upwards forming an angle of  15–20° with the axis 
of  the ostium.

Description. Relatively small and moderate-
ly thick otoliths reaching up to 2.4 mm in length 

(holotype 2.1 mm). OL:OH = 1.30–1.35; OH:OT 
= 3.3–3.5. Rostrum broad, long, 13–18% of  OL; 
antirostrum and excisura minute. Dorsal rim anteri-
orly depressed, with distinct, broadly rounded post-
dorsal angle and inclined portion thereafter, finely 
crenulated. Posterior rim broadly rounded, slightly 
and irregularly crenulated. Ventral rim rather shal-
low, regularly curved, intensely crenulated but with-
out distinct denticles.

 Inner face moderately convex, with slightly 
supramedian sulcus. Ostium distinctly longer than 
cauda (OCL:CCL = 1.65–1.80), slightly upward ori-

Fig. 4 - Siluriformes, Stomiiformes, Aulopiformes.
A–D) Arius? germanicus Koken, 1891, Burdigalian, Valle Ceppi, MGPT-PU 130488.
E–I) Polyipnus weitzmani Szeurbaut, 1984; E–G) Burdgalian, Grazzano, MGPT-PU 130490; H–I) Chattian, Rio Freddo di Albugnano, MGPT-

PU 130489.
J–K) Valenciennellus sp., Chattian, Rio Freddo di Albugnano, MGPT-PU 130491 (reversed).
L–M) Vinciguerria angulosa Nolf  & Brzobohatý, 2002, Chattian, Rio Freddo di Albugnano, MGPT-PU 130492.
N) Scopelarchus nolfi Steurbaut, 1982, Early Miocene, Sciolze, SMF PO91781 (reversed).
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ented towards anterior, inclined at 5–8° against sul-
cus axis, its dorsal margin straight. Cauda distinctly 
upward oriented at 12-15° against sulcus axis and 
at angle of  15–20° against axis of  ostium. Caudal 
colliculum narrower than ostial colliculum, under-
pinned by long, distinct, forward extended ventral 
pseudocolliculum. Dorsal depression small, indis-
tinct; ventral furrow indistinct, moderately close 
to ventral rim of  otolith. Numerous short radial 
furrows intruding on the inner face from margin-
al crenulation, particularly on ventral field. Outer 
face anteriorly flat, posteriorly with broad umbo, 
intensely ornamented with radial furrows.

Discussion. Otoliths of  Eokrefftia paviai are 
best recognized by the inclined ostium and cauda 
which stand at about 15–20° against each other, 
a feature not observed in any of  the other upper 
Oligocene or Lower Miocene myctophid otolith 
found in Piedmont. Nolf  & Brzobohatý (2002) 
figured otoliths as Lampadena gracile (now Paralam-
padena) from the Burdigalian of  northern Italy that 
likely represent the same species. Paralampadena gra-
cile was described from the Badenian (Langhian) of  
the Paratethys, and it differs from the otoliths of  
E. paviai in having a nearly straight sulcus (cauda 
can be slightly inclined), smooth ventral rim with 
a few denticles, blunt posterior rim, and distinct al-
beit small excisura and antirostrum (for figures see 
Schwarzhans 2013b). Other typical features of  E. 
paviai are the intense crenulation of  the otolith rims, 
long and massive rostrum, and moderately bent in-
ner face.

 The placement of  Eokrefftia paviai within 
the extinct genus Eokrefftia is primarily supported 
by the crenulation of  the ventral rim and lack of  
denticles, as well as the angular position of  the axis 
of  the ostium versus that of  the cauda. The species 
shares these features with the type species E. predia-
phus Schwarzhans, 1985 from the late Paleocene of  
Australia together with the minute antirostrum and 
excisura. Eokrefftia paviai represents the latest spe-
cies so far known in this lineage. Although Eokrefftia 
resembles otoliths of  the extant Diaphus in some re-
spects (except for the lack of  denticles along the 
ventral rim and the angular position of  ostium to-
wards cauda), but it is more likely to represent a ge-
nus of  the extinct subfamily Eomyctophinae.

Subfamily Diaphinae Paxton, 1972 (sensu Martin 
et al., 2018)

Genus Diaphus Eigenmann & Eigenmann, 1890

Diaphus austriacus plexus sensu Schwarzhans & 
Radwańska, 2022

Diaphus austriacus (Koken, 1891)
Fig. 5I–M

1891 Ot. (Berycidarum) austriacus - Koken: fig. 14.
2013 Diaphus austriacus (Koken, 1891) - Schwarzhans & Aguilera: 

pl. 10, fig. 1–8 (see there for extensive references and re-
view).

2015 Diaphus cahuzaci Steurbaut, 1982 - Holcová, Brzobohatý, Ko-
pecká & Nehyba: fig. 9K.

2022 Diaphus austriacus (Koken, 1891) - Schwarzhans & Radwańs-
ka: pl. 2, fig. 4–6.

Material: 49 specimens; 2 specimens, SMF, Sciolze, near 
Cascina la Grangia, Turin Hill, Piedmont, Early Miocene; 13 speci-
mens, MGPT-PU 130495, Valle Ceppi, Turin Hill, Piedmont, Bur-
digalian; 34 specimens, MGPT-PU 130496, Grazzano, Monferrato, 
Piedmont, Burdigalian.

Discussion. Diaphus austriacus is one of  the 
most common and widespread species of  the ge-
nus Diaphus during the Early and Middle Miocene 
(see also chapter about stratigraphic usage of  myc-
tophid otoliths). However, its identification can 
be rather problematic due to its rather generalized 
appearance; this can produce negative implications 
for the definition of  the exact stratigraphic range 
of  the species, particularly of  the younger portion. 
Its otoliths are best recognized by rostrum and 
antirostrum being of  nearly equal length in com-
bination with the overall oval otolith shape and the 
slightly convex inner face.

Diaphus aff. austriacus (Koken, 1891)
Fig. 5N–P

Material: 11 specimens, MGPT-PU 130497, Grazzano, 
Monferrato, Piedmont, Burdigalian.

Discussion. Certain Diaphus otoliths from 
the latest Burdigalian of  Piedmont are somewhat 
more compressed than the typical specimens of  
D. austriacus (OL:OH = 1.10–1.12 versus mostly 
1.15–1.20, rarely 1.10–1.25). These otoliths are not 
as compressed as those of  D. cassidiformis (Frost, 
1933) (OL:OH = 1.00–1.10), a species that is well-
known from the Langhian to the Serravallian, but 
in Japan has also been recorded from the latest 
Burdigalian. The otoliths described herein as D. aff. 
austriacus appear to be morphologically intermedi-
ate between D. austriacus and D. cassidiformis.
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Diaphus hataii Ohe & Araki, 1973
Fig. 5Q–S

1973 Diaphus hataii - Ohe & Araki: pl. 49, fig. 3–4.
2000 Diaphus regani Tåning, 1932 - Brzobohatý & Nolf: pl. 3, fig. 

15–20.
2004 Diaphus regani Tåning, 1932 - Nolf  & Brzobohatý: pl. 4, fig. 

8–9.
2015 Diaphus regani Tåning, 1932 - Holcová, Brzobohatý, Kopecká 

& Nehyba: fig. 9I.
2022 Diaphus hataii Ohe & Araki, 1973 - Schwarzhans & Radwańs-

ka: pl. 2, fig. 11–12 (see there for extensive references and 
review).

2022 Diaphus hataii Ohe & Araki, 1973 - Schwarzhans, Ohe, Tsuch-
iya & Ujihara: fig. 9J–AC.

Material: 19 specimens; 8 specimens, MGPT-PU 130498, 
Valle Ceppi, Turin Hill, Piedmont, Burdigalian; 11 specimens, MGPT-
PU 130499, Grazzano, Monferrato, Piedmont, Burdigalian.

Discussion. Diaphus hataii was a common and 
widespread species during the Early and Middle Mi-
ocene like D. austriacus. The distinction of  these two 
species is not easy (see Schwarzhans et al. 2022 for 
extensive discussion); otoliths of  D. hataii are usually 
more elongate (OL:OH = 1.25–1.35, rarely 1.20–
1.35 versus mostly 1.15–1.20, rarely 1.10–1.25), and 
have an expanded predorsal region and more denti-
cles along the ventral rim (8–12 versus 6–8).

Diaphus pristismetallis Nolf & Brzobohatý, 1994
Fig. 5T–Y

1994 Diaphus pristismetallis - Nolf  & Brzobohatý: pl. 4, fig. 9–14.
1995 Diaphus pristismetallis Nolf  & Brzobohatý, 1994 - Brzobohatý 

& Nolf: pl. 1, fig. 7–16 (see there for further references).
2002 Diaphus pristismetallis Nolf  & Brzobohatý, 1994 - Nolf  & 

Brzobohatý: pl. 5, fig. 17.
2019a Diaphus aff. pristismetallis Nolf  & Brzobohatý, 1994 - 

Schwarzhans: fig. 59.11.

Material: 3 specimens, MGPT-PU 130500, Rio Freddo di 
Albugnano, Monferrato, Piedmont, Chattian. 

Discussion. Following Brzobohatý & Nolf  
(1995), D. pristismetallis is recognized by “an elon-
gate oval outline, a salient rostrum and a regular-
ly curved ventral rim with 12 or more denticles.” 
The salient rostrum distinguishes D. pristismetallis 
from the younger D. hataii and D. austriacus and the 
higher number of  denticles, which, however, can be 
as little as 10–11, distinguish it from D. austriacus. 
Diaphus pristismetallis is the earliest member of  the 
D. austriacus plexus and appears to have been widely 
distributed in the late Oligocene; it has been ten-
tatively recorded from New Zealand (Schwarzhans 
2019a) and also from the tropical west Atlantic (Fig. 
5W–Y).

Diaphus kokeni plexus sensu Schwarzhans & 
Radwańska, 2022

Diaphus kokeni (Procházka, 1893)
Fig. 6A–E

1893 Ot. (Berycidarum) kokeni - Procházka: pl. 3, fig. 3.
2022 Diaphus kokeni (Procházka, 1893) - Schwarzhans & Radwańs-

ka: pl. 3, fig. 5–7 (see there for further references). 

Material: 11 specimens; 6 specimens, MGPT-PU 130501, 
Valle Ceppi, Turin Hill, Piedmont, Burdigalian; 5 specimens, MGPT-
PU 130502, Grazzano, Monferrato, Piedmont, Burdigalian.

Discussion. Diaphus kokeni is a relatively com-
mon species in the late Burdigalian and Langhian of  
the Central Paratethys and is now also recorded from 
the late Burdigalian of  northern Italy. For distinc-
tion from the coeval temperate species D. rhenanus 
Schwarzhans, 2010 from the North Sea Basin see 
discussion in Schwarzhans (2010) and Schwarzhans 
& Radwańska (2022). Diaphus kokeni and D. rhenanus 
occured sympatrically in the Badenian of  the Central 
Paratethys (Schwarzhans & Radwańska 2022). 

Diaphus haereticus (Brzobohatý & Schultz, 1978)
Fig. 6F–H

1978 Symbolophorus haereticus - Brzobohatý & Schultz: pl. 4, fig. 10, pl. 
5, fig. 1.

2000 Diaphus haereticus (Brzobohatý & Schultz, 1978) - Brzobohatý & 
Nolf: pl. 1, fig. 1–14.

2004 Diaphus haereticus (Brzobohatý & Schultz, 1978) - Nolf  & 
Brzobohatý: pl. 4, fig. 10–12.

2013 Diaphus haereticus (Brzobohatý & Schultz, 1978) - Schwarzhans 
& Aguilera: pl. 8, fig. 1–3.

2022 Diaphus haereticus (Brzobohatý & Schultz, 1978) - Schwarzhans 
& Radwańska: pl. 3, fig. 1–4 (see there for further references). 

Material: 3 specimens; 1 specimen, SMF PO 101.344, Sci-
olze, near Cascina la Grangia, Turin Hill, Piedmont, Early Miocene; 
2 specimens, MGPT-PU 130503, Valle Ceppi, Turin Hill, Piedmont, 
Burdigalian.

Discussion. Diaphus haereticus is referred 
herein to the Diaphus kokeni plexus because of  its 
general resemblance with otoliths of  this group in 
the relatively flat inner face, pronounced postdorsal 
angle, and relatively short ostial colliculum (OCL:C-
CL = 1.3–1.6). Otoliths of  D. haereticus are thinner 
than those of  D. kokeni and usually also more slen-
der (OL:OH = 1.20–1.35 in specimens larger than 
2 mm in length versus 1.10–1.25). Another typical 
diagnostic character is the anterior narrowing of  the 
ostial colliculum in larger specimens.
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Fig. 5 - Myctophidae 1.
A–H) Eokrefftia paviai n. sp., Chattian, Rio Freddo di Albugnano; A–C) holotype, MGPT-PU 130493 (reversed); D–H) paratypes, MGPT-PU 

130494 (reversed).
I–M) Diaphus austriacus (Koken, 1891), Burdigalian; I–K) Grazzano, MGPT-PU 130496; L–M) Valle Ceppi, MGPT-PU 130495 (reversed).
N–P) Diaphus aff. austriacus (Koken, 1891), Burdigalian, Grazzano, MGPT-PU 130497 (reversed).
Q–S) Diaphus hataii Ohe & Araki, 1973, Burdigalian, Grazzano, MGPT-PU 130499 (S reversed).
T–Y) Diaphus pristismetallis Nolf  & Brzobohatý, 1994; T–V) Chattian, Rio Freddo di Albugnano, MGPT-PU 130500 (reversed); W–Y) Chat-

tian, Puerto Rico, LACM (reversed).
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Diaphus marwicki plexus

Remarks. The Diaphus marwicki plexus com-
prises the Miocene species D. cuneatus n. sp., D. mar-
wicki (Frost, 1933) and D. mirus Schwarzhans, 2019. 
The otoliths are characterized by a relatively elongate 
shape (OL:OH ranging from 1.25 to 1.45), short 
rostrum (<16% of  OL), long ostium, and short, 
slightly upward oriented cauda (OCL:CCL ranging 
from 1.5 to 2.2), 8 to 13 relatively strong denticles 
along the ventral rim, pronounced postdorsal an-
gle, relatively flat inner face particularly in vertical 
direction, and slightly convex outer face with broad 
postcentral umbo. Schwarzhans (2019a) considered 
the species to pertain to the Diaphus theta otolith 
group, but they differ in the more elongate shape, 
relatively long ostium and short cauda, and relative-
ly short rostrum. They are therefore now consid-
ered to represent an extinct lineage. The otoliths of  
the Diaphus marwicki plexus differ from those of  the 
Diaphus splendidus group in being more robust, with 
a thicker postcentral umbo on the outer face giving 
the otoliths a more robust appearance.

Diaphus cuneatus n. sp.
Fig. 6I–O

Holotype: Fig. 6I–K, MGPT-PU 130504, Valle Ceppi, Turin 
Hill, Piedmont, Burdigalian.

Paratypes: 3 specimens, MGPT-PU 130505, same data as 
holotype.

Etymology: From cuneatus (Latin) = tapering, referring to 
the anteriorly narrowing ostium.

Diagnosis: OL:OH = 1.35–1.45. OCL:CCL = 1.85–2.20. 
Ventral rim moderately deep, regularly curved but anteriorly straight-
ened, with 8–11 relatively delicate denticles. Dorsal rim with broad 
pre- and postdorsal angles, nearly flat and horizontal in between. 
Rostrum short, 7–12% of  OL. Posterior rim blunt. Ostium anteriorly 
narrowing and slightly bent upward.

Description. Relatively large and moderate-
ly thick otoliths measuring up to 6.0 mm in length 
(holotype). OL:OH = 1.35–1.45; OH:OT = 3.0–
3.5. Rostrum short, slender, slightly upward orient-
ed, 7–12% of  OL; antirostrum and excisura minute. 
Dorsal rim with distinct, broad pre- and postdorsal 
angles; predorsal and postdorsal sections of  dor-
sal rim inclined, nearly straight; middorsal section 
between dorsal angles flat, horizontal, straight or 
slightly bent. Ventral rim moderately deep, regularly 
curved except preventral section nearly straight and 
upward inclined, with 8–11 moderately strong den-
ticles. Posterior rim blunt.

 Inner face moderately bent in horizontal 
direction, nearly straight in vertical direction, with 
slightly supramedian, long sulcus. Ostium distinctly 
longer than cauda (OCL:CCL = 1.85–2.20), slightly 
bent, with anterior part of  both ostium and cau-
da slightly upward oriented. Ostium narrowing to-
wards anterior, mainly restricted from ventral; ostial 
colliculum sometimes not reaching ostial opening. 
Caudal colliculum about as wide as ostial collicu-
lum, underpinned by forward extended but pos-
teriorly reduced ventral pseudocolliculum. Dorsal 
depression long, broad, with distinct crista superior 
to sulcus but indistinct margin towards dorsal rim 
of  otolith; ventral furrow distinct, moderately close 
to ventral rim of  otolith. Outer face anteriorly flat, 
posteriorly with broad umbo, relatively smooth.

Discussion. Otoliths of  D. cuneatus are eas-
ily recognized by the specific shape of  the dorsal 
and ventral rims, anteriorly narrowing and upward 
turned ostium, and sulcus proportions.

Diaphus marwicki (Frost, 1933)
Fig. 6P–W

1933 Scopelus marwicki - Frost: fig. 1.
2019a Diaphus marwicki (Frost, 1933) - Schwarzhans: fig. 55.8–55.14 

(see there for further references). 
2021 Diaphus marwicki (Frost, 1933) - Schwarzhans & Nielsen: fig. 

9c–d.

Material: 5 specimens, MGPT-PU 130506, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Discussion. Diaphus marwicki is a common 
and widespread species in the Early and Middle Mi-
ocene of  New Zealand and has recently also been 
found in the Early Miocene of  Chile in the east-
ern South Pacific. Its recognition in the Burdigalian 
of  northern Italy appears to be rather surprising. 
The otoliths of  D. marwicki resemble those of  D. 
haereticus from which they differ in having a shorter 
cauda and longer ostium (OCL:CCL = 1.8–2.2 vs 
1.2–1.6). Diaphus marwicki also resembles D. cuneatus 
(see above), with certain specimens characterized 
by an anteriorly somewhat narrowing ostium (Fig. 
6V); however, D. marwicki differs from D. cuneatus in 
having a longer rostrum (14–16% vs 7–12% OL), 
as well as for the shape of  the dorsal and ventral 
otolith rims. The European specimens of  D. mar-
wicki appear to consistently differ from those of  the 
South Pacific in having a posteriorly reduced caudal 
pseudocolliculum, but this subtle difference is not 
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supported by any other feature and for this reason 
we regard them to represent the same species.

Unresolved plexus
Diaphus tenax Schwarzhans, 2019

Fig. 6AF–AJ

2019a Diaphus tenax - Schwarzhans: fig. 60.7–60.9.

Material: 4 specimens, MGPT-PU 130507, Grazzano, Mon-
ferrato, Piedmont, Burdigalian.

Discussion. Diaphus tenax represents yet an-
other species originally described from the Burdiga-
lian of  New Zealand (North Island) that is described 
herein also from the upper Burdigalian of  northern 
Italy. The European specimens correlate well with 
those from New Zealand as indicated by the long 
rostrum (16–20% of  OL) and the ratio OCL:CCL 
of  1.60–1.75. They slightly differ from the New 
Zealand specimens in having a less regularly curved 
dorsal rim that shows a small postdorsal denticle, 
and a ventral furrow being further inward from the 
ventral rim of  the otolith. We consider these subtle 
but regionally constant differences to represent in-
terpopulation differences within a species that was 
characterized by a wide geographic distribution.

Diaphus theta otolith group sensu Schwarzhans, 
2013a

Diaphus pertinax n. sp.
Fig. 6X–AE

Holotype: Fig. 6X–Z, MGPT-PU 130508, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Paratypes: 11 specimens, MGPT-PU 130509, same data as 
holotype.

Etymology: From pertinax (Latin) = firm, steadfast, refer-
ring to the consistent difference to otoliths of  D. audax from New 
Zealand.

Diagnosis: OL:OH = 1.2–1.3. OCL:CCL = 1.2–1.5; 
OCH:CCH = 1.15–1.25. Ventral rim moderately deep, regular-
ly curved, with 5–6 shallow denticles. Dorsal rim broadly rounded 
anteriorly, with cusp-like postdorsal angle followed by broad, shal-
low concavity. Rostrum short, 7–12% of  OL. Posterior rim broadly 
rounded. Ostial colliculum reduced in length, not reaching anterior 
rim of  otolith.

Description. Moderately large and thick oto-
liths up to 4.7 mm in length (holotype). OL:OH = 
1.2–1.3; OH:OT = 3.5–4.0. Rostrum short, broad, 
with rounded tip, measuring 7–12% of  OL; anti-
rostrum and excisura minute. Dorsal rim anteri-
orly rounded or slightly depressed, with cusp-like 

postdorsal angle positioned above the center of  the 
cauda followed by a broad, shallow concavity. Ven-
tral rim moderately deep, regularly curved, with 5–6 
weak, shallow, sometimes relatively indistinct denti-
cles. Posterior rim broadly rounded.

 Inner face moderately bent, with slight-
ly supramedian, relatively short sulcus (OL:SuL = 
1.20–1.25). Ostium longer than cauda (OsL:CaL = 
1.35–1.6) but ostial colliculum anteriorly reduced, 
not reaching the anterior rim of  otoliths, and hence 
only slightly longer than caudal colliculum (OCL:C-
CL = 1.2–1.5). Ostial colliculum slightly wider than 
caudal colliculum (OCH:CCH = 1.15–1.25). Caudal 
colliculum underpinned by forward extended ven-
tral pseudocolliculum below entire caudal collicu-
lum. Dorsal depression broad, with distinct crista 
superior to sulcus but indistinct margin towards 
dorsal rim of  otolith; ventral furrow indistinct, 
moderately close to ventral rim of  otolith. Outer 
face anteriorly flat or slightly concave, posteriorly 
with shallow, broad umbo, relatively smooth.

Discussion. Diaphus pertinax closely resem-
bles D. audax Schwarzhans, 2019 from the Early Mi-
ocene of  New Zealand, and both species are proba-
bly closely related. Diaphus pertinax differs, however, 
consistently from D. audax in having an anterior-
ly reduced and very short ostial colliculum versus 
ostial colliculum reaching anterior rim of  otolith 
(OCL:CCL = 1.2–1.5 vs 1.6–1.8), and relatively 
wide caudal colliculum versus very narrow caudal 
colliculum (OCH:CCH = 1.15–1.25 vs 1.5–1.8).

Diaphus splendidus otolith group sensu 
Schwarzhans, 2013a

Diaphus watatsumi Schwarzhans, Ohe, Tsuchiya & 
Ujihara, 2022

Fig. 7A–C

2022 Diaphus watatsumi - Schwarzhans, Ohe, Tsuchiya & Ujihara: 
fig. 8U–AB.

Material: 4 specimens, MGPT-PU 130510, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Discussion. Diaphus watatsumi was originally 
described from the uppermost Burdigalian of  Japan 
(Schwarzhans et al. 2022) and is now also recorded 
from northern Italy. Although very similar to the 
otoliths described from Japan, the Italian specimens 
allowed a more detailed recognition of  certain di-
agnostic morphometric and meristic characters, in-
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cluding: OL:OH = 1.35–1.50; OH:OT = 3.5–4.5 
and OCL:CCL = 1.7–2.0. The slender shape, num-
ber of  denticles along the ventral rim (13–15), and 
shape of  the dorsal rim remain unchanged from the 
diagnosis in Schwarzhans et al. (2022).

Diaphus fragilis otolith group sensu Schwarzhans, 
2013a

Diaphus hastaensis n. sp.
Fig. 7I–N

Holotype: Fig. 7J–K, MGPT-PU 130511, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, Chattian.

Paratypes: 7 specimens, MGPT-PU 130512, same data as 
holotype.

Etymology: After Hasta, Latin name for the city of  Asti in 
Piedmont, which is relatively close to the type locality.

Diagnosis: OL:OH = 1.4; OH:OT = 4.0–4.5. OCL:CCL 
= 2.1–2.5. Ventral rim moderately deep, regularly curved, with 8–10 
feeble denticles. Dorsal rim regularly curved. Rostrum 12–16% of  
OL. Posterior rim broadly rounded, crenulated. Inner face markedly 
convex; outer face flat to slightly concave.

Description. Moderately large and thin oto-
liths up to 3.6 mm in length (holotype). OL:OH = 
1.4; OH:OT = 4.0–4.5. Rostrum short, broad, with 
obtuse tip, 12–16% of  OL; antirostrum and excisu-
ra small to minute. Dorsal rim regularly and sym-
metrically curved, sometimes with feeble postdorsal 
denticle, slightly undulating. Ventral rim moder-
ately deep, regularly curved, with 8–10 feeble and 
relatively indistinct denticles. Posterior rim broadly 
rounded, distinctly crenulated.

 Inner face markedly convex, with slight-
ly supramedian, relatively long sulcus (OL:SuL = 
1.15–1.20). Ostium much longer than cauda and os-
tial colliculum much longer than caudal colliculum 
(OCL:CCL = 2.1–2.5). Dorsal margin of  ostium 
straight. Ostial colliculum slightly wider than caudal 
colliculum (OCH:CCH = 1.20–1.35). Caudal col-
liculum underpinned by forward extended ventral 
pseudocolliculum below entire caudal colliculum. 
Dorsal depression relatively narrow and indistinct 
except crista superior towards central portion of  
sulcus; ventral furrow feeble, at some distance from 
ventral rim of  otolith. Outer face flat to slightly 
concave, relatively smooth.

Discussion. Diaphus hastaensis shows a typical 
otolith morphology found in the D. fragilis otolith 
group characterized by a thin appearance, a rela-
tively slender otolith shape, short rostrum, gently 
curving dorsal rim, and feeble denticles along the 
ventral rim. It resembles species with a relative-

ly narrow sulcus like the otoliths of  the extant D. 
problematicus Parr, 1928 or D. kapalae Nafpaktitis, 
Robertson & Paxton, 1995 (see Schwarzhans 2013a 
for figures). The thin appearance, convex inner 
and flat to concave outer face, and the high ratio 
OCL:CCL distinguish D. hastaensis from D. watatsumi 
described above. Diaphus hastaensis differs from the 
coeval D. perspicillatoides in having a narrower ostium 
(OCH:CCH = 1.2–1.35 vs 1.5–1.8) and more slen-
der otolith shape (OL:OH = 1.4 vs 1.25–1.30).

Diaphus perspicillatoides Brzobohatý & Nolf, 
1995

Fig. 7D–H

1995 Diaphus perspicillatoides - Brzobohatý & Nolf: pl. 4, fig. 17–22.
2002 Diaphus perspicillatoides Brzobohatý & Nolf, 1995 - Nolf  & 

Brzobohatý: pl. 5, fig. 12–14.

Material: 2 specimens, MGPT-PU 130513, Rio Freddo di 
Albugnano, Monferrato, Piedmont, Chattian. 

Discussion. Otoliths of  D. perspicillatoides 
differ from coeval Diaphus otoliths by having a dis-
tinctly widened ostium (OCH:CCH = 1.5–1.8). See 
above for differences to D. hastaensis.

Subfamily Lampanyctinae Paxton, 1972
Genus Lampadena Goode & Bean, 1893

Fig. 6 - Myctophidae 2.
A–E) Diaphus kokeni (Procházka, 1893), Burdigalian; A–C) Graz-

zano, MGPT-PU 130502; D–E) Valle Ceppi, MGPT-PU 
130501 (reversed).

F–H) Diaphus haereticus (Brzobohatý & Schultz, 1978), Burdigalian, 
Valle Ceppi, MGPT-PU 130503 (reversed).

I–O) Diaphus cuneatus n. sp., Burdigalian, Valle Ceppi; I–K) holo-
type, MGPT-PU 130504 (reversed); L–O) paratypes, 
MGPT-PU 130505 (reversed).

P–W) Diaphus marwicki (Frost, 1933), Burdigalian, Valle Ceppi, 
MGPT-PU 130506 (S–T reversed).

X–AE) Diaphus pertinax n. sp., Burdigalian, Valle Ceppi; X–Z) holo-
type, MGPT-PU 130508 (reversed); AA–AE) paratypes, 
MGPT-PU 130509 (AC–AE reversed).

AF–AJ) Diaphus tenax Schwarzhans, 2019, Burdigalian, Grazzano, 
MGPT-PU 130507 (AF–AH reversed).
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Lampadena exima Schwarzhans, Ohe, Tsuchiya & 
Ujihara, 2022

Fig. 7Q–T

2012 Lampadena sp. - Brzobohatý & Stranik: fig. 7.11.
2015 Lampadena aff. speculigeroides Brzobohatý & Nolf, 1996 - Lin et 

al.: fig. 2.21.
2022 Lampadena exima - Schwarzhans, Ohe, Tsuchiya & Ujihara: fig. 

6N–Q.

Material: 2 specimens, MGPT-PU 130514, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Discussion. Lampadena exima is readily rec-
ognized by its massive rostrum (18–22% of  OL), 
shallow and short dorsal rim, wide and large sulcus 
with a long, somewhat widened and inclined os-
tium, and a short cauda (OCL:CCL = 1.7–2.0; ratio 
updated to include specimens figured here). It is a 
relatively rare species, which was widely distributed 
in the late Burdigalian and Langhian from the Med-
iterranean to the NW Pacific.

Genus Lampanyctus Bonaparte, 1840

Lampanyctus profestus Schwarzhans, 2019
Fig. 7U–X

2019a Lampanyctus profestus - Schwarzhans: fig. 54.5–54.9.
2021 Lampanyctus profestus Schwarzhans, 2019 - Schwarzhans & 

Nielsen: fig. 8g.
2022 Lampanyctus profestus Schwarzhans, 2019 - Schwarzhans, Ohe, 

Tsuchiya & Ujihara: fig. 7K–M.

Material: 3 specimens, MGPT-PU 130515, Grazzano, Mon-
ferrato, Piedmont, Burdigalian.

Discussion. Lampanyctus profestus is widely 
known from the Early Miocene throughout the Pa-
cific in New Zealand, Chile, and Japan, and is now 
also recognized in northern Italy.

Lampanyctus rostratus n. sp.
Fig. 7Y–AB

Holotype: Fig. 7Z–AB, MGPT-PU 130516, Rio Freddo di 
Albugnano, Monferrato, Piedmont, Chattian.

Paratypes: 1 specimen, MGPT-PU 130517, same data as 
holotype.

Etymology: Named after the strongly developed rostrum.
Diagnosis: OL:OH = 1.10–1.25. OCL:CCL = 1.6–1.8. Dor-

sal rim shallow, with pronounced, broadly rounded postdorsal angle. 
Rostrum massive, 16–18% of  OL. Posterior rim broadly rounded, 
dorsally pronounced. Inner face flat. Ventral furrow distinct, relative-
ly far from ventral rim of  otolith.

Description. Small and moderately thin oto-
liths up to 2.1 mm in length (holotype). OL:OH = 
1.10–1.25; OH:OT = 3.5. Rostrum massive, with 
broad, rounded tip, slightly inframedian, 16–18% 
of  OL; antirostrum and excisura minute or leve-
led. Dorsal rim relatively shallow, anteriorly slight-
ly depressed, posteriorly with pronounced, broadly 
rounded postdorsal angle. Ventral rim moderately 
deep, regularly curved. Posterior rim broadly round-
ed, dorsally pronounced. All rims smooth.

 Inner face flat with slightly supramedian, 
moderately long sulcus. Ostial colliculum distinct-
ly longer than caudal colliculum (OCL:CCL = 1.8 
in the holotype and 1.6 in the small paratype) and 
only slightly wider. Ventral margin of  ostium an-
teriorly with broad concavity. Caudal colliculum 
underpinned by forward extended ventral pseu-
docolliculum below entire caudal colliculum. Dor-
sal depression indistinct; ventral furrow distinct 
at some distance of  ventral rim of  otolith. Outer 
face slightly convex and smooth, with broad central 
umbo.

Discussion. Lampanyctus rostratus represents 
one of  the species of  the genus Lampanyctus with 
a pronounced rostrum. Other species in the fossil 
record belonging to this group are L. waiohaensis 
Schwarzhans, 2019 from the Early Miocene of  New 

Fig. 7 - Myctophidae 3.
A–C Diaphus watatsumi Schwarzhans, Ohe, Tsuchiya & Ujihara, 

2022, Burdigalian, Valle Ceppi, MGPT-PU 130510 (re-
versed).

D–H)  Diaphus perspicillatoides Brzobohatý & Nolf, 1995, Chattian; 
D–F) Rio Freddo di Albugnano, MGPT-PU 130513; G–H) 
Cipero Formation, Trinidad, NMB.

I–N) Diaphus hastaensis n. sp., Chattian, Rio Freddo di Albugnano; 
J–K) holotype, MGPT-PU 130511 (reversed); I, L–N) para-
types, MGPT-PU 130512.

O–P) Myctophum sp., Burdigalian, Valle Ceppi, MGPT-PU 130518 
(reversed).

Q–T) Lampadena exima Schwarzhans, Ohe, Tsuchiya & Ujihara, 
2022, Burdigalian, Valle Ceppi, MGPT-PU 130514 (T re-
versed).

U–X) Lampanyctus profestus Schwarzhans, 2019, Burdigalian, Graz-
zano, MGPT-PU 130515 (U reversed).

Y–AB) Lampanyctus rostratus n. sp., Chattian, Rio Freddo di Albug-
nano; Z–AB) holotype, MGPT-PU 130516; Y) paratype, 
MGPT-PU 130517.

AC–AI) Symbolophorus meridionalis Steurbaut, 1979, Burdigalian; AC–
AE) Valle Ceppi, MGPT-PU 130519 (reversed); AF–AI) 
Grazzano, MGPT-PU 130520 (AH–AI reversed).
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Zealand, L. beczynensis Schwarzhans & Radwańska, 
2022 from the Middle Miocene (Badenian) of  the 
Central Paratethys, and L. tsuyamaensis Schwarzhans, 
Ohe, Tsuchiya & Ujihara, 2022 from the Early Mio-
cene of  Japan. Lampanyctus rostratus is more elongate 
than L. tsuyamaensis and differs from L. waiohaensis in 
having a pronounced postdorsal angle, and from L. 
beczynensis in having a longer rostrum (16–18% vs 
15% of  OL). It differs from all these three species 
by having a more salient rostrum and relatively high 
ratio OC:CCL of  1.6–1.8 (vs 1.2–1.6).

Subfamily Myctophinae Fowler, 1925 (sensu 
Martin et al., 2018)

Genus Myctophum Rafinesque, 1810

Myctophum sp.
Fig. 7O–P

Material: 1 specimen, MGPT-PU 130518, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Discussion. A single and extensively eroded 
otolith of  about 2 mm in length represents an un-
known species of  Myctophum.

Genus Symbolophorus Bolin & Wisner, 1959

Symbolophorus meridionalis Steurbaut, 1979
Fig. 7AC–AI

1979 Symbolophorus meridionalis - Steurbaut: pl. 3, fig. 1–3, pl. 12, fig. 
5.

1996 Symbolophorus meridionalis Steurbaut, 1979 - Brzobohatý & 
Nolf: pl. 8, fig. 9–15 (see there for further references).

2002 Symbolophorus meridionalis Steurbaut, 1979 - Nolf  & Brzobo-
hatý: pl. 5, fig. 11.

2004 Symbolophorus meridionalis Steurbaut, 1979 - Nolf  & Brzobo-
hatý: pl. 5, fig. 1–3.

2015 Symbolophorus meridionalis Steurbaut, 1979 - Holcová, Brzobo-
hatý, Kopecká & Nehyba: fig. 9L.

Material: 58 specimens; 28 specimens, MGPT-PU 130519, 
Valle Ceppi, Turin Hill, Piedmont, Burdigalian; 30 specimens, 
MGPT-PU 130520, Grazzano, Monferrato, Piedmont, Burdigalian.

Discussion. Symbolophorus meridionalis is the 
most common myctophid species in the upper Bur-
digalian sediments of  Valle Ceppi and Grazzano.

Unidentifiable myctophid otoliths
Myctophid otoliths are common in all the 

three localities studied, and they are easily affected 
by erosion or damages. Therefore, numerous myc-

tophid otolith specimens could not be identified 
to species or even genus level. Unidentifiable myc-
tophid otoliths are abundant in Valle Ceppi (180 
specimens) and Grazzano (97 specimens) but limit-
ed to 25 specimens in the Rio Freddo di Albugnano 
assemblage.

Order Gadiformes Goodrich, 1909
Family Phycidae Swainson, 1838

Genus Phycis Walbaum, 1792

Phycis musicki Cohen & Lavenberg, 1984
Fig. 8A–F

1891 Ot. (Gadus) tenuis - Koken: pl. 4, fig. 3 (non fig. 6).
1984 Phycis tenuis (Koken, 1891) - Steurbaut: pl.12, fig. 12–13 (see 

there for further references).
?1984 Phycis sp. - Steurbaut: pl.12, fig. 2–3.
1984 Phycis musicki - Cohen & Lavenberg: p. 1008–1009 (replace-

ment for Phycis tenuis (Koken, 1891), preoccupied by Phycis 
tenuis Mitchill, 1815).

2007 Phycis musicki Cohen & Lavenberg, 1984 - Brzobohatý, Nolf  
& Kroupa: pl. 2, fig. 3.

2010 Phycis musicki Cohen & Lavenberg, 1984 - Schwarzhans: pl. 
27, fig. 11.

2017 Phycis musicki Cohen & Lavenberg, 1984 - Lin et al.: fig. 9N.
2018 Phycis musicki Cohen & Lavenberg, 1984 - Brzobohatý & 

Nolf: pl. 2, fig. 2.

Material: 11 specimens, MGPT-PU 130521, Valle Ceppi, 
Turin Hill, Piedmont, Burdigalian.

Discussion. Two otolith-based Phycis spe-
cies have commonly been recorded from the Early 
and Middle Miocene of  the European Basins: Phy-
cis simplex (Koken, 1891) from the North Sea Basin 
and Phycis musicki from the Atlantic European ba-
sins, Mediterranean, and Paratethys. A single speci-
men of  P. musicki was also recorded from the Early 
Miocene of  the North Sea Basin by Schwarzhans 
(2010). Phycis musicki is a replacement name for the 
preoccuppied Phycis tenuis (Koken, 1891). Koken 
(1891) figured two specimens under this name, one 
reasonably large specimen from the Miocene of  
Bordeaux, France, and another, juvenile specimen 
from the upper Oligocene Sternberger Gestein of  
Germany. In the text, Koken also mentioned un-
der “distribution” the “Tegel” of  Baden (Austria). 
Steurbaut (1984) selected the specimen from Bor-
deaux as lectotype. 

 The specimens referred herein to P. musicki 
are characterized by two traits considered to be of  
diagnostic value: the rather strong curvature of  the 
inner face and a conspicuous broad and deep fur-
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row on the ventral part of  the inner face resulting 
in a nearly straight line from the anterior tip of  the 
otolith to the deepest point of  the ventral rim at 
about one third of  the length of  the ventral rim 
from anterior. These characteristics appear to be 
consistent with those of  the figured material shown 
by Steurbaut (1984) and referred to P. tenuis (syn. 
P. musicki) from the Middle Miocene of  the Aquit-
aine Basin (i.e., the type region), but possibly also 
with the specimens assigned to Phycis sp. from the 
Lower Miocene. We note, however, a rather strong 
variation of  the index OL:OH ranging from 2.25 
to 2.75, which may be ontogenetically driven and 
thus exemplifies the difficulties in identifications 
of  small Phycis otoliths. The largest specimen (Fig. 
8A–C) is about 7.3 mm in length and considered 
to be just in the range where diagnostic characters 
become recognizable.

 The extant species P. phycis (Linnaeus, 1766) 
and P. blennioides (Brünnich, 1768) have also been 
recorded as fossils from the European Miocene. 
Many of  the Phycis species mentioned in the liter-
ature represent small specimens below a size of  
5 mm in length, which lack significant diagnostic 
features. Therefore, it is clear that the rich otolith 
record pertaining to Phycis from the European Neo-
gene requires an in-depth revision, which is beyond 
the scope of  this study.

Family Bathygadidae Jordan & Evermann, 1898
Genus Bathygadus Günther, 1878

Bathygadus tejkali (Brzobohatý & Schultz, 1978)
Fig. 8G–J

1978 Brosme tejkali - Brzobohatý & Schultz: pl. 4, fig. 1–6.
1983 “genus Melanonidarum” vanheuckelomae - Nolf  & Steurbaut: 

pl. 4, fig. 8–9.
1992 “genus Bathygadinarum” sp. 2 - Radwańska: pl. 9, fig. 1.
1995 Gadomus tejkali (Brzobohatý & Schultz, 1978) - Brzobohatý: 

pl. 1, fig. 1–11 (see there for further references).
2002 Steindachneria sp. indet. - Nolf: pl. 1, fig. 13–14.
2004 Steindachneria sp. - Nolf  & Brzobohatý: pl. 8, fig. 1.
2011 Gadomus tejkali (Brzobohatý & Schultz, 1978) - Brzobohatý & 

Stranik: fig. 7.14.
2017 Gadomus tejkali (Brzobohatý & Schultz, 1978) - Lin et al.: fig. 

3E–L.

Material: 2 specimens, MGPT-PU 130522, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Discussion. Otoliths of  the Bathygadus can 
be distinguished from those of  the other genus of  
the family, Gadomus Regan, 1903, mainly by the re-

duced size of  the colliculi, which terminate more 
distantly from the anterior and posterior tips of  the 
otoliths. We now place B. tejkali in the genus Bathy-
gadus because of  its very small colliculi. Differing 
from most extant species, the collum is also very 
narrow in B. tejkali. Brzobohatý (1995) and Lin et 
al. (2017) have figured comprehensive ontogenetic 
series of  the species that show small specimens be-
ing more compressed than larger ones and with a 
distinct middorsal angle, while large species exhibit 
a flat dorsal rim, sometimes with a central depres-
sion. The two specimens available from Valle Ceppi 
represent a morphotype with middorsal angle in the 
slightly smaller specimen and the morphotype with 
depressed middorsal section in the larger one.

 Specimens described as Steindachneria sp. by 
Nolf  (2002) and Nolf  & Brzobohatý (2004) from 
the Early Miocene of  northern Italy are considered 
to also represent B. tejkali. There is no firm evidence 
as yet for fossil Steindachneria Goode & Bean, 1888 
otoliths in Europe, although the skeleton-based 
Parasteindachneria oligocenica Swidnicki, 1990 (see Kot-
larczyk et al. 2006) has been described from the late 
Oligocene of  Poland.

Family Macrouridae Bonaparte, 1931
Genus Coelorinchus Giorna, 1809

Remarks. Five nominal fossil species have 
been described from the European Lower and Mid-
dle Miocene, and a single extant species has been 
reported as fossil. Despite multiple efforts to re-
solve the species in this diverse group by Brzobo-
hatý (1986, 1995), Nolf  & Girone (2000), and 
Schwarzhans (2010), uncertainties about species 
definitions persist and confusions occurred occa-
sionally as well. We attempt to resolve the Lower Mi-
ocene assemblage and provide a first key for those 
species. The nature of  one of  the nominal species, 
C. toulai (Schubert, 1905), was particularly enigmat-
ic, but following the review of  one of  us (WS) of  
Schubert’s syntypes is now considered resolved; a 
lectotype has been selected (see below). Coelorinchus 
macruroloides Brzobohatý, 1986, was found to repre-
sent a junior synonym of   C. toulai.

Key to Lower Miocene Coelorinchus spe-
cies in European Basins

1a. Ratio OL:OH = 1.15–1.3 (rarely 1.4); dor-
sal rim elevated, triangular, highest above rear part 



Schwarzhans W.W. & Carnevale G.684

of  ostium; colliculi, about equal in length, reduced 
in size, terminating far from anterior and posterior 
tips of  otolith  =  Coelorinchus arthaberi (Burdiga-
lian to Langhian: North Sea Basin, Central Parateth-
ys and probably Mediterranean).

1b. Ratio OL:OH = 1.3–1.6; dorsal rim more 
or less strongly depressed behind predorsal lobe; 
colliculi reduced in size or reaching close to otolith 
tips, caudal colliculum distinctly longer than ostial 
colliculum   =   2

2a. Inner face distinctly convex in horizontal 
and vertical direction; dorsal rim with strong pre-
dorsal lobe followed by deep and broad depression; 
colliculi long, caudal colliculum almost reaching 
posterior tip of  otolith; outer face relatively flat with 
umbo located moderately anteriorly  =  3

2b. Inner face slightly bent in horizontal di-
rection and nearly straight in vertical direction; dor-
sal rim with differing predorsal lobe and shallow 
depression thereafter; colliculi moderately to dis-
tinctly reduced in size, caudal colliculum mostly not 
reaching posterior tip of  otolith; outer face broadly 
convex  =  4

3a. Anterior rim broadly rounded; dorsal lobe 
only above ostium with deep concavity thereafter; 
ratio OL:OH usually 1.35–1.5  =  Coelorinchus tou-
lai (Langhian of  the Central Paratethys and Burdi-
galian of  the Mediterranean).

3b. Anterior rim somewhat pointed, pre-
ventral rim usually straight or concave; dorsal lobe 
extending above ostium and collum followed by 
broad depression; ratio OL:OH usually 1.5–1.6  =  
Coelorinchus stellaris (Burdigalian and Langhian 
of  southwest France and North Sea Basin, possi-
bly Mediterranean and Central Paratethys; includes 
many previous records of  C. toulai).

4a. Dorsal lobe low, broad; ventral rim deep, 
the deep section broadly extending backward be-
low cauda; sulcus distinctly supramedian; collicu-
li reduced in size, not reaching tips of  otoliths  = 
Coelorinchus supramedianus (late Burdigalian and 
Langhian of  the North Sea Basin).

4b. Dorsal lobe high, angular, broad, followed 
by a notched to slightly depressed section in speci-
mens up to about 8 mm, shallow and depressed in 
larger specimens; ventral rim regularly curved; sul-
cus slightly supramedian; ostial colliculum reduced 
in size, caudal colliculum only reaching posterior tip 
of  otolith in specimens larger than 7 mm in length   
=  Coelorinchus robustus (Burdigalian and Langhi-

an of  the Central Paratethys, southwest France and 
North Sea Basin, Burdigalian to Tortonian in the 
Mediterranean; contains most previous records of  
C. caelorhincus (Risso, 1810) of  this age and C. ma-
crurloides recorded by Schwarzhans [2010] from the 
North Sea Basin).

Coelorinchus cf. arthaberi (Schubert, 1905)
Fig. 8K

1905 Ot. (Macrurus) arthaberi - Schubert: pl. 16, fig. 38.
2010 Coelorinchus arthaberi (Schubert, 1905) - Schwarzhans: pl. 49, 

fig. 1–9 (see there for further references).
2013 Coelorinchus arthaberi (Schubert, 1905) - Schultz: pl. 76, fig. 2.

Material: 1 specimen, MGPT-PU 130523, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Discussion. The single available specimen is 
well-preserved but relatively small and slightly dam-
aged at the posterior tip, and therefore only tenta-
tively referred to the species.

Coelorinchus robustus (Robba, 1970)
Fig. 8R–S

1942 Macrurus toulai Schubert, 1905 - Weiler: pl. 3, fig. 2, 5, 6, 8 (non 
fig. 1, 3, 4, 7).

1958 Macrurus toulai Schubert, 1905 - Weiler: pl. 1, fig. 32.
1962 Coelorhynchus toulai (Schubert, 1905) - Weiler: pl. 1, fig. 14–16.
1970 Gadus robustus - Robba: pl. 10, fig. 4–6, pl. 11, fig. 1–2.
1970 Glyptorhynchus toulai (Schubert, 1905) - Robba: pl. 11, fig. 6.
1977 Coelorinchus coelorhinchus (Risso, 1810) - Nolf: pl. 11, fig. 4, 5, 8 

(non fig. 1–2, 6 = C. supramedianus).
1979 Coelorhynchus toulai (Schubert, 1905) - Menzel: pl. 4, fig. 3–4.
1983 Coelorhynchus robustus (Robba, 1970) - Nolf  & Steurbaut: pl. 5, 

fig. 11.
1995 Coelorinchus robustus (Robba, 1970) - Brzobohatý: pl. 2, fig. 

1–2.
?1995 Coelorinchus aff. robustus (Robba, 1970) - Brzobohatý: pl. 2, fig. 

7.
1995 Coelorinchus coelorhinchus (Risso, 1810) - Brzobohatý: pl. 2, fig. 

3–6.
1997 Coelorinchus arthaberi (Schubert, 1905) - Menzel: pl. 3, fig. 1.
2000 Coelorinchus coelorhinchus (Risso, 1810) - Nolf  & Girone: pl. 2, 

fig. 13–17. 
2004 Coelorinchus stellaris Nolf  & Girone, 2000 - Nolf  & Brzobo-

hatý: pl. 5, fig. 6–8.
2004 Coelorinchus cf. coelorinchus (Risso, 1810) - Nolf  & Brzobohatý: 

pl. 5, fig. 14.
2009 Coelorinchus macruruloides Brzobohatý, 1986 - Schwarzhans & 

Wienrich: pl. 192, fig. 8.
2010 Coelorinchus macruruloides Brzobohatý, 1986 - Schwarzhans: pl. 

49, fig. 12–17.
2015 Coelorinchus coelorhinchus (Risso, 1810) - Holcová et al.: fig.9D.
2015 Coelorinchus caelorhincus (Risso, 1810) - Lin et al.: fig. 3.11–3.12.
2017 Coelorinchus caelorhincus (Risso, 1810) - Lin et al.: fig. 8A.

Material: 10 specimens; 3 specimens, MGPT-PU 130524, 
Valle Ceppi, Turin Hill, Piedmont, Burdigalian; 7 specimens, MGPT-
PU 130525, Grazzano, Monferrato, Piedmont, Burdigalian.
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Diagnosis (update): Specimens to about 8 mm in 
length: OL:OH = 1.3–1.6. Dorsal lobe high, angular, broad, fol-
lowed by notched to slightly depressed section; ventral rim regularly 
curved. Inner face slightly bent in horizontal direction and near-
ly straight in vertical direction; outer face broadly convex. Sulcus 
narrow. Ostial colliculum reduced in size, caudal colliculum not 
reaching posterior tip of  otolith. - Specimens of  more than 8 
mm in length: OL:OH = 1.7–1.9. Dorsal lobe depressed followed 
by broad shallow section. Inner face moderately bent; outer face 
relatively flat with shallow anterior umbo. Sulcus narrow. Ostial col-
liculum reduced in size, caudal colliculum reaching posterior tip of  
otolith.

Description (update). Moderately com-
pact and moderately thick otoliths maximally 
reaching about 20 mm in length. OL:OH = 1.3–
1.9, increasing with size; OH:OT = 2.8–3.5. Dor-
sal rim with high, angular and broad dorsal lobe 
and, thereafter, straight with notch or with mod-
erate depression and intensely crenulated in small 
specimens, but shallow with depressed predorsal 
lobe and smooth or undulating in large specimens. 
Anterior tip rounded or slightly pointed; posterior 
tip moderately expanded with rounded tip. Ven-
tral rim regularly curved, deepest anterior to the 
midlength, finely crenulated in small specimens, 
and with flattened mid-ventral section and smooth 
in large specimens.

 Inner face relatively flat, slightly bent in 
horizontal direction and nearly straight in vertical 
direction in small specimens, while slightly bent in 
vertical direction in large specimens. Sulcus slight-
ly supramedian, narrow, with moderately wide col-
lum with short pseudocolliculum. Cauda longer 
than ostium; CaL:OsL = 1.3–1.6. Ostial collicu-
lum anteriorly reduced, caudal colliculum posteri-
orly reduced in small specimens and reaching near 
posterior tip of  otolith only in large specimens; 
CCL:OCL = 1.5–1.8 in small specimens, and up 
to 2.1 in large specimens. Dorsal depression wide, 
indistinct; many radial furrows deeply intruding on 
the dorsal field from marginal crenulation in small 
specimens, being smooth in large specimens. Ven-
tral furrow mostly distinct; ventral field between 
ventral furrow and ventral rim of  otolith with 
many fine radial furrows in small specimens, but 
smooth in large specimens. Outer face moderate-
ly convex to flat with moderate umbo anterior of  
its midlength approximately opposed to collum on 
inner face; intensely ornamented with many long 
radial furrows extending from all otolith rims and 
tuberculate structure on umbo in small specimens, 
but relatively smooth in large specimens.

Discussion. Coelorinchus robustus has often 
been confused in the past with other species such as 
C. toulai, the extant C. caelorhincus, or C. macruruloides 
(the latter by Schwarzhans 2010). This is probably 
due to the inconspicuous appearance of  specimens 
smaller than 9 mm and the strong morphological 
change that occur between about 8 and 12 mm in 
length. A late ontogenetic morphological change in 
otoliths of  such magnitude is rare but comparable 
to that observed in the extant C. caelorhincus (see 
Nolf  & Girone 2000 and Lombarte et al. 2006 for 
figures). Coelorinchus caelorhincus is known for its wa-
ter depth-body size relation where smaller individ-
uals occur in shallower waters (<400 m of  depth) 
and larger ones below 500 m of  depth (Scacco et al. 
2022), presumably along with a change in diet. 

 The extant Coelorinchus caelorhincus is being 
reported variably with up to four regional subspe-
cies, which have often been elevated to species level. 
The diversity of  the otolith pattern of  those nom-
inal subspecies (see Nolf  & Girone 2000 for fig-
ures) is relatively high and indeed supports the rec-
ognition of  separate species for all four taxa. The 
otolith morphotype closest to C. robustus is that of  
the type species of  the group, C. caelorhincus, whose 
specimens  up to a size of  9 mm resemble C. robu-
stus in the shape of  the dorsal rim and the intense 
crenulation of  the otolith rims (see Lombarte et al. 
2006 for figures). Differences are subtle. Coelorinchus 
robustus differs from C. caelorhincus in the higher pre-
dorsal lobe, a notch or slight depression after the 
predorsal lobe, a narrower sulcus and a less bent in-
ner face. Coelorinchus robustus was widely distributed 
during the Early and Middle Miocene in the North 
Sea Basin, Mediterranean and Central Paratethys. In 
larger specimens, C. robustus differs from otoliths of  
C. caelorhincus in the more forward positioned pre-
dorsal lobe and the broader posterior tip. It appears 
reasonable to assume that both species are closely 
related and could form a sister pair.

 Coelorinchus robustus has a long stratigraphic 
record from late Burdigalian to Tortonian and is 
distributed from the North Sea Basin through the 
Mediterranean and the Central Paratethys. No spec-
imens of  the large morphotype are known from 
the (southern) North Sea Basin, while the otoliths 
of  this species achieve their largest sizes during the 
Tortonian in the Mediterranean, and a few large 
specimens are also known from the Langhian of  
the Central Paratethys (Brzobohatý 1995). When in-
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voking a migration of  large individuals into deeper 
water for C. robustus like in the extant C. caelorhincus, 
the lack of  large specimens of  C. robustus can be 
explained in the southern North Sea Basin due to 
its limited depths, not exceeding 200 m, while C. 
robustus is relatively abundant in the Tortonian deep-
water deposits of  northern Italy.

Coelorinchus toulai (Schubert, 1905)
Fig. 8L–P

1905 Ot. (Macrurus) toulai - Schubert: pl. 16, fig. 35–37.
1942 Macrurus toulai Schubert, 1905 - Weiler: pl. 3, fig. 7 (non fig. 

1–5, 8).
1983 Coelorhynchus toulai (Schubert, 1905) - Brzobohatý: pl. 5, fig. 3.
1986 Coelorhynchus macruruloides - Brzobohatý: text fig. 5–8, pl. 2, fig. 

1–2.
1995 Coelorinchus macruruloides Brzobohatý, 1986 - Brzobohatý: pl. 

2, fig. 8–12.
2009 Coelorhynchus toulai (Schubert, 1905) - Schwarzhans & Wien-

rich: pl. 192, fig. 9 (see there for further references not in-
cluded here).

2010 Coelorhynchus toulai (Schubert, 1905) - Schwarzhans: pl. 50, fig. 
1–5.

2013 Coelorinchus coelorinchus (Risso, 1810) - Schultz: pl. 76, fig. 1 
(syntype of  Macrurus toulai Schubert, 1905).

2013 Coelorinchus macruruloides Brzobohatý, 1986 - Schultz: pl. 76, 
fig. 4 (det. Brzobohatý).

?2015 Coelorinchus macruruloides Brzobohatý, 1986 - Holcová, 
Brzobohatý, Kopecká & Nehyba: fig.9F.

Material: 2 specimens, MGPT-PU 130526, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian. 

Discussion. Nolf  (1977) synonymized Ot. 
(Macrurus) toulai Schubert, 1905 and Ot. (Macrurus) 
arthaberi Schubert, 1905 with the extant Coelorinchus 
caelorhincus. This approach was followed by Nolf  
(1981) upon his review of  Schubert’s type materi-
al, without, however, figuring any of  the original 
specimens of  Schubert nor selecting lectotypes for 
those species from Schubert’s syntypes. Coelorin-
chus arthaberi (Schubert, 1905) was revalidated by 
Brzobohatý (1995). Herein we consider the fossil 
specimens figured by Nolf  (1977) from the Zands 
of  Zonderschot (late Burdigalian to early Lang-
hian age; Louwye et al., 2020) to represent speci-
mens of  C. robustus (see above) and C. supramedianus 
Schwarzhans, 2010, respectively. Recently, one of  us 
(WS) has reviewed Schubert’s syntypes of  Ot. (Ma-
crurus) toulai and found that they represent a single 
species, which differs from the extant C. caelorhin-
cus in the presence of  a broad concavity behind the 
predorsal lobe (vs straight to slightly concave in C. 
caelorhincus), and regularly curved ventral rim (vs 
centrally flattened). For figures of  extant otoliths of  

C. caelorhincus, see Lombarte et al. (2006) and Nolf  
(2018). The best-preserved specimen of  Schubert’s 
syntype series (Upper Badenian, Serravallian, Wal-
bersdorf, Austria) is selected as lectotype (GBA 
1905/002/0014b; refigured here in Fig. 8L–M), 
along with a paralectotype (GBA 1905/002/0014c; 
Fig. 8N). Coelorhynchus macruruloides Brzobohatý, 
1986 falls well into the variability observed with 
Schubert’s type series.

Genus Coryphaenoides Gunnerus, 1765

Coryphaenoides delapierrei n. sp.
Fig. 8AC–AE

Holotype: Fig. 8AC–AE, MGPT-PU 130527, Valle Ceppi, 
Turin Hill, Piedmont, Burdigalian.

Etymology: Named in honor of  Prof. Francesco Dela 
Pierre in recognition of  its outstanding contribution to the knowl-
edge of  the geology of  Piedmont.

Diagnosis: OL:OH = 1.55. Dorsal rim flat, undulating; ven-
tral rim deep, flattened in its central portion. Ostium slightly shorter 
than cauda (CaL:OsL = 1.4); caudal colliculum posteriorly reduced 
being about as long as ostial colliculum but considerably wider 
(CCL:OCL = 1.1; CCH:OCH = 1.25); collum narrow.

Description. Moderately compact and ro-
bust otolith measuring 8.1 mm in length. OL:OH = 
1.55; OH:OT = 3.0. Dorsal rim shallow, horizontal, 
without prominent angles, broadly undulating. Ven-
tral rim deep, smooth, consisting of  three sections: 
(first) a steep, nearly straight predorsal section from 
blunt rostrum to rounded preventral angle, (second) 
a moderately bent mid-ventral section to broad-
ly rounded postventral angle, and (third) a nearly 
straight, moderately inclined section to posterior 
tip. Anterior tip with centrally positioned blunt ros-
trum; posterior tip dorsally shifted, blunt, with con-
cavity at caudal tip of  sulcus.

 Inner face slightly convex with distinctly su-
pramedian, relatively wide and deep sulcus. Cauda 
slightly longer and wider than ostium (CaL:OsL = 
1.4). Colliculi well-defined, caudal colliculum elevat-
ed, posteriorly reduced and only slightly wider than 
ostial colliculum; ostial colliculum with longitudinal 
central depression; CCL:OCL = 1.1; CCH:OCH = 
1.25. Collum narrow with moderate ventral indenta-
tion and without pseudocolliculum. Dorsal depres-
sion indistinct, narrow; ventral furrow broad, more 
regularly curving than ventral rim of  otolith. Outer 
face flat, smooth with faint indications of  radial fur-
rows.



 Fish otoliths from the upper Oligocene and Lower Miocene of  Piedmont (northern Italy) 687

Discussion. Otoliths of  Coryphaenoides are 
characterized by a narrow collum, lack of  a pseu-
docolliculum, and variably reduced colliculi of  
about equal length. Several Coryphaenoides species 
have been described from the Middle Miocene of  
the Central Paratethys: C. gaemersi (Brzobohatý, 
1986), C. hansfuchsi (Schubert, 1905), C. kalvodai 
(Brzobohatý, 1995) and C. scrupus (Brzobohatý & 
Nolf, 2018). Of  these, C. kalvodai certainly repre-
sents a peculiar pattern of  a completely different 
lineage but the remainder need to be compared. Co-
ryphaenoides gaemersi differs from C. delapierrei in being 
more elongate (OL:OH = 1.7–1.75 vs 1.55), having 
the dorsal rim posteriorly expanded, and the small, 
nearly oval colliculi. Coryphaenoides hansfuchsi shows 
an even shallower dorsal rim than C. delapierrei, a 
rounded anterior rim, a dorsally projected tapering 
posterior tip, and colliculi that are rather large and 
not much reduced towards the otolith tips with a 
higher ratio CCL:OCL of  1.5 (vs 1.1). Coryphae-
noides scrupus shows a regularly curved dorsal rim, 
an expanded and pointed posterior tip and a sul-
cus that is more axially positioned on the inner face 
and considerably shifted towards anterior. A some-
what eroded specimen described by Brzobohatý & 
Bubik (2019) as representing the extant C. aff. guen-
theri (Vaillant, 1888) probably belongs to an unde-
scribed species characterized by a broad postdorsal 
expansion. A further, compact otolith with a wide 
sulcus and equally long colliculi almost reaching the 
anterior and posterior margins of  the otolith has 
been described as C. aff. mexicanus (Parr, 1946) from 
the lower Burdigalian of  northern Italy by Nolf  & 
Brzobohatý (2004), and probably represents yet an-
other undescribed fossil species.

Genus Nezumia Jordan, 1904

Nezumia marramai n. sp.
Fig. 8T–X

Holotype: Fig. 8T–W, MGPT-PU 130528, Rio Freddo di 
Albugnano, Monferrato, Piedmont, Chattian.

Paratypes: 2 specimens, MGPT-PU 130529, same data as 
holotype.

Etymology: Named in honor of  Dr. Giuseppe Marramà, 
in recognition of  its outstanding contribution to the knowledge of  
Cenozoic fishes.

Diagnosis: OL:OH = 1.2–1.3. Dorsal rim with strong pre-
dorsal lobe; ventral rim deep, deepest below ostial colliculum. Ostial 
colliculum slightly longer than caudal colliculum (CCL:OCL = 0.85–
0.95) and narrower (CCH:OCH = 0.7–0.8); collum relatively narrow 
with weak pseudocolliculum.

Description. Compact and robust oto-
liths measuring up to 5.8 mm in length (holotype). 
OL:OH = 1.2–1.3; OH:OT = 2.8–3.0. Dorsal rim 
with strong, rounded predorsal lobe, followed by 
moderate concavity and gently declining posterior 
dorsal rim with rounded to obtuse, far backward 
positioned postdorsal angle. Ventral rim deep, deep-
est at prominent preventral angle positioned far an-
terior below ostium. Anterior tip blunt with central-
ly positioned blunt rostrum; posterior tip dorsally 
shifted, tapering or blunt. All rims slightly and irreg-
ularly undulating or crenulated.

 Inner face moderately convex with distinct-
ly supramedian, moderately wide and deep sulcus. 
Cauda slightly longer than ostium (CaL:OsL = 
1.1–1.15). Colliculi well-defined; caudal colliculum 
slightly shorter than ostial colliculum and distinct-
ly narrower (CCL:OCL = 0.85–0.95; CCH:OCH = 
0.7–0.8). Collum relatively narrow with weak pseu-
docolliculum. Dorsal depression indistinct, narrow; 
ventral furrow feeble, close to ventral rim of  oto-
lith. Outer face slightly convex, with many radial 
furrows and tuberculate at umbo positioned slightly 
anterior of  otolith midlength.

Discussion. Nezumia marramai differs from 
its Miocene congeners in the compressed shape 
with the deep preventral angle and the proportions 
of  the colliculi where the caudal colliculum is short-
er and narrower than the ostial one.

Nezumia cf. ornata (Bassoli, 1906)
Fig. 8Y–AB

1906 Ot. (Macrurus) ornatus - Bassoli: pl. 1, fig. 25.
1906 Ot. (Macrurus) ornatus var. apicata - Bassoli: pl. 1, fig. 21–22.
1983 Nezumia ornata (Bassoli, 1906) - Nolf  & Steurbaut: pl. 5, fig. 

26 (refigured holotype of  Ot. (Macrurus) ornatus var. apicatus; 
see there for further references).

?1995 Nezumia ornata (Bassoli, 1906) - Brzobohatý: pl. 5, fig. 6–7.
1995 Nezumia aequalis (Günther, 1878) - Brzobohatý: pl. 5, fig. 1–5.
?2002 Nezumia ornata (Bassoli, 1906) - Nolf  & Brzobohatý: pl. 7, fig. 

21.
2004 Nezumia ornata (Bassoli, 1906) - Nolf  & Brzobohatý: pl. 5, fig. 

13.
?2004 Nezumia aequalis (Günther, 1878) - Nolf  & Brzobohatý: pl. 5, 

fig. 12.
2015 Nezumia ornata (Bassoli, 1906) - Lin et al.: fig. 3.15–3.16.
2017 Nezumia ornata (Bassoli, 1906) - Lin et al.: fig. 8K.

Material: 6 specimens; 4 specimens, MGPT-PU 130530, 
Valle Ceppi, Turin Hill, Piedmont, Burdigalian; 2 specimens, MGPT-
PU 130531, Grazzano, Monferrato, Piedmont, Burdigalian.

Discussion. Nezumia ornata is a commonly 
recorded species in the Burdigalian to Tortonian of  
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the Mediterranean, Central Paratethys, and possibly 
southwestern France. Bassoli (1906) described two 
morphotypes from the Tortonian of  Italy that main-
ly differ in the length to height ratio, judging from 
his photographs. His N. ornata would refer to the 
more compressed morphotype and N. ornata apicata 
to the more elongate morphotype. The above cited 
literature documented both morphotypes invariably 
and specimens occasionally referred to the extant 
N. aequalis. It is not yet clear whether a single high-
ly variable or two separate species are involved and 
how the extant N. aequalis relates to the fossil ones. 
We believe that this can only be resolved by inves-
tigation of  a large number of  specimens from the 
Tortonian of  northern Italy. Until such review will 
be available, we refer to the Burdigalian specimens 
recorded herein as tentatively associated to N. ornata.

Genus Ventrifossa Gilbert & Hubbs, 1920

Ventrifossa sp.
Fig. 8Q

Material: 1 specimen, MGPT-PU 130532, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, Chattian.

Discussion. The single eroded available 
specimen measuring 3.6 mm in length is inadequate-
ly preserved for an identification at species level.

Family Melanonidae Goode & Bean, 1896
Genus Melanonus Günther, 1878

Melanonus triangularis (Robba, 1970)
Fig. 9C–D

1970 Glyptorhynchus triangularis - Robba: pl.11, fig. 7–8, pl. 12, fig. 
1–3.

1983 Melanonus triangularis (Robba, 1970) - Nolf  & Steurbaut: pl. 3, 
fig. 20–21.

2002 Melanonus sp. - Nolf  & Brazobohaty: pl. 7, fig. 6.
2004 Melanonus triangularis (Robba, 1970) - Nolf  & Brzobohatý: pl. 

7, fig. 9.
2017 Melanonus triangularis (Robba, 1970) - Lin et al.: fig. 8Q–R.
2018 Melanonus triangularis (Robba, 1970) - Brzobohatý & Nolf: pl. 

2, fig. 1.

Material: 1 specimen, MGPT-PU 130533, Grazzano, Mon-
ferrato, Piedmont, Burdigalian.

Genus indet.
Melanonus? sp.

Fig. 9A–B

2004 Coryphaenoides aff. merluccioides Nolf  & Steurbaut, 2004 - Nolf  
& Brzobohatý: pl. 5, fig. 9–11.

Material: 1 specimen, MGPT-PU 130534, Grazzano, Mon-
ferrato, Piedmont, Burdigalian.

Discussion. The single, small, somewhat 
eroded otolith represents the same species as the 
specimens figured from by Nolf  & Brzobohatý 
(2004) as Coryphaenoides aff. merluccioides from the 
late Burdigalian of  Piedmont. It probably repre-
sents an undescribed species close to M.? paralyconus 
Schwarzhans, 1986 originally described from the 
Zanclean of  southeastern France and also recorded 
from the Tortonian of  Piedmont by Lin et al. (2015, 
2017). The systematic position of  this lineage is un-
resolved and shows a combination of  characters of  
the genera Melanonus and Lyconus.

Order Ophidiiformes Berg, 1937
Family Ophidiidae Rafinesque, 1810

Subfamily Neobythitinae Radcliffe, 1913
Genus Glyptophidium Alcock, 1889

Fig. 8 - Gadiformes.
A–F) Phycis musicki Cohen & Lavenberg, 1984, Burdigalian, Valle 

Ceppi, MGPT-PU 130521 (D–E reversed).
G–J) Bathygadus tejkali (Brzobohatý & Schultz, 1978), Burdigalian, 

Valle Ceppi, MGPT-PU 130522 (G–I reversed).
K) Coelorinchus cf. arthaberi (Schubert, 1905), Burdigalian, Valle Cep-

pi, MGPT-PU 130523.
L–P) Coelorinchus toulai (Schubert, 1905); Serravallian (upper 

Badenian), Walbersdorf, Austria; L–M) lectotype, GBA 
1905/002/0014b; N) paralectotype, GBA 1905/002/0014c 
(reversed); O–P) Burdigalian, Valle Ceppi, MGPT-PU 
130526.

Q) Ventrifossa sp., Chattian, Rio Freddo di Albugnano, MGPT-PU 
130532.

R–S) Coelorinchus robustus (Robba, 1970), Burdigalian, Grazzano, 
MGPT-PU 130525 (reversed).

T–X) Nezumia marramai n. sp., Chattian, Rio Freddo di Albugnano; 
T–W) holotype, MGPT-PU 130528 (reversed); X) paratype, 
MGPT-PU 130529 (reversed).

Y–AB) Nezumia cf. ornata (Bassoli, 1906), Burdigalian; Y) Valle 
Ceppi, MGPT-PU 130530; Z–AB) Grazzano, MGPT-PU 
130531 (reversed).

AC–AE) Coryphaenoides delapierrei n. sp., holotype, MGPT-PU 
130527, Burdigalian, Valle Ceppi (reversed).
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Glyptophidium monoceros n. sp.
Fig. 9F–K

1966 Ophidion major (Schubert, 1905) - Smigielska: pl. 18, fig. 7.
2004 Glyptophidium major (Schubert, 1905) - Nolf  & Brzobohatý: pl. 

8, fig. 7–11.
2018 Glyptophidium major (Schubert, 1905) - Brzobohatý & Nolf: pl. 

2, fig. 4.
2022 Glyptophidium major (Schubert, 1905) - Schwarzhans: fig. 3.6–

3.7.

Holotype: Fig. 9I, MZM Ge 32971, Tišnov, Czech Republic, 
lower Badenian (Langhian).

Paratypes: 5 specimens; 2 specimens MGPT-PU 130535, 
Rio Freddo di Albugnano, Monferrato, Piedmont, Chattian; 2 speci-
mens MGPT-PU 130536, Valle Ceppi, Turin Hill, Piedmont, Burdi-
galian; 1 specimen MZM Ge 32972, Borač, Czech Republic, lower 
Badenian (Langhian).

Etymology: From monoceros (Latin) = unicorn, reflecting 
the single and prominent predorsal lobe.

Diagnosis: OL:OH = 0.95–1.25. Dorsal rim straight, steep-
ly slanted backward from prominent predorsal angle. Ventral rim 
regularly curved. Ostium much longer than tiny cauda (OCL:CCL 
= 5.0–9.0).

Description. Robust, high-bodied otoliths 
reaching up to 8.2 mm in length (holotype). OL:OH 
= 0.95–1.25; OH:OT = 3.5. Dorsal rim with dis-
tinct, variably strong predorsal lobe at beginning of  
dorsal rim; thereafter, steeply slanting downward in 
straight line to obtuse, depressed postdorsal angle 
above cauda. Ventral rim moderately deep, regular-
ly curved. Anterior tip blunt; posterior tip rounded 
angular, inferior. All rims smooth.

 Inner face moderately bent in horizontal di-
rection, almost flat in vertical direction. Sulcus at 
about axial position, long, reaching close to ante-
rior and posterior rims of  otolith, shallow. Ostium 
very much longer than minute cauda with distinct 
colliculi (OCL:CCL = 5.0–9.0). Dorsal depression 
indistinct, large; ventral furrow feeble, very close to 
ventral rim of  otolith. Outer face moderately con-
vex, smooth.

Discussion. Glyptophidium monoceros closely 
resembles G. major (Schubert, 1905) in proportions 
of  the otolith and the sulcus, but it differs distinct-
ly and consistently in having a single, large, often 
pointed predorsal lobe at the beginning of  the 
dorsal rim, while G. major shows a double-peaked 
dorsal lobe with a deep incision between the indi-
vidual lobes slightly anterior of  the middle of  the 
otolith (refigured lectotype of  G. major: Fig. 9E). 
Glyptophidium major was originally described from 
the upper Badenian (lower Serravallian) of  Walbers-

dorf, Austria. One of  us (WS) was able to review a 
large collection of  material of  this species from the 
type locality at the Natural History Museum, Vien-
na (NHMW), and they all show the double peaked 
dorsal rim with the central incision. Only in very 
small specimens (<4 mm in length) is this character 
not developed and instead the dorsal rim is rather 
low. However, a study of  the extant species of  the 
genus Glyptophidium and their otoliths by Nielsen & 
Machida (1988) have shown that the shape of  the 
dorsal rim of  the otolith represents an important 
diagnostic feature.

 The two specimens of  G. monoceros from the 
late Oligocene are more elongate than those from 
the Burdigalian to Langhian (OL:OH = 1.2–1.25 
vs 0.95–1.05) as a result of  a lower predorsal lobe 
and the shallower ventral rim. The ratio OCL:CCL 
is larger in the stratigraphically earlier specimens 
than the later ones (9.0 vs 5.0–7.0). It is therefore 
possible that the specimens from late Oligocene 
of  Rio Freddo di Albugnano represent a separate 
species from the Burdigalian/Langhian specimens. 
However, we consider the available number of  
specimens from the late Oligocene inadequate to 
speculate about the stability of  these characteristics. 
Lin et al. (2016) figured small Glyptophidium otoliths 
between about 2 to 3.5 mm in length from the Lu-
tetian of  southwest France as G. major. These oto-
liths are characterized by a rather low predorsal lobe 
although they are too small for an identification at 
species level. Although they certainly represent a 
species of  the genus Glyptophidium and thus the ear-
liest unambiguous otolith record, the low predorsal 
lobe is not consistent with those of  the Miocene G. 
major or G. monoceros, the latter of  which at that size 
already have a much more prominent projection 
(see also Schwarzhans 2022).

Genus Hoplobrotula Gill, 1863

Hoplobrotula difformis (Koken, 1884)
Fig. 9L–P

1884 Ot. (Gadidarum) difformis - Koken: pl. 11, fig. 11.
2010 Hoplobrotula difformis (Koken, 1884) - Schwarzhans: pl. 52, fig. 

1–13 (see there for further references).

Material: 3 specimens, MGPT-PU 130538, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.
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Genus Neobythites Goode & Bean, 1885

Neobythites sp.
Fig. 9Q

?2002 Neobythites sp. 2 - Nolf  & Brzobohatý: pl. 6, fig. 3–4.
2004 Neobythites sp. - Nolf  & Brzobohatý: pl. 9, fig. 1–3.

Material: 1 specimen, MGPT-PU 130539, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Discussion. Even though partly damaged, 
this otolith is recognizable as a typical represent-
ative of  the genus Neobythites based on the shape 
of  the otolith, the smooth, distinctly convex inner 
face, and the proportions of  the shallow sulcus with 
separated colliculi. Nolf  & Brzobohatý (2004) fig-
ured three Neobythites specimens from Valle Ceppi 
in open nomenclature that likely represent the same 
taxon. Furthermore, two specimens figured by 
Nolf  & Brzobohatý (2002) from the late Oligocene 
of  southwest France as Neobythites sp. 2 may possi-
bly also represent the same taxon. Additional spec-
imens are needed to make any further assessment.

Family Bythitidae Gill, 1861
Genus Grammonus Gill, 1896

Grammonus sp.
Fig. 9S–U

?1994 Bythitidae sp. - Nolf  & Brzobohatý: pl. 5, fig. 6.

Material: 1 specimen, MGPT-PU 130540, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, Chattian.

Discussion. The single, somewhat eroded 
specimen resembles an otolith figured by Nolf  & 
Brzobohatý (1994) from the late Oligocene of  the 
Central Paratethys and referred to as Bythitidae in-
det. Both the specimens show a regularly curved 
ventral rim, trapezoidal shaped dorsal rim with a 
slight postdorsal depression and a centrally posi-
tioned, moderately long, oval, undivided and only 
slightly inclined sulcus on the smooth inner face. 
Bythitid otoliths show few reliable features for iden-
tification, and we interpret herein the shape of  the 
dorsal rim as representing a useful diagnostic fea-
ture that allow to refer the specimen to an indeter-
minate species of  the genus Grammonus.

Genus Saccogaster Alcock, 1889

Saccogaster vonderhochti Schwarzhans, 2010
Fig. 9V–X

2010 Saccogaster vonderhochti - Schwarzhans: pl. 55, fig. 3–9.

Material: 1 specimen, MGPT-PU 130541, Grazzano, Mon-
ferrato, Piedmont, Burdigalian.

Discussion. Saccogaster vonderhochti is readily 
recognized by the short, oval, and anteriorly slightly 
pointed sulcus that is connected to the anterior rim 
by a narrow ridge, and by the convex inner face. 
This is the first record of  the species outside of  the 
North Sea Basin.

Order Beryciformes Regan, 1909
Family Berycidae Lowe, 1839
Genus Centroberyx Gill, 1862

Centroberyx sp.
Fig. 9R

Material: 1 small, somewhat eroded specimen, MGPT-PU 
130542, Valle Ceppi, Turin Hill, Piedmont, Burdigalian.

Order Holocentriformes Patterson, 1993
Family Myripristidae Nelson, 1955

Genus Ostichthys Cuvier, 1829

Ostichthys radiatus (Weiler, 1959)
Fig. 9Y–AB

1959 Myripristis radiata - Weiler: fig. 1–2.
2010 Ostichthys radiatus (Weiler, 1959) - Schwarzhans: pl. 62, fig. 4–5 

(see there for further references).

Material: 1 specimen, MGPT-PU 130543, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, Chattian. 

Discussion. This is the first record of  O. 
radiatus outside of  the North Sea Basin. Ostichthys 
radiatus differs from the two Myripristis species from 
the Langhian of  the Central Paratethys, M. banatica 
Weiler, 1950 and M. lobata Schwarzhans, 2017, by 
having a more elongate shape and a shallow ventral 
ostial lobe.

Order Mugiliformes Regan, 1909
Family Mugilidae Risso, 1827

Genus indet.
Mugilidae indet.

Fig. 9AC–AD
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Material: 1 anteriorly and ventrally damaged specimen, 
MGPT-PU 130544, Valle Ceppi, Turin Hill, Piedmont, Burdigalian.

Order Gobiiformes Günther, 1880
Family Gobiidae

Genus Amblyeleotris Bleeker, 1874

Amblyeleotris radwanskaae Schwarzhans, 2010
Fig. 10A–C

2010 Amblyeleotris radwanskaae - Schwarzhans: pl. 100, fig. 2.
2020 Amblyeleotris radwanskaae Schwarzhans, 2010 - Schwarzhans et 

al.: pl. 7, fig. 19–25 (see there for further references).
?2023 Amblyeleotris cf. radwanskaae Schwarzhans, 2010 - Carolin et 

al.: fig. 7g–h.

Material: 1 specimen, MGPT-PU 130545, Grazzano, Mon-
ferrato, Piedmont, Burdigalian.

Discussion. This is the first specimen of  
A. radwanskaae that has been found outside of  the 
Central Paratethys except for a single, tentatively re-
ferred specimen from the late Burdigalian of  south-
ern India (Carolin et al. 2022). This find supports a 
relatively wide distribution of  the species. Howev-
er, it is also noteworthy that the holotype and the 
specimen from Grazzano originate from a relative-
ly deepwater environment, deeper than the occur-
rence of  the genus (a shrimp goby) today or in the 
other Miocene localities of  the Central Paratethys 
and India.

Genus Giuntellia n. gen.
Type species: Giuntellia singularis n. sp.

Etymology: Named in honor of  Piero Giuntelli, in recogni-
tion of  his remarkable contribution to the knowledge of  the paleon-
tological heritage of  Piedmont.

Diagnosis: A fossil otolith-based genus of  the family Gobii-
dae showing the following combination of  characters: otolith small, 
thick, nearly rectangular in outline with an elevated postdorsal lobe; 
OL:OH = 1.1; OH:OT = 2.2; outer face strongly convex, smooth; 
inner face flat except area around sulcus distinctly bulged; sulcus 
small (OL:SuL = 2.4), deep, nearly oval in shape without ostial lobe, 
inclined at about 10°, without subcaudal iugum; distinct ventral fur-
row close to otolith rims, leading upward around sulcus anteriorly 
and posteriorly.

Discussion. Gobiid otoliths with such a 
strong morphologically reduced and deepened sul-
cus are uncommon in the Gobiidae. Similar looking 
otoliths are for instance found in certain endemic 
Ponto-Caspian genera like Benthophilus Eichwald, 
1831 or Caspiosoma Iljin, 1927 and in the northwest 
Pacific genus Luciogobius Gill 1859 of  the Gobionel-

linae. The otolith of  Giuntellia closely resembles 
those of  Luciogobius and otoliths of  two extant spe-
cies are depicted for comparison - Luciogobius gutta-
tus Gill, 1859 (Fig. 10I–J) and L. grandis Arai, 1970 
(Fig. 10K–M). Luciogobius species are small-sized 
fishes (sometimes called ‘worm-gobies’) with small 
heads and otoliths and are known for their adaptive 
radiation in interstitial habitats of  gravel beaches 
(Yamada et al., 2009). No such environment can 
be invoked for the sediment in which Giuntellia was 
found in northern Italy. Giuntellia differs from oto-
liths of  Luciogobius in the slightly larger size (OL = 
1.6 vs maximally 1.25 mm in length) and the even 
more reduced sulcus shape. The interrelationships 
of  Giuntellia thus remain obscure, and if  related to 
Luciogobius it would have populated a very different, 
deeper water environment.

Species: A single species, G. singularis, from 
the Burdigalian of  northern Italy.

Fig. 9 - Gadiformes 2, Ophidiiformes, Beryciformes, Holocentri-
formes, Mugiliformes.

A–B) Melanonus? sp., Burdigalian, Grazzano, MGPT-PU 130534.
C–D) Melanonus triangularis (Robba, 1970), Burdigalian, Grazzano, 

MGPT-PU 130533.
E) Glyptophidium major (Schubert, 1905), lectotype, GBA 

1905/002/0018a, Serravallian (upper Badenian), Walbers-
dorf, Austria.

F–K) Glyptophidium monoceros n. sp.; I) holotype, MZM Ge 32971, 
Langhian (lower Badenian), Tišnov, Czech Republic; F–H, 
J–K) paratypes; F–H) Chattian, Rio Freddo di Albugnano, 
MGPT-PU 130535; J–K) Burdigalian, Valle Ceppi, MGPT-
PU 10536.

L–P) Hoplobrotula difformis (Koken, 1884), Burdigalian, Valle Ceppi, 
MGPT-PU 130538 (reversed).

Q) Neobythites sp., Burdigalian, Valle Ceppi, MGPT-PU 130539.
R) Centroberyx sp., Burdigalian, Valle Ceppi, MGPT-PU 130542 (re-

versed).
S–U) Grammonus sp., Chattian, Rio Freddo di Albugnano, MGPT-

PU 130540.
V–X) Saccogaster vonderhochti Schwarzhans, 2010, Burdigalian, Graz-

zano, MGPT-PU 130541 (reversed).
Y–AB) Ostichthys radiatus (Weiler, 1959), Chattian, Rio Freddo di Al-

bugnano, MGPT-PU 130543 (reversed).
AC–AD) Mugilidae indet., Burdigalian, Valle Ceppi, MGPT-PU 

130544 (reversed).
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Giuntellia singularis n. sp.
Fig. 10N–P

Holotype: Fig. 10N–P, MGPT-PU 130546, Valle Ceppi, 
Turin Hill, Piedmont, Burdigalian.

Etymology: From singularis (Latin) = singular, unique, re-
ferring to its singular occurrence and unique combination of  char-
acters.

Diagnosis: See genus diagnosis (monospecific genus).

Description. Otolith small but well-pre-
served (1.6 mm in length), thick, nearly rectangular 
in outline, with an elevated postdorsal lobe. OL:OH 
= 1.1; OH:OT = 2.2. Anterior and posterior rims 
vertically-cut, posterior rim slightly concave. Dor-
sal rim with rounded orthogonal predorsal angle 
followed by slightly concave predorsal section, and 
thereafter a broadly rounded and expanded post-
dorsal lobe. Ventral rim straight, horizontal. All 
rims smooth.

 Inner face flat except area around sulcus, 
which is distinctly bulged. Sulcus small (OL:SuL = 
2.4), deep, nearly oval in shape without ostial lobe, 
positioned on center of  inner face and inclined at 
about 10°. No subcaudal iugum. Dorsal depression 
indistinct; ventral furrow distinct, close to otolith 
rims and leading upward around sulcus anteriorly 
and posteriorly but clipping postdorsal angle. Out-
er face strongly convex, smooth.

Genus Lesueurigobius Whitley, 1950

Lesueurigobius vicinalis (Koken, 1891)
Fig. 10D–E

1891 Ot. (Gobius) vicinalis Koken - text fig. 21.
2020 Lesueurigobius vicinalis (Koken, 1891) - Schwarzhans et al.: pl. 

2, fig. 5–12 (see there for further references).

Material: 3 specimens, MGPT-PU 130547, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Genus Ortugobius Schwarzhans, Ohe & Ando, 2017

Ortugobius sp.
Fig. 10F–H

Material: 1 specimen, MGPT-PU 130548, Rio Freddo di 
Albugnano, Monferrato, Piedmont, Chattian.

Discussion. The genus Ortugobius was es-
tablished for plesiomorphic gobioid otoliths in the 
early Oligocene of  Japan (Schwarzhans et al. 2017). 

Similar morphologies have been described as “ge-
nus Gobiidarum” sp. 3 and sp. 4 from the early Ol-
igocene of  southwest France by Steurbaut (1984). 
The single, somewhat eroded specimen figured 
herein from late Oligocene to Early Miocene of  
northern Italy represents a further record of  this 
pan-Gobiidae.

Genus Plesiogobius Schwarzhans, Agiadi & 
Thivaiou, 2021

Plesiogobius felliensis Schwarzhans, Agiadi & 
Thivaiou, 2021

Fig. 10Q–W

2021 Plesiogobius felliensis - Schwarzhans, Agiadi & Thivaiou: fig. 
2K–Z.

Material: 3 specimens; 2 specimens, MGPT-PU 130549, 
Valle Ceppi, Turin Hill, Piedmont, Burdigalian; 1 specimen, MGPT-
PU 130550, Grazzano, Monferrato, Piedmont, Burdigalian.

Discussion. The specimens from the Bur-
digalian of  northern Italy resemble those from the 
Aquitanian of  Greece, from where it was first de-
scribed (Schwarzhans et al. 2021); however, they 
differ for having a relatively small sulcus, which 
appears to be smaller than in the type material 
(OL:SuL = 2.4 vs 1.9–2.1). However, due the limit-
ed amount of  available specimens, and given their 
slight erosion, we consider this to represent an as-
pect of  variability.

Series Eupercaria Betancur R. et al., 2014
Order Acropomatiformes Smith & Wheeler, 

2004
Family Epigonidae Poey, 1861

Genus Epigonus Rafinesque, 1810

Epigonus liguriensis n. sp.
Fig. 11A–F

Holotype: Fig. 11C–D, MGPT-PU 130551, Valle Ceppi, 
Turin Hill, Piedmont, Burdigalian.

Paratypes: 4 specimens, MGPT-PU 130552, same data as 
holotype.

Etymology: Named after the ancient Roman province Li-
guria, in which the type locality is situated.

Diagnosis: OL:OH = 1.35–1.45. Dorsal rim relatively 
shallow, rounded; ventral rim deep, deepest anterior of  its middle. 
Cauda longer and deeper than ostium (CaL:OsL = 1.10–1.25) and 
narrow (OsH:CaH = 1.5–1.6), connected to posterior rim of  otolith 
through narrow depression. Ventral furrow far from ventral rim of  
otolith.
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Description. Moderately slender and mod-
erately thick otoliths measuring up to about 5 mm 
in length (holotype 4.8 mm). OL:OH = 1.35–1.45; 
OH:OT = 3.0–3.3. Dorsal rim relatively shallow 

with rounded, slightly elevated predorsal angle, rel-
atively straight, slightly inclined middorsal section, 
and very broadly rounded postdorsal angle. Ventral 
rim much deeper, regularly curved with maximum 

Fig. 10 - Gobiiformes.
A–C) Amblyeleotris radwanskaae Schwarzhans, 2010, Burdigalian, Grazzano, MGPT-PU 130545 (reversed).
D–E) Lesueurigobius vicinalis (Koken, 1891), Burdigalian, Valle Ceppi, MGPT-PU 130547.
F–H) Ortugobius sp., Chattian, Rio Freddo di Albugnano, MGPT-PU 130548 (reversed).
I–J) Luciogobius guttatus Gill, 1859, extant, Sagami Bay, Japan, NSMT P.107525.
K–M) Luciogobius grandis Arai, 1970, extant, Sadoga Shima, Sea of  Japan, Japan, NSMT P.47284.
N–P) Giuntellia singularis n. gen., n. sp., holotype, MGPT-PU 130546, Burdigalian, Valle Ceppi.
Q–W) Plesiogobius felliensis Schwarzhans Agiadi & Thivaiou, 2021, Burdigalian; Q–T) Valle Ceppi, MGPT-PU 130549; U–W) Grazzano, MGPT-

PU 130550.
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height in front of  its midlength. Rostrum broad, 
moderately long, 9–15% of  OL; antirostrum and 
excisura minute or absent. Posterior rim dorsally 
pronounced, with small concavity near caudal tip. 
All rims smooth.

 Inner face moderately convex, relatively 
smooth, with slightly supramedian sulcus. Sulcus 
moderately deep, very long and reaching close to 
posterior rim of  otolith and connected to it by 
small depression. Cauda slightly longer than ostium 
(CaL:OsL = 1.10–1.25) and slightly oscillating. Os-
tium much wider than cauda, ventrally widened, its 
dorsal margin slightly oscillating, slightly upward 
oriented with well-marked ostial colliculum. Dorsal 
depression above central part of  sulcus with distinct 
crista superior; ventral furrow mostly distinct, far 
from ventral rim of  otolith and less strongly curved. 
Outer face mildly convex similar to inner face and 
smooth.

Discussion. Epigonus liguriensis resembles E. 
remotus (Brzobohatý, 1986) from the Langhian of  
the Central Paratethys from which it differs in hav-
ing a more elongate shape (OL:OH = 1.35–1.45 vs 
1.1–1.2) and a small depression connecting the cau-
da with the slightly indented posterior rim. Today, 
Epigonus is a speciose genus occurring bathydemer-
sal in all tropical to temperate ocean basins (Froese 
& Pauly 2023).

Family Howellidae Ogilby, 1899
Genus Howella Ogilby, 1899

Howella monodens Schwarzhans, 2019
Fig. 11G–I

?1984 Epigonus sp. - Steurbaut: pl. 21, fig. 3.
2002 Epigonus aff. occidentalis Goode & Bean, 1896 - Nolf  & Brzo-

bohatý: pl. 9, fig. 18.
2004 Epigonus occidentalis Goode & Bean, 1896 - Nolf  & Brzobo-

hatý: pl. 10, fig. 5.
2019a Howella monodens - Schwarzhans: fig. 85.13–85.14.

Material: 1 specimen, MGPT-PU 130553, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, Chattian.

Discussion. The species of  the genus Howel-
la are bathypelagic oceanodromous fish that show 
a very large geographic distribution. It is therefore 
not surprising to identify H. monodens, which was 
originally described from the Early Miocene of  
New Zealand (Schwarzhans 2019a) also from the 

late Oligocene to Early Miocene of  Europe, i.e., 
northern Italy and southwest France. The otoliths 
of  H. monodens are characterized by a high dorsal 
rim, a broad denticle-like structure at the center 
of  the ventral rim and the upward bent caudal tip. 
The specimens found in European sediments so far 
have never been completely preserved such as the 
type specimens of  New Zealand and are defined by 
the diagnostic features mentioned above.

Order Spariformes Bleeker, 1860
Family Sparidae Rafinesque, 1810
Genus Pagellus Valenciennes, 1830

Pagellus cf. albuquerquae Steurbaut & Jonet, 1982
Fig. 11O–P

1982 Pagellus albuquerquae - Steurbaut & Jonet: pl. 3, fig. 2–4, pl. 5, 
fig. 5–9.

2010 Pagellus albuquerquae Steurbaut & Jonet, 1982 - Schwarzhans: 
pl. 91, fig. 1–5.

2022 Pagellus albuquerquae Steurbaut & Jonet, 1982 - Brzobohatý et 
al.: pl. 3, fig. S–U.

Material: 2 specimens, MGPT-PU 130554, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Discussion. Both the available specimens 
are somewhat eroded and hence are only tentatively 
assigned at species level.

Pagellus schuberti Schwarzhans, 2017
Fig. 11Q–T

2017 Pagellus schuberti - Schwarzhans: pl. 4, fig. 11–13.

Material: 5 specimens, MGPT-PU 130555, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Discussion. Most specimens of  P. schuberti 
found in Valle Ceppi are relatively small and erod-
ed except for a single large specimen, which is fig-
ured herein, and which is larger than the specimens 
of  the type series from the Langhian of  Romania 
(Schwarzhans 2017). It shows the typical middorsal 
notch but the predorsal rim is depressed, an effect 
that we interpret as due to a late ontogenetic mor-
phological development.

Genus indet.

Sparus? ordinatus (Brzobohatý, 1967)
Fig. 11L–N
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Fig. 11 - Acropomatiformes, Spariformes, Perciformes 1.
A–F) Epigonus liguriensis n. sp., Burdigalian, Valle Ceppi; C–D) holotype, MGPT-PU 130551 (reversed); A–B, E–F) paratypes, MGPT-PU 

130552 (E–F rebersed).
G–I) Howella monodens Schwarzhans, 2019, Chattian, Rio Freddo di Albugnano, MGPT-PU 130553 (reversed).
J–K) Lactarius pusillus Schwarzhans, 2019, Chattian, Rio Freddo di Albugnano, MGPT-PU 130557.
L–N) Sparus? ordinatus (Brzobohatý, 1967), Chattian, Rio Freddo di Albugnano, MGPT-PU 130556 (L–M reversed).
O–P) Pagellus cf. albuquerquae Steurbaut & Jonet, 1982, Burdigalian, Valle Ceppi, MGPT-PU 130554 (reversed).
Q–T) Pagellus schuberti Schwarzhans, 2017, 130555.
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1967 Ot. (Percidarum) ordinatus - Brzobohatý: pl. 9, fig. 1, 3, 4.
1967 Ot. (Percidarum) kalabisi - Brzobohatý: pl. 9, fig. 7–10.
1967 Ot. (Percidarum) oblongus - Brzobohatý: pl. 9, fig. 12–15.
1994 “genus Acropomatidarum” ordinatus (Brzobohatý, 1967) - 

Nolf  & Brzobohatý: pl. 6, fig. 5–6.

Material: 3 specimens, MGPT-PU 130556, Rio Freddo di 
Albugnano, Monferrato, Piedmont, Chattian.

Discussion. These inconspicuous otoliths 
with a “typical percoid” habitus are difficult to in-
terpret for classification. Nolf  & Brzobohatý (1994) 
associated them with the Acropomatidae; howev-
er, the lack of  a well-defined ventral furrow distant 
from the ventral rim of  the otolith is not consistent 
with such a familial allocation. We therefore believe 
that the species is more likely to represent an uni-
dentified sparid genus.

Order Perciformes Bleeker, 1859
Family Lactariidae Fowler, 1904

Genus Lactarius Valenciennes, 1833

Lactarius pusillus Schwarzhans, 2019
Fig. 11J–K

2019a Lactarius pusillus - Schwarzhans: fig. 85.1–85.5.

Material: 1 specimen, MGPT-PU 130557, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, Chattian.

Discussion. Lactarius pusillus was originally 
described from the Early Miocene of  New Zealand. 
The occurrence of  this relatively easy recognizable 
species in northern Italy is surprising because it 
probably was a neritic species. The only extant spe-
cies L. lactarius is widely distributed throughout the 
Indo-West Pacific.

Family Cepolidae Rafinesque, 1815
Genus Cepola Linnaeus, 1764

Cepola macilenta n.sp.
Fig. 12A–B

Holotype: Fig. 12A–B, MGPT-PU 130558, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Etymology: From macilentus (Latin) = slender, refering to 
the slender shape of  the otolith.

Diagnosis: OL:OH = 1.9. Otolith shape fusiform with re-
gularly and symmetrically curved dorsal and ventral rims and poin-
ted, symmetrical anterior and posterior tips. Ostium twice as long as 
cauda (OsL:CaL = 2.0). Ostial colliculum long, almost reaching the 
anterior rim of  otolith. Inner face slightly convex, outer face flat.

Description. Thin, slender otolith measuring 
6.2 mm in length. OL:OH = 1.9; OH:OT = 3.2. 
Dorsal and ventral rims very regularly and symmet-
rically curved. Rostrum and posterior tip pointed, 
positioned along otolith axis, symmetrical. Rostrum 
17% of  OL. Antirostrum and excisura minute. All 
rims faintly undulating.

 Inner face convex with slightly supramedi-
an positioned sulcus. Sulcus s-shaped with ostium 
slightly bent upwards toward anterior and cauda 
dorsally shifted from ostium and also upward ori-
ented. Sulcus relatively narrow, and ostium twice as 
long as cauda (OsL:CaL = 2.0). Cauda drop-shaped, 
deepened toward anterior; collum short and narrow 
with indistinct and short pseudocolliculum. Ostial 
colliculum long, almost reaching anterior rim of  
otolith; caudal colliculum deepened. Dorsal depres-
sion distinct, cup-shaped with distinct crista supe-
rior towards sulcus. Ventral furrow broad, close to 
ventral rim of  otolith, wide but with indistinct mar-
gins. Outer face flat, smooth.

Discussion. Cepola macilenta clearly represents 
a different morphotype than the ubiquitous C. voe-
slauensis Schubert, 1906 (see below) from which it 
differs in having a more elongate, fusiform shape 
(OL:OH = 1.9 vs 1.65–1.8), and the lack of  a post-
dorsal angle. Otoliths of  the extant C. macrophthalma 
(Linnaeus, 1758) are similarly slender (OL:OH = 
1.8-1.9) and also with a flat outer face and an ostial 
colliculum reaching close to the anterior rim of  the 
otolith, but C. macilenta differs in the regularly curved 
dorsal rim without postdorsal angle, the slight undu-
lation of  the rims and the shorter rostrum (17% of  
OL vs >20%). 

 A number of  Cepola otoliths have been de-
scribed from Middle and Late Miocene and Early 
Pliocene in various European basins and their nature 
has been poorly understood in the past: C. voeslauensis 
Schubert, 1906 from the Langhian (lower Badenian) 
of  Austria, C. prerubescens Bassoli, 1906 from the Tor-
tonian of  Italy, C. multicrenata Radwańska, 1984 from 
the Langhian (lower Badenian) of  Poland and the 
extant C. macrophthalma (Linnaeus, 1758) from a vari-
ety of  Miocene and Pliocene locations of  the Med-
iterranean, Paratethys, NE Atlantic and the North 
Sea Basin. All of  these nominal species have been 
occasionally referred to a single species, the extant C. 
macrophthalma (see Nolf  2013). Given the variability 
observed in extant otoliths of  C. macrophthalma this 
approach is tempting, and we consider C. prerubescens 
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to represent a junior synonym of  C. macrophthalma. 
A review of  Schubert’s type specimens of  C. voesla-
uensis has, however, revealed a difference in the in-
tensity of  the marginal crenulation of  the otolith (vs 
smooth or slightly undulating) and the ostial collic-
ulum terminating relatively distant from the anterior 
rim of  the otolith (vs reaching the anterior rim of  
the otolith or terminating very close to it). These 
features appear to be consistent differences that in 
our opinion warrant the recognition of  C. voeslauen-
sis. A lectotype was selected for C. voeslauensis from 
Schubert’s syntypes (GBA 1906/001/0027a; Fig. 
12I–J) and a paralectotype (GBA 1906/001/0027b; 
Fig. 12K). Cepola multicrenata is considered to repre-
sent a junior synonym of  C. voeslauensis characterized 
by a relatively blunt posterior tip, which nevertheless 
is considered herein to represent an aspect related to 
the intraspecific variability.

Cepola sp.
Fig. 12G–H

Material: 1 specimen, MGPT-PU 130560, Rio Freddo di Al-
bugnano, Monferrato, Piedmont, Chattian.

Discussion. This singular slightly eroded 
specimen resembles C. macilenta in all aspects except 
for being more compressed (OL:OH = 1.75 vs 1.9), 
in which it resembles C. voeslauensis. It is therefore 
uncertain whether it represents an aspect of  varia-
bility of  C. macilenta or a different species.

Genus Owstonia Tanaka, 1908

Owstonia rhomboidea n. sp.
Fig. 12C–F

1906 Cepola praerubescens Bassoli & Schubert, 1906, in Bassoli - Schu-
bert: pl. 19, fig. 1–6.

1950 Cepola praerubescens Bassoli & Schubert, 1906, in Bassoli - Wei-
ler: pl. 4, fig. 23.

?2002 Cepola sp. - Nolf  & Brzobohatý: pl. 10, fig. 13.
2004 Cepola rubescens Linnaeus, 1764 - Nolf  & Brzobohatý: pl. 10, 

fig. 12.
2007 Cepola rubescens Linnaeus, 1764 - Brzobohatý et al.: pl. 7, fig. 

7–8.
2013 Cepola macrophthalma (Linnaeus, 1758) - Schultz: pl. 88, fig. 6 

(syntype of  C. paerubescens, Bassoli & Schubert, 1906, in Bas-
soli).

2014 Cepola macrophthalma (Linnaeus, 1758) - Schwarzhans: pl. 7, fig. 
5 (non fig. 6).

2017 Cepola multicrenata Radwańska, 1984 - Schwarzhans: pl. 4, fig. 
4–5.

2018 Cepola macrophthalma (Linnaeus, 1758) - Brzobohatý & Nolf: 
pl. 3, fig. 7.

2022 Cepola sp. - Brzobohatý et al.: pl. 3, fig. A–B.

Holotype: Fig. 12C–D, MGPT-PU 130537, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Paratypes: 2 specimens, MGPT-PU 130559, same data as 
holotype.

Etymology: From rhomboideus (Latin) = rhomboid, refer-
ring to the elongate rhomboid shape of  the otoliths.

Diagnosis: OL:OH = 1.65–1.80. Anterior and posterior 
tips pointed; anterior tip positioned slightly higher. Anterior rim 
without excisura. Dorsal and ventral rims rounded. Overall otolith 
shape stretched rhomboid. All rims smooth. Sulcus with small ostial 
colliculum terminating far from anterior rim of  otolith; OCL:CCL 
= 1.8–2.0.

Description.  Moderately elongate, rhom-
boid to fusiform and relatively thin otoliths up to 
5.2 mm in length (holotype). OL:OH = 1.65–1.80; 
OH:OT = 2.8–3.0. Anterior tip (rostrum) and pos-
terior tip pointed; anterior tip slightly sharper and 
positioned slightly higher. Excisura and antirostrum 
absent. Dorsal rim with broadly rounded pre- and 
postdorsal angles; ventral rim regularly curved. All 
rims smooth.

 Inner face gently convex with slightly su-
pramedian positioned sulcus. Sulcus s-shaped with 
ostium slightly bent upwards toward anterior and 
cauda dorsally shifted from ostium. Sulcus moder-
ately wide and ostium shallower than cauda. Cau-
da drop-shaped, deepened toward anterior; collum 
short and narrow with indistinct and short pseu-
docolliculum. Ostial colliculum well defined, short, 
terminating far from anterior rim of  otolith; caudal 
colliculum deepened. OCL:CCL = 1.8–2.0. Dorsal 
depression distinct, cup-shaped, with distinct crista 
superior towards sulcus. Ventral furrow broad, close 
to ventral rim of  otolith. Outer face flat to slightly 
convex, smooth.

Discussion. The genus Owstonia contains 37 
extant species (when including the monotypic ge-
nus Pseudocepola) in all tropical oceans, of  which 21 
species have been recently described in a revision of  
the genus by Smith-Vaniz & Johnson (2016). The 
recognition of  fossil otolith-based species of  Owsto-
nia in the European Neogene has also been rising in 
recent literature: Owstonia neogenica Nolf  & Cappet-
ta, 1989 from the Tortonian and Zanclean of  the 
Mediterranean, Owstonia sicca (Schwarzhans, 2010) 
from the upper Burdigalian and Langhian of  the 
North Sea Basin, Owstonia badenensis Schwarzhans, 
2010 from the Langhian of  the Central Paratethys, 
Pseudocepola fritinnans (Schwarzhans, 2013) from the 
Langhian to Serravallian of  West Africa and Central 
Paratethys, and Owstonia rhomboidea n. sp. from the 
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Burdigalian and Langhian of  the Mediterranean and 
Central Paratethys. They all share an ostial collicu-
lum that is strongly reduced in size and the absence 
of  an excisura and antirostrum. Owstonia rhomboidea 
differs from its fossil congeners in having pointed 
anterior and posterior tips of  the otolith and a rela-
tively elongate shape (OL:OH = 1.65–1.8 vs <1.6). 

 Many cepolid otoliths have been recorded 
in past literature, often based on a limited amount 
of  inadequately preserved specimens often referred 
to as pertaining to the extant species Cepola macroph-
thalma (see above). A correct taxonomic interpreta-
tion is often difficult solely based on the published 
documentation. We have therefore included only 
certain records in the synonymy list, but we are 
aware that further references may represent O. rhom-
boidea as well. It currently seems that O. rhomboidea 
was stratigraphically and geographically restricted 
to the Burdigalian and Langhian of  the Central Pa-
ratethys and the Mediterranean.

Order Trachiniformes Bertin & Arambourg, 1958
Family Trachinidae Rafinesque, 1810

Genus Trachinus Linnaeus, 1758

Trachinus cf. acutus Weiler, 1942
Fig. 12L–M

1942 Trachinus acutus - Weiler: pl. 3, fig. 11–12.
2010 Trachinus acutus Weiler, 1942 - Schwarzhans: pl. 96, fig. 1–6 

(see there for further references).

Material: 1 slightly eroded specimen, MGPT-PU 130561, 
Valle Ceppi, Turin Hill, Piedmont, Burdigalian.

Order Scombriformes Bleeker, 1859
Family Stromateidae Rafinesque, 1810

Genus Pampus Bonaparte, 1834

Pampus steurbauti (Schwarzhans, 1994)
Fig. 12Q

1994 Stromateus steurbauti - Schwarzhans: fig. 490–493.
2010 Pampus steurbauti (Schwarzhans, 1994) - Schwarzhans: pl. 107, 

fig. 6–7.

Material: 1 specimen, MGPT-PU 130562, Grazzano, Mon-
ferrato, Piedmont, Burdigalian.

Discussion. The first record of  this species 
outside of  the North Sea Basin.

Family Trichiuridae Rafinesque, 1815
Genus Benthodesmus Goode & Bean, 1882

Benthodesmus sp.
Fig. 12N–P

Material: 1 specimen, MGPT-PU 130563, Grazzano, Mon-
ferrato, Piedmont, Burdigalian.

Discussion. The single available specimen is 
relatively large (OL = 4.6 mm) and well preserved 
except for the ventral margin of  the ostium, which 
is partly damaged. The otolith is thin, elongate 
(OL:OH = 2.4; OH:OT = 3.1), characterized by an 
intensely and finely crenulated ventral rim, a more 
coarsely undulating dorsal rim and a rather short 
sulcus (OL:SuL = 1.25) with ostium and cauda of  
about equal length. The postdorsal rim is slightly 
bent outwards, which is best seen from the ventral 
view (Fig. 12P). The crista superior is strongly de-
veloped, and a broad, nearly straight ventral furrow 
runs across the center of  the ventral field. These 
are all typical trichiurid characters and we place this 
specimen within the genus Benthodesmus because of  
its short sulcus that terminates far from the poste-
rior tip of  the otolith (see Lombarte et al. 2006 for 
extant Benthodesmus otoliths).

Incertae sedis
Acanthopterygii indet.

Fig. 12R–S

Material: 2 specimens, MGPT-PU 130564, Valle Ceppi, Tu-
rin Hill, Piedmont, Burdigalian.

Discussion. The figured otolith is damaged 
anteriorly and therefore not identifiable other than 
representing an acanthopterygian of  unknown af-
finities. It is a thin otolith with markedly curved and 
deepened cauda and a strongly bent rostral region 
resulting in a strong curvature of  the inner and out-
er faces as can be seen in ventral view (Fig. 12S).

dIScuSSIon

Biogeography and Stratigraphy of  
myctophid otoliths in the late Oligocene and 
Early Miocene (Fig. 13)

The knowledge of  myctophid otoliths has 
increased over recent years in many regions of  the 
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Fig. 12 - Perciformes 2, Trachiniformes, Scombriformes.
A–B) Cepola macilenta n. sp., holotype, MGPT-PU 130558, Burdigalian, Valle Ceppi (reversed).
C–F) Owstonia rhomboidea n. sp., Burdigalian, Valle Ceppi; C–D) holotype, MGPT-PU 130537; E–F) paratypes, MGPT-PU 130559 (reversed).
G–H) Cepola sp., Chattian, Rio Freddo di Albugnano, MGPT-PU 130560.
I–K) Cepola voeslauensis Schubert, 1906, Langhian (lower Badenian), Vöslau, Austria; I–J) lectotype, GBA 1906/001/0027a; K) paralectotype, 

GBS 1906/001/0027b.
L–M) Trachinus cf. acutus Weiler, 1942, Burdigalian, Valle Ceppi, MGPT-PU 130561 (reversed).
N–P) Benthodesmus sp., Burdigalian, Grazzano, MGPT-PU 130563 (reversed).
Q) Pampus steurbauti (Schwarzhans, 1994), Burdigalian, Grazzano, MGPT-PU 130562 (reversed).
R–S) Acanthopterygii indet., Burdigalian, Valle Ceppi, MGPT-PU 130564 (reversed).
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world. Large and diverse upper Oligocene to Middle 
Miocene otolith assemblages with myctophids have 
been described from the North Sea Basin (Schwarzhans 
2010; Schwarzhans & von der Hocht 2023), Aquitaine 
Basin (Northeast Atlantic) in France (Steurbaut 1984),  
Mediterranean and  Central Paratethys (Brzobohaty 
& Nolf  1995, 1996, 2000; Schwarzhans & Radwańs-
ka 2022), Caribbean (Schwarzhans & Aguilera 2013), 
Japan (Schwarzhans et al. 2017, 2022; Tsuchya et al. 

2024), New Zealand (Schwarzhans 2019a) and Chile 
(Schwarzhans & Nielsen 2021) (Fig. 13). The current 
study increases our knowledge base and fills gaps or 
intervals of  limited stratigraphic or geographic knowl-
edge. It thus contributes to a more continuous rep-
resentation of  the group and documents that many 
of  its fossil species have been widely distributed across 
ocean basins similar to the current distribution patterns 
typical of  the taxa of  this family.

Fig. 13 - Stratigraphic range chart of  selected myctophid otolith-based species in the Oligocene and Miocene of  Europe in the global context. 
Paleogeography based on Blakey (2020); chronostratigraphy and biostratigraphy on Gradstein et al. (2020). Ranges in the Mediterra-
nean are shown in red, overall ranges of  the respective species in grey. 
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 Schwarzhans et al. (2022) showed that spe-
cies such as Diaphus austriacus, D. hatai and D. me-
topoclampoides have been widely distributed across 
the ocean basins of  the northern hemisphere dur-
ing the Early and Middle Miocene. To this guild 
we now add Diaphus watatsumi and Lampadena exi-
ma which were originally described from the Mio-
cene of  Japan and now have been identified from 
the Mediterranean as well. Certain Miocene species 
even exhibit a distribution pattern from the South 
Pacific (particularly New Zealand) to the northern 
hemisphere (North Pacific and/or European Seas; 
Schwarzhans et al. 2022, Schwarzhans & Radwans-
ka 2022 and this study) like Diaphus cassidiformis, D. 
marwicki (Frost, 1933) and D. tenax. Such a North-
South distribution pattern is uncommon today and 
can probably be explained by the better connectivi-
ty of  the tropical seas (absence of  Isthmus of  Pana-
ma; possible connection between Tethys and Indian 
Ocean) and less divergent latitudinal temperature 
gradients during the Early Miocene. In addition, 
however, there are also cases emerging of  coeval 
species pairs in the northern and southern hemi-
sphere that are considered to be closely related. We 
believe that two species pairs fall in this category: 
Diaphus marwicki (chiefly South Pacific) and Diaphus 
cuneatus (Mediterranean), and Diaphus audax (South 
Pacific), and Diaphus pertinax (Mediterranean). The 
database in the late Oligocene is still sparse, but at 
least two widely distributed species are recognized 
in this time interval as well: Diaphus perspicillatoides 
and D. pristismetallis, both known across the Atlantic 
and the Mediterranean and the latter also tentatively 
recorded from New Zealand.

 A wide geographic distribution, abundance, 
and diversity are prerequisites to make fossil taxa 
valuable for superregional biostratigraphic purpos-
es. Myctophid otoliths, particularly those of  the 
genus Diaphus, appear to be fulfilling this prerequi-
site, especially for the Neogene but the recognition 
of  their usefulness is still in a very early stage and 
depending on biostratigraphically controlled com-
parative data becoming readily available. It appears 
that a number of  myctophid species have their last 
occurrence date (LOD) at the Oligocene/Miocene 
boundary such as Diaphus perspicillatoides and D. pri-
stismetallis, as well as the last representative of  the 
extinct Eokrefftia lineage, E. paviai (Fig. 13). The ex-
act dating of  the LOD of  these species, however, 
should be confirmed at other locations since the 

formation from which otoliths have been collected 
at Rio Freddo di Albugnano potentially span a time 
across the Oligocene/Miocene boundary. Also, 
there are a few first occurrence dates (FOD) in the 
Early Miocene, most notably Diaphus austriacus and 
D. simplex Schwarzhans, 2010. These appear to be 
better constrained and D. austriacus is interpreted as 
being closely related to D. pristismetallis. The strati-
graphic dates of  the other mentioned species do 
not yet have a reliable phylogenetic connection in 
lineages. Diaphus simplex so far is only known from 
the Paratethys and the North Sea Basin, but it ap-
pears to be stratigraphically confined to the Aquita-
nian (Fig. 13).

 The myctophid knowledge base improves 
over the Burdigalian and Langhian intervals. How-
ever, the FOD of  several typical species of  that 
time interval is poorly constrained and may be ex-
pected in the Aquitanian or the lower Burdigalian, 
e.g., Diaphus hataii and D. haereticus (Fig. 13). Diaphus 
metopoclampoides Steurbaut, 1983 and Symbolophorus 
meridionalis are only known from the late Burdigalian 
(planktonic biozone N6) to the top of  the Langhi-
an (Fig. 13). Diaphus metopoclampoides is a relatively 
uncommon and therefore somewhat restricted in 
its biostratigraphical use, but it is a widely distribut-
ed species (Schwarzhans et al. 2022); Symbolophorus 
meridionalis in contrast is relatively common in the 
Mediterranean and Paratethys and rare in the North 
Sea Basin but has not been found outside of  these 
regions. One of  the most promising time events ap-
pears to be the appearence of  Diaphus cassidiformis 
and D. austriacus. Both are common and widespread 
species and D. cassidiformis is readily recognizable 
and common in the Langhian and Serravallian and 
possibly also the early Tortonian. Its occurrence in 
the late Burdigalian is only based on findings in Ja-
pan (Schwarzhans et al. 2022). We found a morpho-
logically transitional form in the late Burdigalian of  
Grazzano described here as Diaphus aff. austriacus. 
So far, there are few clear myctophid LOD’s and 
no FOD’s as yet recognized for the Burdigalian/
Langhian boundary in oceans of  the northern hem-
isphere, e.g., Diaphus tenax and possibly Diaphus 
watatsumi (Fig. 13). In the southern hemisphere, in 
New Zealand (Schwarzhans 2019a), several rela-
tively well constrained LOD’s are observed near the 
Burdigalian/ Langhian boundary, e.g., Diaphus audax 
(Fig. 13), D. tenax, and Diaphus curvatus Schwarzhans, 
1980 and D. kaiparaensis Schwarzhans, 2019 (the 
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two latter not shown in Fig. 13) and a number of  
FOD’s (not shown; Schwarzhans 2019a). In con-
trast, there appear to be a number LOD’s occur-
ring near the Langhian/Serravallian boundary in the 
European seas, e.g., Diaphus hataii, Diaphus kokeni, 
Diaphus haereticus, and the already mentioned Dia-
phus metopoclampoides and Symbolophorus meridionalis 
(Fig. 13). From these observations it seems that a 
major faunal turn-over in the composition of  myc-
tophids occurred in the European seas concurrent 
with the Mid-Miocene Climate Transition, while in 
the South Pacific (chiefly around New Zealand) the 
turn-over occurred earlier near the Burdigalian/
Langhian boundary for reasons not yet understood.

Faunal composition and paleobiogeog-
raphy of  fishes during the Early/Middle Mio-
cene (Fig. 14)

The rich otolith-based fish fauna described 
herein from Valle Ceppi and Grazzano and de-
scribed in previous studies from sediments of  coe-
val age from northern Italy by Brzobohatý & Nolf  
(1995, 1996, 2000) and Nolf  & Brzobohatý (2004) 
allows for a paleobiogeographic evaluation, while 
the database for the late Oligocene is still too sparse. 
In the Early/Middle Miocene of  Piedmont we iden-
tified 36 otolith-based species that are also known 
from Miocene seas outside of  the Mediterranean, 
which includes 5 species from cited literature not 
found in the material studied herein. Sixteen species 
thereof  are in the oceanic guild (meso- and bathy-
pelagic fishes), particularly of  the Myctophidae, and 
20 from neritic fish groups, including bathydemer-
sal taxa (Fig. 14). Another ten species have not been 
found in Miocene sediments outside the Mediter-
ranean (including Arius? germanicus Koken, 1891, 
which so far has only been recorded from the Ol-
igocene) and additionally, 5 more otolith-morphol-
ogies that could not be identified to species level.

 The distribution pattern of  oceanic fishes is 
much wider than that of  neritic and demersal fishes. 
In the neritic/demersal guild we find, not surpris-
ingly, a very large number of  species shared with the 
Central Paratethys, i.e., 16 of  the 20 species record-
ed from the Mediterranean (Fig. 14). The number 
of  shared neritic species with southwest France (af-
ter Steurbaut, 1984) and with the North Sea Basin 
(Schwarzhans 2010) is also relatively high with 10 
and 8 species, respectively, which are in large part 
species that are widely distributed throughout the 

Miocene European Seas (Fig. 14). There are no 
shared neritic species with the northwest Atlan-
tic (Müller 1999), Caribbean (ongoing research), 
tropical West Africa (Schwarzhans 2013b), Japan 
(Schwarzhans et al. 2022) or Chile (Schwarzhans & 
Nielsen 2021) and only a single shared species with 
New Zealand (Schwarzhans 2019a) in this guild, 
namely Lactarius pusillus (Fig. 14). It may be ques-
tioned though if  Lactarius pusillus could not have 
had a more oceanic lifestyle in contrast to the extant 
L. lactarius (Bloch & Schneider, 1801). 

 The geographic correlation pattern of  oce-
anic fishes is very different. Fishes from the oce-
anic guild found in the Early/Middle Miocene of  
Piedmont are dominated in abundance and number 
of  species by the Myctophidae (Fig. 14). Other pe-
lagic fishes are few: two species of  Bregmacerot-
idae and one of  Sternoptychidae and Howellidae. 
There is a good degree of  overlap of  oceanic fishes 
between the Mediterranean, and Central Paratethys 
and northeastern Atlantic (southwest France), with 
9 and 7 shared species of  the 16 from the Medi-
terranean (Fig. 14). The more distant correlation is 
also relatively high with three to five shared species 
in other ocean basins of  the northern hemisphere 
(Caribbean, tropical West Africa, Japan). Even the 
correlation with southern Pacific realms is sizeable: 
four myctophid species are shared with New Zea-
land and two with Chile (Fig. 14). In contrast, the 
correlation to the North Sea Basin and the north-
west Atlantic (East Coast of  North America) reveal 
limited connectivity with only two and one shared 
species, respectively (Fig. 14). The low correlation 
level to the North Sea Basin is probably due to a 
combination of  several factors involving cooler cli-
mate, relatively shallow nature of  the basin, and the 
peculiar physiography of  the North Sea Basin that 
formed a cul-de-sac to the south at that time, there-
by preventing a sustained faunal exchange that was 
only possible through northern and cooler oceanic 
realms. Nevertheless, the discrepancy of  few oce-
anic species shared between the Mediterranean and 

Fig. 14 - Paleobiogeographic correlation of  Lower to Middle Mi-
ocene fauna in the global context. Only species are listed 
that are also known from outside of  the study area, and in 
addition a few related species where felt to be relevant. Pale-
ogeography based on Blakey (2020).
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Fig. 14
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the North Sea Basin and the relatively high num-
ber of  shared neritic fishes (see above) are remark-
able. This discrepancy could point to short-lived 
south-north warmer shallow water connectivity of  
the North Sea Basin at that time either through the 
Channel Basin (Gürs 2001; Knox et al. 2010) or to 
the Pericarpathian Trough in southern Poland (Kau-
tzky 1925), which allowed the exchange of  shelf  
fishes but not of  oceanic taxa. The low correlation 
gradient with the East Coast of  North America is 
likely owed to the fact that the otolith associations 
described from there by Müller (1999) are all from 
shallow water deposits with a very low open marine 
component. Therefore, the comparison of  oceanic 
fishes between the Mediterranean and the northeast 
America is currently strongly environmentally bi-
ased and must be considered as not representative.

concluSIonS and outlook

The otolith associations described here from 
the late Oligocene and the Early Miocene of  Pied-
mont, northern Italy, add significantly to previous 
knowledge. This is evidenced by a considerable 
number of  new species being recognized and the 
increase of  superregional faunal correlation of  oce-
anic fishes, particularly of  the Myctophidae. The 
potential value of  myctophid otoliths for superre-
gional stratigraphic purposes is slowly emerging. 
However, much additional work across time and 
space as well as well-constrained stratigraphic cali-
brations will be required in order to produce a relia-
ble scheme of  global distribution. 
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