
the Aquitaine Basin in France date back to the late 
Ypresian, early Lutetian, and late Priabonian. Thus, 
the relatively small otolith assemblage from the Bar-
tonian described here fills an important stratigraph-
ic gap in the record of  European Eocene deepwa-
ter faunas being the first discovered in the Tertiary 
Piedmont Basin.

Twenty-seven otoliths have been recovered 
from the Bartonian sediments of  the Marne di 
Monte Piano Formation near San Genesio in the 
Turin Hill. Twenty-four of  them document four 
different myctophid species, one of  which is de-
scribed as new. To date, Eocene myctophid oto-
liths have been usually assigned to the extant genus 
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 Introduction

Bathyal (200 to 4000 m water depth) assem-
blages are rare in the Eocene otolith record. The 
few assemblages known are from outer shelf  and 
upper slope settings in the Aquitaine Basin (Nolf  
1988; Lin et al. 2017) and from pelagic settings of  
the South Island of  New Zealand (Schwarzhans 
2019a). The deepwater associations described from 
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Diaphus. Recent discoveries of  otoliths in situ from 
articulated myctophid skeletons of  the extinct gen-
era Eomyctophum and Oligophus have shown that the 
myctophid diversity was probably higher in the Eo-
cene than previously perceived (Přikryl et al. 2017). 
For this reason, the generic allocation of  Eocene 
myctophid otolith-based species is discussed and 
reviewed. The descriptive part focuses on differen-
tial diagnoses for the identified myctophid taxa. A 
comprehensive description is only provided for the 
new species. 

Stratigraphic setting

The otoliths were collected from a small out-
crop of  sparsely fossiliferous, grey silty marl exposed 
in the surroundings of  the village of  San Genesio, 
in the Turin Hill (Fig. 1). These deposits are referred 
to the Marne di Monte Piano Formation (Carta 
Geologica d’Italia, 2009), a sequence of  pelagic and 
hemipelagic varicoloured marly clays and grey silty 
marls with turbiditic intercalations largely exposed 
in the northern Apennines and eastern sector of  
the Tertiary Piedmont Basin (e.g., Mutti et al. 1995; 

Mancin & Cobianchi 2000; Mancin & Pirini 2001; 
Mancin et al. 2003). In the Turin Hill, the Marne di 
Monte Piano Formation dates back to the middle 
to late Eocene (Carta Geologica d’Italia, 2009) and 
the turbiditic intercalations are represented by aren-
ites or bioclastic limestone (see Campanino & Ricci 
1991). At San Genesio, the Eocene otolith-bearing 
sediments of  the Marne di Monte Piano Formation 
are characterized by a poorly preserved assemblage 
of  planktonic foraminifers that includes the mu-
ricate species Acarinina bullbrooki, Globigerinatheka 
mexicana, and Turborotalia cerroazulensis cerroazulensis 
(Carta Geologica d’Italia, 2009), which allow it to 
be referred to the late Bartonian Acarinina spp., Glo-
bigerinatheka spp., T. cerroazulensis Assemblage Zone 
(MFP16 p.p.) as defined by Mancin & Cobianchi 
(2000) and Mancin & Pirini (2001). This zone is 
more or less equivalent to the planktonic foramini-
fer zone E13 of  Wade et al. (2011), 40 to 38 Ma. 
Overall, the foraminifer assemblage contains plank-
tonic forms indicative of  warm waters (Mancin 
& Cobianchi 2000) and benthic infaunal (Bulimina 
spp.) and agglutinated taxa (e.g., Glomospira charoides) 
indicative of  the epi- and mesobathyal zone (Carta 
Geologica d’Italia, 2009).

Fig. 1 - Geological map of  the Tu-
rin Hills after the Carta 
Geologica d’Italia alla scala 
1:50.000 (2009), Foglio 156, 
Torino Est. Isobathic con-
tours represent the base of  
the Quaternary (a.s.m.l.).
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Materials and methods

The otolith terminology follows Koken 
(1884) with amendments by Schwarzhans (1978). 
The morphometric measurements of  myctophid 
otoliths follow the scheme established by Schwar-
zhans (2013). 

Abbreviations used are: OL = otolith length; 
OH = otolith height; OT = otolith thickness; OCL 
= length of  ostial colliculum; OCH = height of  os-
tial colliculum; CCL = length of  caudal colliculum; 
CCH = height of  caudal colliculum. All the spe-
cimens are deposited at the Museo di Geologia e 
Paleontologia, Università degli Studi Torino, Torino, 
Italy (MGPT-PU).

Systematics

Remarks. Only three otoliths belong to tele-
ost groups other than the Myctophidae. These are 
briefly discussed as follows.

Bathycongrus sp. (Fig. 2A–C, MGPT-PU 
130444): A single small otolith measuring about 2 
mm in length. It is oval in shape with a centrally 
positioned, very slightly inclined sulcus with a single 
colliculum. The colliculum is oval in shape except 
for a short anterior dorsal extension and terminates 
far from the anterior rim of  the otolith. Above the 
sulcus there is a small, cup-shaped dorsal depres-
sion. The shape of  the colliculum and the dorsal 
depression are typical for otoliths of  the congrid 
genus Bathycongrus (see Schwarzhans 2019b).

Danaphos gibbsi Nolf, 1988 (Fig. 2D–F, MGPT-
PU 130445): A small otolith measuring 1.4 mm in 
length closely resembles otoliths described by Nolf  
(1988) from the Priabonian of  the Aquitaine Basin.

Bregmaceros sp. (MGPT-PU 130446): A single, 
strongly eroded, small otolith, which nevertheless 
can be recognized as a bregmacerotid because of  its 
characteristic outline.

Family Myctophidae Gill, 1893
Genus Diaphus Eigenmann & Eigenmann, 1890

Diaphus quadrangularis (Sulc, 1932)
Fig. 2N–R

1932	 Apogon quadrangularis - Sulc: pl. 1, fig. 13.
1932	 Scopelus ellipticus - Sulc: pl. 3, fig. 1–2.

1988	 Diaphus quadrangularis (Sulc, 1932) - Nolf: pl. 5, fig. 8–11.
2017	 Diaphus quadrangularis (Sulc, 1932) - Lin, Nolf, Steurbaut & 

Girone: fig. 6B–C.

Material: 12 specimens (MGPT-PU 130447) 
from the Bartonian of  San Genesio.

Differential diagnosis: Otoliths of  D. 
quadrangularis are characterized by a convex inner 
and nearly flat outer face and a regular oval shape 
(OL:OH = 1.25–1.3). The ventral rim is deeper than 
the dorsal rim and the dorsal rim is expanded in its 
anterior half. Further diagnostic characters are the 
short rostrum, weak excisura, 9–12 delicate denti-
cles along the ventral rim and a small denticle at the 
dorsal rim just above the center of  the cauda. The 
sulcus shows an ostium distinctly wider and longer 
than the cauda (OCL:CCL = 1.7–2.0; OCH:CCH = 
1.35–1.55). Diaphus quadrangularis does not resemble 
any other known Eocene myctophid otolith but is 
very similar to the late Oligocene/early Miocene D. 
perspicillatoides Brzobohatý & Nolf, 2000, with which 
it shares a similar outline, a  convex inner and ne-
arly flat outer face, and a distinctly wider and longer 
ostial colliculum compared to the caudal colliculum. 
The differences between these species are limited 
and appear to be primarily related to the number of  
denticles along the ventral rim of  the otolith (9–12 
in D. quadrangularis vs. 13–17 in D. perspicillatoides) 
and the more broadly rounded posterior tip of  the 
otolith in D. quadrangularis. As usually with Diaphus 
otoliths, specimens where the ventral denticles are 
eroded may not be identifiable to the species level.

Discussion. Diaphus quadrangularis was origi-
nally described from the late Eocene Priabonian of  
the Aquitaine Basin and redefined by Nolf  (1988). 
Subsequently, this species was also identified from 
the the Ypresian (Nolf  1988) and Lutetian (Nolf  
1988; Lin et al. 2017). The specimens figured by 
Nolf  (1988) from the Ypresian are comparatively 
smaller and appear to be more roundish in outline 
and thus could potentially represent a different spe-
cies. In any case, however, D. quadrangularis is a long-
running species whose range extends throughout 
the Eocene for at least 19 mya. It also represents a 
typical species of  the genus Diaphus, probably the 
earliest unambiguous one. It is the most common 
species in the Bartonian of  San Genesio represen-
ting about 45% of  the assemblage and includes the 
largest myctophid specimens, measuring up to 3 
mm in length.
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Diaphus trapezoidalis Nolf, 1988
Fig. 2K–M

1988	 Diaphus trapezoidalis - Nolf: pl. 5, fig. 1.
2017	 Diaphus trapezoidalis Nolf, 1988 - Lin, Nolf, Steurbaut & Giro-

ne: fig. 6K–M.
?2017	 Diaphus excavatus (Sulc, 1932) - Lin, Nolf, Steurbaut & Girone: 

fig. 6D–F.

Material: Two specimens (MGPT-PU 
130448) from the Bartonian of  San Genesio.

Differential diagnosis: Diaphus trapezoidalis 
is primarily defined by the shape of  the dorsal rim, 
which is gently curved downward anteriorly and 
shows a sharp angle above the center of  the cauda. 
Posteriorly, the dorsal rim shows a moderately con-
cave inclined section behind the postdorsal angle 
towards the posterior rim. Further characteristics 
are the ratio OL:OH of  1.15–1.2, a gently curved 
ventral rim with 6–7 denticles, the proportions of  
the sulcus (OCL:CCL = 1.6; OCH:CCH = 1.5), 
and the convex inner and outer faces. Diaphus tra-
pezoidalis is closely related to Diaphus excavatus from 
the Priabonian from which it differs mainly in 
the shape of  the dorsal rim, being more regularly 
curved in D. excavatus. Also the ventral rim appears 
to be deeper in D. excavatus. 

Discussion. Diaphus trapezoidalis was origi-
nally described from the Lutetian of  the Aquitaine 
Basin by Nolf  (1988) and subsequently reported by 
Lin et al. (2017). The findings at San Genesio ex-
tend the stratigraphic range of  this species into the 
Bartonian. Lin et al. (2017) also recorded D. excava-
tus from the Lutetian of  the Aquitaine Basin. How-
ever, their figured specimens appear to be eroded 
and are tentatively referred herein to D. trapezoidalis.

Genus Eokrefftia Schwarzhans, 1985

Remarks. Eokrefftia was established as a 
fossil otolith-based genus based on E. prediaphus 
Schwarzhans, 1985 from the latest Paleocene of  
South Australia. The type-species is character-
ized by flat inner face, a far backward positioned 
postdorsal angle at the junction with the posterior 
rim, presence of  small lobes along the ventral rim 
of  the otolith instead of  denticles, sulcus almost 
reaching the posterior rim of  the otolith, and a ra-
tio OCL:CCL measuring about 1.5. It represents 
the earliest known unambiguous myctophid in the 
otolith record. Its relationships remain uncertain 

because of  the overall plesiomorphic appearance. 
However, the otoliths of  Eokrefftia resemble the 
otoliths of  certain genera of  the Gymnoscopeli-
nae, for instance of  the genus Notoscopelus, in hav-
ing a relatively slender shape, relatively flat inner 
face, and the absence of  denticles along the ventral 
rim of  the otolith.

Eokrefftia sulci (Nolf, 1988)
Fig. 2G–J

1988	 Diaphus sulci - Nolf: pl. 5, fig. 13–15.
2017	 Diaphus sulci Nolf, 1988 - Lin, Nolf, Steurbaut & Girone: fig. 

6Q–R (non fig. 6S).

Material: 2 slightly eroded specimens 
(MGPT-PU 130449) from the Bartonian of  San 
Genesio.

Differential diagnosis: Eokrefftia sulci re-
sembles E. prediaphus in all the pertinent aspects 
listed above and differs from it by having a more 
rounded postdorsal angle and posterior rim, which 
results in a reduced length of  the sulcus that does 
not extend backward to almost reach the posterior 
rim of  the otolith.

Discussion. Eokrefftia sulci is a long-running 
species, whose range extends from the late Ypre-
sian to the Priabonian. It was originally described 
by Nolf  (1988) from the Priabonian (holotype) and 
late Ypresian (paratypes). Later it was also recorded 
from the Lutetian by Lin et al. (2017). The Bar-
tonian material documented herein improves our 
knowledge of  its record.

Genus Oligophus Gregorová, 2004

Remarks. Oligophus was established by Gre-
gorová (2004) as a monotypic extinct myctophid 
genus close to Diaphus based on articulated skele-
tons from the early Oligocene of  the Paratethys, 
originally described as Leuciscus moravicus Paucă, 
1931. Otoliths found in situ (Přikryl et al. 2017) 
revealed that the otolith-based species Diaphus lon-
girostris (Brzobohatý, 1967), is a junior synonym of  
Oligophus moravicus (Paucă, 1931). The otoliths are 
characterized by a flat inner face, a strong postdor-
sal angle and slanted predorsal section, four to se-
ven strong denticles along the ventral otolith rim, 
ostium slightly narrower than the cauda, and a ra-
ther low ratio OCL:CCL of  1.3–1.5.
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Fig. 2 - Otoliths from the Bartonian of  San Genesio. A–C) Bathycongrus sp. MGPT-PU 130444; D–F) Danaphos gibbsi Nolf, 1988, MGPT-PU 
130445; H–J) Eokrefftia sulci (Nolf, 1988), MGPT-PU 130449; K–M) Diaphus trapezoidalis Nolf, 1988, MGPT-PU 130448; N–R) Diaphus 
quadrangularis (Sulc, 1932), MGPT–PU 130447; S–Y) Oligophus bartonensis n. sp., S–U holotype, MGPT-PU xx130450, V–Y paratypes, 
MGPT-PU 130451.
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Oligophus bartonensis n. sp.
Fig. 2S–T

Holotype: Fig. 2S–U, MGPT-PU 130450, 
late Bartonian, San Genesio, Turin Hill, Piedmont.

Paratypes: Four specimens, MGPT-PU 
130451, same data as holotype.

Etymology: Named after the Bartonian sta-
ge, based on the age of  the sediments in which the 
specimens were found.

Diagnosis: OL:OH = 1.05–1.15. Inner face 
flat, outer face with weak postcentral umbo. Pre-
dorsal rim depressed, postdorsal rim with massive 
angle. Ventral rim with four irregular but strong 
denticles along the preventral section; postven-
tral section smooth. Sulcus narrow, cauda slightly 
upward oriented. Ostium relatively long and nar-
row; caudal colliculum very narrow; OCL:CCL = 
1.8–2.0, OCH:CCH = 1.3–1.4. Caudal pseudocolli-
culum extending forward of  caudal colliculum.

Description. Relatively small, compressed, 
thin otoliths up to 1.85 mm in length; OH:OT = 
3.5–3.7. Dorsal rim nearly triangular in shape with 
depressed, nearly straight inclined predorsal section 
and massive postdorsal angle positioned above cen-
tral part of  cauda; postdorsal rim steeply inclined, 
short, flat to slightly concave. Ventral rim regularly 
curved bearing four irregular, variably strong denti-
cles along its anterior half. Rostrum moderately long 
(9–14% of  OL); excisura and antirostrum absent or 
very reduced in size. Posterior rim bluntly rounded.

Inner face nearly flat, only rostral part slightly 
bent. Sulcus slightly supramedian, narrow, shallow, 
with relatively long ostium and short cauda. Cau-
dal colliculum very narrow and anteriorly reduced 
in length, thus caudal pseudocolliculum extending 
forward of  caudal colliculum. Dorsal depression 
wide; ventral furrow indistinct, relatively close 
to ventral rim of  otolith. Outer face smooth and 
slightly convex with weak and broad central to 
postcentral umbo.

Discussion. The shape of  the otolith with 
the depressed predorsal rim and massive postdorsal 
angle, the flat inner face, and the relatively narrow 
sulcus support the attribution to the fossil genus 
Oligophus. Oligophus bartonensis differs from the type 
species O. moravicus  in having different proportions 
of  the sulcus (OCL:CCL = 1.8–2.0 vs. 1.3–1.5),  
resulting from the anteriorly reduced caudal colli-

culum,  anteriorly extended pseudocolliculum and 
a reduced number of  denticles (four vs seven) re-
stricted to the preventral margin. A species recently 
described from the Bortonian (late Lutetian to early 
Bartonian) of  New Zealand as Eomyctophum poroka-
wa Schwarzhans, 2019 is tentatively referred herein 
to Oligophus. Oligophus? porokawa is similar to O. barto-
nensis in shape and proportions but differs from it in 
having a rounded postdorsal section, nearly smooth 
preventral rim with only slight undulations anterior 
of  its midlength, and an anteriorly not reduced cau-
dal colliculum (OCL:CCL = 1.4). The two newly 
referred Eocene records demonstrate that the ge-
nus Oligophus had a longer history and diversity than 
those suggested by the articulated skeletons.

Eocene myctophid otoliths in Europe

The knowledge of  Eocene myctophid oto-
liths of  Europe is primarily based on data from 
the Aquitaine Basin (Sulc 1932; Nolf  1988; Lin et 
al. 2017) and encompasses a span in the record of  
about 8 mya from the middle Lutetian to the late 
Priabonian, approximately between 43 and 35 Ma. 
The Bartonian assemblage described herein from 
the Turin Hill is in the middle of  this gap (40-38 Ma) 
and thus helps to establish a more continuous pictu-
re of  myctophid evolution in the Eocene Tethyan re-
alm. Traditionally, most Eocene myctophid otoliths 
have been assigned to the genus Diaphus, probably 
because of  the presence of  denticles or denticle like 
lobate structures along the ventral rim of  the oto-
liths, a typical but not exclusive feature of  the oto-
liths of  Diaphus species. The findings of  otoliths in 
situ in articulated skeletons from the early Oligoce-
ne (Přikryl et al. 2017) provided clear evidence that 
the diversity of  Paleogene myctophids was higher 
than thought. In the following paragraphs, we brie-
fly summarize the current status of  our knowledge 
about Paleogene myctophids (Fig. 3).

Eomyctophum has been placed in a separate 
subfamily (Eomyctophinae) by Prokofiev (2006) 
and is considered to represent a sister clade to all 
the modern myctophids (Prokofiev 2006). Their 
otoliths found in situ (Přikryl et al. 2017) are com-
pact, roundish in shape with denticles or denticle-
like lobate structures along their ventral rim and a 
relatively long cauda with a weak caudal pseudo-
colliculum. In the Eocene of  Europe, two species 
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Fig. 3 - Stratigraphic ranges of  myctophid otoliths in the European Eocene. Red bars represent taxa identified from the Bartonian of  San 
Genesio; black bars are from Nolf  (1988) and Lin et al. (2017); Eokrefftia prediaphus from Australia shown as earliest myctophid otolith 
after Schwarzhans (1985).
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are currently referred to Eomyctophum - E. rhinoceros 
(Nolf, 1988) and E. cyrano (Nolf, 1988) from the 
Ypresian and Lutetian, respectively. Nolf  (1988) as-
sumed that E. cyrano derived from E. rhinoceros (Fig. 
3). There are no confirmed records of  Eomyctophum 
in the Bartonian and Priabonian of  Europe, and E. 
koraense Daniltshenko, 1947 from the early Oligo-
cene may represent its youngest confirmed record 
(Prokofiev, 2006). Elsewhere, otoliths from the Eo-
cene of  Australia - E. emensus (Schwarzhans, 1985) 
- and New Zealand - E. broncus Schwarzhans, 2019 
- can be actually assigned to this genus.

Eokrefftia is known from a latest Paleoce-
ne species from southern Australia (E. prediaphus 
Schwarzhans, 1985), the earliest myctophid otolith 
record so far. E. sulci (Nolf, 1988) has been referred 
herein to the same genus (see above for diagnosis 
and discussion). Eokrefftia sulci has a remarkably 
long stratigraphic range from the late Ypresian to 
the late Priabonian, lasting about 17 mya (Fig. 3). 
We tentatively associate Eokrefftia with the Gymno-
scopelinae within the Myctophidae.

Diaphus appears to be represented in the oto-
lith record since the Ypresian with the extremely 
long ranging D. quadrangularis that seems to occur 
for a time interval of  about 19 mya or more (Fig. 
3). Thus, despite some otolith-based species as ori-
ginally referred to Diaphus have been recently refer-
red to other, extinct genera, it remains the extant 
myctophid genus with the earliest appearance in 
the record. Another lineage of  Eocene myctophid 
species comprises Diaphus trapezoidalis and D. exca-
vates, whose generic allocation appears less certain. 
Although Schwarzhans (2019a) suggested a reassi-
gnment to Eomyctophum, it is tentatively keep herein 
within Diaphus pending more detailed future stu-
dies. Diaphus marambionis Schwarzhans et al., 2017 
may also belong to this clade. The Eocene lineages 
cannot be easily associated with any of  the extant 
Diaphus clades.

Oligophus was established as a monospecific 
fossil genus close to Diaphus based on the early Oli-
gocene O. moravicus; however, it contains a second 
species based on Bartonian material described here 
(Fig. 3; O. bartonensis), as well as a possible additional 
species from the late Lutetian to Bartonian of  New 
Zealand (O.? porokawa). The assignment of  Oligophus 
within the Diaphinae remains poorly supported. 
Anatomical evidence based on the articulated skele-
tons suggest a stem group relation with the Diaphi-

nae (Gregorová 2004; Prokofiev 2006; Přikryl et 
al. 2017). Conversely, the otoliths exhibit certain 
characters that may be regarded as derived, such as 
the strong denticles on the ventral rim, the flat in-
ner face and the strong postdorsal angle, while the 
sulcus morphology with the narrow and relatively 
short ostium could be considered as plesiomorphic. 
In addition, as discussed above,  Diaphus otoliths ap-
peared in the record earlier than Oligophus otoliths.

Summarizing, at least four, possibly five, li-
neages  of  myctophids (two of  which pertaining to 
the genus Diaphus) are known  from the Eocene of  
Europe (Fig. 3). In terms of  morphological diversi-
ty, this is still a relatively low level when compared 
to Neogene and extant data. In addition, some of  
the Eocene species exhibit an unusually long strati-
graphic range not seen subsequently in the mycto-
phid record. The situation changed during the latest 
Eocene and the early Oligocene with a sudden burst 
in myctophid diversity (Fig. 3) that has been asso-
ciated with the change of  the deepwater ocean cir-
culation that took place at that time (Schwarzhans 
& Carnevale 2021). Diaphus apparently was the ge-
nus that mostly benefited from this extraordinary 
diversification (Fig. 3; Brzobohatý & Nolf  1995; 
Schwarzhans & Carnevale 2021). We hope that fu-
ture research of  otoliths in situ will bring more cla-
rity in the allocation of  these early myctophid oto-
lith-based taxa. Moreover, we believe that additional 
explorations in outer shelf  or bathyal sediments of  
early Paleogene age can contribute significantly to 
the further unraveling of  the evolutionary history 
of  the family Myctophidae.
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