


Meckel’s cartilage. The dorsal and ventral pseudohyoids

are long and slender, and located just posterior to the artic-

ulation of the hyomandibula with the otic region of the

chondrocranium. yTitanonarke lacks ceratohyals,

resembling the condition of Narcine and Discopyge

among narcinoids (Miyake & McEachran 1991).

There are five pairs of ceratobranchials. The anterior

four pairs are large, and have a central depression (or

fossa) with a small fenestra for the insertion of the depres-

sor muscles (see Carvalho & S�eret 2002). The fenestrae of
yTitanonarke appear larger in small individuals (Fig. 6),

as in Diplobatis (Miyake & McEachran 1991, fig. 6H;

Claeson 2014, supplemental pl. 12). The fifth ceratobran-

chials are slender and posteriorly oriented, and articulate

with the scapular process of the scapulocoracoid. The epi-

branchial elements are not clearly recognizable, being

partially covered by the ceratohyals. At least three small

basibranchials are recognizable. The basibranchial copula

is large and rounded, with a small caudal tip or tab in its

posterior margin. We counted five pairs of ovoid or bean-

like hypobranchials. Hypobranchials are segmented,

resembling the plesiomorphic condition of Benthobatis,

Discopyge and Heteronarce among narcinoids (Miyake &

McEachran 1991, fig. 6F, G; Claeson 2014, supplemental

pl. 12). Pharyngobranchials, extrabranchials and branchial

rays are not preserved in the available material.

Synarcual and vertebral column. The synarcual

cartilage is strongly calcified in all mature specimens,

though not in the embryo preserved inside the abdominal

cavity of the holotype (see the section ‘Embryo’). In

mature specimens the synarcual exhibits the typical pris-

matic tessellated cartilage found in elasmobranchs. The

posteroventralmost portion of tessellated cartilage flanks

several mineralized vertebral centra, which comprise

densely packed areolar cartilage. Anteriorly, the synarcual

Figure 13. yTitanonarke molini (Jaekel, 1894) from the Eocene Monte Postale site. Details of the precaudal tail of A, MCSNV IG.
VR.67290 and B, MGP-PD 26276. The arrows mark the position of the two dorsal fins in MCSNV IG.VR.67290 and the second dorsal
fin in MGP-PD 26276 already detected and figured by Jaekel (1894). C, Detail of the caudal fin of MCSNV IG.91129. Scale bars: A,
B D 50 mm; C D 10 mm.

Figure 14. yTitanonarke molini (Jaekel, 1894) from the Eocene
of Monte Postale site. A, upper and lower tooth bands in
MCSNV IG.VR.67290, with a close-up of some teeth in the area
indicated. B, reconstruction. Abbreviations: la, labial cartilage;
me, Meckel’s cartilage; pq, palatoquadrate. Scale bars 5 mm.
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segments in total; Fig. 10). The lower number of segments

recognized by Carvalho (2010), and actually detected in

some specimens, is probably related to the loss of distal

elements due to taphonomic processes. The radials are

covered with a continuous layer of small (less than 1 mm)

tesserae, forming the so-called ‘crustal’ calcification that

characterizes the radials of basalmost batoids having an

axial-undulatory swimming style, including pristids and

‘rhinobatids’, other than torpedinids and narcinids (Schae-

fer & Summers 2005).

The pelvic fins (Fig. 11) are small and single-lobed, and

their anterior margin is straight and barely overlapped by

the posterior margin of the pectoral disc. The maximum

width of the pelvic fins is about 50% of the pectoral disc

width, whereas their anterior margin is about 24% of the

disc length. The puboischiadic bar is robust and wide,

with a slightly concave anterior margin. The presence of

the puboischiadic foramina is difficult to detect. The pre-

pelvic processes are long and straight, extending anteri-

orly almost to the level of the scapulocoracoid. They are

wider distally than along the shaft, resembling the condi-

tion of all narcinids (Rincon et al. 2001, fig. 8; Fechhelm

& McEachran 1984, figs 7, 16). The distal end of the pre-

pelvic process was described as spatulate by Carvalho

(2010). However, the margin of this structure, identified

with an arrowhead on the holotypic specimen MGP-PD

26275/6 by Carvalho (2010, fig. 7), is not part of the pre-

pelvic process. The iliac process, preserved only on the

left side of MCSNV IG.VR.67290, appears short, stout

and straight (Fig. 11) if compared to the long and curved

iliac process of Narcine and Discopyge (Menni et al.

2008; Claeson 2014). The basipterygia are slightly longer

than the puboischiadic bar, and have a slightly concave

inner margin. Each basipterygium supports about 21–24

pelvic fin radials, the first of which is enlarged, articulates

with the lateral node of the puboischiadic bar and supports

the anterior margin of the pelvic fin. Each pelvic fin radial

bifurcates distally once and is composed of three seg-

ments. A single individual (MCSNV IG.91128/9) seems

to show an elongate clasper, articulating with the distal tip

of the basipterygium (Fig. 12). In length, the clasper

appears to extend past the posterior tip of the pelvic fin

lobe. However, it was not possible to analyse this structure

in detail.

Median fins. There are two dorsal fins (Fig. 13A).

The first one originates at about 62% SL, is slightly larger

than the second one and is supported by seven to nine

radials. The second dorsal fin originates at about 78% SL

and is supported by six or seven radials. The interdorsal

distance measures about 7% SL. The obvious presence of

two dorsal fins in MCSNV IG.VR.67290 supports the

interpretation of Jaekel (1894) and Cappetta (2012)

regarding the presence of at least one dorsal fin in the

holotype MGP-PD 26275/6 (Fig. 13B). The inadequate

preservation of the dorsal fins in the historical material

prevented their recognition by Carvalho (2010), who

erroneously regarded their absence as diagnostic for

yTitanonarke. About 42 radials support the caudal fin, of

which about 20 are dorsal and 22 ventral (Fig. 13C).

Dentition. The teeth of yTitanonarke are arranged in

tooth bands medially across the jaw symphyses, forming a

tessellated pavement (Fig. 14). The lower tooth band is

wider than the upper one. It is not possible to detect the

tooth formula, but the teeth of yT. molini appear to be

arranged in at least 12–13 rows in the upper jaw and 15–

16 rows in the lower jaw, counted on symphyseal tooth

series. The dentition is gradient monognatic heterodont

with lateral and posterior tooth crowns becoming slightly

lower. However, both upper and lower jaws show very

Table 2. Summary of selected meristic features used to discriminate fossil and living genera of the family Narcinidae. Includes new data
from the examined material and data from Fechhelm & McEachran (1984), Rincon (1997), Carvalho et al. (1999, 2002a, b, 2003), Car-
valho (2001, 2008), Rincon et al. (2001), Carvalho & S�eret (2002), Carvalho & Randall (2003), Menni et al. (2008), Carvalho & White
(2016), Last et al. (2016), Froese & Pauly (2017).

Feature Benthobatis Diplobatis Discopyge Narcine yTitanonarke
Trunk vertebrae 13–20 23–25 20 15–31 27–30

Precaudal vertebrae 46–73 61–63 58–70 58–77 74–115

Caudal vertebrae 31–46 22–24 ? 18–32 23–32

Total vertebrae 96–118 97–112 85–91 100–127 133–155

Rib pairs 4 7–9 8 5–10 8–10

Total pectoral radials ? 31 ? 27–41 35–40

Pelvic fin radials 12–13 16–21 ? 14–21 19–21

First dorsal fin radials 5–6 6–7 ? 6–10 7–9

Second dorsal fin radials 6–7 7–8 ? 6–11 6–7

Total caudal fin radials 34–35 33–36 ? 39–63 41–42

Upper jaw tooth rows 9–20 14–22 10–20 11–27 12–13

Lower jaw tooth rows 9–22 14–22 10–20 8–30 15–17
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third of synarcual length, anterior margin of the lateral

stay approximately forming an obtuse angle with axis,

and tooth cusp length less than half the cutting edge

length. Furthermore, yTitanonarke is excluded from Tor-

pedinoidea (yEotorpedo, Hypnos and Torpedo) because of
the lack of several unambiguous characters diagnostic for

this superfamily, including long, slender and flexible jaw

cartilages, suprascapular antimere shorter than scapular

process, antorbital cartilages articulating on anterior

aspect of nasal capsules, inconspicuous or absent rostral

cartilage, and low and broad tooth root (see Herman et al.

2002; Claeson 2014).

yTitanonarke is a member of a monophyletic Narcini-

dae, which is supported by three unambiguous synapo-

morphies: the presence of a rostral fontanelle, the reduced

number of ribs, and rostral appendices connected to the

antorbital cartilage. Other plesiomorphic features charac-

terizing the Narcinidae (Carvalho et al. 1999; McEachran

& Carvalho 2002; Last et al. 2016) and observed in

yTitanonarke include a large subcircular disc; a tail longer
than the disc; two dorsal fins, with the first one originating

posterior to the anterior half of the body length; and sin-

gle-lobed pelvic fins. yTitanonarke also is characterized

by a mesopterygium that is shorter than the pro- and meta-

pterygia, a trough-shaped and expanded rostral cartilage,

and a rounded basibranchial copula with a small caudal

tip. yTitanonarke is excluded from Narkidae (Electrolux,

Heteronarce, Narke, Temera and Typhlonarke), which

shows instead a higher number of ribs, absence of rostral

fontanelle and appendix, rostral cartilage slender, incon-

spicuous or absent, mesopterygium longer than the meta-

pterygium, and a heart-shaped basibranchial copula

(Claeson 2014). Within the Narcinidae, yTitanonarke
shares with the most derived Narcine and Discopyge at

least one synapomorphy (broadly branched antorbital car-

tilage with a posteriorly directed third branch). Therefore,

we can exclude the hypothesis that yTitanonarke repre-

sents a basal narcinid (see Carvalho 2010).

yTitanonarke is by far the largest narcinid (up to about

1 m TL, compared to living narcinids that usually have an

average body size of less than 50 cm TL; Carvalho et al.

1999; Carvalho 2010; McEachran & Carvalho 2002; Last

et al. 2016). Moreover, yTitanonarke differs from other

narcinid genera in its unique combination of osteological

features. It can be separated from Benthobatis by the posi-

tion of the anteriormost free vertebral centrum, which is

posterior to the synarcual in this living genus, but sur-

rounded by posterior flanges of the synarcual in

yTitanonarke. Discopyge possesses a mesopterygium that

is longer than the pro- and metapterygia, a condition sig-

nificantly different from that observed in yTitanonake, in
which the mesopterygium is shorter than both pro- and

metapterygia. Specimens of yTitanonake can be separated

from Diplobatis and Narcine by the hypobranchial config-

uration (fused in Narcine and Diplobatis, unfused in

yTitanonarke), and the position of the lateral stay on the

synarcual (midway along its length in Diplobatis, poste-

rior in yTitanonarke). yTitanonarke can be further sepa-

rated from Narcine and Discopyge by the absence of a

long, slender and curved iliac process.

Moreover, yTitanonarke differs from other narcinid

genera in its unique combination of meristic features

(Table 2). It can be distinguished from all living numb-

fishes by the largest number of vertebrae (133–155 vs. 96–

127). In particular, yTitanonarke can be separated from

Benthobatis, Diplobatis and Discopyge because of its

higher number of trunk (27–30 vs. 13–25, respectively)

and precaudal (74–115 vs. 46–73, respectively) vertebral

centra. The number of rib pairs is useful to separate

yTitanonarke (8–10) from Benthobatis (four).

yTitanonarke differs from Diplobatis in having a higher

total number of pectoral radials (35–42 vs. 31), from Dip-

lobatis and Benthobatis in the higher number of caudal fin

radials (41–42 vs. 33–36), and from Benthobatis in having

a higher number of pelvic radials (19–24 vs. 12–13).

Palaeobiogeography of Torpediniformes
Except for yTitanonarke, the fossil record of torpedini-

forms (Fig. 19) is heavily biased towards isolated teeth.

The oldest electric ray appears to be yEotorpedo White,

1934, based on teeth from the upper Paleocene of Gada,

Nigeria, whose morphology resembles that of Torpedo.

The torpedinoid yEotorpedo (including the species yE.
jaekeli White, 1934, yE. hilgendorfi (Jaekel, 1904) and

yE. zennaroi Cappetta, 1988) appears to have been wide-

spread during the Paleocene, with several occurrences

from the Danian and Thanetian of North and western

Africa, Saudi Arabia and Texas (Jaekel 1904; White

1934; Dartevelle & Casier 1943; Arambourg 1952; Cap-

petta 1972, 1987, 1988, 2012; Madden et al. 1995; Noub-

hani & Cappetta 1997; Siguendibo Sambou et al. 2017).

During the Paleocene the extant genera Torpedo and Nar-

cine are scarcely represented, with only a few occurrences

from Belgium and Jordan (Smith 1999; Cappetta 2012).

Although torpedinoids are well represented in the

Eocene, with the most recent records of yEotorpedo (yE.
hilgendorfi, yE. nolfi), and some occurrences of Torpedo

from northern Africa, Belgium, France, Jordan, and South

Carolina, USA (Arambourg 1952; Herman 1974; Banks

1978; Cappetta 1988; Noubhani & Cappetta 1997; Cap-

petta et al. 2000; Adnet 2006; Cahuzac et al. 2007; Knight

et al. 2007; Underwood et al. 2011; Case et al. 2015), the

Eocene also marks the first major radiation of narcinoids.

In addition to yTitanonarke molini and yT. megapterygia
from the Ypresian of Italy, a broad distribution of Narcine

is documented by several Ypresian to Priabonian occur-

rences in France, Guinea-Bissau, Togo, Morocco and

Egypt (Cappetta 1987, 1988, 2012; Cappetta & Traverse

1988; Noubhani & Cappetta 1997; Adnet 2006; Adnet
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et al. 2010; Underwood et al. 2011). A single vertebra

from the Eocene of Belgium referred by Hasse (1879) to

Narcine requires further investigation before assignment

to this genus can be confirmed (Carvalho 2010).

The fossil record of the Torpediniformes is scarce from

the Oligocene to the Pliocene and is only represented by

Torpedo from the Chattian to the Zanclean of Portugal,

Switzerland, Germany, France and the Netherlands (Cap-

petta et al. 1967; Cappetta 1987, 2012; Cappetta & Nolf

1991; Bolliger et al. 1995; Antunes et al. 1999; Bracher

2005; Reinecke et al. 2005; Mollen 2010; Reinecke

2015). Teeth referred to Narcine from the Miocene of Por-

tugal (Jonet 1968) and India (Sahni & Mehrotra 1981)

cannot be referrred to any member of the Torpediniformes

according to Cappetta (2012). The scarcity of torpedini-

forms in the Oligocene and Neogene fossil record may be

related to sampling and/or taphonomic biases rather than

a genuine biological and/or ecological signal, because

extant electric rays have a worldwide distribution from

tropical to temperate seas (Carvalho et al. 1999; McEach-

ran & Carvalho 2002; Last et al. 2016).

Although torpediniforms are known in the fossil record

only in Cenozoic deposits, several lines of evidence indi-

cate that electric rays should have been present at least

since the Late Cretaceous (see Aschliman et al. 2012b;

Guinot & Cavin 2016). It has been suggested that the

appearance and rapid diversification of nectobenthic dur-

ophagous/opportunistic predators such as dasyatoids,

myliobatoids, rajoids and torpediniforms in the aftermath

of the K–Pg boundary was related to the ecological

replacement of extinct prey with similar adaptations,

including demersal durophagous benthic dwellers such as

yhypsobatids, yparapalaeobatids and yrhombodontids

(Kriwet & Benton 2004; Guinot & Cavin 2016). Electric

rays, particularly Torpedinidae, together with carcharhi-

nid and isurid selachians, played a fundamental role dur-

ing the recovery of the full diversity of elasmobranchs in

the aftermath of the end-Cretaceous extinction event (Kri-

wet & Benton 2004).

Palaeobiological remarks
The potential palaeobiological and palaeoecological role

of yTitanonarke has been poorly investigated up to now,

considering the presence of several individuals of differ-

ent ontogenetic stages in the Monte Postale palaeobiotope.

Extant numbfishes of the family Narcinidae are typically

inshore to deep-water torpediniforms, with a worldwide

distribution, inhabiting warm-temperate to tropical waters

of continental and insular shelves. They occur down to

about 1000 m depth, although they usually are found

within 250 m, mostly occurring off soft sandy beaches

and in muddy enclosed bays, often associated with coral

reefs (Carvalho et al. 1999; McEachran & Carvalho 2002;

Last et al. 2016). From this perspective, the presence of at

least two species of yTitanonarke, the relative abundance

of specimens and a gravid female suggest close affinities

of this taxon with shallow-water habitats associated with

coral reefs, as hypothesized for the Monte Postale palaeo-

biotope (Marram�a et al. 2016c; Vescogni et al. 2016).
The stomach contents of MGP-PD 26275/6 provide a

rare example of feeding relationships at a mid-high level

of the trophic network in a reef-associated fish community

in the context of the Early Eocene Climatic Optimum. The

stomach contents of the holotype of yT. molini indicate
that this numbfish fed on larger benthic foraminifera of

the genus yAlveolina, at least occasionally, representing
the first unambiguous and direct evidence of feeding

behaviour in extinct electric rays. Modern narcinoids prey

upon benthic invertebrates (mostly polychaetes and crus-

taceans, rarely molluscs) and small bony fishes using their

highly specialized protrusible feeding apparatus (Car-

valho et al. 1999; McEachran & Carvalho 2002; Last

et al. 2016; Froese & Pauly 2017). Narcinids, in particu-

lar, are gape-limited polychaete specialists that use their

highly calcified and protractile jaws as an excavation tool

(Bigelow & Schroeder 1953; Dean & Motta 2004a, b).

Gut content analyses of extant Narcine species have

shown that polychaete annelids are the dominant prey

item, whereas soft-bodied invertebrates and small bony

fishes make up only a minor percentage of the diet

(McKay 1966; Amaral & Migotto 1980; Rudloe 1989;

Goitein et al. 1998; Carvalho 1999; Bornatowski et al.

2006; Cerqueira Ferreira & Vooren 2012). The labial car-

tilages play a fundamental role in limiting the circular

gape of jaw protrusion during the suction phase, therefore

enhancing the buccal pressure to suck in polychaetes

(Dean & Motta 2004a, b). The specialized jaw apparatus

morphology of narcinids is unique among batoids and it is

probably related to a specialization that strongly con-

strains their ecological niche (Dean & Motta 2004a). The

morphology of the jaw apparatus of yTitanonarke is

Figure 19. Palaeobiogeographical distribution of the Torpediniformes during the Cenozoic: 1, Texas; 2, Belgium; 3, Morocco; 4,
Jordan; 5, Saudi Arabia; 6, Enclave of Cabinda; 7, Nigeria; 8, Niger; 9, Cameroun; 10, Senegal; 11, Tunisia; 12, South Carolina; 13,
France; 14, Guinea-Bissau; 15, Togo; 16, Egypt; 17, Italy; 18, Portugal; 19, Switzerland; 20, Germany; 21, Netherlands. Data from
Hasse (1879), Jaekel (1904), White (1934), Dartvelle & Casier (1943), Arambourg (1952), Cappetta et al. (1967, 2000), Cappetta (1972,
1987, 1988, 2012), Herman (1974), Banks (1978), Cappetta & Traverse (1988), Cappetta & Nolf (1991), Bolliger et al. (1995), Madden
et al. (1995), Noubhani & Cappetta (1997), Antunes et al. (1999), Smith (1999), Bracher (2005), Reinecke et al. (2005), Adnet (2006),
Knight et al. (2007), Adnet et al. (2010), Carvalho (2010), Mollen (2010), Underwood et al. (2011), Case et al. (2015), Reinecke (2015)
and Siguendibo Sambou et al. (2017). Maps are modified from Scotese (2002).
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similar to that of other narcinids, although it has a more

slender hyomandibula. However, to the best of our knowl-

edge, no evidence of feeding activity on benthic forami-

nifera has been reported in extant torpediniforms (data on

food items are also available in Froese & Pauly 2017) or

in other fossil or extant cartilaginous fishes. Among bony

fishes the only known genus specialized in feeding on

foraminifera is the living leopard wrasse Macropharyngo-

don (see Randall 1978) whose lineage and unique special-

ized feeding mode evolved apparently in the early

Miocene (Cowman et al. 2009). Although fossil poly-

chaetes have been reported in the Bolca Lagerst€atte (Ales-
sandrello 1990), and we do not exclude that this giant

electric ray also fed on them, the abundance of larger fora-

minifera as stomach contents seems to suggest a selective

predation of this kind of food rather than accidental inges-

tion that sometimes can occur in coral reef fishes (e.g.

Daniels & Lipps 1978; Lipps 1988; Debenay et al. 2011).

From this perspective, this peculiar and unique occurrence

of predator-prey relationship between yTitanonarke and

yAlveolina might represent a further feeding specializa-

tion among torpediniforms early in their evolutionary his-

tory, or at least it can be considered an opportunistic

strategy in a context of remarkable abundance of this tro-

phic resource in the Tethys realm during the Eocene (see

e.g. Renema et al. 2008; Scheibner & Speijer 2008;

Papazzoni et al. 2017).

The large size of yTitanonarke in relation to the small

size of its prey is very striking, especially if compared to

the generally smaller size of extant narcinids (see Car-

valho 1999; McEachran & Carvalho 2002; Last et al.

2016), which are able to ingest polychaetes that may be as

long as their total body length (Dean & Motta 2004a, b).

The relative size difference between yTitanonarke as

predator and its prey might support the hypothesis that

larger marine fish predators could gain a competitive

advantage by feeding on both small and large prey, with

the latter being unavailable to smaller predators (Scharf

et al. 2000). Moreover, it has been demonstrated that

marine predators tend to select small prey instead of larger

prey when possible (Gillen et al. 1981; Hoyle & Keast

1987; Hart & Hamrin 1990; Juanes 1994). Thus, the con-

sistent inclusion of small prey in the diet of large preda-

tors might represent an opportunistic strategy in terms of

benefit-cost ratio (Scharf et al. 2000), since the energetic

costs of an active predatory lifestyle are less sustainable

with an increase in size, and these predators show a clear

tendency to prefer less-active feeding strategies, such as

filtering or scavenging (Ferr�on et al. 2017). Variation in

size-based feeding strategies among predators can be

related to differences in foraging tactics, predator gape

allometry and morphological specializations, as well as

individual behaviour and morphology of prey (Scharf

et al. 2000). Marine fish predators seemingly become

more successful with size due to a variety of factors

including an increase in sustained and burst swimming

speed (Keast & Webb 1966; Webb 1976; Beamish 1978;

Blaxter 1986). The high number of precaudal vertebrae

and the consequent proportionally longer tail of

yTitanonarke with respect to extant narcinoids might sug-

gest an increased swimming performance, because in tor-

pediniforms, contrary to most batoids, the precaudal tail

and the caudal fin are the primary propellers (Roberts

1969; Rosenberger 2001; Claeson 2014).

It is well established that the early Palaeogene is

marked by high origination rates of bony and cartilagi-

nous fish lineages, related at least in part to opportunistic

ecological niche-filling scenarios in pelagic and benthic

realms (Walker & Brett 2002; Kriwet & Benton 2004;

Friedman 2009, 2010; Guinot & Cavin 2016; Marram�a
et al. 2016a, b; Bellwood et al. 2017). Moreover, the

appearance of modern coral reef ecosystems during the

early Palaeogene allowed the exploitation of new ecologi-

cal resources, as highlighted by the development and

expansion of piscine herbivory, high-precision benthic

feeding, nocturnal feeding and ambush predation (Bell-

wood 2003; Goatley et al. 2010; Schmitz & Wainwright

2011; Bellwood et al. 2014; Floeter et al. 2017; Marram�a
& Carnevale 2017b). A second wave of innovations in

feeding mode, including coral feeding, foraminifera feed-

ing, particulate feeding and fish cleaning, arose during the

Oligocene/Miocene transition, and were linked to the

expansion of scleractinian-dominated reefs (Cowman

et al. 2009; Bellwood et al. 2017; Floeter et al. 2017).

However, larger foraminifera of the genus yAlveolina
might have represented an abundant and unexploited food

source for fishes of the Bolca palaeobiotope well before

the Oligocene/Miocene boundary. From this perspective,

the Eocene yTitanonarke might be considered the first

documented evidence of a novel feeding strategy experi-

mented with by the Torpediniformes in the context of the

massive adaptive fish radiation in the aftermath of the

end-Cretaceous extinction.

Conclusions

The excellent preservation of the yTitanonarke specimens

from the Bolca Lagerst€atte allowed a detailed reinterpreta-
tion of the morphology of this Eocene numbfish. A new

species of yTitanonarke also has been recognized, based

on several morphological differences with respect to the

type species. A monophyletic Narcinidae has been

unquestionably recovered based on parsimony analyses,

with yTitanonarke occupying a more derived position

compared to previous hypotheses. The presence of a fos-

silized embryo in situ in a marine batoid fish is reported

here for the first time, providing evidence of viviparity in

narcinids already in the early Eocene. Moreover, the anal-

ysis of the gut contents and the large size of yTitanonarke
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indicate that the early Palaeogene radiation of torpedini-

forms was characterized by the exploration of novel feed-

ing strategies, remarkably different from those of extant

polychaete-specialized numbfishes. The emergence of a

novel feeding adaptation in the Eocene is particularly

intriguing if considered in the context of the coeval exten-

sive adaptive radiation in several bony and cartilaginous

fish lineages that took place to fill the ecological roles left

unoccupied by the biodiversity lost via the end-Creta-

ceous extinction (see Kriwet & Benton 2004; Friedman

2009, 2010; Guinot & Cavin 2016; Marram�a et al. 2016a,
b; Bellwood et al. 2017).
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