


Xiphiorhynchus priscus (Agassiz, 1844)
(Fig. 18)

1835a Tetrapturus sp. Agassiz, p. 303.
1833–44 Tetrapterus priscus Agassiz, p. 91, pl. 31.
?1851 Ommatolampes eichwaldi Fischer von Waldheim, p. 3,

fig. 1.
1869 Histiophorus priscus (Ag.) Cope, p. 310.
1901 Xiphiorhynchus priscus (Ag.) Woodward, p. 491, fig. 18

(1), pl. 19, figs 1 & 2.
1901 Xiphioid Woodward, 1901, p. 495.
1905 Xihiorhynchus priscus (Ag.) Leriche, p. 158, pl. 11, fig. 1.
1906 Xiphiorhynchus priscus (Ag.) Leriche, p. 251, pl. 14, fig. 1.
1966 Xiphiorhynchus priscus (Ag.) Casier, p. 309, text figs 72 &

73, pls 52 & 65.

Holotype. MNHN PTE 747 (formerly AC 11346).
Material. The holotype, and BMNH 3888, 28711 (Fig.

18d), 32387, P4300, P13056 (Fig. 18c), P26990 (Fig. 18b) and
36133a (Fig. 18a), Sheppey, England Early Eocene: Ypresian
(London Clay); P12204, East shore, Selsey, Bartonian (Selsey
Sands, Bracklesham Beds); P19492, Beltinge, Herne Bay,
Kent, Early Eocene: Ypresian (London Clay).

Comparisons. Four nutrient canals comparatively large
and clearly visible, cross-section of bill rather rounded. The
present author is unsure whether these are apomorphies or
plesiomorphies, and hence, considers it better not to mention
them as diagnostic characters here.

Description. Woodward’s (1901) descriptions of BMNH
28711, 32387 and 36133 (a specimen that the present
author has not studied) are quite comprehensive and detailed.
Woodward’s (1901, pl. 19) nasals are interpreted here as
ascending processes of premaxillae. Nasals are indeed visible at
the base of the rostrum of istiophorins and are anteriorly
bordered by the ascending processes of premaxillae (Fig. 20).
In Xiphiorhynchus, however, the dorsal surface of the bill seems
to be covered mainly by only one pair of bones (see also Fig.
17), which is interpreted as a pair of ascending processes of the
premaxillae, as found in Recent Xiphias. Nasals are not found
in X. priscus. In this genus, the situation may be similar to that
in Xiphias, in which nasals are presumed by some (see Conrad
1937; Monsch 2000b) to be reduced to minute fragile bones
which would probably not survive fossilisation.

Remarks. Woodward (1901) mentioned a xiphioid ros-
trum (BMNH P4300) that he described as flattened and
showing two longitudinal canals. However, the present author
considers that the bill is not flattened such that is not referable
to X. priscus. A close examination of the specimen reveals that
it possesses four nutrient canals, the ventral pair being smaller
and more difficult to perceive.

Tribe Istiophorini Lütken, 1875
Genus Makaira Lacepède, 1802

Type species. Makaira nigricans Lacepède, 1802, p. 688,
Bay of Biscay (Recent).

Figure 19 Vertebra, aff. Xiphiorhynchus, BMNH 32570, Eocene, London Clay, Sheppey, Kent: (a) lateral view;
and (b) anterior or posterior view. Scale bars=10 mm.

Figure 20 Prenasals and surrounding bone elements, as seen in a dorsal view of a part of a rostrum of
Tetrapturus albidus Poey 1860, USNM 27066. Scale bar=20 mm.
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Diagnosis. Nape (anterodorsal profile of head) elevated,
makes angle of >45( with body axis, lateral apophyses of
vertebrae developed into anterolateral transverse plate-like
flanges, centrum strongly widened and deepened anteriorly.

Species composition. Three Recent species of Makaira oc-
cur world-wide (Nakamura 1985). A review of fossil species is
in Fierstine (2001), who mentions four extinct species and
fossil specimens of extant species.

Makaira sp.
(Fig. 21)

Material. BMNH 30798, Sheppey, Early Eocene: Ypre-
sian (London Clay) (Fig. 21), 1086–8, Alum Bay, Isle of Wight,
Bartonian (Lower Barton Clay).

Diagnosis. Centrum strongly widened anteriorly.
Description. Amphicoelous, elongate, narrow centra,

strongly constricted medially: haemal arch excluded, centrum
at narrowest point has diameter less than 30% of maximum
depth. Anterior apex abruptly deepening, thus achieving a
greater diameter and depth than posterior apex. Transverse
section of anterior and posterior end of centrum almost
circular in outline. Rib socket preserved.

Remarks. The present author interprets these centra as
having been in the most anterior part of the vertebral column
because of the presence of rib sockets. Moreover, more poste-
rior vertebrae of Makaira have laterally expanded lateral
apophyses.

Kemp et al. (1990, pl. 18) figured (but did not describe) a
rostrum that they assigned to Brachyrhynchus Van Beneden,
1871 (an invalid heterogenous taxon based, amongst others, on
Makaira, see Schultz 1987), from the middle Eocene of
England. The present author was unable to identify the
specimen on the basis of their illustration.

Incertae sedis sp. non Xiphiorhynchus
(Fig. 22)

1966 Xiphiorhynchus parvus Casier, p. 314, pl. 51, fig. 5.

Material. BMNH P21306 (Holotype of Xiphiorhynchus
parvus, Fig. 22), Sheppey, Early Eocene: Ypresian (London
Clay).

Diagnosis. Billfish rostra without preserved generic or
specific apomorphies.

Description. Xiphiorhynchus parvus is based on a small
rostrum that is almost circular in cross-section, striated dor-
sally, bears multiple rows of villiform teeth (no teeth are
preserved, but empty alveoli are easily visible), and has one
pair of large nutrient canals. Xiphiorhynchus, on the contrary,
is characterised by four nutrient canals.

Incerti Tribus
Genus Aglyptorhynchus Casier, 1966

Type species. Cylindracanthus denticulatus Leriche, 1908,
p. 381, from the Oligocene of Belgium.

Diagnosis. Known from rostra only (Fig. 23), which bear
two dentigerous zones which are separated by a narrow
median edentulous zone. Number of nutrient canals variable
(Fierstine 2001).

Species composition. Nine species (Fierstine 2001) from the
Early Eocene to Late Oligocene of England, Belgium and the
USA. Aglyptorhynchus venablesi Casier, 1966, is the only
English species.

Remarks. Leriche (1906) realised that the name Coelorhyn-
chus for fossil billfish rostra was preoccupied by a Recent
macrurid. Thus, he introduced the new generic name Glypto-
rhynchus, apparently unaware of an already existing valid
generic name Cylindracanthus. Leriche (1908, 1910) subse-
quently regarded Glyptorhynchus as a subgenus of Cylindra-
canthus, a generic name he then apparently did recognise.
However, the ‘Glyptorhynchus’ that Leriche (1906) described
concerns what is now known as a distinct genus, Cylindracan-
thus (see below), and the ‘Cylindracanthus subgen. Glyptorhyn-
chus’ he described later (Leriche 1910) is generically
different from Cylindracanthus. Casier (1966) erected the new
genus Aglyptorhynchus to replace Leriche’s (1910) ‘subgen.
Glyptorhynchus’.

This genus is represented by fossils of rostra only. Judging
by its four large nutrient canals and multiple tooth rows (Fig.
23d), it is likely that Aglyptorhynchus is a billfish, maybe one
related to Xiphiorhynchus. A recently described species, Aglyp-
torhynchus maxillaris Fierstine, 2001, is preserved as a near-
complete rostrum, together with maxillae and premaxillae.
This is the most convincing evidence so far that Aglyptorhyn-
chus is a billfish. A preliminary phylogenetic analysis of
scombroids was carried out without Aglyptorhynchus (Monsch
2000b). It remains to be seen whether the new cladistic analysis

Figure 21 Makaira sp., vertebra, BMNH 30798, Eocene, London Clay, Sheppey, Kent: (a) right view; and (b)
dorsal view. Anterior end on the right, scale bars=10 mm.

Figure 22 Rostrum of unidentified istiophorin (non Xiphiorhynchus), BMNH P21306, Eocene, London Clay,
Sheppey, Kent. Scale bar=2 mm.
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in preparation will resolve the position of Aglyptorhynchus, but
with A. maxillaris, that now seems more hopeful than before.
Aglyptorhynchus maxillaris possesses a large, downturned
maxillary flange, as is found in the fossil billfish tribe Palaeo-
rhynchini (e.g. see Bannikov 1993). Thus, it may be that the
affinity of Aglyptorhynchus is with palaeorhynchins.

‘Aglyptorhynchus sp.’ is mentioned from the Bracklesham
Group of Hampshire (see Kemp et al. 1990).

Aglyptorhynchus venablesi Casier, 1966
(Fig. 23)

1966 Aglyptorhynchus venablesi Casier, p. 305, text fig. 71, pl.
51, figs 1–3.

2000 Aglyptorhynchus venablesi Cas. Clouter et al., p. 66, 4
figures.

Holotype. P26157 (Fig. 23b), Bognor Regis, Sussex, Ypre-
sian (Fish tooth bed of London Clay).

Material. The holotype and the paratypes BMNH P21305
(Fig. 23a, c, d) and P27612–4, Bognor Regis, Sussex: Ypresian
(fish tooth bed of London Clay).

Diagnosis. Cross-section at base of rostrum almost square
(Fig. 23b), and more or less circular near anterior tip (Fig.
23c). Four nutrient canals at base of rostrum occupy almost
the whole of the area in transverse cross-section (compare Fig.
23b, c) and coalesce into a single canal distally (Fig. 23c) A
thin section of a proximal part of the rostrum also showed
three minute additional dorsal (nutrient?) canals (Casier 1966,
plate 61).

Description. See Casier (1966).

Genus Enniskillenus Casier, 1966

Type species. Enniskillenus radiatus Casier, 1966, p. 299,
from the Early Eocene of England.

Diagnosis. Frontals dorsally convex (Fig. 24), provided
with numerous minute perforations, postero-superior fossa
posterior to orbit.

Figure 23 Aglyptorhynchus venablesi, Eocene, London Clay, Bognor Regis, Sussex: (a) dorsolateral view of
almost complete? Rostrum, BMNH P21305; (b) transverse cross-section near base of rostrum, BMNH P27612;
(c) transverse cross-section near anterior tip of rostrum, BMNH P21305; and (d) ventral view of part of BMNH
P21305.
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Species composition. Only the type species.
Remarks. Because of superficial resemblances, Woodward

(1901) considered that BMNH P646 and P647 could belong to
the fossil billfish Palaeorhynchus De Blainville, 1818. Casier
(1966) concluded the specimens are not Palaeorhynchus, but
erected a new palaeorhynchid genus, Enniskillenus, for them.
Monsch (2000b) considered the characters chosen by Casier
(1966) to identify these specimens palaeorhynchids superficial
and was of the opinion that the skulls do not reveal any
synapomorphies for palaeorhynchins, billfishes, or even scom-
broids. It is not known whether palaeorhynchins possess a
similar cranial morphology as Enniskillenus. However, Clouter
et al. (2000, p. 61) figured specimens of Enniskillenus with
billfish rostra and elongated istiophorin-like vertebrae. Even
though this confirms that the genus belongs to the Xiphiinae,
the fossils contain no apomorphies which would assign them to
one of the existing xiphiin tribes.

Enniskillenus radiatus Casier, 1966
(Fig. 24)

1833–44 Ptychocephalus radiatus Agassiz, p. 139 (nomen nu-
dum).

1845 Ptychocephalus radiatus Agassiz, p. 307 (nomen nudum).
1901 Palaeorhynchus? Woodward, p. 497.
1966 Enniskillenus radiatus Casier, p. 299, text fig. 70, pl. 54.
?1985 Enniskillenus cf. radiatus Cas. Kemp, p. 43 (nomen

nudum).
?1990 Enniskillenus cf. radiatus Cas. Kemp et al., p. 12, pl. 16,

fig. 8.
2000 Enniskillenus radiatus Cas. Clouter et al., p. 61, 3 figures.

Holotype. P646, Sheppey, Early Eocene: Ypresian
(London Clay).

Figure 24 Enniskillenus radiatus, BMNH P646; Eocene, London Clay, Sheppey, Kent: (a) lateral view;
and (b) dorsal view (some features which are obscured in the picture are better visible in Fig. 24a. Scale
bars=10 mm.
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Material. The holotype and the following paratypes:
BMNH 33136, P1741 and P26893, Sheppey, Early Eocene:
Ypresian (London Clay).

Diagnosis. As for genus.
Description. A detailed description of the skull was given

by Casier (1966). Specimens with broken rostra (provided with
numerous rows of alveoli) and long, slender, istiophorin-like
vertebrae were briefly described and illustrated by Clouter
et al. (2000, p. 61).

Genus Rotundorhynchus Monsch gen. nov.

Type species. Rotundorhynchus brittanicus nov. sp. from
the Eocene of the London Clay.

Derivation of name. The name Rotundorhynchus is com-
posed of the Latin word rotundus, meaning round, and the
Greek word rhynchos, meaning snout.

Diagnosis. One large central canal extending to almost
anterior tip of rostrum, two lateral nutrient canals.

Comparisons. Transverse cross-section of bill almost circu-
lar, becoming slightly ovoid near the base, deeper than bill of
Xiphiorhynchus.

Remarks. Rotundorhynchus shows an interesting mix of
characters. A central canal that extends far anteriorly is known
for Xiphiorhynchus. The possession of one pair of nutrient
canals is a feature of istiophorins.

Rotundorhynchus brittanicus Monsch sp. nov.
(Fig. 25)

1901 Xiphioid Woodward, p. 493.

Holotype. BMNH P1765, Sheppey, Early Eocene: Ypre-
sian (London Clay).

Material. The holotype and BMNH P23838, Sheppey,
Early Eocene: Ypresian (London Clay).

Derivation of name. Species named after country of origin
of only known specimens.

Diagnosis. As for genus.
Description. Holotype has been cut in two halves, perhaps

during original preparation of specimen (Fig. 25a). Sagittal
cross-section reveals that central nutrient canal almost reaches
anterior tip of bill (fig. 25b). Multiple rows of minute teeth,
evidenced by empty alveoli (Fig. 25a). Dorsal surface rugose
(Fig. 25c). Transverse cross-section of holotype (near the tip)
almost circular, of paratype (near the base) more ovoid (Fig.
25d). One central canal, two rather large nutrient canals, one
of which is preserved in paratype (Fig. 25d).

Incerti tribus
Genus Eocoelopoma Woodward, 1901

Type species. Eocoelopoma colei Woodward, 1901, p. 470,
from the Early Eocene of England.

Diagnosis. Postero-superior fossa more anteriorly placed
than in other scombrids: near middle of the of orbit (see
description of species below). Part of frontal anterior of
postero-superior fossa, thickened and ornamented with more
or less fine lines.

Species composition. Eocoelopoma curvatum Woodward,
1901; E. colei, and Eocoelopoma gigas Casier, 1966, from
England and Eocoelopoma portentosa Bannikov, 1985, from
Turkmenistan. Eocoelopoma teeth of Equatorial Africa are
known (Bannikov 1985), but the present author is not familiar
with those taxa as such. Bannikov (1985) considered E.
curvatum a synonym of E. colei. However, the present author
thinks that there are significant differences between the speci-

mens (see below) which justify a recognition of two different
species here.

Remarks. Eocoelopoma hopwoodi Casier, 1966, is here
assigned to a new genus (see below).

Eocoelopoma colei Woodward, 1901
(Fig. 26)

1833–44 Coelopoma colei Agassiz, p. 139 (nomen nudum).
1845 Coelopoma colei Ag. Agassiz, p. 307 (nomen nudum).
1901 Eocoelopoma colei Woodward, p. 470.
non 1901 Eocoelopoma colei Wood. Woodward, 1901: 471

(partim).
1966 Eocoelopoma colei Wood. Casier, p. 280, pl. 43, fig. 1.
non 1966 Eocoelopoma colei Wood. Casier, p. 280 (partim).
1985 Eocoelopoma colei Wood. Bannikov, p. 40 (nomen nudum,

partim).
2000 Eocoelopoma colei Wood. Clouter et al., p. 61.

Holotype. BMNH P623a, Sheppey, England, Early
Eocene: Ypresian (London Clay).

Material. BMNH P26702, P26805 and USNM 22388 (Fig.
26), Sheppey, England, Early Eocene: Ypresian (London
Clay); P12945, Southend-on-Sea, Essex, Early Eocene: Ypre-
sian (London Clay).

Diagnosis. Opercular bones, especially preoperculum,
ornamented with clearly visible irregular wrinkles.

Comparisons. Other species have relatively smooth oper-
cular bones and the ornamentation on the frontals consists of
finer, more curved lines.

Description. A description is given by Casier (1966). Ad-
ditional information and observations differing from that
description given here. Small skulls, almost as long as wide.
Neurocranium length 55–83 mm, maximum width 46·5–
76 mm. Supratemporal groove short, not extending rostrad to
snout. Temporal groove posteriorly strongly depressed, ante-
rior part of groove shallower (Fig. 26b). Postero-superior fossa
reaching middle of orbit, near lateral margin of frontal.
Anterior apex of frontal pointed. Pterotic a short, narrow,
triangular wing. Anterior margin of vomer slightly protruding,
with patch of villiform teeth. Palatine with numerous, minute,
elongate, retrorse teeth which are round in cross-section. Teeth
in jaws relatively stout, conical, about equal in size (2 mm) and
at most a few millimetres apart. Hyoidean window present.

Remarks. Casier (1966) excluded BMNH 39221 from
Woodward’s (1901) hypodygm of E. colei and made it the
holotype of E. gigas Casier, 1966. Monsch (2000b) considered
that another specimen of E. colei’s original hypodygm (BMNH
33305) is to be considered as E. gigas. This is maintained here.

Eocoelopoma curvatum Woodward, 1901
(Fig. 27)

1833–44 Coelopoma laeve Agassiz, p. 139 (nomen nudum).
1845 Coelopoma laeve Ag. Agassiz, p. 370 (nomen nudum).
1854 Coelopoma curvatum Owen, p. 162 (nomen nudum).
non 1901 Scombrinus nuchalis, Wood. Woodward, p. 462

(partim).
1901 Eocoelopoma curvatum Woodward, p. 472.
1966 Eocoelopoma curvatum Wood. Casier, p. 282, pl. 43, figs 2

& 3, pl. 44, figs 1 & 2.
non 1985 Eocoelopoma colei Wood. Bannikov, p. 81 (partim).
non 2000 Scombrinus nuchalis Wood. Clouter et al., p. 59, fig.

‘Top view’.
2000 Eocoelopoma curvatum Wood. Clouter et al., p. 61, 3

figures.
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Neotype (as established by Casier 1966). BMNH 44877a,
Sheppey, Early Eocene Ypresian (London Clay).

Material. BMNH 24613 (Fig. 27b, c), P4151, P9455 (Fig.
27a), P9456a, P26714 (formerly P1698c) and USNM 22389,
Sheppey, Early Eocene: Ypresian (London Clay).

Diagnosis. Frontal anterior to postero-superior fossa
densely ornamented with fine curved lines.

Description. Previous description given by Casier (1966).
Different observations and additional information are given
here. Sizes of cranial remains variable, but generally not very
large. Crania about 1·7 times longer than wide. BMNH 24613,
P4151 and USNM 22389: 80 mm long, BMNH P26714 more
than 80 mm long, but unable to measure whole length. Maxi-
mum width frontals 29–71 mm. Anterior margin of frontal
rather blunt and rounded. Postero-superior fossa somewhat
posterior of middle of orbit (Fig. 27b). Anterior part of

temporal groove shallow, posterior part strongly depressed,
thus resembling a large fossa (Fig. 27b). Apex of epiotic with a
flat, short projection pointing laterally. Pterotic a short wing.
Palatine with minute sharp, curved teeth. Parasphenoid rather
wide anteriorly, tapering posteriorly. Opercular bones rather
smooth, only preoperculum with a slightly rugose ornamenta-
tion (Fig. 27a). Anterior ascending process of premaxilla
rather large, but short. Teeth slender, elongate, sharply
pointed, with ovoid base and smooth surface, almost all of
them of same size (about 3·5 mm long). Right dentary of
BMNH P9455 possesses at least 15 teeth which are a few
millimetres apart. Eye sclerotics rather large (diameter 27 mm),
clearly bulging laterally. Lachrymal large, longer than orbit
diameter. Ventral margin of ceratohyal with ventral projec-
tions, as in Recent Thunnini. Opercular bones covered by
scales with a maximum diameter of 3·5 mm. In BMNH P4151,

Figure 25 Rotundorhynchus brittanicus, Eocene, London Clay, Sheppey, Kent: (a) ventral view of BMNH
P1765; (b) cross-section of BMNH P1765; (c) dorsal view of BMNH P23838; and (d) transverse cross-section of
BMNH P23838. Scale bars=10 mm.
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first six vertebrae preserved. Centrum about as long as deep
and wider than deep. Second centrum 6 mm long and deep.

Eocoelopoma gigas Casier, 1966
(Fig. 28)

non 1901 Eocoelopoma colei Wood. Woodward, p. 471
(partim).

1966 Eocoelopoma gigas Casier, p. 281, pl. 45.
1985 Eocoelopoma gigas Cas. Bannikov, p. 41 (nomen nudum).
?2000 Eocoelopoma sp. Clouter et al., p. 68, 1 fig.

Holotype. BMNH 39221 (Fig. 28a). Sheppey, Early
Eocene: Ypresian (London Clay).

Material. The holotype and BMNH 33305 (Fig. 28b–d),
Sheppey, Early Eocene: Ypresian (London Clay).

Diagnosis. Significanty larger species than other species of
this genus: length between hind margin of preoperculum and
snout 220 mm (BMNH 39221). Crania of other species differ
little in size within a length range of 55–135 mm. Small area of
slight ornamentation anterior of postero-superior fossa.

Description. A description was given in Casier (1966).
Different observations and additional information given here.
Postero-superior fossa somewhat anterior of middle of orbit,
close to lateral margin of frontal (Fig. 28b, c). Anterior of
postero-superior fossa, frontal thickened. Hinder part of this
thickened region slightly ornamented with fine curved lines
(Fig. 28c). Apex of epiotic with a flat, short projection pointing
laterally. Anterior margin of vomer diamond-shaped and
strongly protruding anteriorly (Fig. 28d). Opercular bones
rather smooth, only preoperculum with a slightly rugose
ornamentation. Teeth slender, elongate and sharp-pointed,
base ovoid, surface smooth (only slightly striated basally),
almost all of the same size (about 6 mm long).

Eocoelopoma sp.

Material. BMNH P29983, Bognor, Sussex; BMNH
P26706, Sheppey, Early Eocene: Ypresian (London Clay).

Description and remarks. BMNH P29983: clearly an
Eocoelopoma tooth: slender, elongate, sharply pointed and

Figure 26 Eocoelopoma colei, USNM 22388, Eocene, London Clay, Sheppey, Kent: (a) right view; and (b)
dorsal view. Scale bars=10 mm.
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slightly bent (presumably towards the axial, lingual side),
smooth (barely striated basally), ovoid in cross-section, about
4 mm long. Specific identity cannot be determined. If the
specimen belongs to E. gigas, it is not a fully grown individual.
BMNH P26706: damaged neurocranium, anterior part of
frontals missing. Identified as Eocoelopoma through pattern of
ridges and dents on skull roof, and anteriorly placed postero-
superior fossa. Identity uncertain: could be juvenile E. gigas,
adult E. colei or E. curvatum, but apomorphies which would
identify to species level are missing. The specimen was labelled
as E. curvatum in the collection.

Remark. Clouter et al. (2000, p. 65) figured a ‘lower jaw’
(which is really a premaxilla pictured upside down) and an
upper palate of ‘Eocoelopoma sp.’

Genus Tamesichthys Casier, 1966

Type species. Tamesichthys decipiens Casier, 1966, p. 271,
from the Early Eocene of England.

Diagnosis. Lower jaw protrudes upper jaw, large scales on
opercular bones.

Species composition. Only the type species.

Tamesichthys decipiens Casier, 1966
(Fig. 29)

1966 Tamesichthys decipiens Casier, p. 271, pl. 40, fig. 1.
1985 Scombrosarda decipiens Cas. Bannikov, p. 13.

Holotype. BMNH 41319 (Fig. 29), Sheppey, Early Eocene:
Ypresian (London Clay).

Material. The holotype only.
Diagnosis. As for genus.
Description. A detailed description was given by Casier

(1966), to which the present author now adds an observation
concerning the jaw apparatus. On the right side of the skull
(not figured), the anterior portion of the premaxilla is pre-
served, which Casier (1966) mistook for the maxilla. The
dentary protrudes beyond the upper jaw.

Remarks. It is not easy to assess the affinities of Tamesich-
thys. The protruding lower jaw is a characteristic of trichiurids,
but Tamesichthys does not possess any trichiurid-like fangs.
Superficially, Tamesichthys somewhat resembles a generalised
gempylin, but when given a closer look, cannot be assigned to
this subfamily after all for a lack of gempylin synapomorphies
(for example, its teeth are straight, not retrorse as in gempy-
lins). Tamesichthys may have affinities with advanced scom-
brids, if the large scales on its opercular apparatus are
remnants of an anterior corselet. The anterior margin of the
preoperculum forms a blunt angle, as in Scomberomorus,
Acanthocybium and Sardinae. The operculum is deep and
acutely tapered ventrally, as in the scombrins.

Bannikov (1985) considered Tamesichthys identical to the
fossil mackerel-like genus Auxides (also known as Scombrosa-
rda), whose skulls are, in most respects, the same as those of
Recent mackerel. Bannikov (1985) based his assignment on

Figure 27 Eocoelopoma curvatum, Eocene, London Clay, Sheppey, Kent: (a) left view of BMNH P9455; (b)
dorsal view of BMNH 24613; and (c) ventral view of BMNH 24613. Scale bars=10 mm.
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the small size of Tamesichthys’ straight and conical teeth
(preserved at the right side of the skull; not figured)
and the shape of its operculum. However, when other
characteristics of the London Clay cranium are taken into
account, it is found that Tamesichthys is not identical to
neither Scomber nor Auxides, and is to be considered a genus
in its own right.

Scombroidei incertae familiae
Genus Duplexdens Monsch gen. nov.

Type species. Cybium macropomum Agassiz, 1844, p. 62,
from the Early Eocene of England.

Derivation of name. Duplexdens is a free Latin translation
of ‘double tooth’. An apomorphy of this genus is the
possession of (incomplete) double tooth rows.

Diagnosis. Genus known from skull only. Length of
lachrymal greater than maximum diameter of orbit, anterior
margin of ethmoid concave, jaw teeth represented by two
incomplete tooth rows.

Species composition. Type species only.
Remarks. The only species of Duplexdens was previously

known as Scombrinus macropomus (Agassiz, 1844). This spe-
cies is not congeneric with Scombrinus, which has much
smaller teeth arranged in only a single row, and the anterior
margin of its ethmoid is not emarginate. Since Scombrinus

Figure 28 Eocoelopoma gigas, Eocene, London Clay, Sheppey, Kent: (a) left view of BMNH 39221; (b) dorsal
view of BMNH 33305; (c) detail of Fig. 28b with frontal ornamentation indicated by short arrow; and (d) ventral
view of BMNH 33305. Scale bars=20 mm.
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nuchalis is the type species of its genus, a new genus
Duplexdens has been created for ‘Scombrinus macropomus’.

Duplexdens macropomus (Agassiz, 1844 ) comb. nov.
(Fig. 30)

1835b Cybium macropomum Agassiz, p. 42 (nomen nudum).
1833–44 Cybium macropomum Agassiz, p. 62, pl. 26. figs 1–3.
1901 Scombrinus macropomus (Ag.) Woodward, p. 463.
non 1901 Scombramphodon crassidens Woodward, 1901,

Woodward, p. 475 (partim).
1966 Scombramphodon sheppeyensis Casier, p. 276, pl. 40,

fig. 4.
1966 Acestrus elongatus Casier, p. 316, pl. 40, fig. 3.

Holotype. MNHN PTE 10 (formerly MNHN 1872–557),
Sheppey, Early Eocene: Ypresian (London Clay).

Material. The holotype and BMNH 28755, (holotype of
Scombramphodon sheppeyensis), 28758, 38907, P158 (paratype
of Scombramphodon crassidens Woodward, 1901), P166,
P12954 (holotype of Acestrus elongatus) and P4145 (Fig. 30a,
b); GLAHM V2017 and V3470; Sheppey, Early Eocene:
Ypresian (London Clay).

Diagnosis. As for genus.
Description. Neurocranium 122–140 mm long. Frontals

coarsely ornamented with rugose lines, most of which are
parallel to axis of skull. Pineal window and frontoparietal
fenestra absent. In some specimens, through damage, a large
pineal window seemingly present (Fig. 30a). Supratemporal
groove present and short, not extending to anterior tip of
frontal. Postero-superior fossa situated towards hind margin
of orbit. Epiotic triangular, pointing postero-laterally. Lachry-
mal damaged, but length clearly greater than maximum diam-
eter of orbit (Fig. 30b). The pterotic appears as a short spine.
Upper jaw long, reaching hind margin of orbit. Presence or
absence of supramaxilla not clear. Maxilla/premaxilla complex
tightly bound, non-protrusible. Premaxilla long and stout,
with a relatively short and small rostral ascending process,
which ascends with angle of 40( with posterior shank of

premaxilla. Ascending process dorso-caudally two-pronged
(Fig. 30a), as in Scombrinae. Both upper and lower jaw slightly
damaged, and with rugose horizontal striations, upper jaw
seemingly protruding over lower jaw slightly. Two types of
teeth: inner row of larger and outer row of smaller teeth (Fig.
30c). Outer tooth row not observed in anteriormost part of
either dentary or premaxilla. Small, conical teeth, less than
1 mm long. Principal teeth stout but slender, all of about same
length of 6 mm and a few millimetres apart. Teeth semiconical
(ovoid in cross-section), and slightly striated basally. Rostral
margin of ethmoid indented, semi-forked (Fig. 30a), as in
Scomberomorinae and Scombramphodon. Eye sclerotics sur-
rounding somewhat ovoid area, long side of oval vertical,
about 33 mm long (BMNH P4145). Operculum deep, its
ventral margin at same level as dorsal margin of dentary.
Ventral margin of ceratohyal smooth, without projections.
Vertebral centrum (only seen in holotype) short, amphicoelous
and only very slightly medially constricted.

Duplexdens? sp.

Material. BMNH 38903, Sheppey, Ypresian, London
Clay.

Description. One pair of damaged premaxillae. Ascending
processes, small horizontal portion of premaxillae and anteri-
ormost fragments of maxillae preserved. Ascending process of
premaxilla stout, makes angle of 35( with posterior shank,
two-pronged dorsally. Empty tooth alveoli are circular.

Remarks. Resembles Duplexdens by the stout and rela-
tively long ascending process, which distally has two projec-
tions. However, the differentiation of those two processes is
less pronounced than in Duplexdens. Furthermore, the ascend-
ing process of this specimen seems to be longer than in
Duplexdens, resembling somewhat a premaxilla of a Scomb-
eromorinae, although those have even longer ascending pro-
cesses. Tooth alveoli are circular. Because of the lack of tooth
themselves, it cannot be said whether the teeth are conical
over their whole length or compressed towards the apex.
Duplexdens’ teeth are conical.

Figure 29 Tamesichthys decipiens, BMNH 41319, Eocene, London Clay, Sheppey, Kent. Scale bar=10 mm.
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Figure 30 Duplexdens macropomus, BMNH 4145, Eocene, London Clay, Sheppey, Kent: (a) dorsal view; (b) left
view, rectangle indicates selection for Fig. 30c; and (c) detail of Fig. 30b, showing inner and outer teeth. Scale
bars=10 mm.
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Genus Micrornatus Monsch gen. nov.
(Fig. 31)

Type species. Eocoelopoma hopwoodi Casier, 1966, p. 284,
from the Early Eocene of Sheppey.

Derivation of name. Skull is characterised by a few shallow
lines of ornamentation (micro-ornatus), as opposed to the
numerous, clearer lines which cover the anterior part of the
frontals of the similar genus Eocoelopoma.

Diagnosis. Postero-superior fossa near middle of orbit,
pineal window present, anterior margin of ethmoid emargin-
ate, anterior part of frontal thickened and slightly ornamented
with curved lines.

Species composition. Only the type species.
Remarks. Micrornatus superficially resembles Eocoelo-

poma, hence it was regarded as such by Casier (1966). How-
ever, close investigation revealed significant differences. The
antero-dorsal margin of the ethmoid is not emarginate
in Eocolopoma, but it is in Micrornatus (Fig. 31a). Some
specimens of Eocoelopoma seemingly possess a large pineal
window, but since the others do not, the present author
considers all apparent pineal windows in Eocoelopoma speci-
mens to be artefacts of fossilisation. In Micrornatus, however,
the borders of the narrow pineal slit appear to be smooth and
natural, because of which the author recognises this as a real
pineal window. The frontals of Micrornatus are much less
densely ornamented than those of Eocoelopoma. The teeth of
Micrornatus (see Fig. 31b) are more slender and longer than
those of Eocoelopoma.

Micrornatus hopwoodi (Casier, 1966) comb. nov.
(Fig. 31)

1966 Eocoelopoma hopwoodi Casier, p. 284, text fig. 65, pl. 44,
fig. 3.

Holotype. BMNH 36136 (Fig. 31), Sheppey, Early Eocene:
Ypresian (London Clay).

Material. The holotype only.
Diagnosis. As for genus.
Description. See description of Eocoelopoma hopwoodi

(Casier 1966). Holotype is pictured in Fig. 31.

Genus Scombramphodon Woodward, 1901

Type species. Amphodon benedeni Storms, 1887, p. 265, pl.
4, from the Oligocene of Belgium.

Diagnosis. Anterior margin of ethmoid emarginate. Com-
plete double tooth row with teeth of outer tooth row smaller
than those of inner row.

Comparisons. Differs from similar genus Duplexdens,
which has an incomplete outer tooth row and a wider skull.

Species composition. Three species are recognised: S. bene-
deni and Scombramphodon curvidens (Storms, 1887) from the
type locality and Scombramphodon crassidens Woodward,
1901, from England.

Remarks. Scombramphodon sheppeyensis Casier, 1966, is
here considered a junior synonym of Duplexdens macropomus
because it has an incomplete rather than a complete double
tooth row. Scombramphodon has two complete tooth rows, of
which the outer tooth row contains teeth much smaller than
those of the inner tooth row. The holotype of Scombramph-
odon woodwardi White, 1926 (BMNH P11853�, �), suggests
that both its tooth rows contained teeth of approximately the
same size. The present author feels that the fossil is too poorly

preserved to attach any identification to it. S. crassidens is
described below.

Scombramphodon crassidens Woodward, 1901
(Fig. 32)

1833–44 Sphyraenodus crassidens Agassiz, p. 99 (nomen
nudum).

1890 Dictyodus? crassidens (Ag.) Woodward & Sherborn, p. 64
(nomen nudum).

1901 Scombramphodon crassidens Woodward, p. 475.
non 1901 Scombranphodon crassidens Wood. Woodward,

p. 475 (partim).
1966 Scombramphodon crassidens Wood. Casier, p. 274, text

fig. 63, pl. 39, figs 1 & 2.
non 1966 Scombramphodon crassidens Wood. Casier, p. 274,

pl. 39, fig. 3.
?2000 Scombramphodon sp. Clouter et al., p. 68, fig. ‘Scom-

bramphodon sp.’

Holotype. BMNH P1779 and P1779a, Sheppey, Early
Eocene (London Clay).

Material. The holotype and BMNH 38945, P1763 (Fig.
32), P1780 (paratype), and P65644; Sheppey, Early Eocene:
Ypresian (London Clay).

Diagnosis. As for genus. Other species of this genus have
not been studied for comparison.

Description. A detailed description was given by Casier
(1966). Recently, a new specimen has been discovered, which is
more complete than any other S. crassidens specimen and well
articulated (Fig. 32). The most significant new information
contained in that specimen is found in the well-preserved
premaxillae, which possess complete double tooth rows (Fig.
32c), as do the dentaries.

Remarks. Woodward (1901) did not clearly indicate that
BMNH P1779 is the holotype of the species, but mentioned it
first in the list of specimens of S. crassidens, and stated that the
specimen was previously labelled as, and intended to be, the
type by Louis Agassiz. Even though this is not explicit,
Woodward (1901) established holotypes in a similar manner
throughout the catalogue and always mentioned the holotype
first in his lists of specimens. The same can be seen in his
assignment of the holotype of Scombrinus nuchalis, which was
indeed interpreted correctly by Casier (1966). However, Casier
(1966) seemed to assume that Woodward (1901) did not
establish a holotype, and represented Woodward’s hypodygm
as a series of syntypes. BMNH 38907 and P158, two specimens
of Casier’s (1966) ‘syntypes’, are considered part of Duplexdens
macropomus here.

Genus Sphyraenodus Agassiz, 1844

Type species. Sphyraenodus priscus Agassiz, 1844, p. 98,
from the Early Eocene of England.

Diagnosis. Teeth with basal striations, post-temporal fos-
sae present (see description of S. priscus, below). Preserved
precaudal part of trunk with large scales.

Species composition. Besides the type species, four other
species are known (Casier 1966). Sphyraenodus goniopleurus
(Casier 1966, p. 35 and index) is a misprint of Myliobatis
goniopleurus Agassiz, 1834. Woodward (1901) noted that
Sphyraenodus conoideus Von Meyer, 1851, resembled a Stereo-
dus Owen, 1865. However, a specimen figured by Von Meyer
(1851) does not really compare with Stereodus. The shape of its
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teeth at the base is different: Stereodus teeth are more circular
and their density in the dentary is also less (Owen 1865).
Besides that, the present author suspects that ‘S. conoideus’

cannot be assigned to Sphyraenodus either. The base of a
Sphyraenodus tooth is shaped differently and is striated,
whereas the ‘S. conoideus’ tooth is not. The author has not

Figure 31 Micrornatus hopwoodi, BMNH 36136, Eocene, London Clay, Sheppey, Kent: (a) dorsal view; and (b)
left view. Scale bars=15 mm.
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been able to determine the identity of the fossils figured by
Von Meyer (1851). A specimen of Sphyraenodus (USNM
265382) is known from Ypresian of Maryland, USA (Monsch

2000b). Unfortunately, its specific identity could not be estab-
lished. It remains the only American specimen of Sphyraenodus
known.

Figure 32 Scombramphodon crassidens, BMNH P1763, Eocene, London Clay, Sheppey, Kent: (a) left view; (b)
dorsal view; and (c) ventral view. Scale bars=20 mm.
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Remarks. Owen (1839) published the description of genus
Dictyodus, based on fragmentary jaws. The name Sphyraeno-
dus appeared for the first time in 1839, in a volume of plates of
Agassiz’ Recherches sur les Poissons Fossiles (Vol. 5). The text
volume, with the description of Sphyraenodus did not appear
until 1844 (Agassiz 1833–1844). Later, Owen (1840–1845; the
section concerned here was published in 1841) stated that
Dictyodus is a synonym of Sphyraenodus. However, the name
Dictyodus should have had age preference over Sphyraenodus:
that name was not validly published in 1839 (figure only) and
is to be recognised as formal only at the appearance of the
description in 1844. It seems that Owen’s Dictyodus is based on
some fragmentary jaws (now missing) in the Royal College of
Surgeons. The specimens show a resemblance to Sphyraenodus,
but they are too imperfect for a definite determination
(Woodward 1901). Hence, it is not possible to employ the
name Dictyodus and the next valid name Sphyraenodus is
retained. Sphyraenodus tenuis Dixon, 1850, is based on an
unidentifiable jaw fragment, which is described below as
Incertae sedis sp. under Incerti subordinis.

Following Casier (1966), S. priscus and Sphyraenodus
lerichei Casier, 1944b, are known from distinctly separated
locations, i.e. SE England and Belgium, respectively. Kemp
et al. (1979, 1990, pl. 17, fig. 12) mentioned S. lerichei teeth
from Middle Eocene outcrops of S England. The figure they
provided is not sufficient to base a generic and specific identi-
fication on, and the tooth pictured there is retrorse as opposed
to the relatively straight teeth of Sphyraenodus of which the
present author is aware (Casier 1944b, 1946, 1966).

Sphyraenodus priscus Agassiz, 1844
(Fig. 33)

1833–44 Sphyraenodus priscus Agassiz, p. 98, pl. 26, figs 4–6.
1890 Dictyodus priscus (Ag.) Woodward & Sherborn, p. 64.
1901 Sphyraenodus priscus Ag. Woodward, p. 473.
1966 Sphyraenodus priscus Ag. Casier, p. 286, text fig. 66, pl.

46, pl. 47, fig. 1.

Holotype. BMNH P3957 (Fig. 33c), Sheppey, Early
Eocene: Ypresian (London Clay).

Material. The holotype and BMNH 35106 (Fig. 33a, b),
P21651–54 (Fig. 33d), P21669 and P25386–46, Sheppey, Early
Eocene: Ypresian (London Clay).

Diagnosis. As for genus.
Description. Detailed description given by Casier (1966).

Different observations and additional information given here.
Teeth about equal in size. Eye sclerotics thick, with combined
diameter about 25% of total length of neurocranium. Hyoid
complex elongate. Hypohyal small, 17 mm long, ceratohyal
(95 mm) long (measurements from holotype). Pelvic plate
(‘basipterygium’) large, but not well preserved in specimens.

Remarks. Casier (1966, p. 287) figured a reconstruction of
the neurocranium, with large posttemporal fossae (rounded
depressions or openings at the junction of sphenotic, pterotic
and parietal). The present author regards the presence of these
fossae as an autapomorphy of Sphyraenodus. From the speci-
mens (BMNH 35106, Fig. 33b), their exact size, shape and
depth cannot be determined. However, it is still possible that
these are not genuine fossae, but depressed parts of the
temporal groove. The samples of isolated teeth mentioned here
(BMNH P21651–54 and P25386–46) are in the collection
labelled ‘Sphyraenodus sp.’. Casier (1966) described the differ-
ences in tooth morphology between the different species of
Sphyraenodus, but did not describe the teeth of Sphyraenodus
rupeliensis Dollo & Storms, 1888. The samples of isolated teeth
in question here (Fig. 33d) seem to be identical to teeth of S.

priscus. Only on the largest teeth, the striations seem a bit
stronger than on teeth in crania such as BMNH P3957 and
35106. Sphyraenodus rupeliensis is only known from the
Oligocene of Belgium (Leriche 1910), while S. priscus is known
from the Ypresian of England only. Therefore, it is likely that
these teeth belong to S. priscus.

Genus Wetherellus Casier, 1966

Type species. Wetherellus cristatus Casier, 1966, p. 263,
from the Early Eocene of England.

Diagnosis. Double tooth row, both rows seemingly cover
whole length of tooth bearing bone.

Comparisons. Other genera with double tooth row (Scom-
bramphodon and Duplexdens) possess deeply emarginate,
forked ethmoids. That of Wetherellus only slightly emarginate.

Species composition. Casier (1966) described three species
of Wetherellus, all known from the London Clay. Bannikov
(1985) expressed his suspicion that all three species of Wether-
ellus are identical. The present author can now confirm that
this is indeed the case, and hence, describe the type (and
only) species W. cristatus below, along with the reasons for
recognising only one species.

Wetherellus cristatus Casier, 1966
(Fig. 34)

1833–44 Pachycephalus cristatus Agassiz, p. 139 (nomen nu-
dum).

1845 Pachycephalus cristatus Agassiz, p. 308 (nomen nudum).
1901 Indeterminable Woodward, p. 612.
1966 Wetherellus cristatus Casier, p. 263, text figs. 60–62, 73A,

pl. 36, pl. 37, figs 2 & 3.
1966 Wetherellus brevior Casier, p. 270, pl. 38.
1966 Wetherellus longior Casier, p. 270, pl. 37, fig. 1.

Holotype. BMNH 28498, (Fig. 34b), Sheppey, Early
Eocene: Ypresian (London Clay).

Material. The holotype and BMNH 269891 (holotype of
Wetherellus brevior Casier, 1966; Fig. 34a), P26719 (formerly
P1698, paratype of W. cristatus), P45045 (previously P1758a,
paratype of W. cristatus), P45047 (previously 30893, holotype
of Wetherellus longior Casier, 1966; Fig. 34c), P45048 (previ-
ously 38093a, paratype of W. cristatus), Sheppey, Early
Eocene: Ypresian (London Clay).

Diagnosis. As for genus.
Description. Species described in detail under three differ-

ent names, which are mentioned above in synonymy. Casier’s
(1966) W. cristatus is described in more detail than the other
two ‘species’. Differences with Casier’s descriptions and addi-
tional information are noted here. Supratemporal groove
short, ending posterior to middle of orbit. Postero-superior
fossa posterior to middle of orbit. Pterotic is a short spine.
Intercalar with short, inconspicuous posterior projection.
Tooth rows double, teeth of inner and outer row almost of
same size, inner teeth slightly larger. Ceratohyal with hyoidean
window. Ethmoid slightly emarginate, but not fork-shaped
as in Scomberomorinae, Acanthocybium and fossils such as
Scombramphodon.

Remarks. The present author recognises here only one
species, rather than three as Casier (1966) did on erection of
the genus. Casier seemed to treat the presence of a double
tooth row in ‘W. brevior’ as a special feature, one of the
characters he used to diagnose the species. The teeth are badly
preserved in specimens of ‘W. cristatus’ and ‘W. longior’ in
such a way that one cannot conclude that they have a single
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tooth row, and that a multiplied tooth row is thus an apomor-
phy of ‘W. brevior’. Casier (1966) distinguished W. longior
from other species of Wetherellus (amongst others) by the
length of its exoccipital. He considered the exoccipital in W.
longior longer than in other species. Although the exoccipital
might have been longer in ‘W. longior’, the difference does not
seem significant. Moreover, in specimens of ‘W. cristatus’ and
‘W. brevior’, the exoccipitals cannot be properly investigated
because they are obscured by the first vertebra. The exoccipital
seems to be longer in ‘W. longior’ because it is fully exposed.

The present author has failed to see any significant differences
between the different ‘species’ of Wetherellus. He considers
them one and the same species, characterised by a double
tooth row.

Genus Woodwardella Casier, 1966

Type species. Woodwardella patellifrons Casier, 1966,
p. 290, from the Early Eocene of England.

Diagnosis. Postero-superior fossae near anterior margin of
orbit.

Figure 33 Sphyraenodus priscus, Eocene, London Clay, Sheppey, Kent: (a) right view of BMNH 35106; (b)
dorsal view of BMNH 35106; (c) left view of BMNH P3957; and (d) two teeth from BMNH P21651–54. Scale
bar=20 mm, unless otherwise indicated.
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Species composition. Type species only.
Remarks. Woodwardella is probably a scombrid. It

shares a vomerine character with Scomberomorinae and Acantho-

cybium (see below). However, in a provisional cladistic analysis of
scombroids (Monsch 2000b), its place within the scombroids is
unresolved through lack of other definite characters.

Figure 34 Wetherellus cristatus, Eocene, London Clay, Sheppey, Kent: (a) BMNH 269891 (holotype of
‘Wetherellus brevior’); (b) BMNH 28498 (holotype of Wetherellus cristatus); and (c) BMNH P45047 (holotype of
‘Wetherellus longior’). Question marks indicate branchial arch elements which cannot be identified further. Scale
bar=10 mm.
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Woodwardella patellifrons Casier, 1966
(Fig. 35)

1966 Woodwardella patellifrons Casier, p. 290, text fig. 67, pl.
25, fig. 3.

Holotype. BMNH P26903, Sheppey, Early Eocene: Ypre-
sian (London Clay).

Material. The holotype only.
Diagnosis. As for genus.
Description. A description was given by Casier (1966).

Additional information and differences are given here. Pre-
maxilla forms non-protrusible complex with maxilla. Supra-
temporal groove relatively short, reaching up to anterior
margin of orbit. Skull roof damaged at pineal region, through

which presence or absence of pineal window cannot be
assessed. Pterotic spine short, reaching up to base of exoccipi-
tal. Anterior margin of vomer spatulate, as in Scomberomori-
nae and Acanthocybium. Scales on opercular bones large.

Incerti subordinis
Genus Ardiodus White, 1931

Type species. Ardiodus mariotti White, 1931, p. 89, Late
Palaeocene (Oldhaven Beds)-Early Eocene (Ypresian).

Diagnosis. Known from teeth which resemble the subconi-
cal, short, stout teeth of Scomberomorinae, but are more
strongly curved.

Comparisons. Similarities between Ardiodus and Eocoelo-
poma are remarked first by Casier (1966). However, Ardiodus

Figure 35 Woodwardella patellifrons, BMNH P26903, Eocene, London Clay, Sheppey, Kent: (a) dorsal view;
and (b) left view. Arrows indicate anterior and posterior margin of orbit. Scale bars=10 mm.
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teeth are larger than those of Eocoelopoma. The largest Ardio-
dus tooth that the present author has seen (amongst specimens
listed in species description below) possesses a crown of 8 mm.
The largest Eocoelopoma gigas teeth are 6 mm long. Ardiodus
teeth have a lateral cutting edge, which is absent in Eocoelo-
poma. Another feature of Ardiodus’ teeth, missing in Eocoelo-
poma, is the presence of barbed apices in most teeth (compare
with trichiurins and gempylins).

Species composition. Only the type species.
Remarks. Although known from teeth only, Ardiodus is

most likely to be a scombroid. There are resemblances to
gempylins, trichiurins, Eocoelopoma and Scomberomorinae.
Casier (1966) also remarked resemblances to Eutrichiurides
and Scombramphodon. White (1931) and Danil’chenko (1960)
placed Ardiodus in the Trichiurinae, most likely because of the
barbed teeth. The present author does not recognise this as an
apomorphy exclusive to the trichiurins. These dental remains
do not provide sufficient characters to assess the phylogenetic
position of Ardiodus.

Ardiodus mariotti White, 1931
(Fig. 36)

1931 Ardiodus mariotti White, p. 89, plate figs 4 & 5.
1966 ?Ardiodus mariotti Wh. Casier, p. 297.

Holotype. BMNH P14692, Upnor, Kent, Late Palaeocene
(Oldhaven Beds).

Diagnosis. As for genus.
Material. The holotype and BMNH P14809 (Fig. 36),

Upnor, Kent, Late Palaeocene (Oldhaven Beds); P26601–4,
Sheppey, Early Eocene: Ypresian (London Clay); P42689,
Bognor Regis, Sussex, Early Eocene: Ypresian (Lower
Fish-tooth Bed, London Clay).

Description. Base of tooth circular (especially in the larger
specimens) to semicircular. Crown gradually tapering labio-
lingually towards apex. Lateral edges sharp, without serra-
tions. Apical barbs in most teeth. Largest tooth 8 mm (in
sample BMNH P14809). Striations on surface of tooth vari-
able: seemingly smooth (but under binoculars, faint striations
visible), basally straited to completely and densely striated.

Remarks. The present author here identifies a sample
of teeth, BMNH P38281–3 (Morocco, Phosphates, Late

Palaeocene–Early Eocene: Thanetian-Ypresian) as of A. mari-
otti. This is the first report of Moroccan Ardiodus. The spatial
distribution of this species as known so far (England and
Morocco) does seem somewhat unlikely, but the author is
confident of the specific identification. All Moroccan teeth
seem smooth at first sight, although faint striations are visible
under the microscope. The English teeth show a large variety,
from hardly to densely striated. The degree of striations of the
Moroccan sample does fit in with the variety as seen in the
English specimens and there seem to be no other diagnostic
characters. Hence, the Moroccan samples are also identified as
A. mariotti.

Ardiodus mariotti fossils are known from the Thanetian
(Thanet Formation) to the Ypresian (London Clay) of the
Herne Bay locality in Kent (see Dineley & Metcalf 1999).

Incertae sedis sp. 1

1901 aff. Planesox vorax Ow. Woodward, p. 519.
1966 Unidentifiable percomorph, Casier, p. 317.

Material. BMNH P26709 (formerly P1998x), Sheppey,
Early Eocene: Ypresian (London Clay).

Description and remarks. Woodward (1901) regarded the
specimen in question as an unidentifiable percid, but similar to
Planesox vorax. He also considered BMNH 32388 (later the
holotype of Progempylus edwardsi, see above) to be similar to
P. vorax. The name Planesox cannot be assigned to BMNH
P26709, for reasons which the present author mentioned
earlier in this paper. Viewed from dorsal, the cranium of
P26709 does resemble that of a gempylin, but it lacks any clear
generic and specific apomorphies. Only a few generalised
comparisons with other taxa can be made. The operculum of
this specimen seems much larger than in known gempylins.
The skull as a whole is also shorter than expected from a
Gempylinae. Viewed from lateral, it reminds more of a skull
belonging to a Sardini or Thunnini. However, the cranium is
clearly elevated, as opposed to the flat cranium of the tunnies
and bonitos. Furthermore, the absence of the premaxillary–
maxilla complex makes it unsure whether this specimen be-
longs to the scombroids at all. An apomorphy of scombroids is
the non-protrusibility of the upper jaw.

Figure 36 Ardiodus mariotti, three teeth from BMNH P14809, Palaeocene, Oldhaven Beds, Upnor, Kent. Scale
bar=5 mm.
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Incertae sedis sp. 2

1850 Sphyraenodus tenuis Dixon, p. 112, pl. xi, fig. 24.
1850 Sphyraenodus gracilis Dixon, p. 205.
1901 Cybium? Woodward, p. 469.

Material. BMNH 25739, 25740, 25819 (Holotype of
Sphyraenodus tenuis), 25819a, Bracklesham, England,
Ypresian-Lutetian (Bracklesham Beds).

Description. The holotype of Sphyraenodus tenuis is a
badly preserved piece of teeth-bearing bone (either a dentary
of premaxilla) in which the teeth are worn and damaged
to such a degree that an identification seems impossible.
Woodward (1901) thought it possible that the specimen may
be a premaxilla of ‘Cybium’ (Scomberomorus), for reasons he
did not specify. The specimens BMNH 25739, 25740 and
25819a seem similar to the holotype of S. tenuis, but do not
provide any further clarity.

Incertae subfamiliae non Xiphiinae

The taxa described in this section have previously been identi-
fied as billfish. The present author is particularly concerned
about ‘rostrum’-based taxa such as Cylindracanthus; he is
uncertain if these can really be assigned to teleosts or even to
fish at all.

Genus Cylindracanthus Leidy, 1856

Type species. Cylindracanthus rectus (Dixon, 1850), Brack-
lesham Bay, England: Eocene.

Diagnosis. ‘Rostra’ with almost circular cross-section,
whole outer surface with parallel lengthwise grooves, two large
and two small nutrient canals (sometimes the small canals are
missing) and two narrow, widely separated tooth rows.

Species composition. Six species are known to occur from
the Cenomanian (Late Cretaceous) to the Priabonian (Late
Eocene), but possibly occurring in the Pliocene (Schultz 1987).
Cylindracanthus rectus is described below.

Remarks. Cylindracanthus remains are often diagnosed as
billfish because they superficially remind one of rostra, and
possess what are interpreted as nutrient canals. There are
lengthwise grooves over the whole of the surface. This charac-
ter state is also found in the billfish Blochius Volta, 1796
(Fierstine & Monsch 2002). The probable billfish Aglyptorhyn-
chus also possesses such shallow grooves (Fierstine 2001).
Cylindracanthus is sometimes considered a relative of Blochius
(see Casier 1966, Schultz 1987). However, the present author is
sceptical of the assignment of Cylindracantus remains to bill-
fish. Cylindracathus rostra appear much more conical through
their whole length than any known billfish rostrum. In all
billfishes, there is a degree of flattening near the anterior tip of
the bill. The bulk of the scombroid fossils appear in the
Ypresian (Early Eocene), but the oldest Cylindracanthus fossils
date from the Late Cretaceous period of the Cenomanian
(Schultz 1987). It has been suggested that the Cylindracanthus
‘rostrum’ is a chimaeroid spine (Woodward 1891a).

Cylindracanthus rectus (Dixon, 1850)
(Fig. 37)

1833–1844 Coelorhynchus rectus Agassiz, p. 92 (nomen nudum).
1850 Coelorhynchus rectus Dixon, p. 112, pl. 10, figs 14–17; pl.

11, fig. 26.
1856 Cylindracanthus ornatus Leidy, p. 12.
1871 Coelorhynchus burtini Le Hon, p. 14.
1871 Coelorhynchus rectus (Dixon) Van Beneden, p. 500.
1891a Coelorhynchus rectus (Dixon) Woodward, p. 107.

1891b Coelorhynchus rectus (Dixon) Woodward, p. 120.
1905 Coelorhynchus rectus (Dixon) Leriche, p. 79, pl. 11, figs

4–6.
1905 Glyptorhynchus rectus (Dixon) Leriche, p. 159.
1906 Glyptorhynchus rectus (Dixon) Leriche, p. 168, pl. 14, figs

4–6.
1910 Cylindracanthus rectus (Dixon) Leriche, p. 223 (nomen

nudum).
1920 Cylindracanthus rectus (Dixon) Leriche, p. 82.
non 1926 Cylindracanthus rectus (Dixon) White, p. 67, pl. 17,

figs 1–5, pl. 18, figs 1 & 5.
1966 Cylindracanthus rectus (Dixon) Casier, p. 174, pl. 22, figs

1–5.
1979 Cylindracanthus rectus (Dixon) Kemp et al., p. 101

(nomen nudum).
1984 Cylindracanthus rectus (Dixon) Kemp, p. 162 (nomen

nudum).
1985 Cylindracanthus rectus (Dixon) Kemp, p. 43 (nomen

nudum).
1990 Cylindracatnus rectus (Dixon) Kemp et al., p. 11, pl. 18,

fig. 1.
2000 Cylindracanthus rectus (Dixon) Clouter et al., p. 66, 3

figures.

Lectotype (as established by Woodward 1891a). BMNH
25859, Bracklesham Bay, Sussex, Ypresian-Lutetian (Brackle-
sham Beds).

Material. The lectotype and BMNH 25729 (Fig. 37b) from
the type locality; 38881, 38881a (Fig. 37a), Sheppey; P4304,
Barton Cliff, Hampshire, Bartonian (Barton Clay); P6232,
Sheppey; Early Eocene: Ypresian (London Clay).

Diagnosis. As for genus. Besides material of this species
the present author managed to study only one other member
of this genus, namely Cylindracanthus gigas Woodward, 1888,
(BMNH 893–5, from the Eocene of Egypt) which is larger
(‘rostrum’ diameter of about 17·8 mm, C. rectus 7–11 mm). See
also remarks.

Description. Long and slender spine-like structure,
7–11 mm in diameter, with numerous narrow lengthwise
grooves. Transverse cross-section circular. In ventral grooves
(which are about 1 mm wide), immediately next to midline of
BMNH 38881, are badly preserved empty alveoli. In some
specimens, there are two pairs of ‘nutrient canals’, a pair of
larger and a pair of smaller canals (Fig. 37a). The large canals
diminish in size anteriorly. There are also specimens that have
one pair of large canals which coalesce into a single large canal
anteriorly.

Remarks. The present author suspects that material of
C. rectus is heterogenous. The different systems of ‘nutrient
canals’, as described above, seem too variable to be ascribed to
a single species, or maybe even to a single genus. At this point,
the author cannot verify what the original C. rectus is like. He
has not been able to trace all type specimens of Dixon (1850).
Thus, C. rectus, rather than a valid specific name, seems to be
an indication for different kinds of spines whose origins are
uncertain.

White (1926) described vertebrae that he supposed to be
Cylindracanthus rectus. The present author describes these
vertebrae above under ‘Xiphiinae indet’.

Genus Acestrus Woodward, 1901

Type species. Acestrus ornatus Woodward, 1901, p. 494,
from the Early Eocene of England.

Diagnosis. Postero–superior fossae posterior of orbit.
Species composition. Only the type species. Acestrus elon-

gatus Casier, 1966, is not recognised here. Its holotype, BMNH
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P12954, bears only a superficial resemblance to the type species
of Acestrus, has longer supratemporal grooves and more
anteriorly placed postero-superior fossae. Casier (1966) re-
marked that BMNH P12954 is similar to ‘Scombrinus’. The
hypodygm of Scombrinus is revised here, and thus ‘Scombrinus
macropomus’ is assigned to a new genus Duplexdens. The
holotype of ‘A. elongatus’ is here included in the hypodygm of
D. macropomus.

Remarks. This genus is known from its braincase only. It
was considered a scombroid because of similarities with
Xiphias (Casier 1966). However, these similarities come down
to superficial resemblances, such as the shape of the cranium
and the pattern of ridges on the skull roof. However, there are
no diagnostic synapomorphies which permit an inclusion of
Acestrus in Scombroidei. The maxilla and premaxilla are
missing, and hence, there is no information on whether these
form a non-protrusible complex. Neither can it be deduced
from the specimens whether Acestrus possesses a billfish-like
rostrum, through which affinities to Xiphias could be postu-
lated with a good degree of certainty. The postero-superior
fossa is situated posterior to the orbit. In billfish, the fossa in
question is situated close to the vertical midline of the orbit
(Monsch 2000b).

Acestrus ornatus Woodward, 1901
(Fig. 38)

1845 Acestrus ornatus Agassiz, p. 308 (nomen nudum).
1901 Acestrus ornatus Woodward, p. 494, pl. 19, fig. 3.
1966 Acestrus ornatus Wood. Casier, p. 315, fig. 73D.

Holotype. BMNH 627 (Fig. 38a), Sheppey, Early Eocene:
Ypresian (London Clay).

Material. The holotype, and BMNH P1793, P60905 (Fig.
38b), Sheppey, Early Eocene: Ypresian (London Clay).

Diagnosis. As for genus.
Description. Adequate descriptions were given by Wood-

ward (1901) and Casier (1966).

Genus Congorhynchus? Dartevelle & Casier, 1949

Diagnosis. ‘Rostrum’ with angular, longitudinal ridges
and two single tooth rows.

Type species. Congorhynchus trabeculatus Dartevelle &
Casier, 1949, p. 247, from the Late Cretaceous of Congo.

Species composition. Four species are known (Schultz
1987), ranging in age from the Maastrichtian to the Early
Eocene. The only specimen that the present author has seen
that might have an affinity with Congorhynchus is one of
Congorhynchus elliotti (Casier, 1966).

Remarks. Congorhynchus is known from spine-like fossils
only. They are thought to be billfish based on a superficial
resemblance to billfish rostra. However, no synapomorphies
with billfishes or even scombroids are preserved in the spines
concerned. The present author doubts whether all so-called
Congorhynchus species belong to one and the same genus. The
variety between the different ‘species’ (Schultz 1987, fig. 5)
looks too great in my opinion.

Congorhynchus? elliotti (Casier, 1966)
(Fig. 39)

1966 Hemirhabdorhynchus elliotti Casier, p. 175, text fig. 30, pl.
22, fig. 6.

1987 Congorhynchus elliotti Cas. Schultz, fig. 5.

Holotype. BMNH P21304 (Fig. 39), Sheppey, Early
Eocene: Ypresian (London Clay).

Material. The holotype only.
Diagnosis. Four dorsal ridges, tooth rows widely sepa-

rated, two pairs of nutrient canals, one large, one small.
Description. Description given by Casier (1966). In that

description, two large nutrient canals are mentioned, while the
present author believes there is a pair of dorsal small canals as
well (Fig. 39a).

Remarks. The present author doubts whether the holotype
of C. elliotti concerns a billfish. Rather than a rostrum, this
minute fossil resembles more a hollow spine with two rows of
‘ventral’ denticles.
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4. Appendix 1. Explanation of anatomical and
institutional abbreviations
A angular
ap ascending process of premaxilla

b barb on premaxillary fang
BOC basioccipital
C centrum
cc central canal
CH ceratohyal
CK caudal keel
COR coracoid
CS corselet scale
D dentary
EH epihyal
EPI epiotic
ETH ethmoid
F fang

Figure 38 Acestrus ornatus, skulls, Eocene, London Clay, Sheppey, Kent: (a) BMNH 627 (dorsal view); and (b)
BMNH P60905 (lateral view).
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FL fork length
HH hypohyal
FR frontal
HY hyomandibula
HYP hypural
IO infraorbital
IOP interoperculum
IT inner tooth
LA lachrymal
LETH lateral ethmoid
META metapterygoid
MX maxilla
N caudal notch (hypural plate)
n remnant of caudal notch
NAS nasal
nc nutrient canal
OP operculum
OT outer tooth
P palatine
PALT palatine tooth
PAR parietal
PF pelvic fin
pf posttemporal fossa
PHP parhypural
phps parhypurapophysis
PIN Palaeontological Institute, Mos-

cow
PMX premaxilla
POP preoperculum
psf postero-superior fossa
PSP parasphenoid
PT pterotic
PTM posttemporal
pw pineal window
Q quadrate
rc rostral crest
rs rib socket
SC sclerotic
SCA scapula
SCL supracleithrum
SOC supraoccipital crest
SOP suboperculum
SPH sphenotic
st serial tooth
stg supratemporal groove
tg temporal groove
ts tooth socket/alveolus
U ural centrum
UN uroneural
US urostyle
V vomer
VC vertebral column
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Mineralogie, Géologie, Paléontologie Série 3 2, 201–56.

de Blainville, H. D. 1818. Sur les ichthyolites ou les poissons fossiles.
Nouveau Dictionnaire d’Histoire Naturelle 27, 310–95.

de Sylva, D. P. 1955. The osteology and phylogenetic relationships of
the blackfin tuna, Thunnus atlanticus (Lesson). Bulletin of Marine
Science of the Gulf and Caribbean 5, 1–41.

Dineley, D. L. & Metcalf, S. J. 1999. Fossil fishes of Great Britain.
Geological Conservation Review Series No. 16. Peterborough:
Joint Nature Conservation Committee.

Dixon, F. 1850. The geology and fossils of the Tertiary and Cretaceous
Formations of Sussex. London: Brown, Green and Longmans.

Dollo, L. & Storms, R., 1888. Sur les Téléostéens du Rupélien.
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Lacepède, B. G. E. 1801. Histoire Naturelle des Poissons, Vol. 3. Paris:
Plassan, Imprimeur-Libraire.
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Musée Royal d’Histoire Naturelle de Belgique 3, 49–228.
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Paléontologie et d’Hydrologie (Proces-Verbaux) 9, 160–2.

Swainson, E. 1839. On the natural history and classification of fishes,
amphibians and reptiles or monocardian animals, Vol. 2, 1–499.
London: Longman, Orme, Green & Longmans and John Taylor.

Temminck, C. J. & Schlegel, H. 1844. Pisces. In Fauna Japonica, sive
Descriptio Animalium, quae in Itinere per Japoniam Suscepto,
Annis 1823–30 Collegit, Notis, Observationbus et Adunbrationibus
Illustravit P. F. Siebold, Vol. 3, 73–112. Lugduni Batavorum:
Lugduni Vatavorum.

Uyeno, T., Sakamoto, K. & Sakamoto, O. 1994. Scomberomorus
chichibu, a new Miocene scombrid fish from Japan. Bulletin of the
National Science Museum, Tokyo, Series C 20, 149–55.

Uyeno, T. & Fuji, S. 1975. A fish fossil of the family Scombridae from
a Miocene bed in Toyama Prefecture, Japan. Bulletin of the
National Science Museum, Series C (Geology) 1, 11–16.

Van Beneden, P.-J. 1871. Recherches sur quelques poissons fossiles de
Belgique. Bulletin de l’ Académie Royale de Belgique 104, 493–517.

Volta, G. S. 1796. Ittiolitologia Veronese del Museo Bozziano ora
Annesso a quello del Conte Giovambattista Gazola e di Altri
Gabinetti di Fossili Veronesi. Con la Versione Latina. Verona:
Dalla Stampa Giulari.

Von Meyer, H. 1851. Sphyraenodus aus dem Tertiärsande von
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