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a b s t r a c t

The historical holotypes of the Cenomanian (Upper Cretaceous) ammonites Vascoceras gamai Choffat,
1898 (type of the genus), and Vascoceras barcoicense (Choffat, 1898), thought to be destroyed by the fire of
March 1978 at the National Museum of Natural History, Lisbon, Portugal, have been rediscovered in good
state of preservation. Based on the study of the originals, these upper Cenomanian specimens can be
rehabilitated as holotypes, maintaining and justifying the status of both taxa as well as of Vascoceras
cauvini Chudeau, 1909.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

On March 18th, 1978, a fire destroyed much of the building of
the National Museum of Natural History, currently the National
Museum of Natural History and Science (Museu Nacional de
Hist�oria Natural e da Ciência: MUHNAC), University of Lisbon,
Portugal, affecting both the exhibition and the storage rooms and
implying the loss of most scientific and historical collections. The
recoveredmaterial was cleaned and stored for re-cataloguing in the
basement of the building that has been slowly rebuilt. Recently,
while searching for cephalopods among the recovered fossil
IberCreta, Departamento de
de Alcal�a de Henares, 28871

arcenilla).
collections of the MUHNAC, the historical holotypes of the Upper
Cretaceous ammonite species Vascoceras gamai Choffat, 1898 (type
of the genus), and Vascoceras barcoicense (Choffat, 1898) have been
found in good state of preservation and studied in detail.

Institutional abbreviations. MG: Museu Geol�ogico (Geological
Museum), formerly Museu dos Serviços Geol�ogicos, Lisbon,
Portugal; MNHNP: Mus�eum National d'Histoire Naturelle (National
Museum of Natural History), Paris, France; MUHNAC: Museu
Nacional de Hist�oria Natural e da Ciência (National Museum of
Natural History and Science), formerly Museu Nacional de Hist�oria
Natural, Lisbon, Portugal.
2. Geological background

The holotypes of Vascoceras gamai Choffat, 1898, and
V. barcoicense (Choffat, 1898) were selected from specimens
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collected at Condeixa-a-Nova and Barcoiço, North-Central Portugal,
where the main lithofacies are fine grained greyish marls inter-
bedded with nodular marly limestones, and ammonites occur as
internal moulds with the suture lines preserved in detail
(Fig. 1AeB). Both holotypes were collected from the stratigraphic
interval with Euomphaloceras (Kanabiceras) septemseriatum Cragin,
1893, and Rubroceras spp. This succession overlies limestones with
Neolobites vibrayeanus (d'Orbigny, 1841) and is positioned below a
sequence with Spathites (Jeanrogericeras) subconciliatus (Choffat,
1898) and Pseudaspidoceras pseudonodosoides (Choffat, 1898)
(Callapez, 2001, 2003; Callapez and Soares, 2001; Barroso-
Barcenilla, Callapez, Soares, Segura et al., 2011). These findings
date the two holotypes as mid-late Cenomanian, correlating with
the upper part of the European Metoicoceras geslinianum standard
zone (Kennedy, 1984).
Fig. 2. Holotype of Vascoceras gamai Choffat, 1898, MUHNAC, specimen MNHN/
UL.I.Am35 from Condeixa-a-Nova. A, apertural, B,C, lateral, D, ventral views. Scale bar
5 cm.
3. The holotype of Vascoceras gamai Choffat, 1898 (Fig. 1A,
2AeD)

The ammonite of Choffat (1898, p. 54, pl. 7, Fig.1a, b; pl. 21, Fig.1)
from Condeixa-a-Nova, to the south of Coimbra, North-Central
Portugal, was selected by original designation as holotype of
V. gamai, and held in the MUHNAC, under catalogue number
MNHN/UL.I.Am35. Subsequently, the holotype of V. gamai was
refigured by Wright in Moore (1957) and Wright in Kaesler (1996).
After the holotype allegedly had been destroyed by the fire of 1978,
Berthou, Chancellor and Lauverjat (1985) proposed as lectotype the
specimen of Choffat (1898, pl. 7, Fig. 2), fromMeirinhas de Baixo, to
the south of Coimbra, held in the MG with the inventory number
808-2. Berthou et al. (1985), as already suggested by Berthou,
Brower and Reyment (1975), also regarded V. gamai var. sub-
triangularis Choffat, 1898, Vascoceras mundae Choffat, 1898, Vasco-
ceras adonense Choffat, 1898 and Ammonites (?V.) grossouvrei
Choffat, 1898, as synonyms of V. gamai. Soon after, the specimen
of Meirinhas de Baixo was correctly proposed as neotype by
Cobban, Hook, Kennedy (1989).
3.1. Complementary description

The holotype (MNHN/UL.I.Am35) is a composite internal mould
of a medium sized, compressed and evolute specimen of Vascoceras
(Diameter: 153 mm; Umbilical ratio: 0.35; Whorl height: 70 mm;
Whorl breadth: 66 mm). It is a large and mature specimen, slightly
crushed on a flank of the body chamber. The aperture is not
Fig. 1. Original illustrations of the holotypes of Vascoceras gamai Choffat, 1898, and
Vascoceras barcoicense (Choffat, 1898), specimens MNHN/UL.I.Am35 and MNHN/
UL.I.Am37. A, V. gamai, lateral view (Choffat, 1898, pl. 7, Fig. 1a), from Condeixa-a-Nova.
B, V. barcoicense, lateral view (Choffat, 1898, pl. 17, Fig. 1a), from Barcoiço. Note the
darkening and the mirror-inverted orientation of both specimens in the original
photographic reproductions. Scale bar 5 cm.
preserved. The body chamber is entirely smooth and extends over
three quarters of the last whorl. The whorl section is well rounded
ventrally, slightly higher than broad, with flattened flanks, a rather
abruptly rounded umbilical shoulder, and a moderately deep um-
bilicus. The last quarter of the phragmocone is exposed, and the
umbilical areas of the remaining inner whorls are still visible, only
partly covered by the body chamber. The inner whorls are orna-
mented with large, prominent, unequal and irregularly spaced
umbilical tubercles, which become progressively weaker in the last
half of the phragmocone. There are ten tubercles, including an
example of paired tubercles typical of this species (Callapez and
Soares, 2001). The suture lines are well incised on both sides of
the phragmocone and closely spaced (nine in a quarter of a whorl).
The holotype typifies the suture of the genus, which is charac-
terised by “variable, irregular, short, feebly indented elements”
(Wright and Kennedy, 1981). The intermediate saddle (E/L), with
smaller indentations than in the first lateral lobe (L), is considerably
large and shallow, with a few round indentations. There is also an
asymmetrically bifid lateral saddle and a narrow second umbilical
lobe (U2), followed by a third smaller saddle and a short lobe
positioned over the umbilical shoulder.

4. The holotype of Vascoceras barcoicense (Choffat, 1898)
(Fig. 1B, 3AeE)

The ammonite of Choffat (1898, p. 67, pl. 17, Fig. 1aec; pl. 22,
Fig. 35) from Barcoiço, to the north of Coimbra, was selected by
original designation as holotype of Ammonites (Vascoceras?)
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barcoicensis, and held in the MUHNAC, under catalogue number
MNHN/UL.I.Am37. After the holotype allegedly had been destroyed
by the fire of 1978, Berthou et al. (1985) proposed as lectotype the
non-illustrated specimen of Choffat (1898, p. 67), from Moinho do
Almoxarife, to the west of Coimbra, held in the MG with the in-
ventory number 831. The same specimenwas correctly proposed as
neotype by Callapez and Soares (2001).

4.1. Complementary description

The holotype (MNHN/UL.I.Am37) is a well preserved composite
internal mould of a medium sized, compressed and moderately
evolute specimen of Vascoceras (Diameter: 135 mm; Umbilical ra-
tio: 0.32; Whorl height: 60 mm; Whorl breadth: 55 mm). It is an
almost complete specimen, except for the contour of the aperture.
The body chamber extends over half of a whorl and it is faintly
ribbed with numerous, slightly proverse ribs, more prominent in
the siphonal and ventrolateral areas and weakening on the flanks
(Fig. 3E). The whorl section is rounded ventrally, higher than broad,
with almost flattened flanks, a round umbilical shoulder, and a
deep umbilicus. The maximumwhorl breadth occurs just above the
umbilical shoulder. The last half whorl of the phragmocone is well
visible, but the remaining inner whorls are not visible and there is
thus no evidence of umbilical tubercles, ribbing or constrictions.
The ribs on the body chamber also do not extend to the phrag-
mocone. The suture lines are remarkably well incised on both sides
of the phragmocone and are very closely spaced (17 on the last half
Fig. 3. Holotype of Vascoceras barcoicense (Choffat, 1898), MUHNAC, specimen MNHN/
UL.I.Am37 from Barcoiço. A, apertural, B,C, lateral, D, ventral views. E, detail of the
ornamentation. Scale bars (horizontal for AeD, vertical for E) are 5 cm.
whorl). They include a large bifid E/L saddle, a large asymmetrically
bifid first lateral lobe (L) with the ventral branch smaller and higher
than the dorsal one, a large and bifid lateral saddle and a narrow
second umbilical lobe (U2). Another small umbilical saddle and
lobe are still visible over the umbilical shoulder.

5. Discussion

Based on observations on many hundreds of specimens
collected from different Upper Cretaceous basins, it is evident that
Vascoceras gamai is a morphologically very variable species
(Berthou et al., 1985; Callapez and Soares, 2001; Barroso-Barcenilla
and Goy, 2010). Significant differences occur in the degree of coiling
from in-to evolute forms, the overall shell shape with compressed
to depressed forms, and the whorl section that can be sub-
triangular, oval or rounded. For Choffat (1898), these differences
were enough to propose separate species (Vascoceras mundae,
V. adonensis, Ammonites (V.?) grossouvrei) and a variety (V. gamai
var. subtriangularis) that seem to be regarded as mere synonyms of
V. gamai (Berthou et al., 1985; Callapez and Soares, 2001; Barroso-
Barcenilla and Goy, 2010). For this reason, the strict original diag-
nosis of V. gamai should be considered in the present broader
interpretation of this species.

The numerous and closely-spaced suture lines near the end of
the phragmocone suggest that the holotype of V. barcoicense is a
mature specimen, showing that this species is smaller than V.
gamai. The possibility that these forms would be sexual dimorphs
does not seem probable because the stratigraphic ranges and the
geographic distributions of both species are only partially over-
lapped, and their morphological differences are shown not only by
the adult specimens but also by the immature representatives of V.
gamai and V. barcoicense. A further complete additional topotype
specimen collected at the type locality and figured by Callapez and
Soares (2001) allows us to confirm the same overall dimensions
and shape of the holotype. Regarding the difficulties encountered
in distinguishing V. barcoicense from V. gamai and from Vascoceras
cauvini Chudeau, 1909, Berthou et al. (1975, 1985) emphasised that
the main problem in identifying and establishing the taxonomic
status of these species is related to the lack of knowledge of the
morphology and ornamentation of the inner whorls of the here
studied holotype. Berthou et al. (1985) also remarked that if the
early whorls of the (to that date) missing holotype showed some
umbilical tubercles or a nearly smooth external surface, it would be
difficult to maintain the specific separation between V. barcoicense
and V. gamai in the first case, or between V. barcoicense and V.
cauvini in the second. Berthou et al. (1985) also stated that V. bar-
coicense has compressed andmoderately involutemorphology and,
apparently, lacks umbilical tubercles during early ontogeny. How-
ever, these authors maintained the specific distinction because V.
cauvini shows a subtriangular and more involute whorl section and
strong ribbing at maturity. Cobban et al. (1989) described V. bar-
coicense exile as a new subspecies from New Mexico (USA), even
smaller andmore compressed and involute than the holotype. They
also compared V. barcoicense with V. cauvini, suggesting that the
latter is more evolute and more variable, including much more
coarsely ribbed morphs. Zaborski (1996) separated both species on
the basis of the reduced ornamentation of V. barcoicense during
maturity. Barroso-Barcenilla and Goy (2010) observed the presence
of tenuous ornamentation in some of the smallest specimens of V.
barcoicense, and suggested a close phylogenetic relationship of this
species with V. gamai.

In view of the rediscovery holotypes of V. gamai and V. barcoi-
cense, and their comparison with the lectotype of V. cauvini pro-
posed by Kennedy, Cobban, Hancock and Hook (1989), nowadays
held in the MNHNP, under catalogue number R52488 (Fig. 4AeC),



Fig. 4. Lectotype of Vascoceras cauvini Chudeau, 1909, designated by Kennedy et al.
(1989), MNHNP, specimen R52488 of Chudeau (1909, p. 68, pl. 1, Fig. 1a; pl. 3,
Fig. 1b) from Gjadjidouma, Niger. A, apertural, B, lateral, C, ventral views. Scale bar
5 cm.
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and additional conspecific material, it could be concluded that
those specimens of Vascoceras with compressed and evolute
whorls, juvenile ribs, strong umbilical tubercles and relatively large
adult size must be assigned to V. gamai; those with slightly com-
pressed and moderately evolute whorls, lack of (or only feeble
umbilical tubercles) juvenile ornamentation, and fine and dense
adult ribbing belong to V. barcoicense; and those with moderately
depressed and involute whorls, as well as strong and distant
ribbing should be assigned to V. cauvini. Thus, it is suggested to
maintain the specific status of V. gamai, V. barcoicense and V. cau-
vini. In support of this, the stratigraphic distribution, although with
partially overlapping upper Cenomanian ranges, shows that V.
gamai appeared first, followed by V. barcoicense and finally by V.
cauvini (Barroso-Barcenilla and Goy, 2010; Nagm and Wilmsen,
2012). The successive FOs of these taxa may reflect a gradual
phylogenetic lineage in which the separation of morphospecies is
relatively difficult due to their partly overlapping ranges.
6. Conclusions

This re-discovery of the allegedly lost type specimens enables
the rehabilitation of the holotypes of Vascoceras gamai Choffat,1898
(type species of Vascoceras Choffat, 1898) and of V. barcoicense
(Choffat, 1898), allowing to detract the subsequently designated
lecto- and neotypes (Berthou et al., 1985; Cobban et al., 1989;
Callapez and Soares, 2001). The complementary descriptions and
re-illustration of the holotypes show clear differences between the
two species that allow to determine with more precision the
characteristics and morphological limits of the genus Vascoceras
and, thus of the family Vascoceratidae Douvill�e, 1912: V. gamai
shows juvenile ribs, strong umbilical tubercles and relatively large
adult size, whereas V. barcoicense exhibits slightly compressed and
moderately evolute whorls, a lack of juvenile ornamentation (or at
most feeble umbilical tubercles) as well as fine and dense adult
ribbing, reaching a smaller mature size. These morphological dif-
ferences strongly support the taxonomic separation of these two
species, along with V. cauvini Chudeau, 1909, a likewise separate
species with moderately depressed and involute whorls and strong
and distant ribbing.
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