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Lambert O., Muizon C. de, Duhamel G. & van der Plicht J. 2018. — Neogene and Quaternary fossil remains of beaked 
whales (Cetacea, Odontoceti, Ziphiidae) from deep-sea deposits off Crozet and Kerguelen islands, Southern Ocean. 
Geodiversitas 40 (6): 135-160. https://doi.org/10.5252/geodiversitas2018v40a6. http://geodiversitas.com/40/6

ABSTRACT
Although a high number of extant beaked whale species (Cetacea, Odontoceti, Ziphiidae) live in the 
Southern Ocean and neighbouring areas, only little is known about the past occupation of the region 
by these highly specialized, deep diving and echolocating cetaceans. Recently, longline fishing activities 
along the seafloor at depths of 500-2000 m off the sub-antarctic Crozet and Kerguelen islands, Indian 
sector of Southern Ocean, resulted in the accessory “capture” of tens of ziphiid fossil cranial remains. 
Our description and comparison of the best-preserved and most diagnostic crania from this sample 
lead to the identification of more than eight species in at least seven genera: the hyperoodontines 
Africanacetus ceratopsis, Khoikhoicetus kergueleni n. sp., Hyperoodontinae indet. aff. Africanacetus, 
and Mesoplodon sp. aff. Mesoplodon layardii, the ziphiines Izikoziphius rossi and Ziphius sp., and the 
ziphiids indet. Nenga sp. aff. Nenga meganasalis and Xhosacetus hendeysi. 
Unsurprisingly, with at least four species in common (A. ceratopsis, Izikoziphius rossi, X. hendeysi, 
and Ziphius sp.), the assemblage displays high similarities with assemblages described from deep-sea 
deposits off South Africa, providing thus new data on the palaeogeographic distribution of several 
extinct species and indicating a roughly similar geochronological age for at least a part of the as-
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semblages. The limited amount of data available points to a pre-Pliocene age for a large part of the 
Crozet-Kerguelen assemblage, suggesting a relatively early, Miocene colonization of the Southern 
Ocean by crown ziphiids. Contrastingly, 14C radiometric dating of two specimens of Mesoplodon sp. 
aff. Mesoplodon layardii yielded latest Pleistocene-earliest Holocene ages. These results reveal the pres-
ence either of an extinct species of Mesoplodon in the Southern Ocean only a few thousands years ago, 
or of an up-to-now unidentified extant species closely related to the strap-toothed whale M. layardii.

RÉSUMÉ
Restes fossiles néogènes et quaternaires de baleines à bec (Cetacea, Odontoceti, Ziphiidae) de dépôts profonds 
au large des îles Crozet et Kerguelen, océan Austral.
Bien qu’un grand nombre d’espèces de baleines à bec (Cetacea, Odontoceti, Ziphiidae) habitent de nos 
jours l’océan Austral et les zones avoisinantes, l’occupation passée de cette région par ces cétacés à sonar 
hautement spécialisés, se nourrissant à grandes profondeurs, reste très mal connue. Récemment, des 
activités de pêche à la palangre menées sur le fond de l’océan à des profondeurs de 500 à 2000 mètres 
au large des îles sub-antarctiques de Crozet et Kerguelen, dans le secteur indien de l’océan Austral, 
ont permis la « capture » accessoire de dizaines de restes crâniens fossiles de ziphiidés. La description 
et la comparaison des crânes les mieux préservés et les plus diagnostiques de cette collection a permis 
l’identification de plus de huit espèces dans au moins sept genres : les hyperoodontinés Africanacetus 
ceratopsis, Khoikhoicetus kergueleni n. sp., Hyperoodontinae indet. aff. Africanacetus, et Mesoplodon sp. 
aff. Mesoplodon layardii, les ziphiinés Izikoziphius rossi et Ziphius sp., et les ziphiidés indet. Nenga sp. 
aff. Nenga meganasalis et Xhosacetus hendeysi. 
Sans surprise, avec au moins quatre espèces en commun (A. ceratopsis, Izikoziphius rossi, X. hendeysi, et 
Ziphius sp.), cet assemblage montre les plus grandes similitudes avec les assemblages décrits des dépôts 
océaniques profonds au large de l’Afrique du Sud. Ces similitudes fournissent de nouvelles données 
sur la distribution paléogéographique de plusieurs espèces éteintes et indiquent des âges géochro-
nologiques similaires pour au moins une partie de ces assemblages. La quantité limitée de données 
disponibles indique un âge pré-Pliocène pour une bonne partie de l’assemblage de Crozet-Kerguelen, 
ce qui suggère une colonisation relativement précoce de l’océan Austral par des ziphiidés du groupe-
couronne. D’un autre côté, la datation radiométrique au 14C de deux spécimens de Mesoplodon sp. 
aff. Mesoplodon layardii a fourni des âges allant du Pléistocène terminal au tout début de l’Holocène. 
Ces résultats indiquent soit la présence d’une espèce éteinte de Mesoplodon dans l’océan Austral il y 
a seulement quelques milliers d’années, soit la présence d’une espèce moderne, non encore identifiée 
et proche parente de la baleine à bec de Layard Mesoplodon layardii.

INTRODUCTION

Beaked whales (Cetacea, Odontoceti, Ziphiidae) are a diver-
sified family of echolocating toothed whales. The ecologi-
cally highly specialized extant species feed at great depths 
and via suction on cephalopods and, to a lesser extent, fish 
(Heyning & Mead 1996; McLeod et al. 2003; Tyack et al. 
2006; Schorr et al. 2014). Among those, at least 10 species 
in 5 genera live in the Southern Ocean and neighbouring 
areas, where they constitute key components of the deep 
benthopelagic to benthic communities (McLeod et al. 2006). 
Although the fossil record of ziphiids is continuously improv-
ing (e.g. Buono & Cozzuol 2013; Bianucci et al. 2016; 
Ramassamy 2016), inland localities were up to now of lit-
tle use to trace the past occupation of the oceanic regions 
surrounding the Antarctic. However, many new fossil taxa 
were recently described from deep-sea deposits, including 
localities from off South Africa and the southernmost part 
of the Kerguelen Plateau, Southern Ocean (Bianucci et al. 
2007, 2008; Gol’din & Vishnyakova 2012). Although the 
description of the South African fauna(s) provided a first 

glimpse of the past ziphiid biodiversity in a region at the 
northern margin of the Southern Ocean, it was up to now 
not possible to determine the effective distribution in this 
oceanic area for most of the taxa – an exception being the 
hyperoodontine genus Africanacetus Bianucci, Lambert & 
Post, 2007, found both along South Africa and close to 
the Antarctic continent (Bianucci et al. 2007; Gol’din & 
Vishnyakova 2012).  

Commercial bottom longline fishing activities at depths of 
500 to 2000 meters off the sub-Antarctic Crozet and Kerguelen 
islands, Indian sector of Southern Ocean (see Duhamel & 
Williams 2011), occasionally result in the accessory “capture” 
of fossil cranial elements attributed to the family Ziphiidae. 
Thanks to regular contacts between fishermen and scientists 
working in the area, first fossil discoveries reporting conduct 
to establish a long-term protocol to collect any specimens and 
transport them at the Muséum national d’Histoire naturelle 
(Paris, France). It resulted in the gathering of a large sample. 
The study of this sample eventually lead to the identification, 
description, and comparison of more than eight species in 
at least seven genera. 
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When studying fossil remains from deep-sea deposits, the 
lack of a well-constrained geological and, more specifically, 
chronostratigraphic context is often a major weakness (Bianucci 
et al. 2007, 2013, but see Ichishima et al. 2017; Nozaki et al. 
2017). Whereas the discovery of a few Quaternary cranial 
remains off Crozet and Kerguelen islands allowed 14C dat-
ings for two specimens, the combination of data from local 
Oceanic Drilling Program sections with ziphiid faunal com-
parisons provides clues for a pre-Pliocene origin for another 
part of the sample. 

MATERIAL AND METHODS

InstItutIonal abbrevIatIons
MNHN Muséum national d’Histoire naturelle, Paris;
NMR  Natuurhistorisch Museum Rotterdam, Rotterdam; 
PEM Port Elizabeth Museum, Port Elizabeth; 
SAM  Iziko South African Museum, Cape Town.

specImens

Most of the fossil ziphiid remains described here were 
collected in the past seven years with tens of other, more 
fragmentary cetacean specimens (mostly including rostral 

fragments, but also one tympanic bulla attributed to the 
delphinid genus Orcinus) during commercial longline fishing 
activities targeting the deep water Patagonian toothfish Dis
sostichus eleginoides at depths of 500 to 2000 meters off the 
sub-Antarctic Crozet and Kerguelen islands, Indian sector of 
the Southern Ocean (Duhamel & Williams 2011) (Fig. 1). 
Two specimens (MNHN.F.COI12 and COI13) were dis-
covered several tens of years ago and lack any information 
about the details of collection. All the specimens are now 
curated at the MNHN.

radIometrIc datIng

Two partial ziphiid crania, MNHN.F.COI5 and COI6, were 
sampled for radiocarbon (14C) dating. For each specimen, a 
small fragment of bone was removed. The datable fraction 
of bone being collagen, the latter was extracted following an 
improved version of the protocol originally developed by Longin 
(Longin 1971; Mook & Streurman 1983). The quality of the 
bone collagen was assessed by the atomic C/N ratio, as well 
as its C and N content. These numbers should be in specified 
ranges (DeNiro 1985; Ambrose 1990): the atomic C/N ratio 
should be c. 2.9-3.6, the carbon content of the collagen (C%) 
c. 30-45%, and the nitrogen content (N%) c. 11-16%. Values 
outside this range may indicate diagenetic alteration causing 
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1. Mesoplodon sp. aff. M. layardii (MNHN.F.COI7)
2. Mesoplodon sp. aff. M. layardii (MNHN.F.COI6)
3. Africanacetus ceratopsis (MNHN.F.COI2)
4. Xhosacetus hendeysi (MNHN.F.COI10)
5. Mesoplodon sp. aff. M. layardii (MNHN.F.COI5)
6. Nenga sp. aff. N. meganasalis (MNHN.F.COI11)
7. Khoikhoicetus kergueleni n. sp. (MNHN.F.COI1)
8. Izikoziphius rossi (MNHN.F.COI8)

fig. 1. — Locality maps: A, schematic map providing the position of Crozet and Kerguelen islands in the Southern Ocean; B, schematic map of the Crozet and 
Kerguelen islands area, including the main localities where fossil ziphiid specimens («) described in this work were found via longline fishing, as well as two ODP 
sites (l). Light grey shading for areas with a water depth lower than 1000 m; dark grey shading for islands and continents.

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/COI12
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/COI13
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/COI5
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/COI6
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changes to the organic composition of the sample. The collagen 
was combusted into CO2 or N2 gas by an Elemental Analyzer, 
coupled to an Isotope Ratio Mass Spectrometer. This setup 
provides the stable isotopes ratios δ13C and δ15N. Part of the 
CO2 was cryogenically trapped for 14C analysis. This CO2 was 
reduced to graphite by the Bosch reaction: CO2 + 2H2 → C + 
2H2O, using Fe as a catalyst at a temperature of 600°C (Aerts 
et al. 2001). The graphite was pressed into a sample holder, 
which was placed in the ion source of the Accelerator Mass 
Spectrometer (AMS). The Groningen AMS is a tandetron, based 
on a 2.5 MV particle accelerator (van der Plicht et al. 2000). 

The results are reported in conventional radiocarbon years 
(BP), which implies measuring relative to the Oxalic Acid 
standard, correction for isotopic fractionation using the stable 
isotope ratio 13C/12C to δ13C = –25‰, and using a half-life 
value of 5568 years (Mook & van der Plicht 1999). Because 
of fluctuations in the natural 14C content, the 14C ages have 
to be calibrated into calendar ages. This is done with the cal-
ibration curve IntCal13 (Reimer et al. 2013). The calibrated 
ages are reported in calBP, which is calender years relative to 
AD 1950. Organisms living in aquatic reservoirs show appar-
ent ages known as reservoir effects, caused by different 14C 
concentrations in contemporaneous terrestrial and aquatic 
reservoirs. The size of the reservoir effect is 400 years for 
marine organisms. This number has to be subtracted from 
the 14C date before calibration (Reimer et al. 2013).

The stable isotopic content of the samples is expressed in 
delta (δ) values, which are defined as the deviation (expressed 
in per mil) of the rare to abundant isotope ratio from that of 
a reference material:

(13C/12C) sample

(13C/12C) reference
13δ = –1 (×1000‰)

and
(15N/14N) sample

(15N/14N) reference
15δ = –1 (×1000‰)

For carbon, the reference material is belemnite carbonate 
(V-PDB); for nitrogen, the reference is ambient air (Mook 
2006). The analytical error is 0.1‰ and 0.2‰ for δ13C and 
δ15N, respectively.

GEOLOGICAL CONTEXT

The geology of sedimentary deposits from the deep seafloor off 
Kerguelen and Crozet islands is relatively poorly known; local 
investigations mostly focused on the hot spot-related, long-term 
volcanic activity and only a limited number of deep-sea drillings 
were performed in the area (e.g. Cottin et al. 2011). Among 
those, two Oceanic Drilling Program (ODP) sites of Leg 183 
(1139 and 1140) from the Kerguelen plateau are close enough 
to fossil ziphiid finds to deserve some comments (Reusch 2002; 
McCartney et al. 2003; Bénard et al. 2010; Fig. 1). At a depth 
of 1450 m on the southwest flank of Skiff Bank, 350 km SWW 
to Kerguelen Islands, site 1139 is located in a region where at 

least nine cranial remains of ziphiids were found (see below for 
the most significant specimens). Site 1140 is similarly close to 
several ziphiid finds, 270 km north to Kerguelen Islands, but 
somewhat deeper (2394 m). Following the Eocene formation of 
basalts and other igneous rocks and the deposition of Oligocene 
sands, grainstones, dolomitic chalk, and foraminifer-bearing 
oozes, Miocene sediments include more homogenous deposits 
of foraminifer-bearing shales at site 1139 and nannofossil- and 
foraminifer-bearing pelagic oozes at site 1140. Up to several 
meters thick Pleistocene to Holocene deposits include diatom 
oozes, with organic debris at site 1139 (Bénard et al. 2010). 
Interestingly, an important hiatus is recorded in both sites, 
extending from late middle Miocene to late Pliocene, as indi-
cated by diatoms and silicoflagellates (Reusch 2002; Arney et al. 
2003; McCartney et al. 2003; Bénard et al. 2010). 

SYSTEMATIC PALAEONTOLOGY

Order CETACEA Brisson, 1762 
Clade NEOCETI Fordyce & Muizon, 2001 

Suborder ODONTOCETI Flower, 1867 
Family ZIphIIdae Gray, 1850 

Subfamily hyperoodontInae Gray, 1866 
sensu Bianucci et al. (2016)

Genus Khoikhoicetus Bianucci, Lambert & Post, 2007

type specIes. — Khoikhoicetus agulhasis Bianucci, Lambert & Post, 
2007 by original designation.

other specIes Included. — Khoikhoicetus kergueleni n. sp.

Khoikhoicetus kergueleni n. sp.
urn:lsid:zoobank.org:act:2543332B-3F91-4890-8A85-93EB8A3B11E0

holotype. — MNHN.F.COI1, partial cranium including the 
complete rostrum the anterior part of the cranium with a large part 
of the face, premaxillary sac fossae, the bony nares, part of both 
supraorbital regions, and the vertex (Fig. 2).

type localIty. — The holotype has been fished on Skiff Bank, 
370 km SWW to Kerguelen Islands at a depth of 885 m; geographic 
coordinates 49°49’17.4”S, 63°37’33.6”E (Fig. 1).

referred specImen and localIty. — Partial cranium 
MNHN.F.COI13 including rostrum, premaxillary sac fossae, part 
of both supraorbital regions, and vertex (Fig. 3); off Kerguelen Is-
lands, no indication about the precise locality is available.  

etymology. — In memory of Yves Joseph de Kerguelen de Trémarec 
(1734-1797), rear admiral of the French Royal Navy, who took 
possession of the “îles de la Désolation” (later designated by James 
Cook “Kerguelen Archipelago”) for the crown of France in 1772.

dIagnosIs. — Khoikhoicetus kergueleni n. sp. differs from Khoik
hoicetus agulhasis in the following features: larger size; outline of 
the rostrum in dorsal view distinctly triangular with straight lateral 
edges; dorsal infraorbital foramen notably distant from the maxilla-
premaxilla suture (from 10 to 20 mm); premaxillary sac fossae signifi-

http://zoobank.org/urn:lsid:zoobank.org:act:2543332B-3F91-4890-8A85-93EB8A3B11E0
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/COI1
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/COI13
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cantly proportionally narrower; bony nares relatively narrower and 
roughly oval-shaped; premaxillary crests anteroposteriorly thicker 
and wider (in anterior view) than the premaxillary sac fossae; and 
premaxillary crests located posterior to the premaxillary sac fossae 
(in lateral view), and not overhanging them.

brIef descrIptIon and comparIson

Completely preserved, the rostrum of both specimens is higher 
than wide for most of its length. The lateral edges of the rostrum 

are roughly straight in dorsal view and regularly diverge posteriorly 
until the antorbital notches. The rostrum of MNHN.F.COI13 
is more massive and widens posteriorly more abruptly than on 
COI1. The mesorostral groove is completely filled by the vomer, 
which is dorsally higher than the adjoining premaxilla for its 
whole length. This condition is more accentuated in COI1, in 
which the vomer forms a small dome in the mid-length region 
of the rostrum. A median suture marks the posterior portion 
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fig. 2. — Partial cranium of Khoikhoicetus kergueleni n. sp. (MNHN.F.COI1): A, dorsal view; B, same view with interpretive line drawing; C, right lateral view; 
D, anterodorsal view. Scale bar: 100 mm.
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table 1. — Measurements (in mm) on the partial crania of Khoikhoicetus kergueleni n. sp. MNHN.F.COI1 (holotype), MNHN.F.COI13, and Khoikhoicetus agulhasis 
Bianucci, Lambert & Post, 2007 SAM PQ 2678 (holotype) (from Bianucci et al. 2007). Abbreviations: e, estimate; +, not complete; –, no data.

Khoikhoicetus kergueleni n. sp. Khoikhoicetus agulhasis
MNHN.F.COI1 (holotype) MNHN.F.COI13 SAM PQ 2678 (holotype)

Rostrum length 415 e455 –
Height of rostrum at mid-length 73 83 –
Width of rostrum at mid-length 54 74 –
Maximum opening of mesorostral groove 25 32 24
Width of rostrum at base e125 e134 120
Width of premaxillae at rostrum base 66 84 49
Width of premaxillary sac fossae 108 133e 106
Width of right premaxillary sac fossa 59 62 50
Width of left premaxillary sac fossa 47 e54 48
Width of bony nares 47 55 43
Minimum width of right ascending process of premaxilla 38 45 25
Width of premaxillary crests 142 166 +100
Width of right premaxillary crest 62 78 +33
Width of left premaxillary crest 46 52 30
Minimum distance between premaxillary crests 40 43 34
Maximum width of nasals 48 53 45
Minimum posterior distance between maxillae e34 34 38
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fig. 3. — Partial cranium of Khoikhoicetus kergueleni n. sp. (MNHN.F.COI13): A, dorsal view; B, detail of the vertex in dorsal view; C, anterodorsal view; D, right 
lateral view. Scale bars: 100 mm.
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of the vomer. The rostral maxillary crest forms an elevated, 
but relatively short dome in the antorbital region. Located 
medial to the crest, the medium-sized main dorsal infraorbi-
tal foramen is opening anteriorly to anteromedially, roughly 
at the same anteroposterior level as the premaxillary foramen, 
but higher dorsally than the latter (best seen in anterior view 
of MNHN.F.COI1). In COI13 the main dorsal infraorbital 
foramen is two to three times larger than on the other specimen 
and opens slightly posterior to the premaxillary foramen. The 
premaxillary foramen is large, especially on COI13, in which it 

opens posteriorly and extends as a wide and deep groove running 
toward the anteromedial area of the premaxillary sac fossa. It 
is slightly posterior to the antorbital notch on both specimens. 
Anteriorly defining the bony nares, the medialmost angle of the 
right premaxillary sac fossa projects medially. A similar medial 
projection is observed on the left side, but it is less protrud-
ing and more rounded. The lateral margin of the ascending 
process of the premaxilla (sensu Bianucci et al. 2007) displays 
a marked constriction in anterior view. The medial margins of 
the right and left ascending processes converge slightly dorsally, 

table 2. — Comparison of the relative width of the bony nares in the two specimens of Khoikhoicetus kergueleni n. sp. (MNHN.F.COI1 and COI13) and the holo-
type of Khoikhoicetus agulhasis Bianucci, Lambert & Post, 2007 (SAM PQ 2678). Measurements in mm. Abbreviations: Pona, length of skull from apex of rostrum 
to posteriormost edge of nasals; Wdiof, width between the main dorsal infraorbital foramina; Wn, width of the bony nares; Wpf, width between the premaxillary 
foramina. Pona for SAM PQ 2678 has been estimated as explained in the text. Measurements of Wpf, Wdiof, and Pona for SAM PQ 2678 have been calculated 
form Bianucci et al. (2008: fig. 13A) and therefore represent an approximation.

Wn Wpf Wdiof Pona Wn/Wpf Wn/Wdiof Wn/Pona
SAM PQ 2678 43 23.8 56 396e 1.8 0.77 0.108
MNHN.F.COI1 47 40 102.5 587 1.17 0.49 0.0800
MNHN.F.COI13 55 52 121 660 1.05 0.45 0.083

A B C

premaxillary
 sac fossae

bony
nares

convex lateral
     margin

  dorsal 
infraorbital
  foramen

  dorsal 
  infraor.
  foram.

fig. 4. — Comparison of the cranium of Khoikhoicetus agulhasis Bianucci, Lambert & Post, 2007 and Khoikhoicetus kergueleni n. sp.: A, Khoikhoicetus agulhasis 
SAM PQ 2678 (holotype, photo G. Bianucci); B, Khoikhoicetus kergueleni n. sp. (MNHN.F.COI1, holotype); C, K. kergueleni n. sp. (MNHN.F.COI13), in dorsal view. 
Dotted line for the reconstructed apex of the rostrum of SAM PQ 2678. All crania scaled to the same distance from apex of rostrum to anterior margin of bony nares.
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and the posterodorsal part of the anterior surface is subvertical, 
but does not overhang the more ventral part of the ascend-
ing process. The markedly asymmetric premaxillary crests are 
directed slightly posterolaterally, and the dorsal margin of each 
crest slopes abruptly ventrolaterally in anterior view. Although 
a large part of each nasal is lost, the preserved lateralmost por-
tions indicate transversely wide and anteroposteriorly long 
bones in dorsal view, but narrow in anterior view. Based on 
the preserved parts, a medial depression most likely excavated 
the anterodorsal surface of the joined nasals. Each nasal barely 
takes part to the corresponding premaxillary crest.  

These specimens share many similarities with the holotype 
and only known specimen of Khoikhoicetus agulhasis SAM PQ 
2678; the most salient are the rostral maxillary crest being 
dome-like, the medialmost angle of the right premaxillary 
sac fossa projecting medially towards the rounded medial 
edge of the left fossa, the medial margins of the right and left 
ascending processes converging slightly posterodorsally, the 
dorsal margin of each premaxillary crest sloping markedly 
ventrolaterally, and the large nasal on the vertex in dorsal view.

However, several differences are observed. In addition to 
their larger size (Table 1), the two Kerguelen specimens differ 
from SAM PQ 2678 in the following features: 

1) The rostrum is distinctly triangular in dorsal view, with 
straight lateral edges; it is wider at its base and does not widen 
at mid-length as in SAM PQ 2678. 

2) In anterior view, the premaxillary crests are distinctly 
wider than the premaxillary sac fossae, whereas they are sig-
nificantly narrower in SAM PQ 2678. The condition on the 
right premaxillary crest of SAM PQ 2678 may be accentu-
ated by wear and/or break of the lateralmost part; indeed, in 

anterior view and, as compared to the left side, the right crest 
seems truncated. Nevertheless, the difference is still valid for 
the left premaxillary crest, which is apparently unworn in 
SAM PQ 2678. 

3) In lateral view, the premaxillary crests are located pos-
terior to the premaxillary sac fossae, whereas in SAM PQ 
2678 they are anteriorly projected and slightly overhang the 
premaxillary sac fossae. 

4) In dorsal view, the bony nares are proportionally narrower 
and roughly oval-shaped, whereas they are wider and roughly 
circular in SAM PQ 2678. Because the three specimens of 
Khoikhoicetus are of different size, three measurements have 
been selected to establish comparable ratios for the relative 
width of the bony nares: the width between the premaxillary 
foramina (Wpf), the width between the main dorsal infraor-
bital foramina (Wdiof ), and the length of the skull from the 
apex of rostrum to the posteriormost edge of the nasals (Pona). 
To establish the first two measurements, widths at lateral and 
medial edges of foramina have been measured, and the mean 
calculated has been used for Wpf and Wdiof. To establish 
the third measurement, we had to estimate the length of the 
rostrum of SAM PQ 2678, which is incomplete. The apex 
of the rostrum was reconstructed extending the lateral edges 
anteriorly, with a rounded end as in the two Kerguelen speci-
mens (Fig. 4). This reconstruction suggests that about 30 mm 
are missing anteriorly. Therefore, the Pona of SAM PQ 2678 
is the measurement taken from the specimen as preserved, to 
which we added 30 mm. Table 2 clearly establishes that the 
two specimens from Kerguelen Islands have relatively nar-
rower bony nares compared to the holotype of Khoikhoicetus 
agulhasis and resemble each other in this respect more than 
they do the South African specimen.

5) The premaxillary sac fossae are proportionally signifi-
cantly narrower than those of the holotype of Khoikhoicetus 
agulhasis. As for the relative width of the bony nares, the 
measurements of the width of the premaxillary sac fossae 
(Wpsf ) of the three specimens have been compared on the 
basis of the three measurements mentioned above, Wpf, Wdiof, 
and Pona. Table 3 clearly establishes that the two specimens 
from Kerguelen Islands have relatively narrower premaxillary 
sac fossae than the holotype of Khoikhoicetus agulhasis and 
resemble each other in this respect more than they do the 
South African specimen.

and 6) The main dorsal infraorbital foramen of MNHN.F.COI. 
1 and 13 is notably distant from the maxilla-premaxilla suture 
(from 10 to 20 mm), whereas it almost contacts this suture 
in SAM PQ 2678. 

table 3. — Comparison of the relative width of the premaxillary sacs fossae in the two specimens of Khoikhoicetus kergueleni n. sp. (MNHN.F.COI1 and COI13) 
and the holotype of Khoikhoicetus agulhasis Bianucci, Lambert & Post, 2007 (SAM PQ 2678). Measurements in mm. Abbreviations: Pona, length of skull from 
apex of rostrum to posteriormost edge of nasals; Wdiof, width between the dorsal infraorbital foramina; Wpf, width between the premaxillary foramina; Wpsf, 
width of the premaxillary sac fossae. Pona for SAM PQ 2678 has been estimated as explained above. Measurements of Wpf, Wdiof, and Pona have been calcu-
lated form Bianucci et al. (2008: fig. 13A) and therefore represent an approximation.

Wpf Wpsf Wdiof Pona Wpf/Wpsf Wdiof/Wpsf Wpsf/Pona
SAM PQ 2678 23.8 106 56 396e 0.22 0.53 0.267
MNHN.F.COI1 40 108 102.5 587 0.37 0.95 0.184
MNHN.F.COI13 52 133e 121 660 0.39 0.91 0.201

table 4. — Comparison of the individual variation of the width of the premaxillary 
sac fossae and of the width of the bony nares in two samples of extant ziphiids 
(Mesoplodon densirostris (Blainville, 1817) and M. layardii (Gray, 1865)) and in our 
fossil sample of Khoikhoicetus Bianucci, Lambert & Post, 2007. Abbreviations: 
min, minimum value measured for the extant sample in Ross (1984) or in the 
extinct Khoikhoicetus; max, maximum value measured for the extant sample 
in Ross (1984) or in the extinct Khoikhoicetus; Wn, width of the external bony 
nares; Wpsf, width of the premaxillary sac fossae.

min max
max–
min % of min

Mesoplodon densirostris (Wpsf) 14.2 15.1 0.9 6.3%
Mesoplodon layardii (Wpsf) 10.6 12.5 1.9 17%
Khoikhoicetus (Wpsf) 0.184 0.267 0.083 45%
Mesoplodon densirostris (Wn) 5.5 6.6 1.1 20%
Mesoplodon layardii (Wn) 5.2 6.8 1.6 30%
Khoikhoicetus (Wn) 0.08 0.108 0.028 35%

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/COI1
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/COI13
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/COI1
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/COI13


143 

Neogene and Quaternary beaked whales from the Southern Ocean

GEODIVERSITAS • 2018 • 40 (6)

It may be tempting to interpret these differences as related to 
significant individual variation (ontogenetic and/or related to 
sexual dimorphism, as commonly observed in extant ziphiids). 
In order to evaluate if the disparity between the Kerguelen and 
South African specimens could be related to individual variation, 
we have referred to the variation observed in 10 specimens of the 
extant Mesoplodon layardii (Gray, 1865) and eight specimens of 
the extant Mesoplodon densirostris (Blainville, 1817) (Ross 1984: 
tables 8 and 25). We excluded from our sample the specimen 
of M. layardii mentioned by Ross (1984: table 8) as “Falkland 
Islands, Turner, 1880”, which, given its size, is likely to be a 
juvenile, and the specimen of M. densirostris PEM1518/84 (Ross 
1984: table 25), which is a foetus. We used two measurements 
provided by Ross (31 and 37), which correspond respectively 
to our width of the premaxillary sac fossae (Wpsf) and width 
of the bony nares (Wn). It is noteworthy that measurements 
of Ross (1984: tables 8 and 25) are expressed as percentages of 
the condylobasal length, a measurement not available for our 
specimens and replaced here by the length of the skull from 
the apex of rostrum to the posteriormost edge of nasals (Pona). 
However, this difference is likely to be of little incidence on our 
evaluation of the individual variation and on the comparison 
with our fossil sample. For the two extant species of Mesoplo
don Gervais, 1850, we calculated the difference between the 
maximum and minimum value for each measurement and 
calculated the percentage of this difference to the minimum 
value. As observed in Table 4, the variation observed in our 
sample of Khoikhoicetus Bianucci, Lambert & Post, 2007 is 
much greater that in the two Mesoplodon species, especially in 
the case of the width of the premaxillary sac fossae, the dis-
parity being less extreme in the case of the width of the bony 
nares. Because the variation observed in the three Khoikhoicetus 
specimens exceeds significantly that observed in two species of 
extant Mesoplodon, it is regarded here as related to interspecific 
rather that intraspecific variation. Clearly resembling each other 
more than they do the South African holotype of Khoikhoicetus 
agulhasis, the specimens from Kerguelen Islands are therefore 
referred to a new species of Khoikhoicetus, K. kergueleni n. sp.

Genus Africanacetus Bianucci, Lambert & Post, 2007

type specIes. — Africanacetus ceratopsis Bianucci, Lambert & Post, 
2007 by original designation.

other referred specIes. — Africanacetus gracilis Ichishima, Au-
gustin, Toyofuku & Kitazato, 2017.

Africanacetus ceratopsis Bianucci, Lambert & Post, 2007

referred specImens and localItIes. — Partial cranium 
MNHN.F.COI12 including rostrum, premaxillary sac fossae, part 
of both supraorbital regions, and vertex (Fig. 5); geographic coor-
dinates 49°48’S, 66°28’E (Skiff Bank, SWW to Kerguelen Islands); 
depth 1680 m. Partial cranium MNHN.F.COI2 including rostrum, 
premaxillary sac fossae, and part of both supraorbital regions (Fig. 6); 
geographic coordinates 47°07’58.8”S, 65°44’59.4”E (290 km NW 
to Kerguelen Islands); depth 1622 m (Fig. 1). 

brIef descrIptIon and comparIson

The rostrum is not complete anteriorly in both speci-
mens, although it is probably close to the original length in 
MNHN.F.COI2. Probably half of the rostrum in missing 
in COI12. The rostrum is robust and nearly as wide as high 
at half of its preserved length on COI2. The mesorostral 
groove is completely filled with the vomer, the latter reach-
ing a dorsal level much higher than the bordering premaxilla. 
A median suture is visible on the dorsal surface along the 
proximal part of the vomer on COI2. The lateral margin 
of the rostrum of COI2 is a sharp crest in its proximal part; 
this crest forms a thin blade markedly diverging towards 
the prominential notch; the blade is somewhat thicker on 
the left side. No crest is observed on COI12 (except at the 
rostrum base, close to the prominential notch) and in dorsal 
view the rostrum is significantly narrower and more slender 
than on the other specimen. In lateral view, no indication for 
individual alveoli could be found on the maxilla. Deeper on 
COI12, the prominential notch is followed posteriorly by 
a dome-shaped, moderately elevated rostral maxillary crest 
(sensu Mead & Fordyce 2009). The crest is higher and more 
posteriorly located on the right side. Compared to COI2, 
right and left crests are more elevated, massive, and rounded 
on COI12. A small dorsal infraorbital foramen is present at 
the top of each crest (on COI2) and a large foramen pierces 
the medial base of the crest, being followed anteriorly by a 
shallow depression. Anterolateral to the rostral maxillary crest, 
the antorbital notch is widely open anteriorly, barely limited 
laterally by a short anterior extension of the antorbital part 
of the maxilla and the lacrimojugal complex. Medial to the 
antorbital notch a small maxillary tubercle protrudes anteriorly. 
The maxillary tubercle is more salient in COI12, in relation 
to the larger maxillary crest in this specimen. Right and left 
premaxillary foramina are difficult to distinguish, hidden by 
a concretion. Each premaxillary sac fossa is thick, with the 
dorsal surface raising dorsomedially. 

The ascending process of the premaxilla of MNHN.F.COI12 
strongly raises dorsally, with its anterior surface being almost 
subvertical when reaching the level of the premaxillary crest. 
Each ascending process is distinctly constricted transversely at 
the level of the maximum width of the bony nares. The vertex 
is well preserved on COI12, with intact premaxillary crests. 
The latter are robust and the right crest diverges posterolater-
ally, whereas the left crest is directed more laterally. In dorsal 
view, the nasals are anteroposteriorly long and transversely 
wide; their anterolateral angle reaches the medial margin of 
the corresponding premaxillary crest, without being integrated 
in it. In dorsal view, the median suture of the nasal is salient 
anteriorly, dorsal to the presphenoid.

The thick vomer in the mesorostral groove, the dome-like 
rostral maxillary crest, and the dorsomedially raising premaxil-
lary sac fossae are similarly observed in specimens of African
acetus ceratopsis from South Africa (Bianucci et al. 2007). The 
dimensions of the rostrum and facial region (Table 5) match 
well the South African sample of A. ceratopsis and the specimens 
of Africanacetus sp. from the Banzare Bank, southernmost part 
of the Kerguelen Plateau, described by Gol’din & Vishnyakova 
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(2012). The rostral maxillary crests are significantly lower on 
MNHN.F.COI2 and more rounded on MNHN.F.COI12. 
For part of the dimensions, the holotype of Africanacetus 
gracilis is moderately to markedly smaller, especially for the 
measurements at rostrum base (see Ichishima et al. 2017). As 
in the latter, the antorbital notch of both specimens is more 
anteriorly located than in the holotype of A. ceratopsis and 
several referred specimens; such differences may be explained 
by sexual dimorphism or any other intraspecific, population-
related morphological variation. 

hyperoodontInae indet. aff. Africanacetus

referred specImens and localItIes. — Partial rostrum 
MNHN.F.COI3. Partial rostrum MNHN.F.COI4 (Fig. 7). These 

specimens were collected before the involvement of procedures to 
record localities; no indication about the precise locality is thus 
available. They were most likely found off Kerguelen Islands.

brIef descrIptIon and comparIson

In dorsal view these two robust rostra display a minor constric-
tion slightly posterior to mid-length, followed anteriorly by 
a distinct widening. The acute lateral margin of the rostrum 
forms a plate diverging abruptly posterolaterally. The vomer 
is widely exposed dorsally in the mesorostral groove, and is 
margined by longitudinal sulci along its anterior portion. 
Posterior to the vomer, the presphenoid is similarly thickened 
in the mesorostral groove, raising posteriorly until the level 
of the premaxillary foramen. The premaxillary foramen is at 
the same anteroposterior level as the large dorsal infraorbital 
foramen, posterior to the anterior tip of the presphenoid.
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fig. 6. — Partial cranium of Africanacetus ceratopsis Bianucci, Lambert & Post, 2007 (MNHN.F.COI2): A, dorsal view; B, anterior view; C, right lateral view. Scale 
bar: 100 mm.
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A lateral expansion of the rostrum, as seen in dorsal view 
of these two specimens, is absent in Africanacetus ceratopsis, 
but present in Pterocetus benguelae (holotype and SAM PQ 
69684) and Africanacetus gracilis (Ichishima et al. 2017). 
Specimens of P. benguelae similarly display a wide exposure 
of the vomer in the mesorostral groove, with a pointed 
anterior portion margined by sulci (e.g. SAM PQ 1770 
and 69684). However, in P. benguelae the premaxillary 

foramen is much more anteriorly located, anterior to the 
large dorsal infraorbital foramen. The absence of this key 
character in MNHN.F.COI3 and MNHN.F.COI4 makes 
these two rostra slightly more similar to A. ceratopsis than 
to P. benguelae. The rostrum of A. gracilis is considerably 
more slender. More robust than currently known speci-
mens of A. ceratopsis these two rostra are too incomplete 
for a more precise taxonomic assignation. 
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fig. 7. — Partial rostra of Hyperoodontinae indet. aff. Africanacetus: A, B, MNHN.F.COI3; C, D, MNHN.F.COI4; A, C, dorsal views; B, D, right lateral views.  
Scale bar: 100 mm.
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Genus Mesoplodon Gervais, 1850

Mesoplodon sp. aff. Mesoplodon layardii (Gray, 1865)

referred specImens and localItIes. — Partial cranium 
MNHN.F.COI5 including rostrum and right supraorbital region 
(Fig. 8A-C); geographic coordinates 48°08’43.8”S, 71°59’13.8”E 
(150 km NE to Kerguelen Islands); depth 1720 m (Fig. 1). Partial 
cranium MNHN.F.COI6 including rostrum and right supraorbital 
region (Fig. 8D-E); geographic coordinates 45°53’49.2”S, 67°19’40.8”E 
(330 km NNW to Kerguelen Islands); depth 1959 m (Fig. 1). Ros-
trum fragment MNHN.F.COI7 (Fig. 8F); geographic coordinates 
44°54’39.6”S-44°25’30.0”E (445 km W to Crozet Islands); depth 
1222 m (Fig. 1).

brIef descrIptIon and comparIson

The general aspect of the bone of these three specimens is 
markedly different from other cranial remains of the sample; 
the bone is whiter, less compact, and more crumbly in the 
outer regions. The ventral surface of the rostrum in these 
three specimens is more damaged than the dorsal surface, a 
condition most likely due to the presence of more spongy 
bone ventrally, as observed via computed tomography in 
several extant ziphiids (Lambert et al. 2011). 

The rostrum is elongated, being incomplete anteriorly at 
least in MNHN.F.COI7 and COI6; it is higher than wide 
at estimated mid-length (Table 6). The mesorostral groove 
is completely filled with the vomer. The latter is especially 
dorsally inflated in the proximal region of the rostrum, with 
a visible median suture. Towards mid-length, the dorsal 
exposure of the vomer narrows markedly, concomitantly to 
a conspicuous lowering of its height above the premaxilla 
as seen in lateral view (Fig. 8C, E, F). The lateral margin of 
the rostrum diverges only slightly towards the corresponding 
antorbital notch. The maxilla-premaxilla suture approaches 
the lateral margin of the rostrum at a level 100-150 mm 
anterior to the antorbital notch, whereas a transverse con-

striction of the premaxilla occurs in front of the notch. One 
large dorsal infraorbital foramen is opening anterolaterally 
at a level posterior to the antorbital notch. An anteriorly 
directed, smaller dorsal infraorbital foramen is located medial 
to the notch in MNHN.F.COI7 and COI5. Slightly poste-
rior to level of antorbital notch, the premaxillary foramen is 
anterior to the large dorsal infraorbital foramen and located 
higher dorsally than the latter. There is no rostral maxil-
lary crest and no conspicuous maxillary crest posterolateral 
to the antorbital notch, the supraorbital region being low 
and roughly flat, with only a slight elevation of the dorsal 
surface of the maxilla just anterior to the posterior dorsal 
infraorbital foramen. Although only the maxilla is preserved 
in that region, the anteromedial corner of the right bony 
naris displays a distinct elevation. 

Among extinct and extant hyperoodontines, apart from 
the considerably flatter supraorbital region lacking any high 
crest, these three fragmentary cranial remains share the 
highest number of similarities with the strap-toothed whale 
Mesoplodon layardii for the narrow and high rostrum, the 
markedly inflated vomer in the proximal part of the meso-
rostral groove, the topology of the foramina in the rostrum 
base area, and the elevation of the right anteromedial cor-
ner of the bony nares (see Turner 1880; Hale 1931). Even 
more strikingly, the narrowing of the dorsal exposure of the 
vomer towards mid-length of rostrum and the related lower-
ing of its height are similarly observed to various extents in 
specimens of M. layardii, where this region is surrounded 
by the greatly enlarged and posterodorsomedially curved 
lower tusks in adult males (e.g. SAM 38236, 40479, USNM 
550150; Van Beneden & Gervais 1880: pl. 27; Mead 1989a: 
fig. 15I; Fig. 9).

Comparing measurements of these three specimens with 
skulls of Mesoplodon layardii (sample of 11 specimens, 
including males and females, from Australia, Falkland 

table 5. — Measurements (in mm) on the partial crania of Africanacetus ceratopsis Bianucci, Lambert & Post, 2007 (MNHN.F.COI2, COI12, and NMR 991-00001993 
[holotype] [from Bianucci et al. 2007]). Abbreviations: +, not complete; –, no data.

Africanacetus ceratopsis MNHN.F.COI2 MNHN.F.COI12
NMR 991-00001993 

(holotype)
Rostrum length +586 – +475
Height of rostrum at mid-length as preserved 89 – –
Width of rostrum at mid-length as preserved 82 – –
Maximum opening of mesorostral groove 32 37 38
Width of rostrum at base (level prominential notch) – 190 –
Width of rostrum at base (level antorbital notch) 294 275 –
Preorbital width 420 422 –
Width of premaxillary sac fossae 155 127 161
Width of right premaxillary sac fossa +74 61 78
Width of left premaxillary sac fossa +63 54 61
Width of bony nares – 67 72
Minimum width of right ascending process of premaxilla – 33 –
Width of premaxillary crests – 165 187
Width of right premaxillary crest – 64 83
Width of left premaxillary crest – 43 52
Minimum distance between premaxillary crests – 79 63
Maximum width of nasals – 79 70
Length of medial suture between nasals – 65 60
Minimum posterior distance between maxillae – 44 63
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fig. 8. — Partial crania of Mesoplodon sp. aff. Mesoplodon layardii: A-C, MNHN.F.COI5; D-E, MNHN.F.COI6; F, MNHN.F.COI7; A, B, D, dorsal views; C, E, F, right 
lateral views. Scale bar: 100 mm.
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Islands, and South Africa in Ross 1984), a few differences 
are noted. The general dimensions of the three specimens 
are smaller than large adults of M. layardii. The ratio 
between estimated postorbital width and rostrum length 
is distinctly lower in MNHN.F.COI5, corresponding to 
a proportionally longer rostrum, whereas the ratio falls in 
the lower part of the range of M. layardii for the incom-
plete rostrum COI6. The width and height at mid-length 
of the rostra COI5 and COI6 are in the upper part of the 
range for M. layardii, corresponding to a proportionally 
greater cross section in line with the relatively longer ros-
trum. Pending the discovery of more complete specimens 
and/or the extraction of ancient DNA (see discussion on 
geochronological age below), these three specimens are 
identified as Mesoplodon sp. aff. M. layardii. 

Interestingly, an isolated, poorly preserved ziphiid ros-
trum found on a beach of Kerguelen Islands and tentatively 
attributed (Robineau 1973) to the extant Andrew’s beaked 
whale Mesoplodon bowdoini shares some similarities with the 
specimens described here. Characterized among other features 
by its great length, this beached rostrum may correspond to 
the same taxon.  

Subfamily ZIphIInae Gray, 1850  
sensu Bianucci et al. (2016)

Genus Izikoziphius Bianucci, Lambert & Post, 2007

type specIes. — Izikoziphius rossi Bianucci, Lambert & Post, 2007 
by original designation.

other referred specIes. — Izikoziphius angustus Bianucci, Lam-
bert & Post, 2007.

Izikoziphius rossi Bianucci, Lambert & Post, 2007

referred specImen and localIty. — Partial cranium MNHN.F.COI8 
including rostrum, premaxillary sac fossae, and vertex (Fig. 10); geo-
graphic coordinates 49°50’44.4”S, 63°19’27.6”E (Skiff Bank, 390 km 
SWW to Kerguelen Islands); depth 2041 m (Fig. 1).

brIef descrIptIon and comparIson

The cross section of the long and robust rostrum (not complete 
apically) is considerably wider than high for most of the rostral 
length (Table 7). A marked dorsal and lateral expansion of the 
thickened lateral margin of the rostrum has a maximum extent 

table 6. — Measurements (in mm) on the partial crania of Mesoplodon sp. aff. Mesoplodon layardii (MNHN.F.COI5, MNHN.F.COI6, and MNHN.F.COI7). Abbre-
viations: e, estimate; +, not complete; –, no data.

Mesoplodon sp. aff. M. layardii MNHN.F.COI5 MNHN.F.COI6 MNHN.F.COI7
Total length as preserved 880 738 557
Rostrum length as preserved e703 560 468
Distance between left premaxillary foramen and apex of rostrum as preserved 716 588 492
Width of anterior section of rostrum – – 48
Height of anterior section of rostrum – – 67
Width of rostrum at estimated mid-length 66 +60 –
Height of rostrum at estimated mid-length 76 87 –
Maximum height of rostrum +99 +118 +90
Maximum width of vomer in dorsal view 29 31.5 32
Maximum height of vomer above premaxilla 17 14 15.5
Distance between left premaxillary foramen and lowest and narrowest region of 
the vomer in the mesorostral groove e310 e280 e270
Height of rostrum at lowest level of vomer +83 93 –
Transverse diameter of left/right premaxillary foramina 5.5/– 6.3/e6.5 e8/–
Distance between anterior tips of premaxillary foramina e44 37.5 e44
Width of premaxillae at level of anterior tip of premaxillary foramen e67 +65 +62
Supraorbital width of the maxilla e340 e310 –
Diameter of large right dorsal infraorbital foramen 19 13 –
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fig. 9. — Skull of the extant strap-toothed whale Mesoplodon layardii (unnumbered SAM specimen) showing the relationship between the large mandibular tusks, 
the depression in the dorsal surface of the rostrum, and the transverse constriction of the dorsal opening of the mesorostral groove. Note that except for the 
tusks the mandibles are made of plaster, and that the tusks are positioned slightly too posterior along the rostrum as compared to their in vivo position. Photos 
by G. Bianucci.
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at about mid rostral length, resulting in the lateral margin of the 
rostrum being distinctly convex in dorsal view in that region. 
The mesorostral groove is filled by the thickened vomer until 
the level of the antorbital notches, and the dorsal surface of the 
vomer is transversely concave in the apical part of the rostrum. 
On the ventral surface of the rostrum, lateral to the ventral 
exposure of the vomer the maxillae are pierced by several large 
palatal foramina, anteriorly followed by deep sulci. The rostrum 
is broad at its base, with a depressed medial region laterally 
margined by the rostral maxillary crest. The latter progressively 
raises past the antorbital notch level, forming a high hump in 
the antorbital region, best seen in lateral view. Medial to the 
rostral maxillary crest, a large dorsal infraorbital foramen is fol-
lowed anteriorly by a wide depression. Several smaller foramina 
pierce the rostral maxillary crests. The premaxillary foramen is 
roughly in line with the large dorsal infraorbital foramen, both 
being posterior to the estimated level of the antorbital notch. 
The two premaxillary sac fossae are moderately transversely 
concave, and the right fossa is distinctly wider than the left 
(Table 7). The lateral margin of each ascending process of the 
premaxilla is moderately constricted in anterior view. 

The vertex of the cranium is elevated, with the anterior surface 
of the ascending process of the premaxilla reaching the vertical. 
This anterior surface is excavated on both sides by a deep fossa, 
extending somewhat on the lateral part of the corresponding 
nasal. Each premaxillary crest is directed anterolaterally, and the 
right crest is wider and dorsally higher than left crest. 

Both nasals are longer than wide, extending anteriorly beyond 
the level of the corresponding premaxillary crest. The right 
nasal is significantly longer posteriorly than the left. From 
their anterior apices, the lateral margins of the right and left 
nasals diverge abruptly until mid-length. The median region 
of the dorsal surface of the nasals is depressed.

The combination of a mesorostral groove filled with the 
vomer, a high vertex with anterolaterally directed premaxil-

lary crests, and anteriorly elongated nasals point to a ziphiine 
attribution (sensu Bianucci et al. 2016). Other characters 
(e.g. the long rostrum, the absence of a prenarial basin, the 
fossa on the anterior surface of the ascending process of the 
premaxilla, and the relatively long contact between nasal and 
premaxilla) contrast with Ziphius (adult males of the latter 
for the prenarial basin) and unambiguously indicate affinities 
with Izikoziphius. Within the latter genus, MNHN.F.COI8 
shares several characters with Izikoziphius rossi: rostrum wider 
than high at mid-length, rostral maxillary crest extending on 
rostrum base, large fossa on the anterior surface of the ascend-
ing process of the premaxilla extending on the corresponding 
nasal, median depression of the dorsal surface of the nasals, 
and right premaxillary crest much higher than left crest. 

However, MNHN.F.COI8 differs from the two currently 
known specimens of I. rossi in the marked dorsolateral expan-
sion of the lateral margin of the rostrum at mid-length. Pend-
ing the discovery of additional specimens this conspicuous 
difference is interpreted here as intraspecific variation, maybe 
indicating sexual dimorphism as recorded in several extant 
ziphiids and inferred in a few extinct species (Heyning 1989; 
Mead 1989b; Bianucci et al. 2013). It could nevertheless also 
indicate a closely related new species of Izikoziphius.

Interestingly, although much less developed this expansion 
of the lateral margin of the rostrum is to some degree remi-
niscent of the huge rostral maxillary crests observed in SAM 
PQ 2717 and 2719, two specimens from the South African 
fauna(s) previously attributed to Odontoceti indet. due to 
their fragmentary state of preservation (Bianucci et al. 2007). 
In addition to rostral maxillary crests with the same position 
and orientation as the expansion of the lateral margin of the 
rostrum in MNHN.F.COI8, SAM PQ2717 and 2719 share 
with the latter a thickened vomer in the mesorostral groove, 
the dorsal surface of the vomer being transversely concave 
in the apical region of the rostrum, and several large palatal 
foramina. Together with the high compactness of rostral bones, 
all these similarities point to ziphiid (and maybe even ziphi-
ine) rather than physeterid affinities for these two mysterious 
specimens (G. Bianucci pers. comm. 2017). 

Genus Ziphius Cuvier, 1823

Ziphius sp. 
(probably new species)

Ziphius sp. – Bianucci et al. 2007: 576; 2008: 141.

referred specImen and localIty. — Fragment of the facial region 
of the cranium MNHN.F.COI9 including right premaxillary sac 
fossa and most of the vertex (premaxillary crests and nasals) (Fig. 11). 
This specimen was collected before the involvement of procedures 
to record localities; no indication about the precise locality is thus 
available. It was most likely found off Kerguelen Islands.

brIef descrIptIon and comparIson

Only preserved on the right side, the premaxillary sac fossa is 
transversely and longitudinally concave. In anterior view the 

table 7. — Measurements (in mm) on the partial crania of Izikoziphius rossi  
(MNHN.F.COI8, PEM N 3265, and SAM PQ 2086 [from Bianucci et al. 2007]). 
Abbreviations: e, estimate; +, not complete; –, no data.

Izikoziphius rossi
MNHN.F. 

COI8

PEM N 
3265 

(holo.)
SAM PQ 

2086
Rostrum length e495 +490 e530
Height of rostrum at mid-length 72 +100 84
Width of rostrum at mid-length 106 115 94
Maximum width of rostrum at 

dorsolateral expansion
155 – –

Width of premaxillary sac fossae 131 145 155
Width of right premaxillary sac fossa 72 75 80
Width of left premaxillary sac fossa 58 55 62
Width of bony nares 60 56 73
Minimum width of right ascending 

process of premaxilla
48 – 45

Width of premaxillary crests 147 129 +126
Width of right premaxillary crest 45 71 –
Width of left premaxillary crest 36 32 –
Minimum distance between 

premaxillary crests
54.5 – 69

Maximum width of nasals 83 – e88
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lateral margin of the ascending process of the premaxilla does 
not display a conspicuous constriction. The right ascending 
process is much wider than the left process (preserved in its 
upper region), and the anterior surface of each process is 
transversely concave. On the elevated vertex, the anterolat-
erally directed right premaxillary crest is much wider than 
the left crest, the latter being even more anteriorly directed. 
A vertical foramen pierces the posterior flank of each crest 
at the boundary between premaxilla and maxilla. In dor-
sal view the nasals are anteroposteriorly elongated, much 
longer than wide. Their anteromedial apex projects farther 
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fig. 11. — Fragment of facial region of the cranium of Ziphius sp. (probably new species) (MNHN.F.COI9): A, right lateral view; B, anterior view; C, dorsal view; 
D, same view with interpretive line drawing. Scale bar: 100 mm.

table 8. — Measurements (in mm) on the fragments of facial region of the 
cranium of Ziphius sp. (MNHN.F.COI9 and SAM PQ 2826 [from Bianucci et al. 
2007]). Abbreviations: e, estimate; +, not complete; –, no data.

Ziphius sp.
MNHN.F. 

COI9
SAM PQ 

2826
Width of right premaxillary sac fossa 153 +141
Width of right bony naris e71 –
Width of right premaxillary crest 82 79
Width of left premaxillary crest 49 –
Maximum width of nasals e67 76
Length of medial suture between nasals 150 149
Minimum posterior distance between maxillae e51 –
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anteriorly than the premaxillary crests. The minimum dis-
tance between maxillae across the vertex is lower than the 
maximum width of nasals.

All the features listed above are shared with the extant 
Ziphius cavirostris Cuvier, 1823, more specifically adult 
males who display markedly transversely concave premaxil-
lary sac fossae in the deep prenarial basin (e.g. True 1910; 
Heyning 1989). The latter only differs in being consider-
ably smaller in general dimensions. Interestingly, this fossil 
specimen shares morphological characters and dimensions 
with the South African specimen of Ziphius sp. SAM PQ 
2826 (Table 8). Furthermore, these two fossils nearly 
exactly preserve the same cranial regions, which may be an 
indication of a similar distribution of compact bone in the 
cranium (see a CT scan of the cranium of Z. cavirostris in 
Lambert et al. 2011: fig. 8). Although these two specimens 
represent a very large, new ziphiine species closely related 
to Ziphius cavirostris, their fragmentary state does not allow 
for a detailed differential diagnosis. Pending the discovery 
of more complete specimens, we therefore prefer not to 
define and name the new species.

ZIphIIdae subfamily indet.

Genus Xhosacetus Bianucci, Lambert & Post, 2007

type and only referred specIes. — Xhosacetus hendeysi Bianucci, 
Lambert & Post, 2007 by original designation.

Xhosacetus hendeysi Bianucci, Lambert & Post, 2007

referred specImen and localIty. — Partial cranium 
MNHN.F.COI10 including rostrum, facial region, and vertex 
(Fig. 12); geographic coordinates 48°00’42.0”S, 65°34’09.6”E (255 
km NWW to Kerguelen Islands); depth 1145 m (Fig. 1).

brIef descrIptIon and comparIson

The apex of the rostrum of this well-preserved specimen 
is incomplete. The mesorostral groove is completely filled 
with the vomer. The dorsal surface of the latter becomes 
progressively keeled from mid-length of the rostrum in 
the posterior direction and a longitudinal sulcus marks the 
right and left vomer-premaxilla contacts. A median suture 
is visible on the posterior half of the vomer in the mesoros-
tral groove. The vomer-presphenoid suture is transversely 
directed, located at a level posterior to the premaxillary 
foramen. Deep longitudinal openings on the lateral sur-
faces of the rostrum most likely result from partial wear 
of superior alveolar canals. The shallow groove appearing 
ventral to these openings in the anterior half of the rostrum 
is probably a vestigial alveolar groove. The lateral margin of 
the rostrum raises posterodorsolaterally, forming a robust 
ridge that laterally defines a medial depressed area made of 
the premaxillae and vomer. No distinct prominential notch 
being present, the ridge joins the elevated, dome-like rostral 
maxillary crest, the latter being posterior and slightly medial 
to the widely open and relatively deep antorbital notch. The 

right rostral maxillary crest is transversely narrower than 
the left, slightly higher, and extends more posteriorly. A 
large dorsal infraorbital foramen is anteromedial to each 
rostral maxillary crest.

The premaxillary foramen is located at the level of the 
antorbital notch, and the dorsal surface of anteriormost 
portion of the premaxillary sac fossa slopes anteromedi-
ally. At its maximum width, the premaxillary sac fossa is 
transversely concave. The relatively short ascending process 
of premaxilla displays an abrupt elevation, with its anterior 
surface becoming roughly vertical in its upper part; the left 
process is slightly less erected. Right and left ascending 
processes display a strong transverse constriction as seen in 
anterior view. Each premaxillary crest is directed laterally and 
slightly posterolaterally, with a curve more pronounced on 
the slightly longer right crest. The nasals occupy a large area 
on the vertex, with the right nasal longer and wider than 
the left. The anteromedial tip of the joined nasals reaches 
the same anteroposterior level as the anterior margin of 
the premaxillary crests. The anterodorsal margin of each 
nasal is excavated by a wide, subvertical groove, best seen 
in dorsal view. The dorsal surface of the nasals displays a 
slight medial depression and anteromedial slope. The con-
tribution of each nasal to the corresponding premaxillary 
crest is minor.

In addition to similar dimensions (Table 9), this speci-
men shares many features with the holotype of Xhosacetus 
hendeysi, including the size and shape of the nasals on the 
vertex, the morphology of the premaxillae in the facial 
region, the developed rostral maxillary crests (erroneously 
named maxillary crests and premaxillary crests in different 

table 9. — Measurements (in mm) on the partial crania of Xhosacetus hendeysi 
(MNHN.F.COI10 and SAM PQ 2082 [holotype] [from Bianucci et al. 2007]). Ab-
breviations: e, estimate; +, not complete; –, no data.

Xhosacetus hendeysi
MNHN.F. 

COI10
SAM PQ 2082 

(holotype)
Rostrum length +447 +435
Height of rostrum at mid-length 78 –
Width of rostrum at mid-length 68 –
Maximum opening of mesorostral 

groove
36.5 33

Width of rostrum at base 140 187
Width of premaxillae at rostrum base e65 –
Preorbital width 306 e330
Width of premaxillary sac fossae 129 119
Width of right premaxillary sac fossa 59.5 59
Width of left premaxillary sac fossa 52 51
Width of bony nares 65 61
Minimum width of right ascending 

process of premaxilla
29 29

Minimum width of left ascending 
process of premaxilla

22 –

Width of premaxillary crests 154 138
Width of right premaxillary crest 54 43
Width of left premaxillary crest 49 40
Minimum distance between 

premaxillary crests
54 53

Maximum width of nasals 66.5 65
Maximum width of right nasal 36.5 –
Maximum width of left nasal 30 –
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fig. 12. — Partial cranium of Xhosacetus hendeysi (MNHN.F.COI10): A, dorsal view; B, same view with interpretive line drawing; C, detail of the vertex in dorsal 
view; D, anterior to slightly anterodorsal view; E, right lateral view. Scale bar: 100 mm.
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views of the holotype in Bianucci et al. 2007: fig. 24), and 
the sulci along the vomer in the mesorostral groove. The 
main difference concerns the antorbital region; as in Pter
ocetus benguelae, the specimen MNHN.F.COI10 lacks a 
prominential notch, and its antorbital notch is more widely 
open and relatively deeper than in the holotype of X. hen
deysi. Furthermore, the anteromedial slope of the nasals is 
somewhat more pronounced and the lateral margins of the 
nasals diverge slightly more anteriorly as compared to the 
holotype, two features in an intermediary state between 
the holotype and P. benguelae. However, the larger P. ben
guelae differs markedly in the more anterior position of the 
premaxillary foramen, the transversely broader antorbital 
region, and the lower rostral maxillary crest.    

Genus Nenga  
Bianucci, Lambert & Post, 2007

type and only referred specIes. — Nenga meganasalis Bianucci, 
Lambert & Post, 2007 by original designation.

Nenga sp. aff. Nenga meganasalis  
Bianucci, Lambert & Post, 2007

referred specImen and localIty. — Partial cranium 
MNHN.F.COI11 including rostrum, premaxillary sac fossae, and 
vertex (Fig. 13); geographic coordinates 49°40’42.0”S, 63°44’18.0”E 
(Skiff Bank, 365 km SWW to Kerguelen Islands); depth 1263 m 
(Fig. 1).
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fig. 13. — Partial cranium of Nenga sp. aff. Nenga meganasalis (MNHN.F.COI11): A, dorsal view; B, same view with interpretive line drawing; C, anterodorsal 
view; D, detail of the vertex in dorsal view; E, right lateral view. Scale bar: 100 mm.
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brIef descrIptIon and comparIson

Although missing the antorbital regions, this skull is char-
acterized by an elongated rostrum, with a cross section at 
mid-length roughly as wide as high. On the anterior half of 
the rostrum the wavy floor of the alveolar groove suggests the 
presence of shallow, vestigial alveoli. Along its posterior half, 
the lateral margin of the rostrum diverges posterolaterally, 
as a relatively thin crest whose posterolateralmost portion is 
missing. The mesorostral groove is only partly filled with the 
vomer; the posteriormost part of the groove is empty, with 
the transversely concave floor rising anterodorsally. A large 
dorsal infraorbital foramen is partly preserved on the maxilla, 
at the same anteroposterior level as the premaxillary foramen. 
This foramen is followed anteriorly by a transversely concave 
area. The premaxillary foramen is relatively distant from the 
bony nares and close medially to the mesorostral groove. The 
premaxillary sac fossae are proportionally long, with a pro-
gressive posterodorsal rise. The right premaxillary sac fossa is 
much wider than the left, with a markedly rounded lateral 
margin in dorsal view. The dorsal surface is slightly transversely 
concave and the anteromedial angle is well defined. The nar-
row left fossa is similarly slightly transversely concave, with 
a less marked anteromedial angle. Taking into account that 
the lateralmost surface of the premaxillary crests is probably 
somewhat abraded, the lateral margin of each ascending pro-
cess of the premaxilla is barely constricted in anterior view. 
The anterior surface of each premaxillary crest is not vertical. 
The left premaxillary crest is directed laterally, whereas the 
right is directed laterally and slightly posterolaterally. The 
nasals occupy a large part of the dorsal surface of the vertex, 
with a maximum width roughly at mid-length; they do not 
contribute to the corresponding premaxillary crest. The dorsal 
surface forms a shallow medial depression, without any marked 

anteroventral slope. The anteromedial tip of the joined nasals 
is slightly anterior to the premaxillary crests. The frontals are 
preserved on the vertex as a relatively short stripe of bone.

The large size of the nasals on the vertex, the transversely 
directed premaxillary crest, the lateral margin of the pro-
portionally long ascending process of the premaxilla barely 
constricted in anterior view, and the long and highly asym-
metric premaxillary sac fossae are features shared with Nenga 
meganasalis. In addition, the absence of filling of the posterior 
part of the mesorostral groove in MNHN.F.COI11 may 
indicate some degree of development of the presphenoid 
in this region, as seen in one specimen of N. meganasalis 
(SAM PQ 69676). Most of the measurements of COI11 
correspond well with the cranial dimensions of N. megana
salis, except for the distinctly longer rostrum (as compared 
to the holotype of N. meganasalis, possibly lacking only a 
short part of the apex; Table 10) and the narrower nasals in 
the former. These differences and the fragmentary state of 
COI11 (see for example the poorly preserved dorsal surface 
of the rostrum) prevent from a firm attribution to the spe-
cies N. meganasalis.

RADIOMETRIC DATING (14C)  
FOR MESOPLODON SP. AFF. M. LAYARDII

The results of the analysis of the two samples are shown in 
Table 11. The values obtained indicate that the quality param-
eters of the collagen are excellent in both samples. The stable 
isotope ratios are consistent with the marine environment.

The calibrated results (including correction for the reser-
voir effect) are shown in Table 12, with all dates (BP, calBP 
and uncertainties) rounded to the nearest 5. The specimen 

table 10. — Measurements (in mm) on the partial crania of Nenga sp. aff. Nenga meganasalis (MNHN.F.COI11) and Nenga meganasalis (SAM PQ 69675 [holotype] 
and SAM PQ 2339 [from Bianucci et al. 2007]). Abbreviations: +, not complete; –, no data.

Nenga sp. aff.  
Nenga meganasalis

MNHN.F.COI11

Nenga meganasalis
SAM PQ 69675 

(holotype) SAM PQ 2339
Distance between apex of rostrum and anteromedial angle of right 

bony naris
728 575 –

* Distance between apex of rostrum and posterior margin of left 
premaxillary foramen

609.5 482 –

Width of rostrum at half the length * 82 92 –
Height of rostrum at half the length * 77.5 80 –
Width of premaxillary sac fossae 159 156 147
Width of right premaxillary sac fossa 95 80 78
Width of left premaxillary sac fossa 60 64 58
Width of bony nares 66.5 69 66
Minimum width of right ascending process of premaxilla 35 38 –
Minimum width of left ascending process of premaxilla 25 – –
Width of premaxillary crests +131 +140 +133
Width of right premaxillary crest +47.5 – +35
Width of left premaxillary crest +33 39 –
Minimum distance between premaxillary crests 50 69 64
Maximum width of nasals 65.5 92 93
Maximum width of right nasal 35 – –
Maximum width of left nasal 30.5 – –
Minimum distance between maxillae across vertex 57.5 93 102
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MNHN.F.COI5 yields an age of 10 270-10 200 calBP (earliest 
Holocene) and the specimen COI6 an age of 12 670-12 575 
calBP (latest Pleistocene). The calibrated date ranges are given 
at 1-sigma confidence level.

DISCUSSION AND CONCLUSIONS

faunal comparIson and geochronologIcal age

Due to their discovery on the seafloor, apart from the 
radiometrically dated three specimens of Mesoplodon sp. 
aff. M. layardii, the geochronological age of the specimens 
studied here is currently unknown. The faunal comparison 
may still provide some clues. Indeed, at least four species 
(Africanacetus ceratopsis, Izikoziphius rossi, Xhosacetus hendeysi, 
and Ziphius sp.) of the Crozet-Kerguelen sample are shared 
with the South African assemblage, suggesting a roughly 
similar age for at least part of the fauna. Also originating 
from deep-sea deposits, the South African fossils were found 
associated to phosphorites. The last significant phosphogen-
esis episod for the South African western continental shelf 
being dated from the middle to early late Miocene (Compton 
et al. 2004; Wigley & Compton 2006), it is probable that at 
least part of the Crozet-Kerguelen assemblage dates from the 
Miocene. Such an assumption is further supported by the 
radiometric dating of the ferro-manganese crust surrounding 
a skull of Africanacetus gracilis found in deep-sea deposits off 
Brazil; 187Os/188Os ratio indicates a minimum age of 5 mil-
lion years for this specimen (Ichishima et al. 2017; Nozaki 
et al. 2017). Pending similar analyses on Crozet-Kerguelen 
crania, a pre-Pliocene age can be reasonably proposed for 
at least part of the sample. In this context, it is worth not-
ing that an important depositional hiatus is recorded from 
the late middle Miocene to the late Pliocene in two ODP 
sites (1139 and 1140) nearby some of the fossil crania dis-
covered off Kerguelen Islands (Bénard et al. 2010). Such a 
hiatus may suggest that the ziphiid specimens originate from 
either middle Miocene or Pleistocene-Holocene levels. As 
demonstrated above, two specimens of Mesoplodon sp. aff. 
Mesoplodon layardii are dated from the latest Pleistocene and 
earliest Holocene, matching thus well the deposits above the 
hiatus. As discussed above, most other specimens described 
here are most likely considerably older, and may thus originate 
from middle Miocene levels. An alternative interpretation is 
that these ziphiid crania were buried in younger sediments 
(for example from the late Miocene), which were at some 
point reworked by deep-sea currents. However, in this case 
the upper part of the Miocene microfossil faunas would 
most likely have been composed of a mix of middle and 

late Miocene taxa, which is not the case in the two nearby 
ODP sites (Reusch 2002; Arney et al. 2003; McCartney 
et al. 2003). Another scenario similarly not invalidating a 
late Miocene age would imply the deposition of the crania 
during a time with locally reduced sedimentation, or even 
absence of sedimentation. Radiometric dating of several 
crania from the Crozet-Kerguelen assemblage and a more 
detailed analysis of the local geological/sedimentological 
context (for example investigating the presence/absence of 
phosphorite layers) will be necessary to choose between these 
interpretations and to better constrain the geochronological 
ages of the faunas considered here as well as the timing of 
the extinction of their members.     

palaeobIogeography and palaeoecology

The record of at least four species from the South Afri-
can assemblage in a region that is: 1) several thousands of 
kilometers distant from the southern tip of South Africa; 
and 2) farther south in the Southern Ocean increases con-
siderably their paleobiogeographic range. Indeed, nowadays 
among ziphiid species occasionally or regularly observed 
off the southern coast of South Africa, not all appear to be 
distributed farther south (e.g. Indopacetus pacificus (Long-
man, 1926), Mesoplodon densirostris, and M. mirus True, 
1913; Ross 1984; McLeod et al. 2006). New fossil records 
in the Crozet-Kerguelen area thus indicate a Southern Ocean 
distribution for Africanacetus ceratopsis, Izikoziphius rossi, 
Xhosacetus hendeysi, and Ziphius sp.

Interestingly, the Crozet-Kerguelen assemblage only includes 
members of the clade Hyperoodontinae + Ziphiinae (sensu 
Bianucci et al. 2016), and like the South African assemblage 
it lacks any stem ziphiid. Together, these two assemblages 
may suggest that stem ziphiids did not colonize the pelagic 
areas of the Southern Ocean, whereas their fossil remains are 
encountered in North Atlantic deep-sea deposits (Bianucci 
et al. 2013, 2016). Additional sampling from the Crozet-
Kerguelen area and other Southern Ocean deep-sea localities 
will further test this hypothesis.

The size range occupied by the taxa found in the Crozet-
Kerguelen area is similar to that of the South African fossil 
assemblage (see Bianucci et al. 2008), with species ranging 

table 11. — Results of the radiometric (14C) dating of two specimens of Mesoplodon sp. aff. M. layardii (MNHN.F.COI5 and COI6), including uncalibrated dates 
and parameters of collagen quality assessment (see Material and methods section).

Specimen Lab number age BP sigma C% N% C/N ratio δ13C (‰) δ15N (‰)
MNHN.F.COI5 GrA 65316 9490 50 39.0 14.0 3.3 –16.5 13.6
MNHN.F.COI6 GrA 64025 11040 50 43.9 16.9 3.0 –15.7 12.1

table 12. — Calibrated 14C dates for two specimens of Mesoplodon sp. aff. 
M. layardii MNHN.F.COI5 and COI6.

Specimen Lab number calBP (1sigma) calBP (2sigma)
MNHN.F.COI5 GrA 65316 10270-10200 10395-10180
MNHN.F.COI6 GrA 64025 12670-12575 12715-12535
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from small (body length estimates close to 4 m for Khoik
hoicetus kergueleni n. sp.) to very large size (body length 
estimates beyond 8 m for Ziphius sp.). Nowadays, the small-
est ziphiid species recorded in the Southern Ocean is prob-
ably Mesoplodon grayi, with a maximum body length not 
greater than 4.8 m, whereas the largest is Berardius arnuxii, 
culminating at more than 9 m (McLeod 2006). It is thus 
possible that the minimum body length of ziphiids from 
the Southern Ocean and neighbouring areas increased to 
some extent before reaching the present state.

A subset of the Crozet-Kerguelen assemblage deserves some 
more words of discussion. As mentioned above, 14C dating 
of two specimens referred to Mesoplodon sp. aff. Mesoplodon 
layardii yielded latest Pleistocene-earliest Holocene ages. Most 
likely partly related to a preservation and collection bias, the 
number of cetacean taxa recorded from Pleistocene deposits 
worldwide is low (Uhen & Pyenson 2007). Such a trend is 
also recovered for Ziphiidae, with only a few ziphiid remains 
reported from the Pleistocene-early Holocene and, among 
those, an even smaller amount having been radiometrically 
dated (e.g. Aaris‐Sørensen et al. 2010; Oishi & Hasegawa 
1994; Paleobiology Database cetacean data compiled by M. 
D. Uhen). In this context the new records from the Crozet-
Kerguelen assemblage are thus especially important. These 
cranial remains being relatively fragmentary, we can only 
suggest that they represent a new species, closely related to 
M. layardii. If confirmed (via DNA extraction or the dis-
covery of more complete specimens), this hypothesis would 
indicate the presence of a currently unknown species of 
Mesoplodon in the Southern Ocean about 10 000 years ago. 
Either such a species went extinct in this short interval of 
time, or it may still exist today. Indeed, several new extant 
ziphiid species were recently described from different parts 
of the world (Reyes et al. 1991; Dalebout et al. 2002, 2014; 
Morin et al. 2017), and whales living in the Southern Ocean 
are less likely to be found stranded compared to less remote 
oceanic regions.   
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