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ABSTRACT
A system atic revision o f the fossil beaked whales (Cetacea, O don toceti, 
Z iphiidae) Ziphirostrum  du Bus, 1868 and Choneziphius Duvernoy, 1851 
from the Neogene of Antwerp (Belgium, southern margin o f the N orth  Sea 
Basin) is undertaken. It is based on several rostra and partial skulls from the 
collection of the Institut royal des Sciences naturelles de Belgique. From the 
previous conclusions about those taxa, dating from the beginning of the 20th 
c e n tu ry  an d  su g g es tin g  o n ly  one species in  each  gen u s, M io z ip h iu s  
(Ziphirostrum) belgicus and Choneziphius planirostris, the following modifica­
tions are proposed. T he genus Ziphirostrum  includes three species: Z. mar­
ginatum, Z . turniense, and  Z . recurvus n. comb. Basicranial fragments and 
teeth of Z. marginatum  are described for the first time. Besides the most com ­
m on species Choneziphius planirostris, the species C. macrops is identified 
from Antwerp and the east coast o f N orth  America. A new genus and species 
Beneziphius brevirostris n. gen., n. sp. is described on the basis o f two specimens 
characterized by a short and pointed rostrum. Two partial skulls are placed in 
Z iphiidae aff. Eboroziphius, a genus know n from  the east coast o f N o rth  
America. The genus name Aporotus is restored, w ith a large species A. recurvi­
rostris, and a smaller species A. dicyrtus. A parsimony analysis including fossil 
a n d  e x ta n t z ip h i id  tax a  show s a s is te r -g ro u p  re la tio n s h ip  b e tw een  
Choneziphius + (Tusciziphius  + Z iphius) and  Ziphirostrum  + Beneziphius 
n. gen. T he poorly know n Aporotus seems m ore closely related to  Chone­
ziphius + (Tusciziphius + Ziphius), but additional morphological information 
is needed.
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RÉSUMÉ
Systématique et phylogénie des baleines à bec fossiles Z iphirostrum  du Bus, 1868 
et C h o nez iph iu s D uvernoy, 1851 (M am m alia , Cetacea, Odontoceti)  du  
Néogène d ’Anvers (nord de la Belgique).
La révision des baleines à bec fossiles (C etacea, O d on toce ti, Z iphiidae) 
Ziphirostrum  du Bus, 1868 et Choneziphius D uvernoy, 1851 du Néogène 
d’Anvers (Belgique, bord sud du Bassin de la mer du N ord) est basée sur une 
série de rostres et de crânes partiels de la collection de l’Institu t royal des 
Sciences naturelles de Belgique. À partir des conclusions systématiques pré­
cédentes, datant du début du XXe siècle et suggérant une seule espèce dans 
chaque genre, M ioziphius (Ziphirostrum) belgicus et Choneziphius planirostris, 
les modifications suivantes sont proposées. Le genre Ziphirostrum  inclut trois 
espèces : Z. marginatum, Z . turniense et Z. recurvus n. comb. Des fragments 
du basicrâne et des dents de Z . marginatum  sont décrits pour la première 
fo is. À cô té  de l ’espèce la  p lu s  co m m u n e  C honeziph iu s p lan iro str is , 
C. macrops est identifié à Anvers et sur la côte est de l’Amérique du N ord. Le 
nouveau genre et espèce Beneziphius brevirostris n. gen., n. sp. est décrit sur 
la base de deux spécimens caractérisés par un rostre court et pointu. Deux 
crânes partiels sont considérés comme Ziphiidae aff. Eboroziphius, un genre 
connu de la côte est de l’Amérique du N ord. Le nom  de genre Aporotus est 
rétabli, inc luan t une grande espèce, A. recurvirostris, et une plus petite , 
A. dicyrtus. Une analyse de parcimonie incluant des genres fossiles et actuels 
de z ip h iid és  m o n tre  un  lien  de g ro u p es-frè res  e n tre  C honeziph ius  + 
( Tusciziphius + Ziphius) et Ziphirostrum  + Beneziphius n. gen. Le genre 
m o in s  b ien  c o n n u  A p o ro tu s  sem b le  p lu s  p ro c h e  de C h o n ezip h iu s  + 
( Tusciziphius + Ziphius), mais des inform ations m orphologiques com plé­
mentaires seraient nécessaires.

IN T R O D U C T IO N

T he extant beaked whales (family Z iphiidae), 
including 21 species in six genera, considered for 
at least a part of them as deep-diving feeders, are 
among the least known of all mammalian groups 
(W ilson 1992); some o f the species are only 
know n by several specim ens. W ell preserved 
fossil z iph iids are also rare. T he N eogene of 
Antwerp (North of Belgium, southern part of the 
N orth  Sea Basin) is probably the richest location 
where diagnostic specimens of ziphiids have been 
discovered, with several genera based on species 
from the sequence.

T he first species described from  A ntw erp by 
Cuvier (1823) were Choneziphius planirostris and 
Mesoplodon longirostris. The original skulls were 
found between 1809 and 1812 during the exca­
vation o f docks (Van Beneden 1864), and are 
no w  p rese rv ed  at the  M u séu m  n a tio n a l 
d ’Histoire naturelle, in Paris.
M ost ziphiids were discovered in the second part 
o f the 19 th century, during the building of fortifi­
cations around Antwerp. In I860, Van Beneden 
reported a head of “Cétacé ziphioïde”, which he 
named Dioplodon d ’Hemixem. This skull, with the 
posterior part detached but preserved, was proba­
bly lost before 1900 (Abei 1905). In 1864, Van
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Beneden changed the genus name Dioplodon in 
Ziphirostre, again without descriptions or identifi­
cation number. In his work of 1868, du Bus used 
the genus name Ziphirostrum  for five poorly de­
scribed species o f ziphiids, w ithout reference to 
the species nam ed by V an B eneden. However, 
several labels o f skulls, w ritten  by du Bus in the 
1860s, bear the name “Ziphirostrum hemixemii, 
Van Ben.” (Abei 1905). D u Bus (1868) also creat­
ed several new ziphiid genera: Aporotus with three 
species, Z ip h io p sis  w ith  two species, and 
Rhinostodes with one species. Further, he named a 
new  species in  Belem noziphius H uxley, 1864. 
Several of these taxa were subsequently briefly dis­
cussed in Owen (1870).
Later, Abei (1905) reduced the m any nom inal 
species of Ziphirostrum, Aporotus, and Ziphiopsis, 
in a manner quite similar to his work on eurhino- 
de lph in ids, to one species in  one genus, M io- 
zip h iu s  belgicus (excep t a sk u ll o f  Z iph iopsis  
phymatodes, placed in Choneziphius planirostris). 
Abei considered the range of variation briefly de­
scribed by du Bus (1868) to be intraspecific onto­
g e n e tic  v a r ia tio n . H e fu r th e r  in c lu d e d  in  
Mioziphius belgicus the fragmentary mandibles of 
Synostodon sensu du Bus (in Vanden Broeck 1874: 
147), totaling 49 partial skulls and mandibles for 
one species, M ioziphius belgicus. M ioziphius is a 
ju n io r synonym  o í Ziphirostrum  (e.g., M uizon 
1984, 1991; Bianucci et al. 1992; M cK enna & 
Bell 1998; Fordyce & Muizon 2001).
O n the basis of a fragment of mandibular symph­
ysis lacking teeth, du Bus (1872) proposed the 
species Champsodelphis scaldensis, identified as a 
ziphiid by Abei (1905), who nam ed it Palaeo- 
ziphius scaldensis. Abei (1905) also placed another 
fragm ent o f symphysis in  Cetorhynchus atavus. 
Those species, based on isolated mandibles, will 
not be discussed here.
The subject of this paper is a systematic revision 
of the numerous specimens of Ziphirostrum  and 
Choneziphius from the collections of the IRSNB, 
addressing the opinions o f du Bus (1868) and 
Abei (1905) on that subject. This part is followed 
by a discussion of the phylogenetic relationships 
of the revised taxa with the other fossil and extant 
ziphiids.

A b b r e v i a t i o n s

ED  S p ec im en  g iven  by E . D e lh e id  to  th e
IRSNB;

IRSNB In s titu t royal des Sciences naturelles de
Belgique, Brussels;

M  Collection of types and figured specimens
of fossil mammals from the IRSNB;

M G PD  M u seo  di G eo lo g ía  e P a le o n to lo g ía
dell’Università di Padova;

M N H N  M uséum  n a tio n a l d ’H is to ire  na tu re lle ,
Paris;

M P M useo di Storia N aturale e del T erritorio
Certoso di Calci dell’Università di Pisa;

N M B N a tu u rh is to r isch  M useum  B oekenberg,
Antwerp;

U SNM  U nited States N ational M useum of Natural
History, W ashington DC;

ZM A Zoölogisch M useum of Amsterdam.

MATERIAL AND M ETH O D S

SPECIMENS. —  M ost o f the specimens described or re­
described in this work are from the collection o f the 
IRSNB. Some o f them  have never been figured and 
did not belong to  the collection o f types and figured 
spec im ens. Som e o f  th em  w ere e x h ib ite d  in  th e  
M useum of the IRSNB in the past, but most were not 
available for study  since the tim e o f  A bei (around  
1905). T he lists o f num bered specimens given by Abei 
(1905: 104, 109 and 116) were used to  identify the 
specimens described by du Bus (1868) for which the 
labels were lost or not readable.

TERMINOLOGY. —  T he main anatomical terms desig­
nating the different bony and soft parts o f the ziphiid 
head are taken from the review of Heyning (1989a).

D e s c r i p t i o n  o f  t h e  m e a s u r e m e n t s . —  See Figure 1 
and Tables 1-6.

SYSTEMATICS

Order CETACEA Brisson, 1762 
Suborder O D O N T O C E T I Flower, 1867

Family Z i p h i i d a e  Gray, 1865

T y p e  GENUS. — Ziphius Cuvier, 1823.

IN CLU D ED  GENERA. —  T he extant genera Berardius 
D u v e rn o y , 1 8 5 1 , H yperoodon  L acep ed e , 1 8 04 , 
Indopacetus M oore, 1968, Mesoplodon Gervais, 1850, 
Tasmacetus Oliver, 1937, and Ziphius, the fossil genera
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Fig. 1. — Line draw ings showing the  measurements used for the different ziphiid taxa in th is work; A, Ziphirostrum  m arginatum  du 
Bus, 1868 (combination of IRSNB 3845-M .536 and IRSNB 3847-M.537); B, Choneziphius planirostris  (Cuvier, 1823) (reconstruction 
from IRSNB 3774-M.1881). For the values of each measurement, see Tables 1 -4 and 6.

know n by at least a partia l skull Aporotus du Bus, 
1868, Choneziphius D uvernoy, 1851 , Messapicetus 
B ianucc i, L an d in i &  V aró la , 1992 , N in o z ip h iu s  
M u izo n , 1983 , B eneziph ius  n. gen ., Tusciziph ius  
Bianucci, 1997, and Ziphirostrum  du Bus, 1868, and 
the fossil genera only known by rostra: Belemnoziphius 
H u x ley , 1 864 , E b o ro zip h iu s  L eidy , 1 8 7 7 , Pely- 
corham phus C ope, 1895, and  P roroziphius Leidy, 
1876, or fragments o f m andible: Anoplonossa Cope, 
1869 and Cetorhynchus Gervais, 1861. T he systematic 
sta tus o f  Squaloziphius M uizon , 1991 is discussed 
below, and this archaic genus is provisionally excluded 
from the family Ziphiidae. The fragment o f m andibu­
lar symphysis o f Palaeoziphius scaldensis NBA, 1905 is 
placed in Odontoceti incertae sedis.

EM ENDED DIAGNOSIS. —  A family of odontocetes w ith 
the following derived characters: elevated vertex w ith 
wide transverse premaxillary crests, and w ith medial

edge of the maxillae and lateral edge o f the premaxillae 
distinctly  overhanging the maxillae laterally; strong 
developm ent o f the ham ular lobe o f  th e  p terygoid  
sinus and enlargement o f the ham ular process o f the 
p te ry g o id ; e n la rg e m e n t o f  a p ica l o r su b ap ica l 
m andibular teeth  (in some taxa, m ore developed in 
adult males); an terio r process o f the periotic trans­
versely thickened at its base; enlarged posterior process 
o f the tympanic bulla.

C o m m e n t s

W ide transverse premaxillary crests are also pres­
e n t on  the  d e lp h in id  A ustra lodelph is m irus  
Fordyce, Quilty & Daniels, 2002. The posterior 
process of the tympanic bulla is also enlarged in 
physeteroids.
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Genus Ziphirostrum du Bus, 1868

Ziphirostrum  du Bus, 1868: 622.

Mioziphius Abei, 1905: 98, partim.

T y p e  SPECIES. —  Ziphirostrum marginatum  du Bus, 
1868 by present designation.

O t h e r  IN CLU D ED  SPECIES. —  Z. turniense du Bus, 
1868 andZ . recurvus (du Bus, 1868) n. comb.

E m e n d e d  d i a g n o s i s . —  A fossii ziphiid genus differ­
ing from:
— C honeziphius, Tusciziphius, and  Z ip h iu s  in: the 
absence o f elevated longitudinal maxillary crest on the 
supraorbital process; less asymmetrical premaxillary sac 
fossae (ratio betw een m axim um  w idths o f left and 
right fossae higher or equal to 0.69); and anterodorsal- 
ly shorter nasals;
— Choneziphius in: the excavation o f a prenarial basin 
at the base o f the rostrum margined by a wide strip of 
the maxillae elevated towards the antorbital notches; 
flat surface o f th e  prem axillary  sac fossa lacking a 
strong anterior concavity;
— Aporotus in: fused premaxillae above the mesorostral 
groove; strip o f the maxilla lim iting the prenarial basin 
anterolaterally, w ithout valley along the lateral side of 
the elevated premaxilla on the rostrum;
— Beneziphius n. gen. in: a relatively longer and less 
pointed rostrum; a deeper prenarial basin; the lack of 
excrescences on the dorsal surface of the maxilla along 
the prenarial basin;
— other known ziphiids in the fusion o f the thickened 
premaxillae above the mesorostral groove and the pres­
ence of a prenarial basin.
M ost o f the characters defining Ziphirostrum  are pres­
ent in Messapicetus, except the very dense rostrum , 
which is variable in Ziphirostrum. T he prenarial basin 
is probably shallower in Messapicetus. Those two gen­
era might therefore be more closely related than sug­
gested by Bianucci et al. (1994) (see discussion below).

R e m a r k

W hen du Bus (1868) used for the first time the 
genus name Ziphirostrum, he intended to refer 
several new  species to the  sam e genus th an  
D ioplodon d ’H em ixem  V an  B eneden , I8 6 0 . 
However, the specimen on which Van Beneden 
( I8 6 0 )  based  D ioplodon d ’H em ixem  ( la te r  
renam ed by V an B eneden [1864] Ziphirostre 
d ’Hemixem) was lost, and Van Beneden (I860, 
1864) d id  n o t provide any illu stra tio n . Abei 
(1905) therefore suggested a new genus name, 
Mioziphius, to clarify the situation, and he named 
a new single species, M. belgicus. However, more

re c e n t a u th o rs  always use the  genus nam e 
Ziphirostrum  (Mead 1975; M uizon 1984, 1991; 
Bianucci et al. 1992, 1994; M cK enna & Bell 
1998; Fordyce & Muizon 2001). Because there is 
no evidence to determine what specimen consti­
tu tes the species D ioplodon d ’H em ixem , and 
because of the Principle of Priority (ICZN  1999: 
Art. 23), the genus name that should be used is 
Ziphirostrum . W ith in  Ziphirostrum , the first 
species that can be identified from  its original 
description is Z. marginatum du Bus, 1868. The 
single specimen included in  this species by du 
Bus (1868: 624) was the partial skull IRSNB 
3783-M .1878.

Ziphirostrum marginatum  du Bus, 1868

Ziphirostrum marginatum  du Bus, 1868: 624.

Ziphirostrum laevigatum  du Bus, 1868: 624. — Van 
Beneden & Gervais 1880: pi. 27bis, fig. 5.

Ziphirostrum gracile du Bus, 1868: 625.

M ioziphius belgicus Abei, 1905: 99, partim , fig. 17,
101, fig. 18.

H O LO TY PE. —  IRSNB 3783-M .1878, a partial ros­
trum  w ith a part o f the right premaxillary sac fossa and 
the righ t sup rao rb ita l process (single specim en o f 
Ziphirostrum marginatum  sensu du Bus, 1868).

REFERRED SPECIM ENS. —  16 add itional specimens: 
IRSNB 3845-M .536, partial skull (identified by du 
Bus as “Ziphirostrum hemixemii Van Ben.” [label on 
th e  sk u ll] , d e sc r ib e d  a n d  f ig u re d  as co ty p e  o f  
M ioziphius belgicus by Abei 1905: fig. 17); IRSNB 
384 7 -M .5 3 7 , partia l skull (labelled “Ziphirostrum  
hemixemii'Va.a Ben.” by du Bus, described and figured 
as cotype of Mioziphius belgicus by Abei 1905: fig. 18); 
IRSNB 3820, partial rostrum ; IRSNB 3828, partial 
rostrum ; IRSN B 3829 , partial skull; IRSNB 3833, 
partial rostrum ; IRSNB 3839, partial skull (labelled 
“Z iph iro strum  h em ixem ii V an  B en .” by d u  Bus); 
IRSNB 3841, partial rostrum  (labelled “Ziphirostrum  
hemixemii'Va.n Ben.” by du Bus); IRSNB 3842, partial 
skull (labelled “Ziphirostrum hemixemii Van Ben.” by 
du Bus); IRSNB 3843-M .1876, partial skull; IRSNB 
3844-M .1874 , partial skull; IRSNB 3846-M .1875 , 
partial skull (labelled “Ziphirostrum  hem ixem ii V an 
Ben.” by du Bus); IRSNB 3827-M .1879, fragment of 
rostrum  (Ziphirostrum  gracile sensu du Bus, 1868); 
IRSNB 3830-M .542, partial skull (Ziphirostrum laevi­
gatum  sensu du Bus, 1868, figured by Van Beneden & 
Gervais 1880: pi. 27bis, fig. 5); IRSNB IG .8638, par­
tial skull (from D eurne, donated by Hasse, April 30,
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1921); IRSNB M .1877, partial skull w ith four teeth 
(found by M . Bosselaers in A pril 2001, at D eurne, 
eastern suburbs o f Antwerp, cited in Bosselaers et al. 
2004).

T y p e  HORIZON. —  N o information is available for the 
holotype. The skull IRSNB M .1877 was found in the 
D eu rn e  Sands M em ber, D iest F o rm a tio n , u p p er 
Miocene, middle to late T ortonian (Louwye 2002).

T y p e  LOCALITY. —  Area o f Antwerp, Belgium, exact 
locality uncertain.

E M E N D E D  D IAGNOSIS. —  T he  species differs from  
Ziphirostrum turniense in: a deeper, longer and wider 
p renarial basin, bo rdered  by relatively th icker and 
higher strips o f the maxillae posterolaterally curving 
towards the antorbital notches; a more posterior posi­
tion of the top o f the premaxillae on the rostrum , at 
one quarter o f its total length. It differs from the more- 
fragmentarily known Z. recurvus n. comb, in a relative­
ly  low er ro s tru m , w ider th an  h ig h  in its a n te r io r 
portion; the open mesorostral tunnel.

D e s c r i p t i o n  ( F ig s  2 - 1 0 )

General observations
This species was previously only known by the 
rostrum and the anterior part of the cranium; the 
basicranium and supraoccipital are usually lack­

ing , as w ell as the  te e th  and  ear bones. N o 
m andib le  can be referred  to this species; the 
mandibles described by Abei (1905) were found 
iso lated  (see below). T he preserved parts are 
always robust and heavy, particularly the pachy- 
o steosc le ro tic  ro s tru m  w ith  the m esorostra l 
groove dorsally closed by the th ickened  p re ­
m axillae. T he skull is m ed ium -sized , w ith  a 
supraorbital width (see Table 1, measurement 6) 
interm ediate between the smaller Messapicetus 
and the larger Ziphius. The relatively long rough­
ly c y lin d ric a l ro s tru m  is s h o r te r  th a n  in  
Messapicetus, but more elongated than in Ziphius, 
proportionally closer to Tasmacetus. A deep pre­
narial basin {sensu Heyning 1989a) precedes the 
asymmetrical premaxillary sac fossae. The vertex 
is wide and high.
Several sp ec im en s -  IR SN B  3 8 4 5 -M .5 3 6 , 
IRSNB 3844-M .1874 , IRSNB 3829, IRSNB 
3841, and IRSNB 3842 — show rounded post­
mortem excavations of the surface o f the bone 
with a more or less regular outline. Those depres­
sions have a variable diam eter: the small ones 
reach only 7 to 9 m m , while larger ones, more

T a b le  1 . — Measurements (in mm) on skulls o f Ziphirostrum  marginatum  du Bus, 1 8 6 8  from the  Neogene of Antwerp, e, estimate; 
- ,  no data. See Figure 1 for the description of the measurements.
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2 . length maxilla on rostrum 
5. maximal width premaxillae

500 530

on rostrum 
6. minimal distance between maxillae

51 75 ? 55 57 66 52 62 71 60 50

at prenarial basin 34 33 27 25 46 36 33 25 55 e45 39
7. width base rostrum 192 - - e185 203 - - - e210 -
9. width skull at supraorbital processes 334
10. width premaxillary sa c  fossae 142 139 e147 144 141 e138 - - - -

11. width right premaxillary sa c  fossa 71 70 71 e65 65 65 59 - - -

12. width left premaxillary sa c  fossa 55 50 e50 e49 44 e46 - - - -

13. width bony nares 53 57 - 59
14 . width nasals e60 72 - - - 75 - - - -
15 . width transverse premaxillary crests
16 . minimal posterior distance

168 158 — — — 134 — — — — — —

between maxillae 80 76 - e72
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ellipsoidal, have a maximum diameter reaching 
19-23 m m  — w ith the largest reaching 33 mm. 
The depth is also variable: the depressions are 
som etim es very shallow (less than  1 m m ) bu t 
some are deeper than 10 mm. The most excavat­
ed area of the skulls is the dorsal part of the max­
illae  and  th e  p rem ax illa e  on  the  c ran iu m , 
indicating that the large mass of facial muscles 
was already  de tached  at the  m o m en t o f  the 
drillings. Some fossae also excavate the lateral and 
v en tra l surfaces o f  the  ro s tru m . M ore th an  
25 fossae are counted on IRSNB 3845-M .536 
(Fig. 2). Those shallow  holes may be aborted 
drillings m ade by bivalves. Those m olluscans 
tried to excavate the bone, bu t its high density 
and hardness might have precluded them  to fin­
ish their work. Among the bivalves recorded in 
the upper M iocene o f the region o f Antw erp, 
species that are know n to drill in  harden sub­
strates are Hiatella arctica (Linnaeus, 1758) and 
Gastrochoena dubia (Pennant, 1777) (R. M arquet 
pers. comm. 2004). O ther organisms that could 
be responsible of those holes are bone-eating  
osteopeltid  lim pets, or even echinoids (R. E. 
Fordyce pers. comm. 2005).

Premaxilla
The premaxillae are thick and dense on the ros­
trum, making it strong and heavy. They dorsally 
close m ost o f the m esorostral groove. O n  the 
nearly complete rostrum  IRSNB 3847-M .537, 
the premaxillae are closely applied for 310 of the 
550 preserved mm, with a dorsal median suture 
distinct as a thin groove (Fig. 5A). They are sepa­
rated on the apical 140 mm, w ith a progressive 
forw ard opening, and on the prenarial basin. 
W hen dislocated, the surface of suture between 
the two premaxillae on the rostrum  is planar, 
without vascular grooves, indicating a close contact. 
A central tu n n e l betw een the vom er and the 
premaxillae, rem nant of the mesorostral groove, 
is retained. The premaxillae occupy a large part of 
the dorsal surface of the rostrum  apically; they 
w iden  poste rio rly , reach ing  th e ir  m ax im um  
w idth at 200-205 m m  of the antorbital notch. 
Then their width slightly decreases until the pre­
narial basin. Along their descent in the basin, the

drillings

Fig. 2. — S ku ll o f Z ip h iro s tru m  m a rg in a tu m  du Bus, 1868 
(IRSNB 3 8 4 4 -M .1 874), from  the  Neogene o f A n tw e rp , deta il 
o f the  left part o f the  cranium  In dorsal v iew  show ing aborted 
?molluscan drillings. Scale bar: 50 mm.

premaxillae abruptly narrow, and nearly disap­
pear from the dorsal view, the left one more dis­
tinc tly  than  the righ t one, at the level o f the 
premaxillary foramen. Seen in lateral view, the 
rostrum  is roughly rectilinear. The premaxilla 
appears at the an terio r lim it o f the prenaria l 
basin ; i t  th ick en s  u n ti l  a m ax im u m  h e ig h t 
reached 60-80 m m  forwards. Then, it progres­
sively lowers, w ith  a second less p ronounced  
prominence, and tapers towards the apex.
O n the skull IRSNB 3847-M .537, w ith a long 
p o rtio n  o f the ro strum  preserved, the poorly 
marked lateral suture between maxilla and pre­
maxilla is visible un til the anterior end of the 
maxilla, 510 m m  anterior to the antorbital notch 
and 45 m m  before the apex o f the incom plete 
rostrum (probably lacking some centimetres).
In Ziphirostrum marginatum, the prenarial basin 
is a deep and wide depression in the base of the 
rostrum, formed by nearly complete resorption of 
the premaxillae, and laterally limited by the max­
illae. The basin extends from a level slightly ante­
rior to the premaxillary foramina to the anterior 
of the premaxillary sac fossae (Fig. 4A). The floor 
of the basin is made of the vomer, which sends 
thin dorsomedial plates partially dorsally closing 
the mesorostral groove in the basin.
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Fig. 3. — Skull o f Z iph iros trum  m arg ina tum  du Bus, 1868 (IRSNB 3845-M .536); A , dorsa l v iew ; B, le ft lateral v iew . S cale bar: 
100 mm.

The premaxillary sac fossae are distinctly asym­
metrical: the right one is longer and wider than 
the left. O n IRSNB 3845-M .536, the right fossa 
reaches a maximum width of 68 m m  (taken per­
pendicular to the longitudinal axis of the skull), 
and the left one 54 mm. The premaxillae nearly 
contact each other im m ediately anterior to the 
bony nares (6 m m  of separation on IRSNB 3 845- 
M .536). M ore anteriorly , they are jo ined  on 
IRSN B 3845 -M .5 3 6  by an irregular mass of 
bone, p robab ly  the m esethm oid , closing the

mesorostral groove for a short distance. The pos- 
terodorsal elevation of the premaxilla is progres­
sive, with an inclination of more or less 45° for 
the m ain part o f the ascending process. At the 
level o f the narrowest portion of the premaxilla, 
the slope distinctly increases; on the last centime­
tres, the flat anteriorly-facing surface of the bone 
becomes vertical, with a distinct twisting giving 
that surface a more m edioanterior orientation. 
The wide and thick dorsal extremity of the pre­
maxilla forms the transverse premaxillary crest, a
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F ig . 4. — Line draw ings of the skull o f Ziphirostrum  m arginatum  du Bus, 1868 (IRSNB 3845-M .536); A, dorsal view, dotted line 
indicates lim its of the prenarial basin; B, left lateral view, slightly anterior.

lateral part o f the vertex. The medial part o f the 
crest is anterolaterally directed, while the antero­
lateral part is more laterally directed (Fig. 5D).

Maxilla
The prenarial basin is laterally margined by the 
thick, prom inent and wide maxilla, sometimes 
slightly  low er and fla tte r, rising  tow ards the

antorbital notch. This posterolaterally oriented 
thick strip o f the maxilla at the base o f the ros­
trum  is pierced by a series o f dorsal infraorbital 
foramina until the level o f the antorbital notch. 
The maxilla reaches a m axim um  dorsal height 
just before the notch, with a variably acute dorso­
lateral edge (e.g., lower and more rounded on 
IRSNB 3845-M .536).
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Fig. 5. — Skull of Ziphirostrum  m arginatum  du Bus, 1868 (IRSNB 3847-M.537); A, dorsal view; B, left lateral view; C, left ventrolateral 
v iew  and line draw ing detailing the  palate; D, detail o f the vertex In dorsal view. Scale bars: A-C, 100 mm; D, 50 mm.
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In  lateral view, a lo n g itu d in a l lateral groove 
appears below the maxilla-premaxilla suture 100- 
120 m m  an te rio r to the a n to rb ita l n o tch ; it 
quickly widens forward up to c. 15 m m  width. 
The bo ttom  of this groove is punctuated by a 
series o f regularly spaced shallow depressions 
6-7 m m  in d iam eter, separated by transverse 
bridges 3-4 m m  long (Figs 3B; 4B). These shal­
low vestigial alveoli could probably not effectively 
ho ld  teeth ; alternatively , perhaps tee th  were 
mainly supported by the gum. The groove and 
alveoli disappear some centim etres before the 
anterior point o f the maxilla, and do not mark 
the sm ooth  lateral surface o f the prem axilla. 
Forty-two alveoli are counted on the complete 
left maxilla of the skull IRSNB 3847-M .537.
The m edian ventral sutures are poorly discern­
able and the acute keel seen on the holotype 
medially to the anterior sinus fossa is at least par­
tially made of the vomer. From 40 m m  anteriorly 
to the palatines, the two maxillae are separated by 
a thin anteriorly widening ventral exposition of 
the vomer, for more than 190 m m  on the skull 
IRSNB 3847-M .537. The maxillae are pierced 
along their m edian suture by pairs of palatine 
foram ina opening  forw ards (m ore than  three 
pairs on the incom plete IRSNB 3845-M .536). 
T he m ost poste rio r pa ir is located  along the 
median margins of the palatines (Figs 4B; 5C). 
The antorbital notch is deep and wide. The ante­
rio r m arg in  o f the m axilla on the p reo rb ita l 
process curves anteroventrally around the jugal, 
forming a half cylinder anterolaterally directed, 
with a lateral extremity well demarcated from the 
preorbital process of the frontal. The thick strip 
o f the m axilla m edial to the an to rb ita l no tch  
extends for a short distance on the preorbital 
process, forming a shallow dome. The supraor­
bital process of the maxilla is pierced on IRSNB 
3845-M .536 by one dorsal infraorbital foramen 
on the left, and one major and one smaller fora­
m en on the righ t side. A plate o f the m axilla 
totally covers the posterolateral edge of the trans­
verse premaxillary crest, slightly overhanging the 
rest of the maxilla. The suture between this plate 
and the transverse premaxillary crest is pierced by 
a series of small vertical foramina (five major ones

are d is tin c t on b o th  sides on IRSN B 3845- 
M .536, with several smaller ones).

Nasal
Between the prem axillary crests, the triangular 
nasals, longer than wide, form an anterior round­
ed protuberance overhanging the bony nares; this 
prom inent anterior angle reaches the anterior level 
of the premaxillary crests. The posterior margin of 
the nasals is rectilinear; their median suture is, an­
teriorly, distinctly deviated to the left side, so that 
it lies to the left relative to the m edian sutures of 
the rostrum and the inner sagittal crest of the cra­
nium  (Fig. 4A). The joined dorsal surfaces of the 
nasals are slightly medially depressed. Each nasal 
contacts the premaxillary crest only at the level of 
its posterolateral corner. In some specimens, the 
nasal sometimes contacts the median plate of the 
maxilla, preventing a suture between premaxilla 
and frontal, but the sutures are never clear on this 
area, and the character m ight even be variable on 
opposite sides of the same skull.

Mesethmoid
The dorsal margin of the posterior plate of the 
m esethm oid reaches a level 30 m m  under the 
dorsal surface o f the nasals. T he trip le p o in t 
betw een nasal, prem axilla and m esethm oid is 
pierced on IRSNB 3845-M .536  by a vertical 
foramen, wider on the right side, probably corre­
sponding to the additional exit from the infraor­
bital complex mentioned by Rommel (1990: 36) 
in Tursiops, and observed in several odontocetes, 
including extant ziphiids. This foram en is not 
always present (e.g., absent on IRSNB 3847- 
M .537). O n IRSNB 3845-M .536, the meseth­
moid is pierced by a terminal nerve foramen (see 
Rommel 1990 in Tursiops), at mid-height and on 
the two sides of the low and wide keel. This m od­
erately large foramen is laterally prolonged by a 
short groove, and exits on the inner anterior face 
o f the  cran ium  cavity at the su tu re  betw een 
frontal and mesethmoid.

Frontal
The lateral margin of the supraorbital process is 
horizontal and thin, w ith a moderate preorbital

GEODIVERSITAS •  2005 •  27(3) 453



Lambert O.

thickening. The postorbital process is slender, 
probably originally more than 27 m m  long. The 
frontals are poorly preserved on the vertex, form­
ing a short strip along the posterior margin of the 
nasals and the posterior tip of the premaxillae. 
T h e  r ig h t fro n ta l o f IRSN B 3 8 4 7 -M .5 3 7  is 
complete with a length of 20 m m  (see Fig. 5D).

Palatine
The palatine is completely fused with the maxilla 
on IRSNB 3845-M .536; a slight bulging of the 
surface, going 165 m m  anterior to the antorbital 
notch, probably corresponds to an area of muscle 
insertion. O n the skull IRSNB 3847-M .537, the 
maxillopalatine suture is partly distinct, indicat­
ing a palatine reaching laterally close to the antor­
b ita l n o tch , and ex tending  forw ard 135 m m  
anterior to the notch (Fig. 5C). Posteriorly, the 
lateral part of the bone goes beyond the anterior 
wall of the choana (incompletely preserved). The 
pterygoid is lost but a large portion of the pala­
tine is excavated, either by the lost pterygoid, or 
by the pterygoid sinus fossa, only retaining a nar­
row unexcavated strip around the fossa. Grooves 
and ridges on the anterior m argin of the fossa 
in d ica te  the su tu re  w ith  the p terygo id . T he 
remaining surface of the fossa is very smooth, the 
pterygoid being probably very thin or even absent 
there. The dorsolateral margin of the fossa is a 
low longitudinal ridge.

Lacrimal-jugal-optic groove
O n the orbit roof, the lacrimal and the jugal are 
completely fused. The lacrimal-jugal complex is 
fused to the frontal and the anterior curved part 
o f the maxilla. The optic groove is wide, with the 
anterior wall more elevated, separating it from 
the large infraorbital foramen. One or two small 
frontal foramina pierce the posterior wall of the 
groove. A foramen starting from the large infraor­
bital foramen in a posteromedial direction, pre­
sumably the sphenopalatine foramen, emerges on 
the lateral wall of the choana.

I n t r a s p e c i f i c  v a r i a t i o n

In Ziphius cavirostris, w hich is the only recent 
ziphiid possessing a prenarial basin, this structure

is considered as extremely sexually dim orphic, 
only well developed in  adult males (H eyning 
1989a). While the prenarial basin roughly occu­
pies the same position in Ziphirostrum margina­
tu m , its  m o rp h o lo g y  d iffe rs  fro m  Z ip h iu s  
cavirostris: in the former, the basin is not laterally 
margined by the elevated lateral portion of the 
p rem ax illa , b u t  by the  th ic k e n e d  m ax illa . 
Furthermore, the basin is observed in all the pre­
served specimens of Ziphirostrum marginatum, 
large and smaller ones, with a nearly total resorp­
tion of the premaxillae anterior to the premaxil­
lary sac fossae (Fig. 6). The absence of resorption 
would give stronger skulls, more likely to be pre­
served; because this condition is not recorded in 
the collection of the IRSNB, the species Z. mar­
ginatum  is probably characterized by the presence 
of a prenarial basin on specimens of both sexes 
and different ages. W idth and length of the basin 
vary among the specimens — for instance, the dis­
tance between the posterior apex of the thickened 
prem axilla on the rostrum  and the an torb ita l 
notch is greater on IRSNB 3845-M .536 relative 
to IRSN B 3 8 4 7 -M .5 3 7  (respectively 95 and 
79 mm). However, it seems difficult to correlate 
this variation to ontogeny, contrary to Ziphius 
cavirostris-, the larger skull IRSNB 3846-M .1875 
has a m in im um  w idth  betw een the thickened 
lateral strips of maxillae that is smaller than on 
IR SN B  3 8 4 5 -M .5 3 6  (re sp ec tiv e ly  27 and 
34 mm). The premaxillary sac fossae of the skull 
IRSNB 3843-M .1876 are anteriorly longer in the 
basin than on IRSNB 3845-M .536, for a speci­
men similar in size. In Z. cavirostris, the variably 
developed resorption of the premaxillae is related 
to  the  m ore  or less co m p le te  f illin g  o f the  
mesorostral gutter (Heyning 1989a), mainly by 
the vomer, while in Ziphirostrum marginatum the 
mesorostral gutter is not filled by the vomer, but 
is dorsally closed by the joined premaxillae on 
every specimen observed. The pattern of bones is 
therefore very different. Nevertheless, the filling 
o f the prenarial basin w ith  the enlarged right 
nasal plug, observed in the adult males of Ziphius 
cavirostris (H ey n in g  1989a), is suggested in  
Ziphirostrum marginatum, but w ithout distinc­
tion of sex and age.
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Fig. 6. — Detail o f the  prenarial basin in dorsal v iew  fo r Z iphirostrum  marginatum  du Bus, 1868; A, IRSNB 3845-M .536; B, IRSNB 
3846-M .1875; C , IRSNB 3843-M .1876. Scale bar: 50 mm.

The morphology of the premaxillae at the anteri­
or lim it o f the p ren aria l basin  is variab le in 
Z. marginatum. O n  IRSNB 3845-M .536, the 
premaxillae are separated for a length of 30 mm. 
They are m ore closely appressed on the skull 
IRSNB 3847-M .537, but they present a narrow 
posterior projection towards the prenarial basin. 
The skulls IRSNB 3842, IRSNB 3843-M .1876, 
IR SN B  3 8 4 4 -M .1 8 7 4 , an d  IR SN B  3 8 4 6 - 
M .1875 show more posteriorly diverging lateral 
margins of the prenarial basin, with more elevat­
ed postero la tera l crests com pared  to IRSNB 
3845-M .536.
Height and width of the premaxillae anterior to 
the prenarial basin, are also variable (see Fig. 1A, 
Table 1, measurement 5 for the width). For instance, 
the premaxillae of IRSNB 3847-M .537 are wider 
and more elevated than in IRSNB 3845-M .536 
and the large skull IRSNB 3846-M .1875. O n

IRSNB 3847-M .537, the lateral margins of the 
enlarged prem axillary dom e nearly reach the 
lateral edges of the rostrum, and, at the level of 
the m axim um  elevation, the rostrum  is higher 
than wide, contrary to IRSNB 3845-M .536 and 
IRSNB 3846-M .1875.
The narrowing of the premaxillae just before the 
transverse premaxillary crests is more pronounced
on IRSNB 3847-M .537 than on IRSNB 3845- 
M .536, w ith m inim um  w idths of the left pre­
maxilla respectively of 30 and 38 mm.
Taking into account this intraspecific variability, 
several species of the genus Ziphirostrum described 
by du Bus ( 1868) should be referred to Z. margina­
tum. Each of these species was based on fragmen­
tary rostral material, lacking the vertex. Hereafter, 
several characters o f these nom inal species are 
briefly discussed to examine the variability and the 
anatomical data they add to Z. marginatum.
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F ig . 7. — A, rostrum and left supraorbital process of Z iphirostrum  m arginatum  du Bus, 1868 (IRSNB 3830-M.542) (Z  laevigatum  
sensu du Bus, 1868) In dorsal view; B, line drawing of the  left supraorbital process displaying an unusual narrowing of the  maxilla 
posterior to  the preorbltal process. Scale bar: A, 100 mm.

Z i p h i r o s t r u m  l a e v i g a t u m  s e n s u  d u  B u s ,  1868 
The species Ziphirostrum laevigatum  sensu du 
Bus, 1868 was erected for the specimen IRSNB 
3 8 3 0 -M .5 4 2 , a p a rtia l skull figured  by V an 
Beneden & Gervais (1880: pi. 27bis, fig. 5). The 
definition of the species was based on different 
p roportions o f the rostrum  in general, on the 
thickness and the porosity of the maxillae, the 
size of the prenarial fossa, and the proportions 
and porosity of the premaxillae (du Bus 1868). 
Some of these characters were later used to sug­
gest affinities with Z. laevigatum for the specimen 
IRSNB M .1877, a more complete skull collected 
in non-reworked deposits (Bosselaers et al. 2004). 
For these two skulls, the general m orphology of 
the rostrum matches that described above, and the 
few differences observed — the anterior part of the 
rostrum wider than high, due to the poorly elevat­
ed premaxillae, the lateral part of the premaxillae 
forming with the lateral maxillae a concave dorso­
lateral surface, and a longer separation between 
the premaxillae before the prenarial basin — are 
considered intraspecific variation. The density of 
the ro s tru m  bones, used by du Bus (1868) to 
d is tin g u ish ^ , laevigatum, w ill be discussed in

another work. The degree of rostral m ineraliza­
tion is far from consistent in Z. marginatum, and 
should not be used as a diagnostic character.
A strange characteristic of the skull IRSNB 3830- 
M .542 is the morphology of the left maxilla pos­
teriorly to the antorbital notch (Fig. 7). Even if 
the notch is only partially preserved, the lateral 
margin of the maxilla, some centimetres posterior 
to the notch, extends no further laterally than 
ju st before the no tch : the p reo rb ita l process 
forms a reduced lateral projection anterior to a 
strong narrowing of the maxilla with a deep inner 
curvature. The frontal being poorly preserved 
u n d e r the m axilla , th is  s trange fea tu re , n o t 
observed on other specimens of Z. marginatum, 
seems difficult to explain — very narrow supraor­
bital process or only resorption of the maxilla. 
The surface of the maxilla at that level is relative­
ly smooth, and does not provide indications for a 
pathology derived from a trauma.
T h e  sp ec im en  IR SN B  M .1 8 7 7 , w ith  m ore  
porous bone, has the left squamosal, fragments of 
the left exoccipital, the left occipital condyle, 
fragments of the basioccipital and supraoccipital, 
and four teeth preserved, parts never described
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F ig . 8. — Ziphirostrum  marginatum  du Bus, 1868 (IRSNB M.1877) from the Deurne Sands Member, late Miocene, Deurne, Antwerp; 
A, right lateral view  of the  baslcranlum; B, ventral view  of the  right part o f the  baslcranlum; C, line draw ing In right lateral view; D, line 
draw ing In ventral view. Scale bars: 50 mm.

for the species. In  lateral view, the squamosal 
(Fig. 8) shows a long and anterolaterally pointed 
zygomatic process, perpendicular to the wide and 
short postglenoid process. This articular part of 
the bone is separated from  the post-tym panic 
process by a weakly marked oblique ridge, form­
ing the anterior wall of the two sternomastoideus

fossae; the lower fossa is deep and narrow and the 
upper one is wider. The glenoid surface occupies 
a large part of the ventral surface of the squamos­
al, laterally to a poorly excavated and narrow  
tympanosquamosal recess (compared to Ziphius 
for instance). The floor of the temporal fossa is a 
wide basin, more distinct than in Ziphius.
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Fig. 9. — Four detached teeth of Z iphirostrum  m arginatum  du 
Bus, 1868 (IRSNB M.1877) from the  Deurne Sands Member, late 
M iocene, Deurne, A n tw erp . One of the  tee th  d isp lays a wear 
facet from contact w ith  an opposite  tooth. Scale bar: 10 mm.

The four teeth (Fig. 9) were found detached near 
the skull IRSNB M .1877 on the field; whether 
upper or lower is uncertain. Their length ranges 
from 18 to 22 mm. All of them  have a variously 
curved  sm o o th ly  enam elled  crow n, s ligh tly  
anteroposteriorly flattened, constituting less than 
ha lf the total length of the too th . The roo t is 
thick, wide (maximum diameter between 8 and 
9 mm), nodulous, and rectilinear. The size of the 
root is too large for the shallow maxillary alveoli 
described on Ziphirostrum marginatum  IRSNB 
3847-M .537; this might suggest a dentary origin 
for those teeth. The apex of the root is hollowed 
by a circular pulp cavity variously filled (one of 
the teeth has a deep and narrow  em pty cavity, 
characteristic of younger individuals). Three of 
the teeth  show an irregular apical wear o f the 
crown. Additionally, one of them bears a smooth 
wear facet at the base o f the crown, perfectly 
m atch ing  the shape o f a crow n. T his feature 
probably indicates the presence of opposite func­
tional teeth (lower and upper jaw teeth), a primi­
tive character shared with the extant Tasmacetus, 
the P liocene N inoziph ius platyrostris and the 
Miocene Messapicetus longirostris. O n a specimen 
o f Tasmacetus shepherdi, O liver (1937) also 
noticed signs of wear on the crowns of the teeth, 
many truncated tips, and grooves where opposing 
teeth have worn against them; Oliver concluded 
that those teeth were functional. There is a great 
variation of size and shape for the teeth of extant 
ziphiids, partially due to ontogeny and sexual 
dimorphism (e.g., Mead 1989). The swelling of 
the root and the blunt proximal extremity in the

fossil te e th  are re m in isc e n t o f  the  te e th  o f 
Hyperoodon ampullatus figured by Moore (1968: 
figs 4, 5) and Tasmacetus shepherdi figured by 
O liver (1937: pi. 4, fig. 10). Similarly, N in o ­
ziphius platyrostris has a wide tooth root, but the 
crown is too worn to be compared (see Muizon 
1984). Furthermore, the teeth of N. platyrostris 
are larger, w ith  a w id th  o f the roots reaching 
12 mm. O n the holotype of that species, the long 
roots are only partially inserted in the alveolar 
groove, a feature that could be partially due to a 
post-mortem shifting; it is, however, likely that a 
portion of the root was included in the gum.

Z i p h i r o s t r u m  m a r g i n a t u m  s w s u  d u  B u s ,  1868 
The holotype, IRSNB 3783-M .1878 (Fig. 10), 
was orig inally  the only specim en referred  to 
Ziphirostrum  m arginatum  by du Bus (1868). 
T hat species was defined by the relative w idth 
and shape of the premaxillae and maxillae in dor­
sal view of the rostrum, and the size of the pre­
n a ria l fossa; the  p rem ax illae  are a l i ttle  b it 
narrower on the rostrum and the maxillae flatter 
and wider with a more acute lateral margin than 
in most of the other specimens of Z. marginatum. 
From the premaxillary foramen, an anteromedial 
sulcus excavates the th ickened prem axilla on a 
short distance; anteriorly, the sulcus divides in a 
series of narrow and shallow sulci spreading on the 
surface o f the p rem axilla . A deep (m ore th an  
8 m m ) and wide posterior sulcus connects the 
premaxillary foramen to the anterior o f the pre­
m ax illa ry  sac fossa, w here it  d iv ides in  sh o rt 
posteromedial and posterolateral sulci, vanishing 
before the level o f the antorbital notch . O n  the 
other specimens of Ziphirostrum marginatum, this 
fragile structure is either broken, or resorbed by 
deepening of the prenarial basin; the morphology 
described here indicates how  the prenarial basin 
develops in Z. marginatum, by deepening of a sul­
cus consisting in the joined anterior portions of 
the posteromedial and posterolateral sulci.
The holotype shows interesting similarities with 
Messapicetus longirostris, from the late Miocene of 
Italy (Bianucci et al. 1992), including the narrow 
and moderately high premaxillae anteriorly to the 
prenarial basin, median to wide and flat maxillae,
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thick maxillary strip 
mesorostral groove 

vomer
elevated median margin 

of the premaxilla' 
posteromedian 

sulcus'^

premaxillary foramen
short anteromedian sulcus 

/  .thickened premaxilla

posterolateral sulcus

premaxillary 
sac fossa

flat surface of the maxilla 
1 1  j-n premaxillary foramen

V \  ]/T I shallow prenarial basin 
deep and wide sulcus 

infraorbital foramina

F ig . 10. — A, rostrum and right supraorbital process of Ziphirostrum  m arginatum  du Bus, 1868 (IRSNB 3783-M .1878, holotype) in 
dorsal view; B, line drawing of the  base of the rostrum, showing the shallow  prenarial basin between the  th ick  maxillary strips. Scale 
bar: A, 100 mm.

and the poorly excavated prenarial basin w ith a 
pair of wide longitudinal sulci bordered medially 
by a prom inent ridge of the premaxilla and later­
ally by the thick maxilla. However, Messapicetus 
has more distinct and ventrally oriented maxillary 
alveoli, and the rostrum  is longer. Messapicetus 
longirostris  m ig h t nev erth e less  be c loser to 
Z ip h iro s tru m  m a rg ina tum  th a n  p rev io u sly  
thought (see Bianucci et al. 1992, 1994, and phy­
logenetic discussion below).

Z i p h i r o s t r u m  g r a c i i . f . s f . n s u  d u  B u s ,  1868 
The fragmentary rostrum IRSNB 3827-M .1879 
is the only specimen of Ziphirostrum gracile sensu 
du Bus, 1868 found in the collection. The two 
others cited by Abei (1905), including the one on 
which du Bus (1868) noticed several deeper alve­
oli, are lost. This specimen is composed of fused 
rostral portions of the premaxillae w ith applied 
fragments of maxillae (Fig. 11). The dorsolateral 
surfaces of the rostrum are concave, as in IRSNB

jB sg S aC  5

F ig . 11. — Fragment o f rostrum o f Ziphirostrum  m arginatum  du 
Bus, 1868 (IRSNB 3827-M.1879) (Z  gracile  sensu du Bus, 1868) 
in dorsal view . Scale bar: 50 mm.

3830-M .542; the premaxillae are posteriorly sep­
arated on m ore than  90 m m , a character also 
p resen t on the specim ens IR SN B  3820  and 
IRSNB 3828, and considered as an individual 
variation in the species Ziphirostrum marginatum. 
“M ore porous m axillae” is the only character 
used by du Bus (1868) to define Z. gracile, a 
character unreliable in Z. marginatum. The maxi­
m um  w idth of the premaxillae on the rostrum  
(50 m m ) m atches the variab ility  observed in 
Z. marginatum.
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Fig. 12. — Symphyseal part o f a mandible of Z iphiidae incertae  
sed is  (IRSNB 3 8 5 4 -M.538) (S ynostodon  sp. sensu  du Bus in 
Vanden Broeck 1874); A , dorsal view ; B, left lateral view . Scale 
bar: 50 mm.

M a n d i b l e s  p r e v i o u s l y  r e f e r r e d  t o  

M i o z i p h i u s  b e i g i c u s

In  1905, A bei p laced  in  his carryall species 
M ioziphius belgicus several isolated symphyses 
and partia l ram i o f m andibles. T he best-p re­
served specimen, IRSNB 3854-M .538 (named 
Synostodon sp. by du Bus [in V anden  Broeck 
1874], and identified by Abei [1905: fig. 19] as a 
cotype of M ioziphius belgicus), is m ainly com ­
posed of a fused symphysis (177 of the 215 m m  of 
the fragment), hollowed by two pairs o f prom i­
nent alveoli for enlarged apical teeth (Fig. 12). 
The first anterior pair is the largest, constituting 
the anterior rounded m argin of the m andible. 
Those alveoli are slightly longitudinally elongat­
ed, with a maximum length of 28 mm. The alve­
oli of the second pair, separated from the first by 
15-20 m m , are distinctly narrow er and have a 
len g th  o f 25 m m . A p o in te d  an te ro d o rsa lly  
directed peg is present at the centrum of the first 
and near the anterior wall of the second of these 
cylindrical depressions. The alveoli are inserted in 
a wide groove (8-9 m m  wide between the first 
and second alveoli). 6-7 m m  posteriorly to the 
second alveolus, the groove is filled by a continu­
ous series of small rounded bony pegs. The exter­
nal aspect o f those pegs is rem iniscent o f the 
alveolar groove o f the m andib le o f  a fetus of 
Physeter macrocephalus (Z M A  12 .810 , to ta l 
length of the body = 2540 mm), with the promi­
nent but unerupted teeth still embedded in the 
bone of the alveolar groove. A lateral longitudinal

groove is present on the posterior few centime­
tres. V entrally, the jo ined acute m edioventral 
edges of the rami progressively diverge, opening a 
long triangular depression which opens dorsally 
only after 60 mm. Five pairs of small foramina 
pierce the mandible on both sides of the ventral 
sym physis, on the apical 25 m m . W id th  and 
height of the mandible at the level of the posteri­
or wall o f the first alveolus are respectively of 
44 and 37 mm, and at the posterior end of the 
symphysis of 53 and 36 mm.
Following the interpretation of Abei (1905), the 
pointed pegs on the enlarged alveoli are probably 
a center of fixation for the root of poorly-inserted 
large apical teeth. A reduction of the num ber of 
mandibular teeth and the development of a few 
pairs o f apical enlarged teeth is one of the main 
characteristics o f the ziphiids. A m ong extant 
ziphiids, the genera Hyperoodon, Z iphius  and 
Mesoplodon only keep one pair of apical (or sub- 
apical) mandibular teeth, two pairs are present in 
Berardius, w ith  som e v a r ia tio n , and  a b o u t 
48 pairs occur in Tasmacetus (with one apical pair 
o f slightly greater size) (Moore 1968). The teeth 
of Indopacetus are not known. The shallow pro­
truding alveoli of this specimen, partially filled 
with porous bone, can be compared to the plat­
fo rm s o f  d e n d r i t ic  or sp o n g ifo rm  b o n e  in  
Tasm acetus, or to  th e  sp o n g ifo rm  pads in  
B erardius (M o o re  1968). T h ey  also f i t  the  
descrip tion  m ade by T rue (1910) in  Ziph ius: 
“ [...] in adult males the teeth are almost entirely 
protruded from the alveoli, which are filled with 
a coarse bony network”. In Ziphius, the filling of 
the alveoli forces the teeth up and causes them to 
erupt in adult males (H eyning 1989b). M oore 
(1968) suggested that the same process happens 
in males of Hyperoodon bu t not in Mesoplodon. 
T he m andible of N inoziphius (early Pliocene, 
Peru) bears three apical and subapical pairs of 
“exostoses”, also suggested as the su p p o rt of 
enlarged teeth (Muizon 1984). The similarities of 
the smaller posterior pegs in the alveolar groove 
with the situation in fetal Physeter might provide 
an idea of the way the reduction of the num ber of 
teeth  occurs in the ziphiids, by reten tion  of a 
juvenile condition for a large part of the teeth in
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adults, and an “extra” grow th o f only a small 
num ber of them.
The more eroded symphyses IRSNB 3848 and 
IRSNB 3855, even if  smaller, do not show strong 
differences w ith  IR SN B  3 8 5 4 -M .5 3 8 ; they  
m ight belong to the same taxon. Nevertheless, 
all these specimens are isolated, and their size 
and characters m ig h t co rrespond  equally  to 
Ziphirostrum sp., Choneziphius sp. or Aporotus sp. 
(see below). Accordingly, these symphyses are 
considered as Ziphiidae incertae sedis.
For two isolated fragments of left ramus IRSNB 
3851 and IRSNB 3852 referred to M ioziphius 
belgicus by Abei (1905), few characters are com­
parable to the above symphyses; on both speci­
mens, the preserved symphyseal portion does not 
seem to be tightly fused, and the dorsal groove is 
hollowed by shallow and poorly distinct alveoli. 
Because no clear ziphiid characters are apparent, 
these u n d ia g n o s tic  frag m en ts  are p laced  in  
Odontoceti incertae sedis.

Ziphirostrum tamiense  du Bus, 1868

Ziphirostrum  turniense du Bus, 1868: 622, 623. —  
Van Beneden & Gervais 1880: pi. 27bis, fig. 6.

Mioziphius belgicus Abei, 1905: 104, partim.

LECTOTYPE. —  IRSNB 3785-M .539, a partial skull 
(identified by du Bus [1868] as Ziphirostrum turniense, 
figured by Van Beneden & Gervais [1880: pi. 27bis, 
fig. 6, reversed], and placed in M ioziphius belgicus by
Abei [1905]).

Pa RALECTOTYPE. —  IRSNB 3784-M .1880, a partial 
skull (also referred to Ziphirostrum turniense by du Bus 
[1868] and  p laced in M ioziph iu s belgicus by A bei 
[1905]).

T y p e  H O R IZ O N . —  “C rag  g r is ” (d u  Bus 186 8 ). 
Follow ing M isonne (1958), the subdivisions “crag 
g ris”, “crag rouge” an d  “crag ja u n e ” in th e  low er 
Pliocene of Antwerp indicate types of alteration more 
than stratigraphie levels. Furtherm ore, some levels in 
the upper Miocene have a similar colour. This species 
m ight therefore be late M iocene or early Pliocene. 
Several circular holes, w ith a diameter o f approxima­
tely 14 m m  and a depth less than  5 m m , pierce the 
premaxillary sac fossae of the holotype, in a way iden­
tical to the excavations on several specimens of Z. mar­
ginatum  interpreted as bivalve drillings. T his feature, 
added to  the sim ilar external aspect o f the bones in

specimens of the two species, might indicate an origin 
in the same stratigraphie unit.

T y p e  LOCALITY. —  A ntw erp, Belgium, exact locality 
uncertain.

E M E N D E D  D IA G N O S IS . —  S pecies o f  th e  g en u s 
Ziphirostrum  w ith a size o f the skull close to Z. mar­
ginatum , differing from that species in: most elevated 
point o f the premaxillae on the rostrum more anterior­
ly positioned, roughly at m id-length o f the rostrum; 
posterior branch of the premaxillary longitudinal ridge 
on the rostrum laterally divergent w ith a small median 
depressed surface, in d ica ting  a less excavated and  
shorter prenarial basin laterally m argined by the pre­
m axilla (and no t the m axilla as in Z . marginatum)', 
wider and flatter dorsal exposure of the maxilla lateral 
to the premaxilla at the base o f the rostrum  and for 
som e distance anteriorly . Z . turniense differs from  
Z. recurvus n. comb, in its less massive and lower ros­
trum , and an anteriorly open mesorostral groove.

D e s c r i p t i o n  ( F i g s  13; 14)
Only one of the two known rostra of the species 
is associated w ith the anterior part of the crani­
um. The vertex is therefore unknow n, bu t the 
preserved parts provide enough inform ation to 
separate this species from Ziphirostrum margina­
tum, contrary to the assertion of Abei (1905).
The bones of the straight rostrum are dense and 
thick. The rostrum  o f the lectotype is roughly 
complete anteriorly: its total length is estimated 
at 550 m m , w hich is close to that inferred for 
Z. marginatum.

Premaxilla
The premaxillae compose the main part of the 
dorsal view  o f the ro strum . T hey  are closely 
sutured on their dorsomedian margin until a pro­
gressive anterior separation, 200 m m  before the 
apex (Fig. 13A). The maximum width of the pre­
maxillae occurs at m id-length  of the rostrum , 
more anteriorly than in Z. marginatum, and at 
the level of m axim um  elevation. The height of 
this prominence progressively reduces posterior­
ly, w ith a separation of the premaxillae forming 
th ick  diverging crests. These crests reach the 
anterior m argin o f the premaxillary sac fossae, 
with posterior extremities separated on the lecto­
type by 60 mm. Medially to the low crest, each 
prem axilla shows an elongated triangular and
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Fig. 13. — Rostrum and anterior part o f the cranium of Ziphirostrum  turniense du Bus, 1868 (IRSNB 3785-M.539, lectotype); A, dorsal 
view; B, detail o f the base of the  rostrum In dorsal view; C, left lateral view. Scale bars: A, C, 100 mm; B, 50 mm.

depressed surface pierced by a large premaxillary 
foramen. The foramen extends posterolaterally in 
a short posterolateral sulcus, and anteriorly in a 
longer anteromedian sulcus on the median edge 
of the crest, until the level o f the median junction 
of the two premaxillae. N um erous thin anasto­
mosed vascular grooves run anterolaterally from 
the sulcus, on the dorsal surface of the premaxilla. 
The grooves spread on the whole surface; a major 
groove runs posteriorly from the anterior opening 
of the mesorostral groove. The left premaxilla is 
somewhat narrower than the right at the level of 
the premaxillary sac fossa (respectively 50 and 
55 m m  for the maximum width).

Maxilla
Lateral to the premaxilla, the maxilla is nearly 
invisible in dorsal view on most of the length of 
the rostrum. Posteriorly, it widens to form a dor­
sally exposed platform, better developed on the 
lectotype. The posterior part of the platform, at

the base of the rostrum, slopes medially from a 
high and prom inent lateral edge (Fig. 13B). This 
structure lim its laterally the shallow prenarial 
basin, characterized by a weaker prem axillary 
resorption than in Ziphirostrum marginatum. The 
supraorbital process is similar to Z. marginatum. 
In  lateral view, the left m axilla ends 92 m m  
before the apex of the rostrum  on the lectotype 
(Fig. 13C). O n the lateral side of the maxilla, the 
surface is excavated by a shallow vestigial alveolar 
groove beginning 120-130 m m  anteriorly to the 
a n to rb ita l n o tch . O n  the para lec to type, the 
groove is almost totally filled by irregular bone 
(Fig. 14B); the alveoli are weakly excavated on 
the lectotype and only recognizable on the medi­
an portion. This groove continues anteriorly on 
the premaxilla and divides into two sulci for the 
last 25 mm.
In  ventral view, a large foram en is anteriorly  
extended by a long and distinct sulcus along the 
median suture of the maxilla, 250 m m  before the
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Fig. 14. — Rostrum o f Z iph irostrum  turniense  du Bus, 1868 (IRSNB 3784-M .1880, para lectotype); A, dorsal v iew ; B, right lateral 
view. Scale bar: 100 mm.

apex of the rostrum. An additional smaller fora­
m en is p resen t m ore posteriorly . T he vom er 
appears between the maxillae for 190 m m  on the 
lectotype, but not on the paralectotype.

Palatine
The palatine is not preserved anteriorly, but the 
m arks o f the foliated suture w ith  the m axilla 
reach forward more than 150 m m  anterior to the 
antorbital notch . Small lateral portions o f the 
palatine are present, w ith a m orphology similar 
to Ziphirostrum marginatum.

S y s t e m a t i c  d i s c u s s i o n

These two skulls differ from Ziphirostrum mar­
ginatum  in: more anterior position of the promi­
nence of the premaxillae on the rostrum, roughly 
at m id-length of the rostrum; the poorly devel­
oped p ren aria l basin , w ith  longer p o s te rio r  
extremity of the dense premaxilla contacting the 
premaxillary sac fossa; the wider flat dorsal sur­
face of the maxilla at the base of the rostrum; the 
th inner lateral m axillary wall o f the prenarial 
basin.
T h e  m o st s ig n if ic a n t d iffe ren ces  be tw een  
Ziphirostrum marginatum  and these specimens 
are therefore related to the shape and develop­
ment of the prenarial basin and of the thickened 
premaxillae on the rostrum. As discussed above,

the prenarial basin is subject to a strong sexual 
dimorphism in the extant Ziphius, and the protu­
berances on the dorsal face of the rostrum are also 
sexually dim orphic in extant ziphiids (e.g., the 
m axillary crests m uch m ore developed in  the 
adult males o f Hyperoodon sp.). However, this 
sexual dimorphism is often based on the size of 
the structures: width and depth of the prenarial 
basin in Ziphius, height of the protuberances in 
Hyperoodon. W hat is observed here is also shape 
differences: the elevation of the premaxillae on 
the rostrum occupies a different position and has 
a different shape from Ziphirostrum marginatum, 
and the margins of the reduced prenarial basin 
are occupied by the premaxillae, not the maxillae 
(which is the case for Z. marginatum). Even if  
those specimens are fragmentary, the characters 
discussed above are regarded here as sufficiently 
diagnostic to support the species Z. turniense.

Ziphirostrum recurvus (du Bus, 1868) n. comb.

Belemnoziphius recurvus du Bus, 1868: 630. —  Van 
Beneden & Gervais 1880: pi. 27bis, fig. 2.

Mesoplodon longirostris NBA, 1905: 113, partim.

H o l o t y p e .  —  IRSNB 3805-M .544, incomplete ros­
tru m  (single specim en o f  Belem noziphius recurvus 
sensu du Bus, 1868, and referred to Mesoplodon lon­
girostris by Abei [1905]).

GEODIVERSITAS •  2005 •  27(3) 463



Lambert O.
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Fig. 15. — Rostrum of Ziphirostrum  recurvus (du Bus, 1868) n. com b. (IRSNB 3805-M .544, holotype); A, left lateral view; B, detail of 
the  apex In dorsolateral view; C, line draw ing of the apex In dorsolateral view, Indicating the filling of the mesorostral groove by the 
dense vomer; D, dorsal view. Scale bars: A, D, 100 mm; B, C, 50 mm.

T y p e  H O R IZ O N . —  N o d a ta  av a ilab le , p ro b a b ly  
Miocene or early Pliocene.

T y p e  LOCALITY. —  Antwerp, Belgium, exact locality 
uncertain.

EM ENDED DIAGNOSIS. —  A large species o f the genus 
Ziphirostrum  characterized by: a very massive ros­
trum , higher and relatively narrower than  in Z. mar­
g in a tu m  an d  Z . tu rn ien se ; a m e so ro s tra l g roove 
dorsally closed by the premaxillae, as in the two other 
species o f  the  genus, b u t com pletely  filled by the 
dense vomer.

D e s c r i p t i o n  ( F i g . 1 5 )

IRSNB 3805-M .544 is a massive rostrum, lack­
ing the apex, the base, and fragments of the right 
side. It is m uch higher than wide; the maximum 
posterior height is 113 mm  for a width of 69 mm  
at the same level. The tapering towards the apex 
is associated w ith  a d is tin c t dorsal curvature

(Fig. 15A). At the apex, the height is 41 mm, and 
the width, 24 mm.
This rostrum  has a mesorostral gutter completely 
filled with dense bone, w ithout an anterior open­
ing. T he  p lacem en t o f  th is specim en in  the 
species Mesoplodon longirostris by Abei (1905) 
implied that the gutter was filled by the vomer 
only, as it is the case in several fossil and extant 
species of Mesoplodon. The sutures of the differ­
ent bones are difficult to distinguish, because of 
the strong ossification. However, a V -shaped 
suture is clearly present on the apical portion of 
the dorsal surface (Fig. 15B, D). By comparison 
with Ziphirostrum turniense and Z. marginatum, 
this suture can be related to the dorsom edian 
margins of the thickened premaxillae, anteriorly 
diverging in Ziphirostrum. This suture is in ter­
preted here as the premaxillary-vomer contact.
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This implies that at least the most apical part of 
the mesorostral groove is filled by the vomer, and 
that the rest of the groove is roofed by the joined 
dense premaxillae. This last feature is characteris­
tic of the genera Ziphirostrum  and Choneziphius. 
The premaxillary eminences are, however, closer 
to Ziphirostrum  than to Choneziphius, and even 
more similar in size and position to Z. turniense-. 
on the rostrum  of Z. turniense IRSNB 3784- 
M .1880, the dorsal margin of the apex exhibits 
the same k ind  o f curvature, even if  less p ro ­
nounced. O n both skulls of Z. turniense, a sulcus 
starts on the lateral side of the apex, runs pos- 
terodorsally, and divides in smaller branches; this 
kind of sulcus is present, even deeper and longer 
on the rostrum  IRSNB 3805-M .544. By com­
parison with Z. turniense, it is possible to estab­
lish the p a th  o f the in d is tin c t la tera l su tu re  
between maxilla and premaxilla. This confirms 
the  above h y p o th es is  o f  the  ro o fin g  o f  the 
mesorostral groove by the premaxillae. Ventrally 
to this suture, the alveolar groove is only slightly 
visible under a deep longitudinal sulcus, lacking 
alveoli.
The anterior margin of the pterygoid sinus fossa 
reaches a level 475 m m  posteriorly to the incom­
plete apex (lacking at least 50 mm). This indi­
cates a rostrum  longer than in Z. turniense-, the 
holotype of Z. turniense IRSNB 3785-M .539 has 
a distance between the pterygoid sinus fossa and 
the nearly complete apex of 440 mm.
The keeled vomer wedges between the maxillae 
on the ventral side for at least 242 mm, a feature 
present in the lectotype but not the paralectotype 
of Z. turniense.

D i s c u s s i o n

T his ro stru m  probab ly  belongs to a d is tin c t 
species o f the genus Ziphirostrum, Z. recurvus 
(du Bus, 1868) n. comb., closer to Z. turniense 
than to Z. marginatum. The complete filling of 
the mesorostral groove is an interesting combi­
nation of a dorsal covering by the joined thick­
ened premaxillae, as in Ziphirostrum, associated 
w ith  the filling o f the rem aining aperture by 
th e  dense  v o m er, in  a w ay re m in is c e n t o f  
Mesoplodon.

Genus Choneziphius Duvernoy, 1851

Choneziphius Duvernoy, 1851: 63.

Belemnoziphius Huxley, 1864: 395, partim.

Ziphius Owen, 1870: pi. 2, fig. 1, partim.

ProroziphiusTeiày, 1876: 87; 1877: pi. 32, figs 1-4.

T y p e  SPECIES. —  Ziphius planirostris Cuvier, 1823 by 
present designation.

OTHER INCLUDED SPECIES. —  Choneziphius macrops (Leidy, 
1876) and C. liopsCááy, 1876 (figured in Leidy 1877).

EM ENDED DIAGNOSIS. —  This fossii ziphiid genus dif­
fers from all the other know n living and fossil ziphiids 
in: the mesorostral groove dorsally closed at the level of 
the antorbital noches by the joined medial margins o f 
the premaxillary sac fossae, forming a prom inent ridge 
posteriorly deviated on the left, and separating deeply 
concave anterior portions o f the premaxillary sac fossae. 
It further differs from:
— Ziphirostrum  and  Messapicetus in: flatter and  lower 
maxillary surface at the dorsal base of the rostrum; more 
asym m etrical prem axillary sac fossae (ratio  betw een 
m axim um  w idths o f left and right prem axillae at the 
level o f the fossae lower or equal to  0.65); elevated lon­
gitudinal maxillary crest on the supraorbital process;
— Aporotus in: fusion of the elevated premaxillae over 
the mesorostral groove;
— Ziphius in: dorsal roofing o f the mesorostral groove 
by the premaxillae; less elevated vertex not overhang­
ing the bony nares as clearly as in Ziphius-,
— Tusciziphius in: concavity of the surface of the pre­
maxillary sac fossa anteriorly followed by a deep longi­
tu d in a l  fo ra m e n ; m u c h  n a rro w e r tra n sv e rse  
premaxillary crests on the vertex.
The vertex is only known from the species C. planirostris.

D i s c u s s i o n

The drawing of the partial rostrum from Suffolk, 
identified by Lankester (1870: pi. 33, figs 1-4) as 
Choneziphius packardi is not detailed enough and 
the fragment is probably too eroded to allow a 
specific or even generic determination.
T h e  f ra g m e n ta ry  C. trachops is s im ila r  to 
C. planirostris-, the only difference clearly noted 
by Leidy (1877) is the less excavated premaxillary 
sac fossae. However, this character is demonstrat­
ed here as variable in C. planirostris.
C. liops might represent a different species, given 
its relatively shorter rostrum , w ith  a stronger 
anterior narrowing.
T he ho lo type  o f Proroziphius macrops sensu 
Leidy, 1876, from the Phosphate Beds of South
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Carolina, is discussed below, and is considered as 
a member of the genus Choneziphius, C. macrops. 
In the same way, the poorly preserved holotype 
o f  Proroziphius chonops Leidy, 1877 (U SN M  
16689) should probably be included in the genus 
Choneziphius-. it shows prem axillary sac fossae 
separated by a deviated crest, the complete dorsal 
roofing of the mesorostral groove, and the rough­
ly horizontal dorsal surface of the maxillae at the 
base of the rostrum, typical of Choneziphius.

Choneziphius planirostris (Cuvier, 1823)

Z iphius planirostris Cuvier, 1823: 352-356 , pi. 27, 
figs 4-8. —  Owen 1870: 5, fig. 2. —  Van Beneden & 
Gervais 1880: pi. 27, figs 4, 5.

Choneziphius planirostris Duvernoy, 1851: pi. 2, fig. 5. 
—  Gervais 1859: pi. 40, fig. 2. — Abei 1919: figs 575, 
576. —  Bianucci 1997: pi. 2, fig. 1, pi. 3, fig. 1.

Ziphius cuvieri Owen, 1870: 6, fig. 3.

C honeziphius trachops Leidy, 1877: pi. 30 , fig. 2, 
pi. 31, fig. 1 •

LECTOTYPE. —  The best preserved of the two originals 
o f Cuvier (1823), the anterior part o f a skull (found on 
July 23, 1812, figured in Cuvier [1823: pi. 27, figs 5, 
6], and housed at the M N H N ).

P a r a l e c TOTYPE. —  The second original from Cuvier 
(1823), a rostrum and the anterior part o f the cranium 
(figured in Cuvier [1823: pi. 27, figs 8, 9] and housed 
at the M N H N ).

R e f e r r e d  s p e c i m e n s  f r o m  A n t w e r p . —  14 partial 
sk u lls  an d  ro s tra  fro m  th e  IR S N B  re fe rre d  to  
Choneziphius planirostris by Abei (1905): IRSNB 3774- 
M . 1881 (partial skull including the rostrum and the an­
te r io r o f  th e  c ran iu m ); IR SN B  37 6 7  (ro strum  and  
an terio r o f the cranium ); IRSNB 3768 (rostrum  and 
an terio r o f the cranium ); IRSNB 3769 (rostrum  and 
an te rio r o f the cran ium , except th e  left supraorbital 
process); IRSNB 3770 (rostrum and anterior part o f the 
p rem ax illa ry  sac fossae); IR SN B  3771 (ro s tru m ); 
IRSN B 3772 (rostrum  and an terio r o f the cranium ); 
IRSNB 3773 (rostrum  and an terio r o f the cranium ); 
IRSNB 3775-M .1883 (rostrum and anterior o f the cra­
n ium , except the left sup rao rb ita l process); IRSN B 
3776 (rostrum and anterior o f the cranium, except the 
left supraorbital process); IRSNB 3777-M .1882 (ros­
trum  and anterior o f the cranium); IRSNB 3779 (frag­
m ent o f rostrum  and anterior part o f the premaxillary 
sac fossae); IRSNB 3780 (left part o f rostrum); IRSNB 
3790 (right fragment o f rostrum ); and four additional 
u n d esc rib ed  sku lls fo u n d  in  th e  co llec tio n s o f  the

IRSN B: IRSN B 1719a (rostrum  and  an te rio r o f  the 
cranium , except the left supraorbital process); IRSNB 
1719b (rostrum and anterior o f the cranium, except the 
tw o supraorbital processes); IRSNB 1719c (rostrum  
and anterior o f the cranium, except the left supraorbital 
process); IRSNB ED001 (rostrum  and anterior o f the 
cranium, found in a box w ith the skull IRSNB ED002- 
M . 1885 an d  w ith  a com m on  label: “ C honeziphius  
planirostris — Et. : Anversien — Loc. : Steendorp — D on 
Delheid -  Reg. I.G. 8289”. O ne of these two skulls was 
cited in D elheid  [1896] and was found  in 1888 near 
R u p e lm o n d e  — th is  is p ro b a b ly  th e  sk u ll o f  
C. planirostris IRSNB E D 0 0 1, judging by the presence 
o f fragments o f the label’s rope on this skull).

T y p e  EIORIZON. —  T he remarks o f M. de la Jonkaire 
cited in Cuvier (1823: 352, 353) are not clear enough 
to identify  a precise stratigraphie level. However, a 
specimen from the private collection of P. Gigase was 
found in the upper Miocene Deurne Sands (P. Gigase 
pers. comm. 2002).

T y p e  LOCALITY. — Antwerp, “bassin du port, [...] à 
quatre cents mètres de la rive droite de l’Escaut, [ . . .]” 
(Cuvier 1823: 353).

E M E N D E D  D IAGNOSIS. —  A species-level diagnosis 
seems difficult to obtain, because the only well known 
species o f the genus is Choneziphius planirostris. Few 
d ifferential characters are therefore available. T his 
ziphiid species o f moderate size is smaller than Ziphius 
cavirostris. It differs from C. liops in a more elongated, 
less pointed rostrum, w ith the lateral margins roughly 
p a ra lle l on m o s t o f  its  le n g th . I t  d iffe rs  fro m  
C. macrops in its smaller size and a rostrum  relatively 
higher and narrower (see Table 2).

D i s c u s s i o n

T h e ro s tru m  from  the Red C rag  o f S uffo lk  
nam ed Ziphius planus  by O w en (1870: pi. 2, 
fig. 1) is referred to Choneziphius planirostris, as 
suggested by Abei (1905). This fragment has the 
large asymmetrical excavation of the premaxillary 
sac fossae and is sim ilar to the specim ens of 
Antwerp IRSNB ED001 and IRSNB 1719b.
An isolated période from Suffolk was placed by 
Lydekker (1887: pi. 2, fig. 7) in C. planirostris, 
bu t no ear bone-skull association is know n for 
the genus, while several species of ziphiids are 
present in the Red Crag. This periotic is therefore 
placed in Ziphiidae incertae sedis.

D e s c r i p t i o n  ( F i g s  16-19)
This species is only known by anterior parts of 
skulls, usually  in c lu d in g  the com plete dense

466 GEODIVERSITAS •  2005 •  27(3 )



T he Neogene ziphiids Ziphirostrum  and Choneziphius (Cetacea, Odontoceti)

Fig. 16. — Skull o f Choneziphius p lan irostris  (Cuvier, 1823) (IRSNB 3774-M.1881); A, dorsal view ; B, right lateral view ; C , left ventro 
lateral view; D, detail o f the  base o f the  rostrum in dorsal view . Scale bars: A-C , 100 mm; D, 50 mm.
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Fig. 17. — Line draw ings of the skull of Choneziphius p lanirostris  (Cuvier, 1823) (IRSNB 3774-M .1881); A, dorsal view; B, right lateral 
view.

rostrum and the anterior of the cranium, with the 
elevated vertex. N o basicran ia l parts , tee th , 
mandibles or ear bones are known. Abei (1919: 
figs 575, 576) provided a reconstruction of the 
skull, including the unknow n basicranium  and 
pterygoids, probably inspired from  the extant 
Ziphius morphology.
The rectilinear rostrum has a length ranging from 
297 to 415 m m  (Fig. 21) and is either roughly as

high as wide or slightly higher; the w idth of the 
cranium at the level of the postorbital processes 
ranges from 310 to 324 m m  (only four skulls of 
the IRSNB measured) (see Table 2).

Premaxilla
The premaxillae occupy the dorsal face of the 
rostrum  on the first third of its length. They are 
dense, dorsally thickened (pachy-osteosclerotic),
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T a b le  2. — Measurements (in mm) on the  main skulls o f Choneziphius p lan irostris  (Cuvier, 1823) and C . m acrops  (Leidy, 1876) 
(= IRSNB 3778-M .1884) from the  Neogene of Antwerp, e, estimate; +, nearly com plete; - ,  no data. See Figure 1 for the description of 
the measurements.
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1 . length rostrum +358 347 415 325 350 361 297 329 385 495 352 - 342 351
3. maximal anterior height rostrum 89 79 85 73 75 90 71 71 99 e80 83 - 68 80
4 . maximal anterior width rostrum 83 68 87 65 75 76 60 71 e88 e113 72 78 72 77
7. width base rostrum level 

antorbital notches 195 187 180 197 192
8. width base rostrum level 

prominental notches 140 117 e134 99 136 e153 +100 151 e151 121 e132
9. width skull level postorbital 

processes _ _ 312 _ 312 324 e310
10 .  width premaxillary sa c  fossae e134 - 132 113 129 138 110 129 141 - 129 135 +120 121
11. width right premaxillary sac fossa 84 78 74 69 e84 83 70 78 82 e88 76 85 e69 64
12 .  width left premaxillary sa c  fossa e45 +32 48 40 42 47 36 42 51 e56 49 45 e46 40
13 .  width bony nares 60 - 62 53 59 66 51 - - - 65 62 - 56
14 .  width nasals 64 - 69 - 76 86 +65 64 - - e69 78 - -

15 .  width transverse premaxillary 
crests 137 +129 144 118 +127 137

16 .  minimal posterior distance 
between maxillae 58 90 67 68 e65 81

an d  m e d ia lly  fu sed , d o rsa lly  c lo s in g  th e  
mesorostral groove (Figs 16A; 17A). A reduced 
longitudinal tunnel is m aintained, w ith a trans­
verse diameter at apex of 10-11 mm. The rostral 
prominence of the premaxillae narrows posteri­
orly , and , at the  tw o -th ird s  o f  the ro s tru m  
len g th , the  closely jo in e d  p rem ax illae  only  
occupy the m edian third of the rostrum  width, 
as a slightly depressed surface between the max­
illae. The longitudinal position of the highest 
po in t of the premaxillary prom inence, usually 
close to the apex, is sometimes more posterior, 
fo r in s ta n c e  on  IR S N B  3 7 7 7 -M .1 8 8 2  or 
IRSNB 3773, w ith a variable w idth. The sur­
face o f this area is often w orn (post-mortem ). 
N evertheless, on the left side o f the rostrum  
IRSNB 3777-M .1882 at least five distinct lami­
n ae , ro u g h ly  h o r iz o n ta l ,  d e m o n s tra te  the  
growth process of this portion of the premaxilla 
(see Fig. 18A). A sim ilar period ica l lam inar 
growth pattern is noticed on the vomer of the

fossil Mesoplodon longirostris (pers. obs.) and the 
extant Aí. carlhubbsi (Heyning 1984). The lam­
in ae  are n o t  v is ib le  on  th e  o th e r  sku lls  o f  
Choneziphius planirostris, bu t the smallest ros­
trum  o f the collection, 118 m m  shorter than 
the largest, has already well developed th ick­
ened premaxillae. This m ight indicate that the 
developm ent of this thickening starts early in 
the life of the individual — even if  the relative 
age o f the d ifferen t specim ens is d ifficu lt to 
assert because of the usually strong osteosclero­
sis, closing the sutures.
The premaxillary sac fossae are characteristic: the 
right fossa is m uch wider than the left, w ith  a 
ra tio  betw een the m axim um  w id ths rang ing  
from 0.5 to 0.66 (Table 2; Fig. 25). The two fos­
sae, strongly concave, are anteriorly hollowed by 
a deep canal, wider on the right fossa, leading to 
a large anteriorly directed foramen, at the level of 
the prominental notches {sensu Heyning 1989a, 
medial to the antorbital notches; = inner notches
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Fig. 18. — Rostrum and anterior part o f the  cranium o f Choneziphius p lan irostris  (Cuvier, 1823) (IRSNB 3777-M.1882); A, general 
dorsal view ; B, detail o f the  lam inar deposits on the  dorsal surface o f the  rostrum (right side). Scale bars: A, 50 mm; B, 100 mm.

sensu Harm er 1924) (Figs 16D; 17A). The roof­
ing o f this foram en is variable: several rostra 
(e.g., IRSNB 3776) show a dorsally open sulcus 
for more than 70 m m  anteriorly. The two deep 
premaxillary sac fossae are separated by a prom i­
nen t asymmetrical platform  of the joined pre­
maxillae, posteriorly  narrow ing w ith  a strong 
deviation towards the left side. This platform , 
sometimes narrow  and acute can also be wider 
and lower, with a depressed anterior part, at the 
level of the prom inental notches. This shallow 
m ed ian  d ep ression  m ig h t be in te rp re te d  as 
equivalent to the prenarial basin o f the adult 
males of Ziphius, essentially filled with the right 
nasal plug (H eyning 1989a). The dorsal eleva­
tio n  o f the prem axilla to the vertex is s trong  
from the premaxillary foramen towards the verti­
cal transverse prem axillary crest. T he crest is 
moderately thickened, rectilinear and anterolat- 
erally directed (by twisting of the narrowest por­
tion of the ascending process of the premaxilla). 
The dorsal portion of the anterior surface of the

left ascending process, m uch narrower than the 
right, shows a clear corner with the medioanteri- 
or surface of the bone. The anterior surface, cor­
responding in extant ziphiids to the support of 
the left posterior nasal sac (Heyning 1989a), is 
therefore reduced relatively to the right side, as 
in  Ziphius. The bony nares are triangular and 
asym m etric, w ith  a longer and m ore oblique 
right side of the triangle.

Maxilla
Posterolaterally to the rostral prominence of the 
premaxillae, the maxilla forms a roughly horizon­
tal surface, som etim es laterally tw isted on its 
a n te r io r  p o r t io n . A m ain  c h a ra c te r is tic  o f 
Choneziphius planirostris is the covering of that 
surface by series o f  d o rso an te rio rly  d irec ted  
p ro m in e n t excrescences and  ir re g u la r itie s . 
However, this character is far from  consistent 
within the species: these structures are sometimes 
completely absent as on the lectotype, reduced as 
on the skull IRSNB 3773, or m uch developed,
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on both sides of the paralectotype (Cuvier 1823: 
pi. 27, fig. 7) for exam ple. T hey  can also be 
asymmetric, and in this case they are always bet­
ter developed on the right side (e.g., only present 
on the right maxilla o f IRSNB 3777-M .1882, 
Fig. 18A), and th is asym m etry  is m ore p ro ­
nounced posteriorly, in fron t o f the antorbital 
notches. N o relation with the ontogeny could be 
found for this variability. In extant ziphiids, such 
as Ziphius and Mesoplodon, the dorsal surface of 
the maxilla on the rostrum  corresponds to the 
m ain area o f insertion for the rostral muscles, 
extending partially dorsally and medially onto the 
melon (see Heyning 1989a: fig. 8). The irregular­
ities in Choneziphius planirostris might be linked 
to a more efficient fixation of the muscles on the 
surface. Furtherm ore, m ore developed excres­
cences on the right side of several skulls m ight 
well indicate more powerful muscles compared to 
the left. In extant odontocetes, the melon is usu­
ally set asymmetrically, slightly off to the right 
side; the fatty core of the melon extends posteri­
orly into the right nasal plug, more than into the 
left, and, in the adult males of Ziphius — the clos­
est extant genus to Choneziphius, the right nasal 
plug is much enlarged (Heyning 1989a).
In lateral view, the rostral lateral suture between 
maxilla and premaxilla is visible along most of its 
path, reaching or closely approaching the apex of 
the rostrum , going distinctly downwards for the 
last centimetres. The alveolar groove is sometimes 
shallow, with weak marks of small alveoli still visi­
ble in several places and w ith anterior foram ina 
opening forward into narrow grooves (e.g., IRSNB 
3774-M .1881). O n other specimens, the alveolar 
groove is closed at some levels and presents a deep 
narrow furrow at others (e.g., IRSNB 3773).
The ventral surface o f the rostrum  is strongly 
ossified, w ith poorly visible sutures. The vomer 
appears between the maxillae some centimetres 
anteriorly to the palatines and vanishes before the 
apex of the rostrum. Several pairs of foramina are 
present along the median sutures from the medi­
an margins of the palatines until the anterior sur­
face of the rostrum, where a pair of longitudinal 
larger foramina is present, ventrolaterally to the 
anterior opening of the mesorostral tunnel.

The anterior margin of the supraorbital process is 
incised by two notches: the prom inental notch 
and the more lateral and slightly posterior antor­
b ita l n o tch , o ften  m ore d is tin c t. T hose two 
notches are separated by a maxillary tubercule 
{sensu H eyning 1989a). The latter is followed 
posteriorly by a high and wide longitudinal crest, 
sometimes present almost until the posterior bor­
der of the maxilla (e.g., IRSNB 3773), but gener­
ally quickly lowering and vanishing, before (or at 
the level of) the postorbital process. The left crest 
is slightly more developed than the right. W hen 
one of the supraorbital processes is lost by post­
mortem damage, this is always the left. The medi­
al slope of the crest is m uch steeper than  the 
lateral, form ing the lateral wall o f a deep and 
wide valley (Figs 16A; 17A). This maxillary val­
ley, separating the crest from the premaxillary sac 
fossa, is partially roofed by the overhanging acute 
outer margin of the premaxilla. The anterior part 
of the valley is pierced by a medium-size foramen 
anterolaterally followed by a sulcus towards the 
prominental notch. A large posterior dorsal infra­
orbital foramen, sometimes coupled with a small­
er, pierces the supraorbital process of the maxilla 
into or in the prolongation of the maxillary crest. 
In lateral view, the roughly horizontal supraor­
b ita l process presents a th in  m axillary plate, 
a n te ro v e n tra lly  cu rv ing  a ro u n d  the th ick e r 
frontal, and contacting the only partially fused 
jugal and lacrimal on the anterior margin. At the 
level of the preorbital process, the differentiated 
erosion of the bone due to the inclusion of more 
porous bone between osteosclerotic layers some­
times preserves upper and lower thin plates of the 
frontal separated by a deep excavation. The same 
structure is observed on the underlying lacrimal, 
giving this area a multi-folded pattern.
The frontals are always lost on the vertex, by post­
mortem  damage. The contact between maxilla 
and premaxilla on the vertex is folded and pierced 
by a series of vertical foramina.

Nasal
The nine skulls of the IRSNB for which the vertex 
is partially  preserved show  an identical type of 
break for the nasals: those bones are only preserved
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Fig. 19. — Detail o f the  premaxillary sac fossae and the vertex of 
Choneziphius p lanirostris  (Cuvier, 1823) (IRSNB 3775-M.1883) in 
anterodorsal view. Scale bar: 50 mm.

for a short distance dorsally to the upper lim it of 
the mesethmoid (Fig. 19). This common feature, 
contrasting with the usually completely preserved 
nasals of Ziphirostrum marginatum, implies a dif­
ferent morphology of the nasals. One possibility is 
that the dorsal part o f the nasals was less dense in 
Choneziphius, and therefore more easily eroded. 
A n o th e r  h y p o th e s is , w h en  c o m p a rin g  C ho­
n ezip h iu s  to Z ip h iu s , is th a t  the  nasa ls o f 
Choneziphius were dorsoan terio rly  elongated, 
overhanging the external nares in a way similar to 
Ziphius. O n  such eroded skulls, such nasals are 
more likely to have been broken before burial than 
are the short nasals o f Ziphirostrum , w hich are 
som ew hat p ro tected  betw een the prem axillary 
crests. If this is the case, Choneziphius m ight also 
possess a cartilage filling the cleft between the pre­
m axillary crest and the nasal, as in Ziphius  (see 
H eyning 1989a: fig. 20). In Ziphius, the surface 
where the cartilage contacts the nasal and the pre­
maxilla is rough, excavated by small grooves and 
pits. Even if on several individuals o f Choneziphius 
planirostris the corresponding surface is also irreg­
ular (e.g., IRSNB 3774-M .1881), those irregular­
ities could clearly be related to the structure seen 
in  Ziphius-, the premaxilla is usually too worn at 
that level to allow a description of the surface.

Mesethmoid
The sides of the sagittal keel of the mesethmoid 
are pierced at mid-height by one or two pairs of 
small olfactory foramina.

Palatine
The palatine is not always distinct; it reaches an 
anterior level at least 130 m m  anterior to the 
antorbital notch. W hile the pterygoid is totally 
lost, the shape o f the large anterior pterygoid 
sinus fossa can be seen, hollowing m ost of the 
surface of the palatine.
At the junction between the rostrum and the roof 
of the orbit, the infraorbital foramen is a shallow 
fossa  p ie rced  by a p o s te ro la te ra l fo ram en  
(= sphenopalatine foramen) and a slightly larger 
anteromedian foramen. A sulcus starts from the 
fossa towards the antorbital notch, and another 
leads to a vertical foramen emerging in the lateral 
wall of the choana.

C o m m e n t s  o n  t h e  s k u l l  IRSNB 3778-M.1884
REFERRED H ER E T O  CH O NEZIPH IU S MACROPS

( L e i d y , 1876)
The large and robust partial skull IRSNB 3778- 
M .1 8 8 4  (F ig . 2 0 ), p laced  in  C honeziph ius  
planirostris by Abei (1905), has a rostrum  more 
than 80 m m  longer than the largest C. planirostris 
o f the IRSNB (Fig. 21). Moreover, this specimen 
differs from  m em bers o f C. planirostris by the 
following characters: the much flatter and wider 
rostrum, especially at its base with more acute lat- 
erodorsal edges; the more pronounced m edian 
separation between the premaxillary sac fossae; 
the relatively lower anterior thickening of the 
premaxillae; and the median margins of the pre­
maxillae separated on the apical 80 m m . The 
Choneziphius characters of this specimen are: the 
excavation of the premaxillary sac fossa anteriorly 
extended by a partially roofed sulcus; the irregu­
lar subhorizontal dorsal surface of the maxilla on 
the proximal part of the rostrum; and the anterior 
thickening of the premaxilla, dorsally roofing the 
mesorostral groove. This rostrum shows interest­
ing similarities with the holotype of Proroziphius 
macrops sensu Leidy, 1876 (figured in  Leidy 
1877: pi. 32, figs 1, 2), from the Phosphate Beds
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Fig. 20. — Rostrum and prem axillary sac fossae o f Choneziphius m acrops  (Leidy, 1876) (IRSNB 3778-M.1884); A, dorsal view; B, left 
lateral view. Scale bar: 100 mm.

of South Carolina. Those two specimens (holo- 
type of P. macrops and IRSNB 3778-M .1884) 
exhibit roughly the same kind of preservation and 
their proportions are more similar to each other 
than to Choneziphius planirostris. A comparison 
of the measurements provided by Leidy (1877) 
for the holotype of Proroziphius macrops (trans­
formed from inches to millimetres) with IRSNB 
3 7 7 8 -M .1 8 8 4  is given here  (T ab le  3). T he 
rostrum  o f IRSNB 3778-M .1884 is somewhat 
flatter at every level but this difference is not suf­
ficient to separate the two skulls; both of them 
are therefore included in a same species of the 
genus Choneziphius, C. macrops (Leidy, 1876). 
T hat species differs from  C. planirostris by the 
larger size of the relatively wider and flatter ros­
trum.
The second specimen of Choneziphius planirostris 
described by Cuvier (1823: pi. 27, figs 7, 8) is 
also larger, with a rostrum longer than 400 mm. 
The rostrum is somewhat wider and flatter than 
on the other specimens, w ith the subhorizontal 
irregular surfaces of the maxillae roughly covering 
three quarters of the length of the rostrum, and a

narrower m edian elevation of the premaxillae. 
However, this skull shares the morphology of the 
prem axillary sac fossae o f  the species C. p la ­
nirostris (even if the right plate is deep and wide) 
and is maintained in that species. This might give 
an ontogenetic direction to the intraspecific vari­
ation of several features, for instance the anterior 
spreading of the subhorizontal irregular surface of 
the maxilla and the excavation of the right pre­
maxillary sac fossa. This argument is however not 
so clear among smaller individuals.

Genus Beneziphius n. gen.

T y p e  AND ONLY SPECIES. —  Beneziphius brevirostris 
n. sp.

ETYMOLOGY. —  From “Bene" in honour of the Belgian 
naturalist Pierre-Joseph V an Beneden (1809-1894), 
whose work at the Catholic University o f Louvain lead 
to m ajor advances in the knowledge of the anatom y of 
extant and fossil cetaceans; and “ziphius"', name o f the 
type genus of the family Ziphiidae.

DIAGNOSIS. —  The same as fo r  the o n ly  species B. bre­
virostris n . sp.
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Fig. 21. — Total length of the rostrum (In mm) for specim ens of 
Choneziphius from MNFIN and IRSNB. All the specim ens belong 
to  C. p lan iros tris  (Cuvier, 1823) excep t the  one m arked by *, 
which Is referred to  C. m acrops  (Leidy, 1876).

T a b l e  3. — M e a s u re m e n ts  (In m m ) on th e  h o lo ty p e  o f 
Choneziphius m acrops  (Leidy, 1876) from the Ashley Phosphate 
Beds, South Carolina, USA, and C. m acrops  from the Neogene 
o f A n tw erp  (IRSNB 377 8 -M .1 884). The m easurem ents o f the 
ho lo type  are taken from  Leidy (1877: 229, trans fo rm ed  from 
Inches to  millimetres). +, not com plete.

holotype IRSNB 3778- 
M.1884

1. width rostrum 1/2 length 106 107
2. height rostrum 1/2 length 86 75
3. width rostrum ant. 1/4 length 79 76
4. height rostrum ant. 1/4 length 76 67
5. width rostrum 3/4 length 108 117
6. height rostrum 3/4 length 89 +76

Beneziphius brevirostris n. sp.

H o l o t y p e . —  IRSNB ED 002-M .1885, a partial skull 
including the anterior part o f the vertex, the anterior 
o f the cranium, and the rostrum.

ETYMOLOGY. —  “brevf from Latin brevis: short, “ros- 
tris" from  L atin  rostrum : b ill, beak. “ brevirostris” 
because of the short and pointed rostrum characteriz­
ing this new species.

R e f e r r e d  s p e c im e n . —  IRSNB 3782-M .1886, a par­
tial skull including the anterior o f the cranium and the 
nearly complete rostrum (syntype of Ziphiopsis phyma­
todes du  Bus, 1868, and  referred  to  C honeziphius 
planirostrisbyAbei [1905]).

T y p e  H O R IZ O N . —  N o da ta  availab le , N eogene. 
Judging from the worn aspect o f the holotype, it might 
have been reworked and  found  in a base gravel (for 
exam ple th e  gravel at th e  base o f  th e  K a tten d ijk  
Form ation , lower Pliocene). T he  referred specimen 
IRSN B 37 8 2 -M .1 8 8 6  was found  close to  the first 
specimen of Ziphiopsis phymatodes sensu du Bus, 1868, 
IRSN B 3781 -M .5 4 3 , probably  in the same s tra ti­
graphie unit (du Bus 1868).

T y p e  LOCALITY. — Antwerp area, Belgium, exact local­
ity uncertain.

DIAGNOSIS. —  Small ziphiid species w ith a skull small­
er than  Ziphirostrum  m arginatum  or Choneziphius 
planirostris, differing from:
— Choneziphius in: a more pointed rostrum  in lateral 
and dorsal views; a distinct prenarial basin; a flat surface 
o f the premaxillary sac fossae; a space between the less 
asym m etrical prem axillary sac fossae (ratio between 
maxim um  widths of left and right premaxillae at the 
level o f the fossae of 0.69 on the holotype, Fig. 25); 
the less abrupt elevation o f the premaxillae towards the 
vertex, not reaching a vertical position; less anteriorly 
directed transverse premaxillary crests;

— Ziphirostrum  and  Messapicetus in: a sho rte r and  
m ore poin ted  rostrum ; the premaxillae shorter than 
th e  m axillae  on th e  apex o f  th e  ro s tru m ; jo in e d  
thickened premaxillae anteriorly lim iting the prenar­
ial basin; the subhorizon ta l surface o f  th e  m axilla 
lateral to  the prenarial basin covered by small excres­
cences;
— Aporotus in: fusion o f  the prem axillae above the 
mesorostral groove; flat maxilla medially to the antor­
bital notch;
— all the other known ziphiids in the dorsal roofing of 
the mesorostral groove by the premaxillae.

D e s c r i p t i o n  ( F i g s  22-24)
The fragmentary skulls both lack the supraorbital 
processes and the basicranium. The length of the 
rostrum is estimated at 295 m m  for the holotype 
IRSNB E D 002-M .1885, close to the smallest 
individual of Choneziphius planirostris, and much 
shorter than in Ziphirostrum marginatum. The 
second rostrum IRSNB 3782-M .1886 was prob­
ably  s lig h tly  sh o rte r  th a n  the  h o lo ty p e . By 
comparing the w idth of the rostrum  at its base, 
IRSNB 3782-M .1886 is smaller than  Z. mar­
ginatum  (Table 4).

Premaxillae
T he pachy-osteosclerotic prem axillae dorsally 
close the mesorostral groove until 60 m m  before 
the preserved apex of the rostrum  on the holo­
type (Fig. 22). The joined premaxillae are spin­
dle-shaped, with a median maximum width, and 
s tro n g  fo rw ard s and  backw ards ta p e r in g . 
Between the flattened maxillae, the premaxillae
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premaxillary thickening

i bo ny nares
frontal

premaxilla maxilla

B  transverse premaxillary crest
left premaxillary sa c  fossa

supraocclpltah 
frontal suture

maxillary foramina

shallow prenarial basin 
premaxillary foramen 

area with excrescences on maxilla
median plate of maxilla broken right supraorbital process

Fig. 22. — Skull o f Beneziphius brevirostris  n. gen., n. sp. (IRSNB ED002-M.1885, holotype); A, dorsal view; B, line draw ing of the 
dorsal view; C, detail of the vertex In dorsal view; D, detail o f the  prenarial basin In dorsal view. Scale bars: A, 100 mm; C, D, 50 mm.

are distinctly depressed, as a fossa pierced by a 
p a ir  o f  p rem ax illa ry  fo ram in a . T h is  area is 
hom ologous to the prenarial basin present in 
Ziphirostrum  marginatum, b u t less excavated, 
with a convex floor only 7-8 m m  deep.
In lateral view, the rostrum  slopes steeply from 
20 m m  anterior to the palatine to the apex, with 
a short dorsal elevation o f the prem axillae in 
front o f the prenarial basin (Fig. 23).

The premaxillary sac fossae are not excavated, in 
contrast to Choneziphius planirostris and as in 
Ziphirostrum sp. The right fossa is wider than the 
left (respective maximum widths of the premaxil­
lae at that level are 56 and 39 m m  on the holo­
type), and there is no m edian contact between 
th e ir  ro u n d ed  m ed ian  m arg ins, sim ilarly  to 
Z. marginatum, w ith  a space between them  of 
5 m m  for the holotype. The ascending process of
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T a b l e  4 . — M easurem ents (in mm) on the  tw o  skulls o f Beneziphius brev irostris  n. gen., n. sp. from  the  Neogene o f A ntw erp , 
e, estimate; - ,  no data. See Figure 1 for the  description of the  measurements.

IRSNB ED002-M.1885 IRSNB 3782-M.1886

2. length maxilla on rostrum e295 _

3. maximal anterior height rostrum 71 66
4. maximal anterior width rostrum 74 74
5. maximal width premaxillae on rostrum e40 43
6. minimal distance between maxillae at prenarial basin 24 21
7. width base rostrum - e140
10. width premaxillary sa c  fossae 111 -
11. width right premaxillary sa c  fossae 56 -
12 . width left premaxillary sa c  fossae 39 38
13. width bony nares 53 -

14. width nasals 71 -

15. width transverse premaxillary crests 122 -

16. minimal posterior distance between maxillae 57 -

transverse premaxillary crest

nasal

maxilla premaxilla

right premaxillary sa c  fossa

prenarial basin
premaxillary thickening

premaxilla

maxilla

lateral foramen
shallow alveolar groove

choana
marks of palatine-maxilla suture

Fig. 23. — A, skull o f Beneziphius brevirostris  n. gen., n. sp. (IRSNB ED002-M.1885, holotype) In right lateral view; B, line drawing. 
Scale bar: A, 100 mm.
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Fig. 24. — Rostrum and premaxillary sac fossae o í Beneziphius brevirostris  n. gen., n. sp. (IRSNB 3782-M .1886) in dorsal view. Scale 
bar: 100 mm.

the premaxilla is nearly vertical, less elevated than 
in Choneziphius planirostris. The transverse pre­
maxillary crest is closer to Ziphirostrum margina­
tum, more laterally directed than in Choneziphius 
planirostris or Ziphius (Fig. TIC).

Maxillae
The extrem ity o f the rostrum  is likely form ed 
solely by the maxillae, w ith shorter premaxillae 
and a m esorostral groove dorsally open at its 
apex. However, the bone is too dense, worn, and 
incomplete to be certain of structure. The pro­
gressive posterior widening of the maxilla, with 
the development of excrescences on its horizontal 
su rface , is co m p arab le  to  th e  c o n d it io n  in  
Choneziphius planirostris, although the bone is 
relatively shorter. This surface o f the m axilla 
bearing excrescences is anteriorly preceded by a 
foramen followed by a series of sulci forwards. A 
second foramen pierces the lateral margin of the 
surface at the level of the apex of the premaxillary 
sac fossa. The maxilla is excavated laterally to the 
prem axillary sac fossa; this excavation, no t as 
deep as in Choneziphius planirostris, is slightly 
overhung by the premaxilla medially. The trans­
verse compression of the vertical medial plates of 
the maxillae behind the vertex is pronounced, 
and the now-lost frontals were narrower than the 
nasals.
In lateral view, the alveolar groove is shallow with 
weakly m arked alveoli on less than  100 m m .

These rounded excavations (less than 1-2 m m  
deep) have an approxim ate diam eter o f 3 m m  
and interalveolar septa of 2 mm. Fourteen alveoli 
are counted on the left side of the holotype. A 
posteriorly directed foramen pierces the maxilla 
just above the alveolar groove, at the same level in 
the two skulls, 72 m m  before the preserved apex 
of the rostrum on the right side of the holotype.

Nasal
The nasals form an anteromedian rounded pro­
jection overhanging the bony nares, only differ­
ing  from  Z iph irostrum  m arginatum  in  m ore 
concave anterolateral m argins, resem bling the 
condition of Aporotus recurvirostris (see below). 
The suture between nasals and frontals slightly 
projects anteromedially.

Vomer-palatine
The features of the palate and the ventral face of 
the rostrum  are similar to Choneziphius p la n i­
rostris and  Z ip h iro stru m  marginatum-, large 
palatines and pairs of foramina along the median 
maxillary suture. The vomer is ventrally visible 
between the maxillae for 100 mm, until 30 m m  
before the apex of the rostrum.

S y s t e m a t i c  d i s c u s s i o n

The referred specimen IRSNB 3782-M .1886 was 
a ttr ib u te d  by du  Bus (18 6 8 ) to the  species 
Z iph iopsis phym atodes  (second  in d iv id u a l) ,
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Fig. 25. — Diagram giving the ratio between maximum w idths of 
left and right premaxillae at the level o f the premaxillary sac fos­
sae against the total w idth of the  tw o  premaxillae at that level (in 
m m ), fo r  s p e c im e n s  o f fo s s il z ip h iid  ta xa  from  th e  area o f 
A n tw e rp : A p o ro tu s  d ic y r tu s  du Bus, 1868 , C h o n e z ip h iu s  
p la n iro s tr is  (Cuvier, 1823), M esop lo do n  lo n g iro s tr is  (Cuvier, 
1823), Beneziphius brevirostris n. gen., n. sp., and Ziphirostrum  
marginatum  du Bus, 1868.

together with the skull IRSNB 3781-M .543 (see 
d iscu ss io n  below ), and  by A bei (1 9 0 5 ) to 
Choneziphius planirostris, probably because of the 
presence of m oderately developed excrescences 
on the platform of the maxillae at the base of the 
rostrum . Those irregularities on the maxillae 
were shown above as highly variable in C. p la ­
nirostris. O ther similarities o f Beneziphius brevi­
rostris n. gen., n. sp. with that species are: dense, 
dorsally fused premaxillae, forming a prominence 
anteromedially to the platform  of the maxillae; 
and excavation of the maxillae along the lateral 
margins of the premaxillary sac fossae. However, 
several pu tative derived characters o f Chone­
ziphius planirostris are absent in Beneziphius bre­
virostris n. gen., n. sp.: the premaxillary sac fossae 
are unexcavated, less asymmetrical (see Fig. 25) 
and medially separated; the premaxillary crests 
are more laterally directed and, in lateral view, 
the rostrum quickly narrows anteriorly, a feature 
different from  the roughly parallel dorsal and 
ventral m argins o f the rostrum  on m ost o f its 
length in C. planirostris. Furthermore, the nasals 
o f Beneziphius brevirostris n. gen., n. sp. are pre­
served in a way different from the dorsally broken

nasals o f Choneziphius planirostris. Perhaps, as 
above, the nasals in C. planirostris were antero- 
dorsally elongated as in Ziphius cavirostris. If this 
hypothesis is correct, the m orphology  o f the 
nasals of Beneziphius brevirostris n. gen., n. sp. 
might also be considered as primitive.
These differences w ith Choneziphius planirostris 
are also observed in Ziphirostrum marginatum. 
Another common character between Z. margina­
tum  and Beneziphius brevirostris n. gen., n. sp. is 
the presence of a prenarial basin: it is shallower in
B. brevirostris n. gen., n. sp., but likely homolo­
gous. Indeed, the basin is formed in both taxa by 
the deepening of the joined posteromedial and 
posterolateral sulci, and it is laterally margined by 
thick and wide posterolaterally curving strips of 
the maxillae. This condition is different from the 
completely filled space between the maxillae in 
Choneziphius planirostris (infilled by the premax­
illae) and m ight be used as a synapom orphy of 
Ziphirostrum marginatum and Beneziphius brevi­
rostris n. gen., n. sp. However, it is also possible 
that the prenarial basin was secondarily lost in
C. planirostris.

R e v i s i o n  o f  Z ip h io p s is  p h y m a to d e s  d u  B u s ,  1868 
T he specim en IRSNB 3781-M .543 , a partial 
ro s tru m  w ith  the left p rem axillary  sac fossa 
(Fig. 26), syntype of Ziphiopsis phymatodes by 
du  Bus (1868, first o f two ind iv iduals), and 
fig u red  by V an  B eneden  & G ervais (1880 : 
p i. 2 7b is, fig. 1, reversed ), was re fe rred  to 
Choneziphius planirostris by Abei (1905), here 
again probably because of the presence of high 
excrescences on the dorsal surface of the maxil­
lae at the base o f  the ro stru m . As discussed 
above, the second individual o f Ziphiopsis phy­
matodes sensu du  Bus, 1868, IR SN B  3782- 
M .1886, is referred to a new genus and species, 
Beneziphius brevirostris n. gen., n. sp. du Bus 
(1868) already noticed several differences at the 
level of the premaxillae, the excrescences on the 
maxillae and the size between these two speci­
m ens. Indeed , the th ickened  prem axillae are 
n a rro w e r on the  ro s tru m  o f IR SN B  3 7 8 1 - 
M .543, and the prem axillae diverge for m ore 
than 40 m m  before the deeper prenarial basin.
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F i g .  26. — Rostrum and left prem axillary sac fossa (IRSNB 3781-M.543), Z iphiidae incertae sedis (Ziphiopsis phym atodes  sensu du 
Bus, 1868); A , dorsal view; B, left lateral view . Scale bar: 100 mm.

The excrescences on the maxilla are m uch devel­
oped (some of them  are longer than 8 mm, see 
Fig. 26A) and occupy a m uch wider medially 
sloping maxillary surface. IRSNB 3781-M .543 
is also larger than IRSNB 3782-M .1886. Even 
if the size of the excrescences was demonstrated 
to be variable in Choneziphius planirostris, and 
in spite of the sim ilar kind o f abrupt anterior 
narrowing of the rostrum, this list of differences 
indicates that IRSNB 3781-M .543 is not refer­
able to Beneziphius brevirostris n. gen., n. sp. 
Conversely, this skull lacks im portant apomor- 
phies of Choneziphius-. the mesorostral groove is 
still posteriorly open; the premaxillary sac fossae 
are unexcavated and probably separated; in lat­
eral view, the rostrum  is more quickly anteriorly 
lowering.
The morphology of the maxillae and the premax­
illae around the prenarial basin is comparable to 
the condition in Ziphirostrum turniense, specially 
the holotype IRSNB 3785-M .539. The rostrum 
of Z. turniense is however much longer (550 mm 
for IRSNB 3785-M.539, and more or less 400 mm 
for IRSNB 3781-M .543) and less pointed.

The specimen IRSNB 3781-M .543, identified 
here as the holotype of Ziphiopsis phymatodes du 
Bus, 1868, lacks sufficient features to diagnose 
the species, which is thus a nomen dubium. The 
holotype is therefore classified Ziphiidae incertae 
sedis. Similarities with Ziphirostrum turniense and 
B eneziphius brevirostris n . gen ., n . sp. were 
dem onstrated, bu t the absence of inform ation 
about the vertex precludes a better systematic res­
olution.
Therefore, if considered separately, the character 
“presence of excrescences on the dorsal face of the 
maxillae at the base of the rostrum ” appears to be 
poorly diagnostic at the species level, being pres­
ent in three different taxa and highly variable in 
Choneziphius planirostris — even bilaterally on one 
specimen.

R e v i s i o n  o f  Z ip h io p s is  s e r v a tu s  d u  B u s ,  1868 
The rostrum IRSNB 3806-M .540, holotype and 
only specimen of the species Ziphiopsis servatus 
sensu du Bus, 1868, was figured by Van Beneden 
& Gervais (1880: pi. 27bis, fig. 8), and later 
referred by Abei (1905) to M ioziphius belgicus.
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This incom plete rostrum  is 450 m m  long, but 
some centimetres are probably missing posterior­
ly (Fig. 27D-F). At the base of the rostrum, the 
lateral margin of the dorsal surface is elevated rel­
atively to a shallow  lo n g itu d in a l depression, 
m ainly m arking the prem axilla. This concave 
area is m edially followed by a slope towards a 
median elevation of the premaxillae, partly miss­
ing on the specimen bu t originally closing the 
mesorostral groove. Therefore, no prenarial basin 
could be present. Anteriorly, the margins of the 
broken area diverge, reaching a maximum width 
of 48 m m  270 m m  before the apex. This m or­
phology is probably related to a median crest of 
the jo ined  prem axillae, w hich, because o f its 
prominence, could have been easily broken.
Such a structure is observed on a large and robust 
rostrum  found recently in Antwerp (no precise 
locality), NM B 002 (Fig. 27A-C). This specimen 
(preserved length 700 mm), includes most of the 
rostrum and the anterior portion of the cranium. 
The anterior 290 m m  of the rostrum are marked 
by a high longitudinal median premaxillary crest, 
narrowing and slightly increasing in height poste­
riorly. The m axim um  height o f the rostrum  is 
near the posterior lim it o f the crest (120 m m  
high and 80 m m  wide). The posterior margin of 
the crest is abrupt, posteriorly  extended by a 
lower and narrower crest, nearly reaching the pre­
maxillary sac fossae. This lower crest is margined 
by a shallow longitudinal depression on the pre­
maxilla, laterally limited by a low elevation of the 
maxilla, sim ilar to IRSNB 3806-M .540. This 
allows one to in terpret the dorsal break of the 
premaxillae in IRSNB 3806-M .540 as the base of 
a lost median crest probably resembling the con­
dition of NM B 002. The only difference between 
the two specimens which might be significant at 
a specific level is the shorter and more pointed 
ro s tru m  in  IR SN B  3 8 0 6 -M .5 4 0 . H ow ever, 
IRSNB 3806-M .540 is too fragmentary to allow 
more precise taxonomic determination.
The anterior part of the cranium  of N M B 002 
show s in te re s tin g  features, never prev iously  
observed  in  B elgian  specim ens: the  closely 
appressed and deeply excavated premaxillary sac 
fossae are strongly  asym m etric, w ith  a m uch

wider right premaxillary sac fossa nearly occupy­
ing the same surface on the left side of the medi­
an plane of the skull as on the right (Fig. 27B, C). 
The fossae are anteriorly limited by a high eleva­
tion of the bone, in continuity with their lateral 
ridge. The right fossa is pierced in its anteromedi­
an portion by three foramina; in that area, the 
surface is marked by irregular depressions. 
Anterolaterally to the premaxillary sac fossa, the 
right maxilla supports a crest-like elevation, lon­
gitudinally elongated and medially overhanging 
the depressed suture between maxilla and pre­
maxilla. This medially directed maxillary crest, 
with a maximum height of 20 m m  roughly at the 
level o f the unpreserved antorbital notch, is remi­
niscent, although smaller, of the crest in several 
p la ta n is to id s , in  p a r tic u la r  Z arhachis. T h e  
depressed surface between this crest and the pre­
maxillary sac fossa is pierced by a large dorsal 
infraorbital foramen (diameter o f 12 mm); this 
foramen sends several posterolateral, lateral and 
anterior sulci. A second smaller foramen (5 mm), 
piercing the maxilla posterolaterally to the crest, 
also sends posterior and anterolateral sulci, and 
five additional tiny foramina are present on the 
lateral flank of the crest, coupled with short ante­
riorly directed sulci. Posteriorly to the crest, the 
surface of the maxilla is posterolaterally sloping, 
and is not overhung by the lateral margin of the 
premaxillary sac fossa.
The morphology of the strongly asymmetric pre­
maxillary sac fossae, anteriorly enclosed, shows 
sim ilarities w ith  Tusciziphius B ianucci, 1997, 
from  the Ita lian  Pliocene, b u t no ro stru m  is 
known for that genus. More striking similarities 
are shared with Eboroziphius coelops Leidy, 1876, 
from the Phosphate Beds of South Carolina (fig­
ured by Leidy 1877: pis 30, 31), again at the level 
o f the premaxillary sac fossae, but also on the ros­
trum: the dorsal face of the rostrum of the holo­
type of E. coelops is marked by a median broken 
area separating two low depressions, as in IRSNB 
3806-M .540 and probably related to a median 
longitudinal premaxillary crest. Furthermore, the 
maxilla o f the holotype of E. coelops is elevated 
anterolaterally to the premaxillary sac fossa. The 
maxillary crest is poorly preserved, but it could be
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F i g .  27. — A-C , rostrum and right supraorbital process referred to  Z iphiidae aff. Eboroziphius  (NMB 002); A, dorsal view ; B, right 
lateral view; C, line draw ing of the  dorsal view; D-F, rostrum  referred to  Z iphiidae aff. Eboroziphius (Ziphiopsis servatus sensu du 
Bus, 1868) (IRSNB 3806-M.540). The median portion o f the  premaxillary elevation and the  premaxillary crest, present on NMB 002, 
are broken on th is  specim en; D, dorsal view ; E, line draw ing of the  dorsal view ; F, left lateral view . Scale bars: A, B, D, F, 100 mm.
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F i g .  28. — Pelycorham phus perto rtus  Cope, 1895, right premaxillary sac fossa and base o f the  rostrum  (USNM 13796, holotype), 
from  the  M iocene of the  Chesapeake Group (east coast o f the  USA), dorsal view. Scale bar: 100 mm.

more dorsally and anteriorly developed than in 
N M B  0 02 . A large fo ram en  is also p re se n t 
between this elevation and the premaxillary sac 
fossa. This brief comparison between fragmen­
tary specim ens is no t enough detailed to dis­
crim inate in ter- and intraspecific differences. 
E. coelops was referred to Ziphiidae incertae sedis 
by Fordyce & Muizon (2001), because of a non­
diagnostic holotype. N M B 002 is only slightly 
more complete, and is considered here, together 
w ith  IR SN B  3 8 0 6 -M .5 4 0 , as Z ip h iid ae  aff. 
Eboroziphius. The interest of N M B 002 is then 
more anatom ical than taxonomic: the elevated 
premaxillary crest on the anterior part of the ros­
trum  tentatively explains the break observed in 
the holotype of E. coelops and in IRSNB 3806- 
M .540; it represents an alternative way for a fossil 
ziphiid to increase the mass of the apical part of 
its rostrum.
The extreme asymmetry of the premaxillary sac 
fossae and the abrupt anterior wall o f the right 
fossa, characteristic of NM B 002, are present in 
USN M  13796, the holotype of Pelycorhamphus 
pertortus Cope, 1895 (exact locality unknow n, 
M iocene of the Chesapeake G roup). The fossil 
includes the right premaxillary sac fossa and a 
short portion of the right premaxilla on the ros­
trum  (Fig. 28). The wide and deeply excavated 
premaxillary sac fossa is similar to NM B 002, and 
although the premaxilla is more elevated anterior 
to the fossa, the two specim ens are probably

related. The fragm ent o f skull U SN M  360081 
(location uncertain, N o rth  or South Carolina, 
PPliocene), with a label Choneziphius trachops cf., 
is n ea rly  id e n tic a l to the  h o lo ty p e  o f  P ely­
corhamphus pertortus.

Genus Aporotus du Bus, 1868

Mioziphius Abei, 1905: 9 8 ,partim.

T y p e  SPECIES. — Aporotus recurvirostris du Bus, 1868 
by subsequent designation.

O t h e r  INCLUDED SPECIES. — Aporotus d icyrtus du Bus, 
1868. T he specimens o f the species A. affinis sensu du 
B us, 1868 (in c lu d in g  IR SN B  3 8 1 9 , re fe rred  to  
Mioziphius belgicus by Abei 1905), were not found in the 
collection. They consist in rostral fragments o f maxillae 
and premaxillae, and their brief description by du Bus 
( 1868) places them comparable to Aporotus recurvirostris.

EM EN D ED  DIAGNOSIS. —  Fossii ziphiid differing from 
Z ip h ir o s tr u m , M essap icetus , C h o n ez ip h iu s , an d  
Beneziphius n. gen. in the unfused elevated premaxillae 
covering the mesorostral groove. It further differs from:
— Ziphirostrum  and Messapicetus in: longer and higher 
longitudinal maxillary crest on the preorbital process; a 
longitudinal wide valley between this maxillary crest 
and the more elevated premaxilla on the rostrum;
— Choneziphius in: excavation of a prenarial basin at 
the base of the rostrum; flat surface of the premaxillary 
sac fossae;
— Tusciziphius in: flat surface o f the premaxillary sac 
fossae; thinner transverse premaxillary crests;
— all the o ther know n ziph iid  genera by the dorsal 
roofing o f the m esorostral groove by the th ickened 
premaxillae.
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Because o f the scarcity and incompleteness o f the spec­
im ens referred  to  it, th e  genus Aporotus is poorly  
defined and the polarity o f its characters is difficult to 
establish (see phylogenetic discussion).

Aporotus recurvirostris du Bus, 1868

Aporotus recurvirostris du Bus, 1868: 626.

H o l o t y p e .  —  IRSN B 3812 -M .1887 , partial skull 
(single specimen placed in Aporotus recurvirostris by du 
Bus [1868], included in the species Mioziphius belgicus 
by Abei [1905]).

R e f e r r e d  s p e c im e n s . —  Partial rostra IRSNB 3810, 
IRSNB 3811, IRSN B 3813 , IRSNB 3814, IRSNB 
3 8 1 5 , IR S N B  3 8 1 6 -M .1 8 8 8 , an d  IR SN B  3 8 1 7 , 
found in Antwerp w ithout precise location, and two 
isolated fragments o f rostra IRSNB 8243d and IRSNB 
8243g, both found in O ctober 1909 in Kessel, 18 km 
south-east o f Antwerp.

T y p e  H O R IZ O N . —  T here  are no data available for 
most o f the specimens. The fragments o f premaxillae 
found  in Kessel m ight originate from  the A ntw erp 
Sands, late early to  m iddle M iocene (Louwye et al. 
2 0 0 0 ), b u t th is  k in d  o f  dense frag m en t is strong  
enough to undergo one or more phases o f reworking 
(Glaessner 1947).

T y p e  LOCALITY. —  A ntw erp, Belgium, exact locality 
uncertain.

DIAGNOSIS. —  Species larger than Aporotus dicyrtus, 
Ziphirostrum  m arginatum  and  Choneziphius p la n i­
rostris, w ith  a size o f the skull close to adult Ziphius 
cavirostris (m ore than 380 m m  in preorbital w idth). 
T h is  species differs from  Aporotus dicyrtus in: the 
longer, slightly anterodorsally curved rostrum ; more 
elevated prem axilla on the rostrum  form ing a high 
longitudinal crest w ith a top  m ore posteriorly posi­
tioned and a steeper posterior slope; the deeper and 
wider prenarial basin; the m ore elevated vertex w ith 
transverse premaxillary crests more anteriorly directed 
and  overhanging th e  prem axillary sac fossae. T h is 
species appears to  be more derived than A. dicyrtus for 
most o f the given characters.

D e s c r i p t i o n  ( F i g s  29; 30)
The description is essentially based on the holo­
type, w hich is m uch better preserved than the 
referred specimens, which only consist in rostrum 
fragments. The holotype is a large skull including 
the nearly complete rostrum, the anterior of the 
cranium, and the anterior of the vertex. The basi- 
cranium is lacking, as well as the supraoccipital 
and the frontals on the vertex and the supraor­

bital processes. The rostrum  has a total length 
estimated at 570 mm, close to Ziphirostrum mar­
ginatum, bu t it is clearly curving upwards. The 
cranium is larger and the vertex is higher than for 
the latter species. Only a few additional measure­
m ents could be taken on that skull, because of 
the absence of a clear contact between the two 
halves: the w idth of the rostrum  at the base is 
estimated at 270 mm, and the width of the skull 
at the level of the preorbital processes at 380 mm. 
The m easurem ents on the rostral longitudinal 
premaxillary crests are given below (Table 5).

Premaxilla
The developm ent of elevated longitudinal pre­
maxillary crests makes the rostrum  very high, 
w ith a m axim um  height posteriorly positioned 
(Fig. 29C). The posterior lowering is abrupt and 
steep, while the anterior lowering is progressive 
and accompanied by a narrowing. The right and 
left crests match very well, although there is no 
sutural contact between the median surfaces; in 
fact these surfaces show numerous anastomosed 
vascular sulci, which indicate the absence o f a 
fused suture (Fig. 29D). The most ventral major 
sulcus originates at the large premaxillary fora­
men, located on an elongated depressed surface 
posteromedian to the crest, at the contact w ith 
the premaxillary sac fossa. The lateral surface of 
the crest is also covered by sulci.
The prenarial basin is wide and deep between the 
two maxillary crests, but the medial resorption of 
the prem axillae seems little  p ronounced  (not 
to ta lly  p reserved): th ere  is no in te r ru p tio n  
between the high longitudinal premaxillary crest 
and the premaxillary sac fossa.
The posterior portion of the premaxillae, includ­
ing the premaxillary sac fossae and the transverse 
prem axillary  crests, is poorly  preserved. The 
remaining fragments and the underlying maxillae 
allow a general description of the area: the pre­
maxillary sac fossa is strongly tilted, anteromedi- 
ally facing (seen on the r ig h t side), and the 
curvature continues on the ascending process of 
the bone, so that the roughly rectilinear trans­
verse premaxillary crest is anterolaterally directed 
(Figs 29A; 30A).
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F i g .  29. — A-D, skull o f A poro tus recurvirostris  du Bus, 1868 (IRSNB 3812 -M .1887, holotype); A, dorsal view; B, right dorsolateral 
view ; C, right lateral view ; D, medial v iew  of the  right rostral premaxillary crest show ing the  numerous sulci on the  unfused surface; 
E, F, partial rostrum o f Aporo tus recurvirostrus du Bus, 1868 (IRSNB 3816 -M .1888); E, dorsal view; F, right lateral view. Scale bars: 
A-C , E, F, 100 mm; D, 50 mm.
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Fig. 30. — Line draw ings of the skull o f A porotus recurvirostris du Bus, 1868 (IRSNB 3812-M . 1887, holotype); A, dorsal view; B, right 
lateral view.

Maxilla
Laterally to the longitudinal crest of the premax­
illa, the maxilla is little exposed on the rostrum, 
widening backwards w ithout distinct horizontal 
surface. At a level posterior to the end of the pre­
maxillary crest, the lateral margin of the maxilla 
strongly elevates to form an elongated longitudi­
nal crest, m ore acute and higher on the right 
side, w ith  a m axim um  height just before the 
antorbital notch. The posterior part o f the crest, 
lowering on the preorbital process, is excavated 
by a dorsal infraorbital foramen (with a double 
exit on the right side), and a posteriorly directed 
foramen is present at the base of the inner slope

of the crest, along the suture with the premaxil­
la. A wide valley separates the m axillary crest 
from  the rostral longitudinal crest of the pre­
maxilla, anterolaterally directed from the prenar­
ial basin.
In lateral view, the curvature o f the rostrum  is 
distinct at the level of the lateral suture between 
m axilla and prem axilla. T he m axilla finishes 
anteriorly at least 60 m m  before the apex of the 
rostrum . The latter is form ed only of the pre­
maxilla, laterally hollowed by a deep sulcus ante­
riorly following a foramen located at the apex of 
the maxilla. The lateral margin of the maxilla is 
less dense and more eroded than the premaxilla;
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T a b l e  5 . — Measurements (in mm) on the  rostral premaxillary crests o f A porotus recurvirostris du Bus, 1 8 6 8 , from the Neogene of 
Antwerp. - ,  no data. See Figure 1 for the description of the measurements.

IRSNB
3810

IRSNB
3811

IRSNB
3812-M.

1887
(type)

IRSNB
3813

IRSNB
3814

IRSNB
3815

IRSNB 
3816-M. 

1888

IRSNB
3817

IRSNB
8243g

IRSNB
8243d

1. maximal height left _ _ 52 49 44 42 45 43 42 _

2. maximal height right 69 51 63 53 54 48 50 49 - 46
3. maximal width left - - 45 - 39 33 34 27 34 -

4. maximal width right 45 34 47 44 38 34 38 28 - 32

instead of an alveolar groove, there is a shallow 
depression w ith  an irregular surface, lacking 
alveoli.
The maxilla is thin on the supraorbital process 
compared to the thick preorbital process of the 
fro n ta l. A large dorsal in fra o rb ita l fo ram en  
pierces the supraorbital process of the maxilla 
near the posterolateral edge, accompanied by a 
more anterior smaller foramen.
The erect medial plate of the maxilla at the vertex 
extends medially beyond the level of the lateral 
margin of the nasal.

Nasal
The nasals, slightly longer than wide, are antero- 
medially pointed, w ith a concave posterior mar­
gin. The left nasal is shorter and narrower than 
the right, and the median suture is anterolateral­
ly deflected on the left side. The mesethmoid is 
lost.

Palatine-vomer-lacrimal-jugal 
The m edian sutures o f the rostrum  are totally 
eroded, the palatine is poorly  delim ited , the 
pterygoid is lost, and the vomer is preserved as a 
high keel in front of the choanae. The suture of 
the lacrimal w ith the frontal is no t completely 
fused, allowing a good correlation with the mor­
phology of Ziphius. The jugal is lost.

A d d i t i o n a l  s p e c i m e n s

Several paired (six) and isolated (four) rostral lon­
gitudinal premaxillary crests similar to those of 
the holotype of Aporotus recurvirostris were found

at Antwerp and Kessel. Surprisingly, the pairs, 
always clearly belonging to a same individual 
(Fig. 29E, F), never show a bony suture, even 
ventrally. They were thus probably transported 
w ith  o ther parts o f the ro strum , w hich were 
destroyed after deposition  and before burial, 
maybe because of their higher porosity. The right 
crest is in  each case h igher th an  the left (see 
Table 5), with a difference of 8 to 17%, but not 
c learly  w ider. T h ere  is no good co rre la tio n  
between the degree of asymmetry and the height 
o f the crest. The m axim um  elevation is some­
times located somewhat more anteriorly than on 
the holotype.

Aporotus dicyrtus du Bus, 1868

Aporotus dicyrtus du Bus, 1868: 627. — Van Beneden 
& Gervais 1880: pi. 27bis, fig. 6.

H o l o t y p e  a n d  o n l y  r e f e r r e d  s p e c im e n . —  IRSNB 
3808-M .541, partial skull, single specimen o f Aporotus 
dicyrtus du Bus, 1868, and  referred  to  M ioziph ius  
belgicus by Abei (1905).

T y p e  E IO R IZ O N . —  N o d a ta  av a ilab le , p ro b a b ly  
Miocene or lower Pliocene.

T y p e  LOCALITY. —  A ntw erp, Belgium, exact locality 
uncertain.

EM ENDED DIAGNOSIS. —  Smaller than Aporotus recurvi­
rostris , w ith  a sk u ll size c lose  to  C h o n ezip h iu s  
planirostris. It differs from Aporotus recurvirostris in: the 
shorter and rectilinear rostrum ; the lower premaxillae 
on the rostrum , w ith the top o f the longitudinal crests 
m ore an te rio rly  located  and  th e  posterio r slope less 
steep; the reduced prenarial basin; the lower vertex w ith 
transverse premaxillary crests more laterally directed.
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Fig. 31. — Skull o f Aporo tus dicyrtus  du Bus, 1868 (IRSNB 3808-M .541, holotype); A, dorsal view; B, line draw ing of the dorsal view; 
C, detail o f the  vertex In dorsal view ; D, righ t lateral v iew ; E, line draw ing o f the  righ t lateral v iew . Scale bars: A, D, 100 mm; 
C, 50 mm.
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T a b l e  6. — Measurements (in mm) on the  skull o f the holotype of 
A poro tus d icyrtus  du Bus, 1868 (IRSNB 3808-M.541), from the 
Neogene o f A n tw erp . +, incom p le te . The m axim um  heigh t is 
taken parallel to  the  lateral surface of the  crest, and the  m axi­
mum w idth, perpendicular.

IRSNB 3808-M .541

1. length rostrum +390
3. maximal anterior height rostrum 75
4. maximal anterior width rostrum 59
7. width base rostrum 170
10. width premaxillary sa c  fossae 115
11. width right premaxillary sac fossa 56
12. width left premaxillary sa c  fossa 42
13. width bony nares 48
14. width nasals 74
15. width transverse premaxillary crests 129
16. minimal posterior distance

between maxillae 64

D e s c r i p t i o n  o f  t h e  h o l o t y p e  ( F i g . 3 1 )

This eroded specimen includes a nearly complete 
straight rostrum, the premaxillary sac fossae, the 
vertex, and parts o f the supraorbital processes. 
T h e  sk u ll has a size close to  C honeziph ius  
planirostris, slightly smaller than Ziphirostrum  
marginatum (see Table 6), with a relatively shorter 
rostrum.
T he aspect o f the prem axilla on the rostrum  is 
com pletely different from  the rest o f the skull, 
even from the underlying maxillae: the surfaces are 
smooth and non-eroded, indicating osteosclerotic 
bone (Fig. 3 IA, D). This portion of the premaxilla 
is dorsally and laterally thickened, w ith a maxi­
m um  w idth and height at m id-length of the ros­
trum , where the bone overhangs the maxilla. The 
two premaxillae are roughly medially apposed, but 
w ithout obvious sutural contact; the internal sur­
face of those bones is hollowed by numerous small 
vascular sulci, as in Aporotus recurvirostris. This 
dense part o f the prem axilla nearly reaches the 
premaxillary sac fossa, with a short posterior sepa­
ra tio n  betw een  the p rem axillae , o p en in g  the 
mesorostral groove for 40 m m  before the premax­
illary sac fossae. The dorsal surface of the premax­
illary sac fossa is flat, smooth, and higher than the 
adjacent lateral maxilla. The right premaxilla is 
wider than the left at that level (with a maximum 
width of respectively 56 and 42 mm). The ascend­

ing process o f the prem axilla does n o t becom e 
vertical. The poorly thickened transverse premax­
illary crest is anterolaterally directed, with a termi­
nal lateral curvature (Fig. 31C).
The triangular nasals are well developed between 
the prem axillary  crests; the ro u n d ed  an te ro ­
median tip overhangs the bony nares. The median 
suture of the nasals is slightly anteriorly deflected 
on the left side. The nasals do not go farther pos­
teriorly  than  the prem axillary crests and their 
suture with the frontals is roughly rectilinear.
The width of the strip of frontals on the vertex is 
more than two times its length and the median 
suture is not distinct.
At the base of the rostrum, the maxilla occupies a 
large and poorly elevated portion of the dorsal 
surface, progressively anteriorly narrowing, disap­
pearing  under the prem axilla  before h a lf the 
length of the rostrum . The m ain feature in the 
dorsal view of the supraorbital process is the lon­
gitudinal crest starting 40 m m  anteromedially to 
the antorbital notch and ending before the large 
dorsal infraorbital foramen on the supraorbital 
process. The inner slope of the crest is more pro­
nounced than the outer, and a large foramen is 
present between the crest and the premaxillary 
sac fossa, at the level of the antorbital notch. 
There is no trace of alveoli for maxillary teeth on 
the poorly preserved lateral face of the rostrum. 
T he ventral face is no t better preserved; only 
small fragments of the palatine indicate an anteri­
or lim it of that bone 130 m m  anteriorly to the 
antorbital notches.

S y s t e m a t i c  d i s c u s s io n

This partial skull IRSNB 3808-M .541, ho lo ­
type and only specimen of the species Aporotus 
dicyrtus, possesses a set o f characters that makes 
it d ifficult to clearly iden tify  the genus. The 
attribution by du Bus (1868) to the same genus 
as A. recurvirostris is justified by the non-fusion 
of the premaxillae above the mesorostral groove, 
a character that m ight be considered as prim i­
tive , even i f  it  is also p re sen t in  the ex tan t 
Ziphius — for which it was considered as a rever­
sion by B ianucci et al. (1994). O w en (1870) 
c ritic iz e d  th e  se p a ra tio n  o f  A poro tus  fro m
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Fig. 32. — Rostrum referred to  Z iphiidae aff. A. d icyrtus (Ziphirostrum tum idum  sensu du Bus, 1868) (IRSNB 3807-M.1889); A, dorsal 
view; B, right lateral view. Scale bar: 100 mm.

Ziphirostrum , th ink ing  th a t the unfused p re­
maxillae constitute a feature no t admissible as a 
generic character. In my opinion, this character 
m igh t be valid  because o f fu n c tio n a l conse­
quences at the level o f the vascularization: the 
strong vascularization described on the median 
surface of the premaxillae in the two species of 
Aporotus is a feature impossible to retain if  the 
two premaxillae are fused, as in Ziphirostrum  or 
Choneziphius. T his surface o f vascularization 
m ight help to develop larger prominences of the 
premaxillae. The lack of fusion of the premaxil­
lae m ight therefore be related to the higher pre­
maxillary prom inences o f Aporotus, w hich are 
likely derived.
IRSNB 3808-M .541 also shares w ith A  recurvi­
rostris a longitudinal maxillary crest on the pre­
orbital process and the valley between this crest 
and the elevated dense prem axilla on the ros­
trum . However, tha t m orphology, separating 
the two species of Aporotus from Ziphirostrum, is 
also observed in Ziphius-, rostro-facial structure 
m ight group Ziphius and Aporotus in  a m ono- 
p h y le tic  tax o n , w ith  Z ip h iu s  m ore  derived  
because o f the more dorsoanteriorly elongated 
nasals and the more asymmetrical premaxillary 
sac fossae.

R e v i s i o n  o f  Z ip h ir o s tr u m  tu m id u m d u  B u s ,  1 8 6 8  

The species Ziphirostrum tum idum  was estab­
lished by du Bus (1868) for the single rostrum  
IRSNB 3807-M .1889, stressing the spectacular 
dorsolateral development of the premaxillae. The 
p a r tia l fu sio n  o f  the  p rem ax illae  above the 
mesorostral groove probably lead du Bus (1868) 
to include the species in Ziphirostrum. This speci­
men was later included in the species Mioziphius 
belgicus by Abei (1905).

Description o f  the rostral fragment (Fig. 32)
This rostrum, 410 m m  long, lacks the base and 
fragm en ts o f  the  apex. T h e  p rem axillae  are 
extremely developed to form a massive elongated 
dome, hiding the maxillae from the dorsal view. 
The maximum height of the rostrum, roughly at 
mid-length, is 92 mm, with a maximum width of 
82 m m  at the same level. The premaxillae are 
o n ly  p a r tly  fused  a lo n g  th e ir  d o rso m ed ian  
contact above the reduced mesorostral groove; a 
clear break surface is only present on the ventral 
part of the contact surface. The surface of the 
premaxillae is sm ooth, hollowed by num erous 
small vascularization sulci, in a way similar to 
Aporotus dicyrtus. A main longitudinal sulcus on 
the lateral surface, progressively dividing from the
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apex of the rostrum , is rem in iscent o f Z iph i-  
rotrum turniense. The maxillae have a more erod­
ed surface, only partially preserved.

Discussion
The general m orphology of the premaxillae is 
similar to A. dicyrtus; even the position of the top 
of the dome is roughly at the same level relatively 
to the an te rio r m arg in  o f  the pa la tine  (only 
20 m m  more anterior in IRSNB 3807-M .1889). 
T he two m ain differences are the m uch m ore 
im portant development of the dome and the par­
tial fusion o f the premaxillae above the m eso­
rostral groove on IRSNB 3807-M .1889. This 
fragmentary specimen probably belongs in or is 
close to A. dicyrtus; if the former, then individual 
variation is marked, and it m ight correspond to 
an im portan t sexual dim orphism  and/or on to ­
gene tic  developm en t. I f  it  was the case, the 
d e f in itio n  o f  the  genus Aporotus, in c lu d in g  
A. recurvirostris and A. dicyrtus, would be weak­
ened, as IRSNB 3807-M .1889 does no t share 
with those two species the character “absence of 
fusion of the premaxillae above the mesorostral 
groove”. IRSNB 3807-M .1889 is provisionally 
referred to Ziphiidae aff. A. dicyrtus.

SUMMARY OF T H E  SYSTEMATIC 
REVISION -  NU M BER OF SPECIMENS 
FROM  ANTW ERP IN  EACH REVISED 
TAXON

Ziphirostrum marginatum du Bus, 1868: 16 spe­
cimens;
Z. turniense du Bus, 1868: two specimens;
Z. recurvus (du Bus, 1868) n. comb.: one specimen; 
Choneziphius planirostris (Cuvier, 1823): 20 spe­
cimens;
C. macrops (Leidy, 1876): one specimen; 
Beneziphius brevirostris n. gen., n. sp.: two speci­
mens;
Aporotus recurvirostris du Bus, 1868: 10 specimens ; 
A. dicyrtus du Bus, 1868: one specimen;
Ziphiidae aff. A. dicyrtus-. one specimen;
Ziphiidae aff. Eboroziphius-. two specimens; 
Ziphiidae incertae sedis-. four specimens.

GENERAL PHYLOGENETIC 
CO N SIDERATIONS

I n t r o d u c t i o n

To investigate the phylogenetic relationships of 
the fossil and extant ziphiids, a cladistic analysis 
was carried ou t w ith  the parsim ony program  
PAUP, version 4.0 beta 10 (Swofford 1998). All 
the extant genera were used here. For the fossil 
ziphiids, only the taxa represented by the anterior 
o f the cranium and the vertex were selected. For 
that reason, Ninoziphius was not included in the 
analysis. The definition of the genus Aporotus is 
too weak to allow its inclusion in the analysis and 
the inform ation about the cranium  of the type 
species A. recurvirostris is too  frag m en tary . 
Bianucci et al. (1992, 1994) noticed similarities 
b e tw een  M essapicetus and  Z ip h iro s tru m . 
N evertheless, the differences between the two 
taxa highlighted by these authors for the cranium 
might be slightly overweighted. For example, the 
rostrum  of Messapicetus is longer bu t the more 
elongated braincase could reflect post-mortem lat­
eral crushing. The nasals of Ziphirostrum mar­
ginatum  reconstructed by Bianucci et al. (1994: 
fig. 7) are too long: Z. marginatum  has actually 
tr ia n g u la r  nasals s im ila r  to  M essapicetus. 
Furtherm ore, the latter drawing does not show 
the clear angle of the lateral portion of the pre­
maxillary crest (see Fig. 5D), in a way similar to 
Messapicetus (a misinterpretation probably due to 
the too anterior orientation of the figure of Abei 
[1905: fig. 17], hiding the angle). The absence of 
a prenarial basin suggested by Bianucci et al. 
(19 9 4 ) in  M essapicetus is d iff ic u lt to  check 
because o f the incom plete p reparation  o f the 
holotype of M . longirostris, but the medial side of 
th e  p rem ax illae  is c learly  p a r tly  re so rb ed . 
Messapicetus and Ziphirostrum  should at least be 
considered  as sister-groups. For this reason, 
M . longirostris is not taken as a separate taxon in 
the phylogenetic study here, because it has the 
same polarity than Ziphirostrum for all the char­
acters.
The taxa included in the analysis are: the extant 
z iph iids Berardius, Hyperoodon, Indopacetus, 
Mesoplodon, Tasmacetus, and Ziphius-, the fossil
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z ip h iid s  B eneziphius  n . gen ., C honeziphius, 
Tusciziphius, and Ziphirostrum-, the prim itive 
odontocete Squaloziphius Muizon, 1991 and the 
eurhinodelphinid Ziphiodelphis Dal Piaz, 1908. 
Squalodon is chosen a priori as outgroup. The 
inform ation about Indopacetus, Squaloziphius, 
and Tusciziphius is taken  from  the lite ra tu re  
(Longman 1926; M uizon 1991; Bianucci 1997; 
p h o to g ra p h s  o f  Indopacetus  k in d ly  sen t by 
G. Bianucci). For all the other genera, personal 
observations were made in the collections of the
IRSN B, M G P D , M N H N , M P, U SN M , and 
ZMA. A matrix of 21 characters, all informative 
and treated as unordered and unweighted, was 
built for these 13 taxa (see Appendices 1 and 2 
for the data-m atrix and the description o f the 
characters).

R e s u l t s

The heuristic analysis used is a general heuristic 
search with parsimony as optimality criterion, the 
branch-swapping algorithm  is a tree-bisection- 
reconnection (TBR).
The heuristic search resulted in four shortest trees 
with: tree length 32 steps; C l 0.94; RI 0.95. The 
consensus tree and one of the shortest trees are 
shown in Figure 33. The consensus tree shows a 
sister-group relationship between Ziphirostrum + 
Beneziphius n. gen. and Choneziphius + ( Tusci­
ziphius + Ziphius). The position of Indopacetus 
is n o t fu lly  reso lv ed , o n ly  s is te r-g ro u p  o f 
Mesoplodon + Hyperoodon in  two o f the four 
shortest trees. Tasmacetus and Berardius are both 
more basal than the other ziphiids of the analysis; 
they form  a m onophyletic group in  two trees, 
and Tasmacetus is more basal in the two others.

D i s c u s s i o n

In spite of the low resolution for the position of 
Berardius, Tasmacetus, and  Indopacetus, the 
consensus tree differs from several morphological 
analyses (Moore 1968: phenetic; M uizon 1991; 
Bianucci et al. 1994; Geisler & Sanders 2003) in 
the  m ore  basal p o s it io n  o f  B erard ius  and 
Tasmacetus relatively to the other extant ziphiids. 
Close relationships between Ziphius, Mesoplodon, 
and Hyperoodon were revealed by the study of the

D N A  satellite (G rétarsdottir & Arnason 1993) 
and by m orpho log ical studies (M essenger & 
M cG uire 1998), isolating the m ore prim itive 
Berardius and Tasmacetus, and therefore no t 
contradicting the consensus tree presented here. 
The subfamily H yperoodontinae sensu Muizon, 
1991, inc lud ing  Indopacetus + (Hyperoodon + 
Mesoplodon) is only found in half the shortest 
trees (F ig. 33B ), even i f  the  s im ila ritie s  o f  
Indopacetus with the two other genera (especially 
Mesoplodon) are obvious (review in Dalebout et
al. 2003).
For the fossil ziphiids of Antwerp, the consensus 
tree proposes that Choneziphius and Ziphius are 
more closely related to each other than any of 
them is to Ziphirostrum, as suggested by Bianucci 
et al. (1994), but differing from M uizon (1991) 
who obtained a sister-group relationship between 
Ziphirostrum  and Choneziphius. The interpreta­
tio n  is also d iffe ren t from  the hypo thesis o f 
B ianucci (1997), w ho g rouped  Hyperoodon, 
Mesoplodon, Tusciziphius, and Ziphius by “the 
ascending po rtio n s o f  prem axillae an terio rly  
curved near the vertex”; the condition of the pre­
maxillary crests in Hyperoodon and Mesoplodon is 
estimated non-hom ologous to the overhanging 
seen in Choneziphius, Tusciziphius, and Ziphius, 
in which it is correlated to the concavity/excava- 
tion of the premaxillary sac fossae, w ith a pre­
m axillary crest an te ro la te ra lly  d irec ted . T he 
vomerian mesorostral ossification seems also non- 
hom ologous in  Ziphius  and Mesoplodon-, it is 
m u ch  denser and has a sm o o th e r surface in 
Mesoplodon, and the similarity is considered here 
as a convergency, contrary  to the assertion of 
Bianucci (1997).
The content of the subfamily Ziphiinae is m od­
ified compared to M uizon (1991) and Bianucci 
et al. (1994), only including the last com m on 
ancestor of Ziphius and Ziphirostrum  and all its 
descendants (= tribe Z iphiini in Bianucci et al. 
1994). It is therefore possible to define a sub­
fam ily  B e ra rd iin a e  (= tr ib e  B e ra rd iin i in  
Bianucci et al. 1994) including Berardius and 
Tasmacetus. However, the support is weak; it is 
only found in two trees, w ith one synapomor- 
phy: “nasals distinctly wider than the frontals on
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Fig. 33. — A, consensus tree show ing the  relationships of the fossil ziph iids from the  Neogene of A ntw erp w ith  other fossil and 
extant genera; B, one of the  four shortest trees. Tree length: 32; Rl: 0.94; Cl: 0.93. Character-state optim ization: acctran. Numbers at 
each node refer to  characters listed In the  A ppendix 2. Change from state 0 or 1 to  state 2 ('); change from state 0, 1 or 2 to  state 
3 (” ); reversal from state 1 to  state 0 (*); f , strictly fossil genus.
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the vertex”. The molecular studies of Dalebout 
et al. (1 9 9 8 , 2 0 0 2 ) an d  V an  H e id e n  et al. 
(2 0 0 2 ) , u n d e r ta k e n  to  id e n t i fy  e x ta n t 
M esoplodon species by m ito ch o n d ria l D N A , 
provided bootstrap values lower than 50 for the 
ziphiid nodes, w ith the exception o f the basal 
position of Berardius relatively to Hyperoodon, 
Mesoplodon, Tasmacetus, and Ziphius, which is 
well supported.
Aporotus might be close to the clade Choneziphius 
+ (.Ziphius + Tusciziphius), with a developed max­
illary crest on the preorbital process. F urther­
more, Aporotus recurvirostris has a deep and wide 
prenarial basin, and more anteriorly directed pre- 
m axillary  crests on the elevated vertex  th an  
Beneziphius n. gen. and Ziphirostrum. However, 
the asym m etry o f the prem axillary sac fossae 
cou ld  n o t be e s tim a ted  on  the  h o lo ty p e  o f  
A. recurvirostris, and the second species, A. dicyr- 
tus, has a shallower prenarial basin and more lat­
erally directed premaxillary crests. Actually, this 
genus would necessitate additional material for a 
better definition and a more precise phylogenetic 
placement.
T he early M iocene odon tocete  Squaloziphius 
emlongi was included in the family Ziphiidae by 
M uizon (1991) because of: the presence of an 
elevated vertex w ith  transverse prem axillary  
crests and w ith the medial edge o f the maxilla 
and the lateral edge of the premaxilla overhang­
ing the maxilla laterally; a strong development 
of the hamular lobe of the pterygoid sinus and a 
consequent enlargement o f the hamular process 
of the pterygoid. T hat hypothesis was discussed 
by Fordyce & Barnes (1994), who affirmed that 
this skull lacks convincing ziphiid features and 
appears m ore rem in iscen t o f E u rh inodelph i- 
nidae. In a detailed m orphological analysis of 
the cetaceans, Geisler & Sanders (2003) obtain 
a consensus tree where Squaloziphius is sister- 
group of crown-Odontoceti. The consensus tree 
presented here shows a sister-group relationship 
between Squaloziphius and all the known ziphi­
ids; this re la tionsh ip  is supported  by: 1) the 
widening of the pterygoid sinus fossa anterior to 
the ear bones by posterolateral development of 
the dorsal lamina of the pterygoid, reaching or

going beyond the lateral level o f the falciform 
process of the squamosal; and 2) the widening 
of the basioccipital basin. These two characters 
are absen t in  the  e u rh in o d e lp h in id  Z ip h io -  
delphis, w hich  is m ore sternw ard; th is resu lt 
confirm s the op in ion  o f M uizon  (1991) tha t 
Squaloziph ius  is m ore closely re la ted  to the 
z ip h iid s  th a n  to  th e  e u rh in o d e lp h in id s .  
N evertheless, Squaloziphius lacks several key- 
characters o f the ziphiids: its vertex is not more 
elevated than in several eurhinodelphinids, with 
transverse prem axillary  crests n o t w ider; its 
ham ular process is barely more developed than 
in Ziphiodelphis abeli (Pilleri 1985: pi. 39, fig. b), 
and it is not excavated until its ventral margin, 
contrary to the ziphiids; the nasals are small, not 
anteriorly developed; the postglenoid process is 
very long ventrally. It is therefore probably bet­
ter to keep Squaloziphius ou tside the fam ily 
Ziphiidae.
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APPENDIX 1
Data-m atrix o f 21 characters for one outgroup, Squalodon, and 12 analysed taxa. All characters w ith  m ultiple states are treated as 
unordered; 0, prim itive state; 1, 2, 3, derived states; a, variable between 0 and 1; ?, missing character; -, irrelevant character. See 
A ppend ix 2 for explanation of the  characters.

1 1 2
5 0 5 1

Squalodon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ziphiodelphis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Squaloziphius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 7 ?
Tasmacetus 1 0 0 0 1 1 0 0 1 0 0 0 0 1 0 1 1 1 1 0 0
Berardius 1 0 0 0 1 1 0 0 1 0 0 0 0 1 0 1 1 1 1 1 1
Indopacetus 1 3 0 0 0 1 0 0 2 0 0 0 0 1 0 1 1 1 1 1 2
Mesoplodon 1 3 0 a 0 1 1 1 2 0 0 0 0 1 0 1 1 1 1 1 2
Hyperoodon 1 3 0 1 0 - 1 1 2 - 0 0 0 1 0 1 1 1 1 1 2
Ziphius 1 2 2 2 0 2 0 0 2 2 1 1 1 1 0 1 1 1 1 1 2
Ziphirostrum 1 1 1 0 0 1 0 0 2 1 0 0 2 1  1 7 7 1 7 7 ?
Beneziphius n. gen. 1 1 1 0 0 1 0 0 7 1 0 0 2 1  1 ? ? ? ? ? ?
Choneziphius 1 2 1 0 0 2 0 0 7 2 1 1 0 1 1 ? ? ? ? ? ?
Tusciziphius 1 2 2 2 0 2 0 0 2 2 1 7 7 7 ? 1 7 1 1 7 ?

APPENDIX 2
List of characters used in the  cladistic analysis.

1 - E levated  ve rtex  w ith  transverse  p rem axillary  
crests and the medial plate of the maxillae overhang­
ing the lateral part of the bone
(0) No.
(1) Yes.
The vertex and the premaxillary crests of Squaloziphius 
are not as developed as in the known ziphiids, and that 
area is not distinct enough from som e eurhinodelphinids 
to allow the elaboration of a clear diagnostic character.
2 - Transverse premaxillary crests (orientation best seen 
on the posterolateral edge of the premaxillary crest)
(0) Absent or narrow and transversely oriented.
(1) Median portion anterolaterally directed separated  
from the more laterally directed lateral portion by a dis­
tinct angle.
(2) More anteriorly directed, without angle.
(3) Much thickened, laterally elongated and slightly to 
more deeply lateroposteriorly bent.
3 - Contact between nasal and transverse premaxil­
lary crest (or sketch of crest)
(0) Wide, on the whole length of the premaxilla on the 
vertex.
(1) Much reduced, only on the posterolateral corner of 
the nasal.
(2) Secondary filling of the sp a ce  between premaxilla 
and nasal by cartilage (Ziphius) or bone (Tusciziphius).
4 - Overhanging of the more ventral part of the pre­
maxillae and the bony nares by the transverse pre­
maxillary crests
(0) No, p rem axillae  not reachi ng  (Berardius, 
Squaloziphius) or just reaching the vertical.
(1) Yes, by anterodorsal curvature of the median portion 
of the premaxillary crest.

(2) Yes, mostly by anterodorsal development of the late­
ral portion of the crest.
5 - Nasals distinctly w ider than the frontals on the 
vertex
(0) No.
(1) Yes.
6 - Anterior development of the nasals with a relati­
vely pointed apex anterior to the premaxillary crests
(0) No.
(1) Yes.
(2) Further anterior developm ent of the nasals, with the 
maximum width of the bones at the anterior margin. 
The more pronounced median excavation of the nasals in 
Hyperoodon and several specim ens of Mesoplodon pre­
cludes the estimation of the character state. Even if most 
of the nasals is lost in Choneziphius, the condition is sug­
gested to be homologous to Tusciziphius and Ziphius.
7 - Excavation of a median valley on the anterodor­
sal surface of the nasals
(0) No.
(1) Yes.
8 - Nasals thrusted into the median portion of the  
premaxillary crests
(0) No.
(1) Yes.
9 - Anterom edian projection of the supraoccipital 
between the posterior margins of the maxillae
(0) Absent.
(1) Present, but lower than the vertex.
(2) Roughly reaching the level of the vertex.
Contrary to Ziphirostrum, the frontals of Choneziphius 
and Beneziphius n. gen. are not sufficiently preserved 
on the vertex to estimate this character.
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10 - Asymmetry of the premaxillae at the level of the 
prem axillary sac fossae: ratio betw een maxim um  
widths of left and right premaxillae
(0) Higher than 0.79.
(1) From 0.69 to 0.79.
(2) Lower than 0.69, with a much narrowed dorsal part 
of the left premaxilla.
The condi t i on in Hyperoodon sp p . c oul d not be  
estimated due to the high development of the maxillary 
crests, modifying the proportions of the premaxillae 
medially.
11 - Excavation of the premaxillary sac fossae
(0) No.
(1) Yes.
12 - Premaxillary sac fossa laterally overhanging a 
longitudinal valley on the maxilla
(0) No.
(1) Yes.
13 - Prenarial basin
(0) Absent.
(1) Laterally margined by the premaxillae.
(2) Laterally margined by a thick strip of maxilla.
14 - Divergence of the lateral margins of the rostrum  
in direction of the antorbital notches
(0) Weak, margins stay nearly parallel.
(1) Stronger, lateral margins distinctly concave in dorsal 
view.
The morphology of the base of the rostrum is strongly 
modified in Hyperoodon by the developm ent of the  
maxillary crests.
15 - Dorsal roofing of the m esorostral groove by 
dorsom edian developm ent of the th ickened  p re ­
maxillae on the rostrum
(0) No.
(1) Yes.
16 - Ventral extension of the postglenoid process of 
the squamosal

(0) As long as or longer than the paroccipital process of 
the exoccipital.
(1) Shorter.
17 - Hamular process of the pterygoid much ventral- 
ly developed, at least until the ventral margin of the 
basicranium, and excavated by the large lobe of the 
pterygoid sinus roughly until its ventral edge
(0) No.
(1) Yes.
The hamular process of Squaloziphius is well ventrally 
developed, but it is not excavated on its whole height, in 
a way similar to eurhinodelphinids as Ziphiodelphis. The 
anterior pterygoid sinus fossa  of Squaloziphius is also 
shorter than in ziphiids, not reaching the level of the 
antorbital notch.
18 - Widening of the pterygoid sinus fossa anterior 
to the ear bones by posterolateral developm ent of 
the dorsal lamina of the pterygoid, reaching or going 
beyond the lateral level of the falciform process of 
the squamosal
(0) No.
(1) Yes.
19 - Width of the basioccipital basin: ratio between  
the width of the basin across the alaris processes 
and the bizygomatic width of the skull
(0) Lower than 0.52.
(1) Higher or equal to 0.52.
20 - Length of the mandibular symphysis
(0) More than one third of the total length of the man­
dible.
(1) Less than one third.
21 - Number of alveoli on the mandible bearing erupt­
ed teeth when adult
(0) More than two pairs, with alveoli for maxillary teeth.
(1) Two pairs.
(2) O ne pair,  di morphi c  at le a s t  in Mesoplodon, 
Hyperoodon and Ziphius.
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