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Evolutionary history of Balaenidae

Michelangelo Bisconti

Summary

The living species ofthe family Balaenidaeare experiencing a very high extinctionrisk. Knowledge of theirevolution-

ary history maybe helpful in conservationstrategies. In this paper a review and osteological diagnoses for the genera

and species of the Balaenidae is given. Also palaeoecological features are determined, like the evolution of a large

body size, changes in species composition and changes in the choice of reproductive sites over the last five million

years. Finally, an overview of the problems encountered in balaenid conservation is made.

The family Balaenidaeincludes two living genera and three or four species depending on the systematic treatment

that is preferred (morphology-based or molecular-based). Here, a review of the fossil record of Balaenidaeis given,
and the validity of several taxonomic names, based on the revision of type materialsheld in some European institu-

tions, is assessed. From the comparative analyses of this paper, it is concluded that Balaenulapraediolensis, Balaena

paronai, Balaenaprimigenius, and Balaenaetrusca represent indeterminateBalaenidae genera.Emendedosteological di-

agnoses for theremaining validtaxa are provided: the genus Eubalaena(including two or three living species: E. gla-

cialis, E. australis, and, possibly, E. japonica), the genusBalaena (including two species: B. montalionisand B. mysticetus),
the

genus
Balaenula(including threespecies: B. balaenopsis, B. astensis, and B. sp. nov. fromJapan), the genusBalaenotus

(including one species: B. insignis). The phylogenetic analyses of Balaenidae, that havebeen published over the past
few years, are revisedand a consensus view,based on bothmolecules and morphology, is proposed. Three themes in

the palaeoecology of Balaenidae are assessed: the evolution of large body size, changes in species composition in

Pliocene-to-Recentbalaenidassemblages, and changes inbalaenidpreference in choosing reproductive sites over the

last five millionyears. Palaeobiogeographic works on Balaenidaeare reviewedbased on the distributionof the fossil

taxa and recent molecular works. A general overview of theproblems encountered inbalaenid conservationis made

in light of phylogenetic works based on molecular divergences and the fossil record.

Samenvatting

De levendevertegenwoordigers van de familievan de Balaenidae(baleinwalvissen) lopenrisico omuit te sterven. De

kennis van hunevolutiegeschiedenis zou kunnen helpen om strategieën voor hunbehoud te ontwikkelen. In ditarti-

kel wordt een overzicht
gegeven van de familie van de baleinwalvissen met osteologische diagnoses (onderschei-

dingskenmerken aan het skelet) van de verschillendegeslachten en soorten. Ook wordener enkele paleoecologische
kenmerken behandeld, zoals een toenemendelichaamsomvang, veranderingen in soortensamenstelling en verande-

ringen in de keus van voortplantingsplaatsen. Tenslotte wordt een overzicht
gegeven van de problemen die zich

voordoenbij de bescherming van de baleinwalvisachtigen.

Introduction

Balaenids differ from Balaenopteridae, including

rorquals (genus Balaenoptera) and humpbacks

(genus Megaptera), in theirarched rostrum, and in

that in rorquals and humpbacks the maxilla is

transversely expanded while in balaenids it is

transversely compressed (Fig. lb-c); the rorqual's
rostrum is flat and wide and that of balaenids is

transversely narrow (Fig. 2b-c). Moreover, balae-

nopterids have ventral throat grooves, which

allow them to expand their mouth cavity during

feeding in order toaccommodate a large quantity
of food-containing water; in balaenids the ventral

throat grooves are absent, and the mouth cavity

cannotbe expanded. However, dueto the arched

rostrum, the mouth cavity of balaenids is very

wide and is occupied by the longest baleens

Balaenids are large, slow-swimming cetaceans.

They belong to the family Balaenidae that is

included in the suborder Mysticeti, the baleen or

whaleboonwhales. Scientists have known Balae-

nidae since before the times of Linnaeus (1758)
but these whales received their family-level
denominationby Gray in 1825, sixty-seven years

after Linnaeus' Systema naturae. Balaenids differ

from other living mysticetes in that they have an

arched rostrum, and a body that is deep and

stocky (Burns et al, 1993).

Compared to other living mysticetes, balaenids

exhibit a low diversity. Only two genera are

living today: Balaena (the Bowhead whale that

includes the only living species Balaena mysti-

cetus) and Eubalaena (the Right whale which

includes the living species Eubalaena glacialis and

Eubalaenaaustralis; Mead & Brownell, 1993).
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among the mysticetes (reaching up to3.5 meters).
Balaenids lack a dorsal fin, which is present in

balaenopterids, and have a pectoral fin shorter

than that of rorquals and humpbacks. Rorquals
andhumpbacks are the more streamlinedamong

the living mysticetes. They are high-speed swim-

mers andrepresent the only living baleen whales

able to perform intermittent so-called ram

feeding (Sanderson & Wassersug, 1993).

Rorquals and humpbacks display an abruptly

depressed supraorbital process of the frontal,

which is wide and doesnotbear any sharp ascen-

ding temporal crest.

There are several other differences between

balaenids and other living mysticetes. The balae-

nids' closest relative is Caperea marginata (family
Neobalaenidae Gray, 1873) (Fig. 3). Neobalae-

nidae is a monotypic family characterized by a

single genus and species that performs conti-

nuous ram feeding on calanoid copepods and

other slow-swimming alimentary items in the

Southern Oceans. Caperea has an arched rostrum,

dentary lacking coronoid process, tympanic
bullae dorsoventrally compressed, and rostrum

transversely narrow. The arrangement of the

cranial bones of the neobalaenids is exactly the

same as that of balaenids: in fact, in Caperea the

supraoccipital shield is superimposed on the

parietal on the dorsal surface of the skull exclu-

ding the parietal itself from the exposition at the

cranial vertex.

TheGray whales belong to the family Eschrichti-

idae (Fig. la, 2a). Today they are restricted to an

area localized around the northern border of the

Pacific Ocean, from California to the Japan Sea.

Eschrichiidae is a monotypic family including the

only living species Eschrichtius robustus, the gray
whale. Eschrichtius has a slightly arched rostrum,

dentary lacking coronoid process, and an arran-

gement of neurocranial bones that is very similar

to that of rorquals and some extinct mysticetes
known as cetotheres (Cetotherium-like sensu

Kimura & Ozawa, 2002). In fact, in Gray whales

the posteromedial corner of the maxilla interdigi-
tates with the frontal generating an ascending

process, which reaches a point approximately,

placed at the middle of the neurocranium. More-

over, as in rorquals, the supraorbital process of

the frontal is abruptly depressed laterally to the

short interorbital region.

When compared to the cetotheres, that are consi-

dered as a para- or polyphyletic assemblage of

early-diverging baleen-bearing whales closely
related to Balaenopteridae (Fordyce & Barnes,

1994; Kimura & Ozawa, 2002), balaenids are

different inall the morphological features related

to hearing and feeding (i.e., the arrangement of

rostral bones, the interface between rostrum and

neurocranium, the arrangement of the neck

musculature forming the head-suspension

system). In general, the basicranial architecture of

balaenids is different from all theother fossil and

living mysticetes because in balaenids the poste-
rior border of the palatines reaches the posterior

Fig. 1 Right lateral view of selected mysticete skulls.

A, Eschrichtius robustus (grey whale: family

Eschrichtiidae; redrawn from True 1904, pl. 47, fig. 3,

with modifications). B, Megaptera novaeangliae

(humpback whale: family Balaenopteridae,

subfamily Megapterinae; re-drawn from True 1904,

pl. 31, fig. 1, with modifications). C,Balaenoptera

acutorostrata (minke whale, a representative of the

rorquals: family Balaenopteridae, subfamily

Balaenopterinae; re-drawnfrom True 1904, pl. 26,

fig. 1, with modifications). Anterior ends of the

skulls on the right side. Scale bars equal 200 mm. See

Anatomical abbreviationsfor explanation

Rechter zijaanzicht van enkele baardwalvisschedels.

A, Eschrichtius robustus (grijze walvis: familie

Eschrichtiidae; nagetekend van True 1904, pl. 47, fig.
3, met wijzigingen). B,Megaptera novaeangliae

(bultrug: familie Balaenopteridae, subfamilie

Megapterinae; nagetekend van True 1904, pl. 31, fig.
1, met wijzigingen). C,Balaenoptera acutorostrata

(dwergvinvis, een vertegenwoordiger van de

vinvissen: familieBalaenopteridae, subfamilie

Balaenopterinae; nagetekend van True 1904, pl. 26,

fig. 1, met wijzigingen). De voorkant van de schedels

is aan de rechterzijde. Maatstreep is 200 mm. Zie

anatomische afkortingen voor uitleg.
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limit of the skull, and the palatines cover almost

all of the ventral surface of the pterygoids.

Detailed accounts of the morphological features

of the various mysticete families can be found in

Miller (1923), Kellogg (1928), Barnes (1984),

Barnes & McLeod (1984), Fordyce & Barnes

(1994), Fordyce & De Muizon (1999). The most

recent general analysis of the Balaenidae has been

published by McLeod et al. (1993) in a special
volume on the Bowhead whale Balaena mysti-cetus.

In that work, the osteological traits disting-

uishing the family are analysed and a phyloge-
netic framework is provided. McLeodet al. (1993)

re-evaluated the close phylogenetic relationship
between Balaenidae and Neobalaenidae, that

was proposed earlier by Gray (1825) andre-estab-

lished the superfamily Balaenoidea. They

provided thefollowing morphological diagnoses

(McLeod et al., 1993, p. 63):

o Superfamily Balaenoidea Gray (1825). Gle-

noid fossa and zygomatic portion of squamo-

sals placed far ventrally on the skull,

pterygoids extend far posteriorly beneathba-

sicranium, baleen plates numerous and thin.

o Family Balaenidae Gray (1825). Rostrum

greatly arched and transversely compressed;

supraorbital processes greatly elongated,

tympanic bulla flattened dorsoventrally, ba-

leen plates greatly elongated.

In this workI will mentionother traits supporting
the close relationship of Balaenidae and Neoba-

laenidae.Moreover, I will analyse in detailpartof

the fossil record of the family Balaenidae to

follow the morphological transformations, the

ecological adaptations and the paleobiogeo-

graphic connections experienced by the balae-

nids during the last 23 million years. I will

conclude with some words about the present
health of the living populations of these whales

that are under high extinction risk. The family
Balaenidae comprises some of the most endan-

gered species in the world; several hundreds

million dollars are devoted to their study and

conservation each year (Montague, 1993; Fuji-

wara & Caswell, 2001); the knowledge of their

fossil record and the understanding of the forces

that have directed their evolution in the past

would provide researches with sharper and

powerful theoretical and practical instruments

for better conservation strategies than those

adopted today.

Scopes and format

The principal goal of this work is to provide an

overview of balaenid evolution based on the

fossil record; recent molecular discoveries are

also discussed and compared to the results

obtained by paleontologists. A tentative

synthesis of the phylogeny of Balaenidae is

proposed tostimulate further discussions on this

poorly known family. The fossil record is investi-

Fig. 2 Dorsal view of selected mysticete skulls. A,

Eschrichtius robustus (redrawn from True 1904, pl. 47,

fig. 1, withmodifications). B, Megaptera novaeangliae

(redrawn fromTrue 1904, pl. 29, fig. 1, with

modifications). C,Balaenoptera acutorostrata (redrawn
from True 1904, pl. 23, fig. 1, with modifications).
Anteriorends of the skulls on the right side. Scale

bars equal 200 mm. See Anatomicalabbreviations for

explanation

Bovenaanzichtvan enkele baardwalvisschedels. A,

Eschrichtius robustus (nagetekend van True 1904, pl.
47, fig. 1, met wijzigingen). B, Megaptera novaeangliae

(nagetekend van True 1904, pl. 29, fig. 1, met

wijzigingen). C, Balaenoptera acutorostrata

(nagetekend van 1904, pl. 23, fig. 1, met wijzigingen).
De voorkant van de schedels is aan de rechterzijde.

Maatstreep is 200 mm. Zie anatomische afkortingen
voor uitleg
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gated also to understand the historical biogeo-

graphy of Balaenidae and such issues as habitat

occupation, reproductive behavior, and commu-

nity evolution. The present phase of balaenid

natural history is one of contraction in diversity
and number of individuals; some points on their

conservation are discussed in the light of a pale-

ontological approach.

The paper is divided into three parts. In the first

part, the living balaenids are presented and

compared to the other mysticete families. The

second part contains a technical analysis of

selected fossil balaenids anda taxonomic revision

of some problematic taxa. Thethird part includes

discussions on the paleoecology of Pliocene

balaenids and on the phylogeny, paleobiogeo-

graphy and conservation of this family. The

reading of the second part is not a pre-requisite to

understand the third part so that also the reader

unfamiliar with the skeletal anatomy of mysti-
cetes can reason on the paleoecology, phylogeny,

paleobiogeography and conservation of Balae-

nidae.

Institutional abbreviations

AFS = Museo di Storia Naturale, Sezione Geolo-

gica, Accademia dei Fisiocritici, Siena, Italy; IRSN

= Institut Royal des Sciences Naturelles du

Belgique, Bruxelles, Belgium; LMA = Zoologisch
Museum, Leiden, Holland; MGB = Museo

Geopaleontologico "Giovanni Capellini",

Bologna, Italy; MSNT = Museo di Storia Naturale

e del Territorio, Calci, Italy; NMB = NatuurMu-

seum Brabant, Tilburg, Holland; USNM = United

States National Museum, Smithsonian Institu-

tion, Washington D.C., United States of America;

ZMA = Zoologisch Museum, Amsterdam,

Holland.

Anatomical abbreviations

ale, anterolateral corner of tympanic bulla; amc,

anteromedial corner of tympanic bulla; ap, ante-

rior process of petrosal; apd, angular process of

dentary; apmx, ascending process of themaxilla;

asph, alisphenoid; ate, ascending temporal crest;

bp, broken
process; br, broken region; cp,

conical

process of tympanic bulla; cr, coronoid region of

dentary; ct, crista transversa within the internal

acoustic meatus; dpb, descending process of basi-

occipital; dvc, dorsoventral crest-like formation

on temporal fossa of Balaena montalionis; elf,

endolimphatic foramen; eofc, external opening of

the facial canal; exoc, exoccipital; fm, foramen

magnum; fr, frontal; fs, foramen singulare; fst,
fossa for stapedial muscle; gesq, glenoid cavity of

the squamosal; j, jugal; iam, internal acoustic

meatus; if, infraorbital foramina; iofc, internal

opening of facial canal; iopmx, infraorbital

process of maxilla; ?ip, hypothetical interparietal
ofEschrichtius robustus; lc, lambdoidalcrest; lpap,
lateral protrusion of anterior process of petrosal;

lpmx, lateral process of maxilla; mc, mandibular

condyle; mx, maxilla; mr, mandibularramus; mf,

mandibular foramina; mrg, mesorostral groove;

n, nasal; no, narial opening; o, orbit; oc, occipital

condyle; oct, occipital tuberosity; ow, oval

window; p, parietal; pbsmf, posterior border of

stylomastoid fossa; pch, pars cochlearis of

petrosal; pgp, postglenoid process of squamosal;

plf, perilymphatic foramen; pmx, premaxilla;

poc, postorbital corner; pp, compound posterior

process of petrosal; ppp, posterior process of

tympanic bulla (emergence); pre, preorbital

corner; p-sq-s, parietal-squamosal suture; pt,

pterygoid; ptf, pterygoid fossa; rw, round

window; sc, sagittal crest; sma, suprameatal area

of petrosal; smf, stylomastoid fossa; sms, subme-

atal sulcus; soc, supraoccipital shield; sop, supra-

orbital process of frontal; sp, sygmoid process of

tympanic bulla; sq, squamosal; sr, supraoccpital

roughness; sup, superior process of petrosal; tb,

tympanic bulla; tc, tympanic cavity; tma, torsion

Fig. 3 The skull of Caperea marginata (pygmy right
whale: superfamily Balaenoidea, family

Neobalaenidae; redrawn from Baker (1985) with

modifications). A, dorsal view. B, lateral view.

Anterior ends of the skull on the right side. Scale bar

equals 200 mm. See Anatomical abbreviationfor

explanation.

De schedel van Caperea marginata (dwergwalvis:

superfamilie Balaenoidea, familie Neobalaenidae;

nagetekend van Baker (1985) met wijzigingen). A,

bovenaanzicht. B, zijaanzicht. De voorkant van de

schedel is aan de rechterzijde. Maatstreep is 200 mm.

Zieanatomische afkortingen voor uitleg
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on the anteromedial portion of the dentary; tsf,

tractus spiralis foraminosus; ttg, tensor tympani

groove; vc, ventral concavity of tympanic bulla;

vg, vascular groove; zpsq, zygomatic process of

squamosal; VII-s, groove for facial nerve.

Living balaenids

Living balaenids are represented by two genera

characterised by different morphological traits.

The Right whales (Eubalaena glacialis and E.

australis) inhabit the North Atlantic, the North

Pacific and thewatersaround Antarctica (Perry et

al., 1999) (Fig. 4). In the Right whales there is a

right angle between frontal and maxilla; the ante-

riormost one-fourth of the premaxilla is directed

abruptly downward; the supraorbital process of

the frontal is shortened anteroposteriorly and

displays a slight ascending temporal crest on its

dorsal surface; the supraoccipital shield bears a

dome, that is a protruding, nearly globular struc-

ture which is placed on the more anterior portion
of thebone; the jugal is directed onward so that it

is not possible to look at the posterior surface of

the temporal fossa from a lateral viewpoint
because the fossa is covered by the jugal; the exoc-

cipital is squared in lateral view. Detailed

accounts of the morphology of the Right whales

are provided, among others, by Cummings

(1985), Tomilin (1967), True (1904), Cuvier (1823).

The Bowhead whale Balaena mysticetus is

endemic of the Arctic Sea (Fig. 5). It is characte-

rised by a continuous arc formed by maxilla and

frontal; in fact, in this species the supraorbital

process of the frontal is oriented posteriorly so

that the small interorbital region is placed more

anteriorly than the orbits. In the Bowheadwhale

the supraorbital process of the frontal is distally
flat and does not bear any ascending temporal
crest; the supraoccipital shield of Balaena mysti-
cetus lacks the dome of the right whales and its

anteriormost portion is transversely compressed
and narrow; the zygomatic process of the squa-

mosal is directed anterolaterally so that the poste-
rior surface of the temporal fossa can be observed

from a lateral viewpoint; the exoccipital is round

in lateral view. Detailed accounts of the morpho-

logy of the Bowhead whale are provided, among

others, by Burns et al. (1993), Reeves & Leather-

wood (1985), Tomilin (1967), Cuvier (1823). See

also McLeod et al. (1993) for citations of antiqua-

rian literature.

When compared, theliving balaenids differ in the

arrangements of the rostral-cranial interface, in

the robustness and morphology of the exocci-

pital, and in the shape of the supraoccipital
shield. In fact, while in Eubalaena glacialis maxilla

and frontal form a right angle, in Balaena mysti-
cetus they form a continuousarc dueto theposte-
rior orientation of the frontal and the posterior

placement of the orbit; in the Right whales, the

supraoccipital shield is anteriorly wide and

round while in the Bowheadwhale it is narrow

and transversely compressed; in Eubalaena the

supraoccipital bears an anterior dome while this

formation is absent in Balaena; in the right whales

the jugal bone is directed anteriorly while in the

Bowhead whale it is outward directed uncove-

Fig. 4 The skull of Eubalaena glacialis (northern or

black right whale: superfamily Balaenoidea, family

Balaenidae). A, right lateral view (from MSNT 260).
B, dorsal view (redrawn from Cuvier 1823, pl. 26,

with modifications). C, posterior view (USNM

26712). Anterior ends of the skulls on the right side.

Scalebar equals 200 mm. See Anatomical

abbreviations for explanation

De schedel van Eubalaenaglacialis (noordkaper:

superfamilie Balaenoidea, familieBalaenidae). A,
rechter zijaanzicht (MSNT 260). B, bovenaanzicht

(nagetekend van Cuvier 1823, pl. 26, met

wijzigingen). C, achteraanzicht (USNM 26712). De

voorkant van de schedels is aan de rechterzijde.

Maatstreep is 200 mm. Zie anatomische afkortingen
voor uitleg
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ring the posterior surface of the temporal fossa

which is formed by the squamosal bone; in Euba-

laena the supraorbital process of the frontal is

shortened anteroposteriorly and bears a slight

ascending temporal crest while in Balaena it

widens distally and does not bear any ascending

temporal crest; finally, in the Right whale the

exoccipital is squared when observed in lateral

view but in the Bowheadwhale it is round. Major

differences are observed also in the external

appearance of these whales; in fact, in therostrum

of Eubalaena it is possible to observe callosities

which are individual-specific and represent

preferential attach sites of cirripeds. These inver-

tebrates donotbear any problem to the life of the

Right whales and the pattern of the callosities is

considered by biologists as a useful tool in order

to get highly precise identifications of single indi-

viduals (Gaskin, 1986).

A revision of selected fossil Balaeni-

dae

Introduction

Despite the fact that the diversity of living balae-

nids is very low, the family has experienced a

burst in diversity justa few million years ago. The

origin of the modern balaenid species remains

obscure but we know that the genera they belong
to were present during the Early Pliocene. Van

Beneden (1872, 1878, 1880) and Capellini (1873,
1876, 1902, 1904) identified several fossil

members of the genus Balaena. In particular, Van

Beneden (1878, 1880) established the species
Balaena primigenius, and Capellini (1872, 1904)

founded Balaena etrusca and Balaena montalionis.

Del Prato (1900) addedBalaena paronai to the Plio-

cene record of this genus. Discoveries from the

20th centuriy were reported by several workers in

the northern hemisphere. Abel (1941) and Plis-

nier-Ladame & Quinet (1969) described Balaena

belgica,a large balaenid from the Pliocene of

Belgium; Whitmore (1994) mentioned a large
balaenid from the Pliocene of the eastern United

States and stated that it is very close to the living
Balaena mysticetus; the specimen, however, was

not described in detail; Bisconti (2002) described

the fragmentary skull of an Eubalaena from the

early Late Pliocene of Central Italy. These

accounts document the presence of balaenids

belonging to the living genera as early as Early
Pliocene. Unfortunately, the Late Pliocene and

Pleistocene history of these forms is not well

known. McLeod et al. (1993, see also the literature

therein) discussed some Pleistocene and Holo-

cene findings in the Arctic, and Nishiwaki &

Hasegawa (1967) described a fairly preserved
skull of a Pleistocene Right whale of the genus

Eubalaena from Japan.

The fossil record documents that also other

genera belonged to the family Balaenidae. An

extensive effort performed during the late 19th

and the whole 20th century led to the collection of

several fossils representing diverse balaenid taxa.

Van Beneden (1872, 1878) described two small-

sized balaenids from the Pliocene of Belgium,

namely Balaenula balaenopsis andBalaenotus

insignis. Trevisan (1941) described another small

balaenid, that he called Balaenula astensis, from

the Middle Pliocene of northern Italy. Cuscani

Fig. 5 The skull of Balaena mysticetus (Greenland
bowhead whale: superfamily Balaenoidea, family

Balaenidae). A, right lateral view (redrawn from

Cuvier 1823, pl. 26, with modifications). B, dorsal

view (re-drawn from Cuvier 1823, pl. 26, with

modifications). C, posterior view (USNM 257513).
Anterior ends of the skulls on the right side. Scale

bar equals 200 mm. See Anatomicalabbreviations for

explanation

De schedel van Balaena mysticetus (Groenlandse
walvis: superfamilie Balaenoidea, familie

Balaenidae). A, rechter zijaanzicht (nagetekend van

Cuvier 1823, pl. 26, met wijzigingen). B,

bovenaanzicht (nagetekend van Cuvier 1823, pl. 26,

met wijzigingen). C, achteraanzicht (USNM 257513).

De voorkant van de schedels is aan de rechterzijde.

Maatstreep is 200 mm. Zie anatomische afkortingen
voor uitleg
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Politi (1961) described Balaenula praediolensis
from the Early Pliocene of Tuscany. Finally, the

Excavation Research Group for the Fukagawa
Whale Fossil (1982) reported that another small-

sized balaenid belonging to the genus Balaenula

lived around Japan during the Pliocene. Other

balaenid species were established by earlier

workers; these were re-evaluated by McLeod et

al. (1993) that concluded that these forms were

too poorly represented by fossil remains and

stated that the main part of them were nomina

nuda or nomina dubia. I follow this conclusion and

in this work, I re-evaluate other forms whose

holotypes I have re-examined in Italian and

Belgian collections. In particular, I focus on

Balaena primigenius, Balaena etrusca, Balaena

montalionis, Balaena paronai, Balaenotus insignis,
and the genera Eubalaenaand Balaenula.

Overview of fossil balaenids

The most ancient balaenid to be formally
described is Morenocetus parvus from the Early
Miocene of Argentina (Cabrera, 1926). This is a

small-sized taxon (Fig. 6) characterised by a

roundand wideanterior process of the supraocci-

pital shield and supraorbital process of the

frontal directed posteriorly and transversely; the

supraorbital process of the frontal is mainly flat

and does not bear any ascending temporal crest.

This taxon is particularly similar to the neoba-

laenid Caperea marginata in the round anterior

border of the supraoccipital shield, and in the

morphology and the orientation of the supraor-

bital process of the frontal. Unfortunately, the

only description of this intriguing taxon was

published early in the 20th
century and several

data about its basicranium and postcranial are

virtually lacking. It is tobe hoped that soon a new

description of this taxon will appear.

No other Miocenebalaenidshave been described

until now. Barnes (1976) mentioned a Balaenula

skull from the latest Miocene-to-earliestPliocene

of California but that specimen has not yet been

described; Fordyce (1989) stated that some

undescribed balaenidswere found inLate Mioce-

ne-to-Early Pliocene sediments of New Zealand.

A fragmentary Tortonian balaenid was disco-

vered in southern Italy that is currently under

study; the specimen is represented by a petrosal

together with several cranial and postcranial
elements. The other fossil balaenids that were

formally described and published are from the

Pliocene. Fordyce (2002) discussed a primitive
and fragmentary Oligocene balaenid from New

Zealand and we are waiting for its formal

description and denomination.Contrarily to the

rare Miocene record, Pliocene balaenids are

abundant and widespread. Several fossil taxa

were foundedin the last two centuries and in the

next section, I will describe some of themin consi-

derable detail.

Revision of selected fossil balaenids from

Pliocene

Class Mammalia Linnaeus, 1758

Order Cetacea Brisson, 1762

Suborder Mysticeti Flower, 1864

Superfamily BalaenoideaGray, 1825

Family Balaenidae Gray, 1825

Genus Balaena Linnaeus, 1758

Type species Balaena mysticetus Linnaeus, 1758

Osteological diagnosis of the genus: Anterior

process of the supraoccipital shield squared and

transversely compressed, rostrumand neurocra-

nium form a continuous arc dorsally, a conti-

nuous arc is formed also by the ventrolateral

borders of the maxillae and the supraorbital

Fig. 6 The skull of the oldest described balaenid:

Morenocetus parvus

(superfamilie Balaenoidea,

familieBalaenidae), Vroeg Mioceen (ongeveer 23

miljoen jaar geleden), Argentinië. A, bovenaanzicht.

B, achteraanzicht (afbeeldingen nagetekend van

Cabrera 1926 met wijzigingen). Maatstreep is 200

mm. Zie anatomischeafkortingen voor uitleg

(superfamily Balaenoidea, family

Balaenidae), Early Miocene (about 23 millionyear

ago), Argentina. A, dorsal view. B, posterior view

(images redrawn from Cabrera (1926) with

modifications). Scalebar equals 200 mm. See

Anatomical abbreviations for explanation

De schedel van de oudst beschreven baleinwalvis:

Morenocetusparvus
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processes of the frontal, nasals and proximal

portions of the rostrum project dorsally and ante-

riorly, ascending temporal crest absent from the

supraorbital process of the frontal distally, ante-

rior process of the parietal notoverlapping exten-

sively on the emergence of the supraorbital

process of the frontal, squamosal oriented poste-

riorly, zygomatic process of thesquamosal diver-

gent from the longitudinal axis of the skull so that

the posterior wall of the temporal fossa can be

observed in lateral view, posterior outline of the

exoccipital round, pars cochlearis and superior

process of the petrosal not protruding cranially,

suprameatal area of petrosal very high, dorsal

outline of the superior process of petrosal

strongly round, scapula lacking both acromial

and coracoid processes, very convex and antero-

posteriorly expanded radius, olecranon absent or

markedly reduced.

Balaena primigenius Van Beneden, 1872

General discussion: I examined only the follo-

wing type materials of Balaena primigenius: CtM

884, CtM 885, CtM 886 (three right tympanic

bullae), and CtM 887 (left periotic). The species is

poorly known because its remains are very frag-

mentary. Van Beneden (1878, pis. 18-22) figured

some vertebrae, a left partial dentary, humerus,

radius, ulna, and some ribs. The humerus has

straight anterior and posterior edges and a small

articular head; the radius has convex anterior and

posterior borders; the ulna bears the olecranon

andhas a long distal articular facet. Thevertebrae

are undiagnostic. Measurements of the observed

materials are reported in Table 1. The name

Balaena primigenius was firstly published by Van

Beneden(1872) but, subsequently, that name was

changed in Balaena primigenia (Van Beneden,

1880, 1878; see also Capellini, 1904). However,

dueto priority reasons, the original name should

be maintained, so I call this taxon with its first

taxonomic denomination: Balaena primigenius
Van Beneden (1872), and Balaena primigenia
should be considered as a junior synonym of the

first name.

The left periotic is strong andheavily pachyosteo-
schlerotic (Fig. 7c-d). The compound posterior

process is not preserved. The anterior process is

high and has a round anterior border. The supra-

meatal area is flat and the superior process is

slightly protruding. The internal acoustic meatus

is circular and deep, and includes tractus spiralis
foraminosus and foramen singulare. The cranial

opening for the VII cranial nerve is located ante-

rodorsally to the internal acoustic meatus, it is

tubular, circular and deep. The endolymphatic
foramen opens on the floor of a little, elliptical

cavity located posterodorsally to the internal

acoustic meatus; the perilymphatic foramen is

confluent into the round window, a deep groove

is observed under the petrosal foramina. The

tympanic bulla has a strongly concave ventral

surface and an anterolateral corner highly
constricted posteriorly. The tympanic cavity is

shallow. The anterior border of the bulla is

linear-shaped and transversal to the long axis of

Fig. 7 Schematic representations of petrosals of three

fossil balaenids (superfamily Balaenoidea, family

Balaenidae). A, (CtM 858a),

right petrosal in cranial view. B,
Balaena

primigenius (CtM 887), left petrosal in cranial view.

D,

Balaenula balaenopsis

(MC CF35), left

petrosal in dorsal view. F, Balaenulaastensis (MC

CF35), left petrosal in cranial view. Not to scale. See

Anatomical abbreviations for explanation

(CtM 858a), right petrosal in lateral view. C,

Balaenula balaenopsis

Balaenula

balaenopsis

(CtM 887), left petrosal in

posterior view. E,

Balaenaprimigenius

Balaena

primigenius(CtM 887), linker rotsbeen, achteraan-

zicht. E, (MC CF35), linker

rotsbeen, bovenaanzicht. F, Balaenulaastensis

Balaenula astensis

Balaenula balaenopsis (CtM

858a), rechter rotsbeen, vooraanzicht. B,

Schematische
weergave van het rotsbeen van drie

fossiele baleinwalvissen (superfamilie Balaenoidea,

familieBalaenidae). A,

(CtM

887), linker rotsbeen, vooraanzicht. D,

(CtM 858a), rechter rotsbeen in

zijaanzicht, buitenzijde. C,

Balaenula astensis

Balaena primigenius

(MC

CF35), linker rotsbeen, vooraanzicht. Niet op schaal.

Zie anatomische afkortingen voor uitleg



CRANIUM 20,1 - 2003

17

the bone. The dentary is largely incomplete; it

lacks the posterior and the dorsal border that is

preserved only along the anteriormost portion of

the bone. It bears a long mylohyoidal sulcus on

the ventromedial surface and has a poorly deve-

loped anterior torsion.

From my analysis and from the images thatwere

published by Van Beneden (1878), there are no

characters to link Balaenaprimigenius to the genus

Balaena. This form clearly belongs to Balaenidae

due to the presence of the mylohyoidal sulcus

along the ventromedial surface of the dentary,
the overall morphology of the tympanic bulla,

and the stocky morphology of radius and ulna.

Flowever, the phylogenetic relationships of this

form are unclear. The periotic documents that

Balaena primigenius is a different species from the

other named balaenid species but the diagnostic
traits of the known balaenid genera are lacking.
Theoverall size of the vertebrae, humerus, radius

anci ulna suggest that this form was large-sized
and the degree of pachyosteoschlerosis observed

on the periotic is close to that observed in the

living, large-sized balaenids. I conclude that

“Balaena” primigenius is a Balaenidae gen. ind.

Balaena paronai Del Prato, 1900

General discussion: Del Prato (1900) described

Balaena paronai based on a right dentary and two

ribs. The dentary has the typical balaenid

features: long mylohyoidal sulcus on the ventro-

medial surface, coronoidcrest reducedto an elon-

gated and low crest, anterior torsion. However, in

this dentary, the articular surface of the mandi-

bular condyle is not sharply dorsally exposed; it

is, in effect, a littlemore posterior thanusual. I did

not re-examine the holotype material but based

on the published drawings, I suspect that what is

known of this balaenid is too poor toallow for the

establishment of a new species. Moreover, there

is notenough information tounderstandwhich is

the genus the specimen belongs to. For this

reason I suggest that “Balaenaparonai ” is a Balae-

nidae gen. et sp. ind.

Balaena etrusca Capellini 1872

Material: the type material is held by MGB and

consists of one series of seven cervical vertebrae

fused with each other and with the first thoracic

vertebra (MGB 9066). Other materials assigned to

Balaena etrusca consist in the following speci-

mens: the proximal fragment of a right dentary

(AFS 4422), eight vertebral elements (AFS 4402,

4403,4404, 4405, 4418, 4420,4421), and one inde-

termined element (AFS 4406); a lumbar vertebra

assigned to Balaena etrusca is also held by AFS

(4419); a proximal fragment of left dentary (MGB

9070), both partial tympanic bullae (9069), a right

jugal (9067), the cast of theright humerus(9061), a

distal fragment of ulna (9062), four free vertebrae

(9063, 9064, 9065, 9068), and another series of

fused cervical vertebrae (9066). The measure-

ments and the localities where the specimens
were found are reported respectively in Tables 2,

3, 4, and 5. Balaena etrusca was presented in the

Rendiconto delle Sessioni dell'Accademia delle

Scienze dell'Istituto diBologna (1871), and subse-

quently discussed by Capellini (1872,1873,1876,

1902), Van Beneden (1872), Gervais (1872), and

McLeod et al. (1993).

Description of the type material: the neck MGB

9066 (Plate 1) comprises seven cervicals plus the

Table1 Measurementsof the periotic (CtM 887) and

tympanic bullae (CtM 884, 885, 886) of “Balaena”primi-

genius. Data inmm. ª: As in Anatomicalabbreviations,

iam = internal acoustic meatus. b
: mean thickness resul-

ting from eight measurements at random points on the

tympanic wall; methods according to Nummela et al.

(1999).

Maten van het gehoorgedeelte van de schedel (CtM 887)

en de gehoorblaasjes (CtM 884, 885, 886) van “Balaena”

primigenius in mm. ª: als in anatomische afkortingen,
iam = binnenste gehooropening. b: gemiddelde dikte sa-

mengesteld uit acht maten genomenop willekeurige

punten op
het gehoorblaasje; methodes volgens Num-

mela et al., 1999.

CtM

887

CtM

884

CtM

885

CtM

886

Length of anterior process 65

Lateromedial diameter ofanterior process 79

Transverse diameter of iam" 7,5

Dorsoventral diameter of iam" 8

Lateromedial diameter of pars cochlearis 26

Anteroposteriordiameter ofpars cochlea-

ris
37

Dorsoventral diameter of oval window 3

Anteroposterior diameter ofoval window 4

Length of tympanic bulla 130 119 116

Maximum width of tympanic bulla 103 82 82

Minimum width of tympanic bulla (be-
hind anterolateral corner)

67 65 65

Minimum height of tympanic bulla i)4 84 82

Maximum height of tympanic bulla 67 65 67

Length of tympanic cavity 87 80 71

Width of tympanic cavity 35 36 28

Height of tympanic cavity 40 45 32

Mean thickness of tympanic wall b 6,58 5,69 5,62
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first thoracic vertebra fused to each other. The

atlas has articular fossae that are wide and

concave; the shape of the fossae resembles the

surfaces of the occipital condyles of the Eubalaena

sp. described by Bisconti (2002) in that both

condyles and fossae have very convex outer

borders and slightly convex inner borders. The

articular fossae are divided along the midline of

the atlas. The neural arc is incomplete; its remains

are wideandhigh; it is dorsally covered by a bony

plate bearing two slight parasagittal crests

formed by the dorsolateral border of the atlas;

this bony plate is posteriorly bordered by the

neural arc of the axis that develops posteriorly.

Dorsally and laterally, the neural arc of the atlas

and that of the axis are divided by a round lateral

fissure. The atlas bears the alar foramen that

perforates the vertebra transversely dorsal to the

emergence of the transverse process. The trans-

verse process is squared, anteroposteriorly flat,

and projects laterally. The dorsal surface of the

cervical vertebrae that is under the neural arc is

flat. In mammals the foramen transversarium of

the cervical vertebraeis locatedbetweenthe basis

of the pedicle of the neural arc (pediculus arcus

vertebrae; Schaller, 1999) and the emergence of

the transverse process; in balaenids the foramen

transversarium is destructed because the pedicle
of the neural arc does not generate a transverse

expansion dorsal to the emergence of the trans-

verse process. The pedicles of theneural arc of the

third and fourth vertebrae are fused with each

other and form a strong, long and wide structure

that is dorsally broken; the pedicle of the seventh

vertebra is stronger than thoseof the fifth and the

sixth ones; its emergence is located on the dorso-

lateral border of the centrum of the seventh

vertebra; the pedicles of the fourth, fifth and sixth

vertebrae are located on the anterodorsal portion
of the lateral border of the centra; the emergence
of the pedicle of the fourth vertebra is very close

to that of the third one. The transverse processes

are absent fromall the vertebrae. Interarcual fora-

mina were present between the fourth and the

fifth pedicles, between the fifth and the sixth

vertebrae, and the sixth and the seventh verte-

brae. In lateral view, dorsoventral grooves divide

the centra of the vertebrae only superficially.

Description of the AFS materials: the materials

are figured in Plates 2-4. Only the posteriormost

segment of the right dentary is preserved. It is

strongly built and itbears a groupof cirripeds on

its dorsolateral surface, near the condyle. The

articular surface of the condyle is dorsal; the

posteroventral outline of the angular process is

rounded; the medial surface of the angular

process is strongly concave and is dorsally
bounded by a longitudinal crest that is located

immediately ventral to the mandibular foramen.

The medial surface of the dentary is flat; the

dorsal border of the bone is largely eroded so that

the coronoid region cannot be described. The

mandibular foramen has an elliptic outline and it

is bounded dorsally and ventrally by strong

protrusions of the medial surface.

Thevertebrae donot constitute a series; there are

three lumbars and three caudals. The lumbar

vertebrae are inventoried as follows: AFS 4403,

4405, 4418, and 4421. The vertebra AFS 4403 is

incomplete lacking the anteroventral border and

the neurapophysis; its transverse processes are

distally eroded and they lack the dorsoventral

perforation at their basis; a large Ostrea shell is

attached on the right ventrolateral surface. The

vertebra AFS 4405 is constituted by a portion of

the left dorsolateral surface that includes theright
anterior zygapophysis and the neural canal; the

vertebra is massively built; the right zyga-

pophysis is strong and rectangular; the neural

canal is elliptical; a horizontal hole is located on

the right posterolateral side of the neural canal;

on the left side of the canal, there is a slight conca-

vity in the same position. The vertebra AFS 4418

is the most complete one; the centrumis long and

ventrally keeled; the transverse processes emerge

from the middle of the lateral surface of the

centrum; their distal ends are broken; both the

dorsolateral and ventrolateral surfaces of the

centrumare strongly concave; the neurapophysis
is broken immediately above the anterior zyga-

pophyses; the neuralcanal is triangular. Only the

Table 2. Linear measurements of the dentariesof

“Balaena etrusca” inmm.

Lineaire maten van de onderkaken van “Balaenaet-

rusca”, in mm.

specimens

AFS4422 MGB 9070

Maximum length 790 1750

Anterior height 190 210

Height at condyle 260 430

Height anterior to condyle 210 -

Height at coronoidal region 220
-

Dorsoventral diameter of mandibular

foramen
100 128

Lateromedial diameter of mandibular

foramen
60

-
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ventral halfof the vertebra AFS4421 is preserved;
the transverse process exits the centrum from the

middleof the lateral surface; there is not a ventral

keel but the laterodorsal and lateroventral

portions of the sides of the centrum are strongly

concave; this morphology suggests that the

vertebra was one of the more anterior of the

lumbar series.

Another lumbar vertebra assigned to Balaena

etrusca is held by the Accademia dei Fisiocritici

and is inventoried as AFS 4419; it is an anterior

lumbar vertebra characterized by the lack of the

ventral keel and by concave dorsolateral and

ventrolateral surfaces; the transverse processes

are broken; the dorsoventral holes on the emer-

gence of the transverse processes are absent; the

neurapophysis is absent and the intervertebral

discs are fused with the centrum; on the ventral

surface there are two longitudinal relieves that

border a medial cavity; the longitudinal relieves

are the attach sites for the articulation of the

chevrons.

The caudal vertebrae are inventoried as follows:

AFS 4402,4404, and 4408. Thevertebra AFS 4402

is a long caudal vertebra lacking a right dorsola-

teral portion; it bears attach sites for chevrons

characterized by anterior tubercles, transverse

perforations and medial cavity; the transverse

process is located at the middle of the lateral

surface of the centrum andis dorsoventrally bila-

terally perforated at the emergence; the trans-

verse process is crest-like; the dorsal surface lacks

the neurapophysis and is concave. The vertebra

AFS4404is largely eroded; the lateral surfaces are

missing, the dorsal and ventral surfaces are

damaged and eroded; the neurapophysis was

probably absent; the posterior surface is flat; the

anterior articular surface is convex; the

transverse process is perforated at the emergence

bilaterally; ventrally the relieves for the chevrons

border a medial cavity; the relieves are transver-

sely perforated. The vertebra AFS 4408 has the

anterior articular surface of the centrum flat with

a central notch corresponding to the nucleus

polposus; the lateral, dorsal, ventral and poste-
rior surfaces are largely missing; a laterodorsal

cavity is observed; ventral processes for the

attach of the chevrons are present. An unidenti-

fied vertebra is marked by the impression of a

pine strobyl (AFS 4420).

Descriptions of the MGB materials: the materials

are figured inPlates 5-7. Thedentary MGB9070 is

represented by the posterior third of a bone that

was possibly about5 m inlength. Thespecimen is

very strongly built. The mandibularcondyle has

an articular surface exposed dorsally; the angular

process is rounded and it bears a slight ventral

protrusion; the mandibular foramen is wide and

is located near the dorsal border of the dentary,

slightly anterior to the condyle. The medial

surface of the bone is highly concave anterior to

the mandibular foramen while the lateral surface

is strongly convex. More anteriorly, the medial

surface of the bone is flat. The coronoid region
lacks a true coronoid process; the site for the

attachment of the muscle temporalis is a long and

low crest developed along the dorsal border of

the bone. The ventral border of the dentary is

crest-like. A gingival groove begins anteriorly to

the convex coronoid crest and bears a gingival
foramen. A mylohyoidal sulcus is present along
the ventromedial surface.

The jugal MGB 9067is small; in medial view, it is

anteromedially concave and posteriorly flat. It is

dorsally concave, and ventrally straight.

The right tympanic bulla is divided into two

halves (one corresponding to the ventrolateral

wall and the other to the medial wall) that are

inventoried as MGB 9069. The two halves cannot

be articulated with each other. The cast of the

lateral side shows a highly protruded anterola-

teral corner that is strongly constricted posteri-

orly, slight anterior to the emergence of the

sigmoid process. The conical process is very low

and nearly flat. The strong lateral protrusion of

the anterolateral corner of the bulla is very

marked and it should be regarded as a putative

diagnostic trait of a new species.

The right humerus MGB 9061 is represented by a

gypsum cast, the original being in Florence (not
examined here). The head of the humerus is

Table3 Vertebral measurementsof “Balaenaetrusca”

in mm.

Maten van wervels van “Balaenaetrusca” inmm.

specimens centre

length

width height neural channel

height

width

MGB 9063 160 290 290 - -

MGB9064 190 280 290 -
-

MGB 9065 200 280 270 -
-

MGB 9068 215 250 230 30 45

AFS 4402 200 170 258 (a) -
-

AFS4403 182 200(a) 220 (a) - -

AFS 4404 86 140 145 -
-

AFS 4405 144 172 (a) 190 (a) 19 31

AFS 4408 - 200 180 - -

AFS 4418 161 165 142 67 50

AFS 4419 260 245 224 - -

AFS 4420 200 110 160 -
-

AFS 4421 255 240 - -
-
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globular; it protrudes posteriorly and dorsally.
Below the head of the humerus there is a strong
and squared deltopectoral prominence that is

located on the medial side of the anteroproximal
end of the diaphysis. It is evident that both the

proximal and the distal epiphyses are not

completely fused to the humeral shaft; this

suggests that the humerusbelonged to an animal

that was not completely mature. The diaphysis of

the humerusis transversely compressed; its ante-

rior and posterior borders are straight. Thedistal

epiphysis bears a flat articular facet for the radius,

and a posterior facet for the ulna; these facets are

divided by the interposition of a lateromedial

crest; the facet for the ulna continues onto the

posterior side of the diaphysis by producing an

additional facet for the olecranon process of the

ulna.

The distal fragment of the ulna MGB 9062 has a

slightly convex lateral surface and a flat medial

surface; the bone is transversely compressed; the

distal epiphysis is convex and has a rounded

outline.

The vertebral remains comprise a complex
formed by the neck region and five vertebral

elements. The vertebra MGB 9065 belongs to the

thoracic region; it is divided into two halves and

has transverse processes emerging from the

dorsal half of the centrum; the lateral surface of

the centrumis flat. Thecaudal vertebra MGB 9064

bears attachment areas for the chevrons that, at

the anteroventral border, look like tubercles,

while they are reduced to slight relieves near the

posteroventral border; these sites border a deep
ventral concavity; the lateral surfaces of the

centrum are concave. The caudal vertebra MGB

9068 has concave lateral sides, broken transverse

processes emerging from the middleof its height,
medial cavity bordered by attach sites for

chevrons, and small neurapophysis. The last

caudal vertebra is inventoried as MGB 9063; it

belongs to the posterior portion of the caudal

series; it is circular in outline, lacks transverse

processes, and convex articular facets.

From the above descriptions it is immediately
evident that the fossil record of Balaena etrusca is

constituted by a few fragments discovered in

different localities (Table 5) and belonging to

several individuals. It is yet unclear if all these

specimens are of the same age. The main part of

the specimens cannot be identified as Balaenidae

{e.g., the fragmentary thoracic, lumbar and

caudal vertebrae); the twomandibular rami (AFS
4422 and MGB 9070) exhibit different characteris-

tics in the morphology of theangular process that

is laterally concave in AFS 442 while it is not in

MGB 9070 and could belong to different species.

It seems that there is no reason to believe that all

the specimens listed by Capellini (1873, 1876,

1902) under the taxonomic denominationBalaena

etrusca belong to the same species.

Moreover, Capellini (1872,1873,1876,1902) listed

only one morphological character to distinguish
Balaenaetrusca fromother balaenids: the co-ossifi-

cation of the first thoracic vertebra together with

the seventh cervical; this phenomenon makes the

Table 4 Measurements of tympanic bullae (MGB

9069) and humerus (MGB 9061) of “Balaena etrusca”,

and cervical vertebrae (MGB 9066) of “Balaena”

etrusca in mm. ª: values to the left refer to the left

object, those on the right to the right object.

Maten van de gehoorblaasjes (MGB 9069) en opper-

arm (MGB 9061) van “Balaenaetrusca”, en nekwer-

vels (MGB 9066) van “Balaena” etrusca in mm. ª:
waarden aan de linkerkant betreffenhet linker ob-

ject, die aan de rechterkant het rechter object.

MGB

9069

MGB

9061

MGB

9066

Length of tympanic bulla
110 -

106«

Maximum width of tympanicbulla
42

-

75«

Maximum heigth of tympanicbulla
67-60

a

Heightofhumerus (from the articu-

lar head to the crest dividing ulnar

and radial facets)

500

Maximum anteroposterior diame-

ter of proximal epyphysis
330

Maximum anteroposterior diame-

ter of distal epyphysis
267

Anteroposterior diameter of radial

facet
190

Anteroposterior diameter of ulnar

facet
110

Height of deltopectoral tuberosity 105

Length of cervical block (hereinaf-

ter =cb)
300

Posterior transverse diameter of cb 310

Anterior transverse diameter of cb 690

Transverse distance between the

outer edges of articular surfaces of

atlas

340

Heightofarticular surfaces ofatlas 230-221«

Maximum width of articular surfa-

ces of atlas
160-140«

Height ofneural channel 160

Width of neural channel 170



CRANIUM 20,1 - 2003

21

neck complex incorporate seven cervical and one

thoracic vertebrae. This character is somewhat

ambiguous; in fact, the co-ossification of verte-

bral centra occurs frequently in old-aged indivi-

duals belonging to living whales and several

accounts of co-ossification are reported in the lite-

rature (e.g., Kompanje, 1999). However, in the

case of the neck MGB 9066 it seems that the verte-

brae were not pathologically changed. For this

reason I conclude that the neck MGB 9066

belongs to a balaenidspecies that is different from

those living today and from Balaenula balaenopsis
and Balaena belgica. However, I am unable to

discriminate between this species and Balaena

montalionis because the neck of the latter is yet
unknown. So, I conclude that theneck MGB 9066

is too scanty to diagnose a new balaenid species
and I do not name it.

After this discussion it is evident that there is not

any reason tobelieve that the material previously

assigned to “Balaena” etrusca actually belong to a

single species. Moreover, there are no diagnostic
traits to distinguish this putative species from

other ones with the exception of the neck MGB

9066. This situation makes “Balaena” etrusca a

Balaenidae gen. et sp. ind.

Balaena montalionis Capellini, 1904

Material. The holotype and only specimen

referred to this species consists in a partial neuro-

cranium with the proximal portion of the left

maxilla; The specimen is held by MSNT; Bianucci

(1996) reported that it is inventoried as MC CF31

but the specimen is marked as 12357.

Diagnosis. Middle-sized balaenid species whose

inferred body length ranges from 11 and 14 m; it

is distinguished from Balaena mysticetus by
shorter nasals (ratio length - width of both

nasals), and by the presence of a relief developed

dorsoventrally and anteroposteriorly from the

lambdoidal suture along the parietal squama.

Description. The specimen has been recently
redescribed by Pilleri (1987) and Bisconti (2000)
and is only briefly outlined below (Fig. 8); the

measurements are reported by Bisconti (2000).

The skull lacks the rostrum with theexception of

the proximal portion of the left maxilla; a large

part of the basicranium is missing together with

the more distal portions of the glenoid fossaof the

squamosal and the earbones. The supraoccipital,

parietals, frontals, exoccipital, and squamosals
are preserved together with some portions of the

vomer and the pterygoids.

The supraoccipital shield is approximately trian-

gular with a squared anterior border; the lateral

edges of the anterior supraoccipital process are

transversely constricted so that they appear

concave; the remaining posteriormost borders of

the supraoccipital are convex. The lateralborders

of the supraoccipital shield together with the

dorsal borders of the parietals overhang the

temporal fossa in dorsal view by forming

laterally protruded lambdoidal crests. The

supraoccipital is long and wide; its maximum

transversal diameter is reached slightly anterior

to the foramenmagnum. Thedorsal surface of the

supraoccipital bears a longitudinal relief, which

is bordered by pronounced depressions. The

exoccipitals are squared in dorsal and posterior

view; they are round in lateral view. Compared to

the total width of the supraoccipital shield, the

foramenmagnumis small. Theoccipital condyles
are not really protruding and their articular

surfaces are flat.

The supraoccipital shield is superimposed onto

the parietals and reaches the posterior surface of

the interorbital region of the frontal; for this

reason the parietals are excluded from being

exposed in the intertemporal region, at the vertex

of theskull, anterior to the anterior supraoccipital

MGB holotype (MGB 9066).
Cervical vertebrae. A, anterior view. B, dorsal view.

C, right lateralview. D, left lateral view. Scale bar

equals 100 mm.

Balaenaetrusca,

Balaena etrusca, MGB holotype (MGB 9066).
Nekwervels. A, vooraanzicht. B, bovenaanzicht. C,
rechter zijaanzicht. D, linker zijaanzicht. Maatstreep
is 100 mm

Plate 1
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process. The parietals are anteriorly elongated
and interdigitated with the supraorbital process

of the frontal but not with the posteromedial
elements of the rostrum. The parietal squama,

which forms the medial side of the temporal
fossa, is concave and bears a relief that is deve-

loped from a point located anterodorsally to a

point located posteroventrally; this relief

probably marks the sutura of parietal and squa-

mosal and reaches the lateral border of the

supraoccipital at a point wherea small protrusion

is developed. The parietals are slightly superim-

posed onto the emergence of the supraorbital

processes of the frontal; they did notspread onto

the emergence of these processes as in members

of the generaEubalaena and Balaenula.

Thesquamosal is a massive andstocky bone. The

posterior wall of the temporal fossa (that pertains

to the squamosal) is strongly concave and is

laterally defined by an anteriorly protruded,
acute lateral squamosal crest. The lateral surface

of this crest is flat. The squamosal is oriented

posteriorly. The remains of the zygomatic

process of the squamosal are projected laterally
and transversely relative to the longitudinal axis

of the skull so that the posteroventral surface of

the posterior wall of the temporal fossa can be

observed in lateral view, a typical character of

Balaena.

The supraorbital process of the frontal projects

laterally and posteriorly; it can be inferred that

the rostrum formed a continuous arc under the

supraorbital process of the frontal. Theascending

temporal crest is absent and the supraorbital

process is flat. Unfortunately, the more distal

portions of the process are missing so that it is

impossible to describe the orbit of the specimen.
The interorbital region of the frontal is exposed in

dorsal view for a small length; in fact, the anterior

process of the supraoccipital shield reaches a

point very close to the posteromedial elementsof

the rostrum and the nasals.

The nasal bones are elongated, rectangular and

bear a notch on their anterior surface. The longi-
tudinal length of the medial wall of the nasals is

smaller than the lateral diameter of both bones

taken together (sensu Tomilin, 1967) and this is a

character distinguishing Balaena montalionis from

Balaena mysticetus. The left nasal is flanked by the

proximal portion of the left maxilla that projects

anteriorly and dorsally paralleling the nasal

bones.

The pterygoids form a deep and dorsoventral

pterygoid fossa; the foramen pseudo-ovale is

missing. Other observations on the fragmentary
basicranial bones are reported in Bisconti (2000).

Discussion. The holotype of Balaena montalionis

was originally described by Capellini (1904) and

subsequently re-studied by Pilleri (1987),
McLeod et al. (1993), and Bisconti (2000). Capel-
lini (1904) suggested that this neurocranium

represented a new species of the genus Balaena

but Pilleri (1987) rejected that opinion and stated

that the specimen belonged to the same species as

Balaenula astensis. Pilleri (1987) coined the new

combination Balaenula montalionis to incorporate
both forms. McLeod et al. (1993) did not discuss

the analysis of Pilleri (1987) and considered the

identification of Capellini (1904) to be right.
Bisconti (2000) re-analysed the holotype skull

and concluded that the name Balaena montalionis

should be maintained and provided two charac-

ters to distinguish that species: first, the

dorsoventral and anteroposterior relief located

on the parietal squama, and, second, the

length/width ratio of the nasal bones. In Balaena

mysticetus and Eubalaenaglacialis the sutureof the

parietal and the squamosal is marked by a

tubercleprotruding from the dorsal edge of these

bones; in Balaena montalionis a relief is developed
from that tubercle which continues posteriorly
and ventrally. In Balaena mysticetus the

length/width ratio of the nasal bones is higher
than one while in Balaena montalionis the same

ratio is less than 1. Balaena montalionis belongs to

Plate2 AFS, incomplete right

dentary. A, lateral view (anterior end on the right

side). B, dorsal view. C, medial view (anterior end

on the left side). Scale bar equals 200 mm.

“Balaena etrusca”,

AFS, incomplete rechter

onderkaak. A, zijaanzicht, buitenkant (de voorkant

is aan de rechterzijde). B, bovenaanzicht. C,

zijaanzicht, binnenkant (de voorkant is aan de

linkerzijde). Maatstreep is 200 mm.

“Balaena etrusca”,



CRANIUM 20,1 -
2003

23

the genus Balaena because it has squared and

transversely compressed anterior process of the

supraoccipital shield, and the proximal rostrum

and the nasal bones projecting upward and

onward.This systematic assignment is confirmed

also by a cladistic analysis (Bisconti, 2000).

Genus Balaenotus Van Beneden, 1872

Type species. Balaenotus insignis Van Beneden,

1872

Osteological diagnosis of the genus. The genus is

monotypic, its diagnosis is the same as the type

species (see below).

Balaenotus insipnis Van Beneden, 1872

Materials. The IRSN collection comprises the

type materials originally described by Van

Beneden(1878,1880); these materials include the

following: CtM832, CtM833a-b (right and left

petrosals), CtM837 (left squamosal), CtM836a-c

(fragments of the supraorbital process of the

frontal, premaxilla, and left maxilla), CtM 838

(right supraorbital process of the frontal),
CtM834, CtM835 (left andright tympanic bullae),
CtM838, CtM840, CtM841a-b, CtM842a-b,

CtM843, CtM844a-b (several blocks including
fused cervical vertebrae belonging to different

individuals), CtM850 (a partial left scapula),
CtM856 (proximal portion of left dentary).

Diagnosis. Balaenotus insignis is a balaenid

because of its petrosal morphology, tympanic

bulla and the presenceof a mylohyoidal sulcus on

the ventromedial surface of the dentary; its

distinctive characters are the lack of anterior

torsion of the dentary, ventral opening of the

mandibular canal, and the lack of fusion of the

atlas to the other cervical vertebrae.

Description of the type material. In this work I

re-examine in detail some selected materials that

were referred to Balaenotus insignis by Van

Beneden (1878, 1880). In particular, I re-analyze
the petrotympanic complexes, the tympanic

bullae, a fewskull remains, and the cervical verte-

brae. The materials are figured in Fig. 9.

The skull is poorly known. Only the right supra-
orbital process of the frontal, two fragments of

premaxilla and maxilla, the left squamosal with

the left exoccipital yet articulated, and a fragmen-

tary left dentary are preserved. The supraorbital

process of the frontal is anteroposteriorly narrow

and lacks the ascending temporal crest; it is

substantially flat; ventrally, there is a wide and

shallow optic channel that is continuous with the

orbit; the postorbital process is longer than the

antorbital process; the orbit has a longitudinal
diameter of 105 mm; the optic channel has a

proximal longitudinal diameter of 40 mm. The

right supraorbital process of the frontal has the

same morphology (orbital longitudinal diameter

= 115 mm; anteroposterior diameter of the optic
channel at base = 40 mm). The fragmentary
maxilla bears two maxillary foramina and it is

transversely compressed. The premaxilla is very

similar to that of Balaenula astensis in its overall

shape. The partial left squamosal is very strongly
built, and is oriented dorsoventrally; the anterior

face of the squamosal (corresponding to the

posterior wall of the temporal fossa) is concave;

the lateral squamosal crest is high and convex. In

posterior view, the exoccipital has a round

outline and a ventral, pointed apex.

Two left periotics are preserved; their measure-

ments are reported in Table 6. The periotic CtM

832 (Fig.9a-c) has a stocky and tongue-like poste-
rior process that is at right angle with an approxi-

mately squared anterior process; the lateral

Plate 3 “Balaena etrusca”,

AFS, wervels. A, 4402,
bovenaanzicht. B, 4402, vooraanzicht. C, 4403,

bovenaanzicht. D, 4403, vooraanzicht. E, 4419,

vooraanzicht. F, 4419, bovenaanzicht. G, 4421,

vooraanzicht. H, 4421, onderaanzicht. Maatstreep is

50 mm.

AFS, vertebrae. A, 4402,

dorsal view. B, 4402, anterior view. C, 4403, dorsal

view. D, 4403, anterior view. E, 4419, anterior view.

F, 4419, dorsal view. G, 4421, anterior view. H, 4421,

ventral view. Scale bar equals 50 mm.

”Balaena etrusca”,
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projection of the anterior process is broken; in

dorsal view, the anterior process is divided from

the central portion of the periotics by an irregular

groove starting from the cranial wall; the poste-

rior limit of the stylomastoid fossa is marked by a

small projection on the medial side of the poste-

rior process. The stylomastoid fossa is well

defined and long; it continues on the posterior

faceof the pars cochlearis whereit becomes more

convex. The superior process is round and it is

ventrally bounded by a horizontal, shallow

groove. The suprameatal surface is flat. The

petrosal foramina are located in the ventral halfof

the pars cochlearis. The internal acoustic meatus

includes the tractus spiralis foraminosus and the

foramen for the VIII cranial nerve (foramen

singulare); it is divided from the foramen for the

VII cranial nerve (the facial nerve) by the interpo-

sition of a transverse crest; the cavities of the

internal acoustic meatus and the foramen for the

VII cranial nerve are deep and tubular. Thelatter

is higher than the former. A small accessory

foramen for the VII cranial nerve is placed more

anteriorly and dorsally to the other petrosal fora-

mina; it is usually observed in mysticete
earbones.The perilymphatic and endolymphatic
foramens are small; they are placed posterior to

the internal acoustic meatus and anterior to the

fenestra vestibuli (round window) that is wide

and almond-shaped. The groove for the tensor

tympani muscle is present. The oval window is

very wide (lateromedial diameter = 4 mm;

dorsoventral diameter = 3 mm) and is separated
from the ventral groove for the VII by a crest; the

groove projects on the ventral surface of the

compound posterior process under the stylomas-
toid fossa. The stapedial muscle fossa is evident,

elliptical, and deep. There is not any neck

between the compound posterior process and the

remaining part of the petrosal; the stylomastoid
notch is slightly developed. The pars cochlearis

does not protrude and has a round ventral

outline.

The petrosal CtM 833 is more gracile (Fig. 9d-f),
has an elongated and narrower compound poste-

rior process, and preserves a long and triangular
lateral projection of the anterior process. It repre-

sents a juvenile individual because the suture

between the round window and the endo-

lymphatic foramen is not completely fused;

moreover, the internalacoustic meatus is shallow

and very wideand the foramen for the VII cranial

nerve is yet included into a larger cavity compri-

sing also the internal acoustic meatus. Theposte-
rior limitof the stylomastoid fossa is placed more

cranially than CtM832. The suprameatal groove

placed under the superior process is anteriorly

enlarged and it relies above an irregular supra-

meatal area. The petrosal CtM832 and CtM833

are so different that they should be regarded as

belonging to different species. In fact, while the

condition observed in the internal acoustic

meatus, and the suture between the round

windowand the endolymphatic foramensuggest
that CtM833 is younger than CtM832, CtM833

has a longer compound posterior process and an

irregular suprameatal surface, both characters

being expected to be found in older individuals.

The tympanic bullae are typically balaenid-

shaped (Fig. 10). The ventral surface is flat-to-

slightly concave; the tympanic cavity is shallow;
the anterior expansion of the anterolateral corner

is strong. Other details are not preserved.

The cervical vertebrae are preserved in several

specimens that are not directly referable to the

type material, with the only exception of CtM840.

They were longitudinally sectioned to study the

pattern of co-ossification of the vertebral centra.

All of them lack the atlas and are anteroposteri-

orly compressed. The apophyses of the axis and

the third cervical vertebra are preserved only in

CtM844 where they project anterodorsally and

form long andtriangular structures. It seems that

AFS, vertebrae. A, 4420,

lateral view (note the pinewood mark). B, 4406,

indeterminatepiece. C, 4418, left lateral view. D,

4405, left lateral view. E, 4418, anterior view. F, 4405,

anterior view. G, 4408, anterior view, H, 4404,

anterior view. Not to scale

Plate 4 “Balaena etrusca”,

”Balaena etrusca”, AFS, wervels. A, 4420, zijaanzicht

(let op de beschadiging door dennenhout). B, 4406,

ongedetermineerd stuk. C, 4418, linker zijaanzicht.
D, 4405, linker zijaanzicht. E, 4418, vooraanzicht. F,

4405, vooraanzicht.G, 4408, vooraanzicht. H, 4404,

vooraanzicht. Niet op schaal
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the atlas did not co-ossify with the axis in these

specimens; it is unclear if this pattern is dueto the

young ontogenetic age of the individuals or if it

represents a character of taxonomical value. The

cervical vertebrae CtM850 are the only thatcould

belong to the same individual represented by the

squamosal plus exoccipital, dentary and frontal

because it is the only one that comes from the

same stratigraphic interval (third section). The

neck CtM850 lacks the atlas and comprises axis,

and third-to-seventh cervicals. The axis has a

strong and bulbous dens, and concave articular

face. The other cervical vertebrae are largely
co-ossified even though their anterior and poste-
rior borders can be appreciated in the sagittal
section. The last cervical vertebra is slightly

longer than the others are.

The proximal fragment of the left dentary bears

an articular condyle with dorsally exposed arti-

cular surface; the angular process is round; a

longitudinal crest divides a concave ventral area

belonging to the angular process from a dorsal,

concave area slightly ventral to the articular

surface of the condyle. The distal fragment is long
and pertains to the anterior end of the dentary
where the groove for the mental ligament and the

anterior torsion are absent. Van Beneden (1878,

pi. 24) figured the remaining part of the left

dentary; three features are worth noting: first, the

mylohyoidal sulcus is present along the ventro-

medial surface of the bone only in the posterior
half of the dentary; second, the anterior torsion is

almost absent; and third, the mandibular canal

opens anteriorly at a ventral position and the

sulcus for the mental ligament is ventrally-dis-

placed.

The scapula is incomplete; it is high but short;

both the coracoid and the acromial processes are

present, but their extremities are broken. A

supraspinous fossa is evident. The acromion is

directed medially. Van Beneden (1878) figured

humerus, radius and ulna; the ulna is olecranon-

bearing, the radius has a straight-to-slightly
convex anterior border, the humerus has a ball-

like articular head, straight anteriorand posterior

borders, fossa for the olecranon process, and a

small and squared deltopectoral tuberosity.

Discussion. The type material referred to Balae-

notus insignis is very poor. The periotics are the

best-preserved portions of that genus but they

belong to different individuals and display

enough differences to belong to different taxa.

The petrotympanic complexes of Balaenotus

insignis are represented by rather generalized
balaenid earbones that lack the distinctive

characters of Eubalaenaglacialis (protruding pars

cochlearis and superior process; see Fig. 11) and

those of Balaena mysticetus (higher suprameatal
area with round dorsal border of the periotics in

cranial view). However, the periotic CtM833 and

the supraorbital process of the frontal CtM836a

are closer to the corresponding bones of the

Bowhead whale than the Right whales. In this

sense, these specimens are similar to the new

genus and species represented by NMB 42001;

the type material of Balaenotus insignis differs

from NMB 42001 in the morphology and the size

of the squamosal that is more strongly built and

more laterally oriented, andin the morphology of

the exoccipital that has a ventral, pointed apex.

The most distinctive features of Balaenotus insig-
nis are found in the dentary. The lack of the ante-

rior torsion and the ventral anterior opening of

the mandibular canal are not found in other

balaenid taxa but for this reason these traits are

not useful in establishing the relationships of this

form. Theproximal region of the dentary of Balae-

notus insignis has a very concave ventrolateral

surface in the proximity of the angular region;
this trait is observed also in a dentary of “Balaena

etrusca”(AFS 4422; Capellini, 1902); however,

Fig. 8 The skull of Balaena montalionis, MSNT

holotype (MC CF31) (superfamily Balaenoidea,

family Balaenidae). A, dorsal view. B, left lateral

view. C, right lateral view. Scale bar equals 200 mm.

See Anatomicalabbreviations for explanation

De schedel van Balaena montalionis, MSNT holotype
(MC CF31) (superfamilie Balaenoidea, familie

Balaenidae). A, bovenaanzicht. B, linker zijaanzicht.
C, rechter zijaanzicht. Maatstreep is 200 mm. Zie

anatomische afkortingen voor uitleg
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these two dentaries differ in the morphology of

the articular condyle that is more raised andhas a

sharper anterior border in Balaenotus insignis. I

observed these features in a dentary held in NMB,

Tilburg (NMB 42002; old inventory number: 752).

TheTilburg dentary is represented by a left proxi-

mal portion 280 mm in length in which the angu-

lar process, the condyle and the mandibular

foramenare preserved. Thecondyle has a sharply

angulated anterior border and it is strongly
raised; theangular process is laterally round and

convex but medially flat; the condyle is posteri-

orly divided by the angular process by a trans-

verse pterygoid groove; themandibular foramen

is wide and has an external outline that is

triangle-shaped. A groove starts from the pos-

teroventral border of the mandibular foramen;

this groove is continuous with the posteriormost

portion of themylohyoidal sulcus, which is sharp
and is located in the ventromedial surface of the

dentary. Unfortunately, despite the good preser-

vationof the Tilburg dentary, the lack of the ante-

riormost extremity and the convex lateral surface

of the angular process prevent us to unambigu-

ously place this specimen in the genus Balaenotus.

The same is true for the dentary AFS4422. Moreo-

ver, the Italian specimen has a size that is approxi-

mately twice than the type of Balaenotus insignis
while the Tilburg specimen is of the same size.

However, the ontogenetic age of Balaenotus insig-
nis type is younger than that of the “Balaena

etrusca”dentary and this could explain the differ-

ence in size.

In conclusion, Balaenotus insignis is primitive in

the lack of the anterior torsion of the dentary, the

morphology of the earbones, the olecranon-be-

aring ulna, and the straight-edged humerus; it

has a Balaena-like supraorbital process of the

frontal (that is distally flat and lacks the ascen-

ding temporal crest); it shares with the Tilburg

dentary the sharply angulated anterior border of

the mandibular condyle but differs from it in the

morphology of the angular process; it shares with

the dentary of “Balaena etrusca”the concave area

lateral to the angular process but differs from it in

the overall size and the morphology of the

condyle; it is small-sized like the genus Balaenula

and the new genus from NorthSea. In conclusion,

Balaenotus insignis is represented by a mixture of

elements suggesting different relationships and

is presently difficult tounderstand whichof these

elements are due to convergence and which

derive from phylogenetic inheritance. However,

Balaenotus insignis can be easily diagnosed when

the anteriormost portion of the dentary is taken

into account; in fact, the lack of the anterior

torsion and the ventral opening of the mandi-

bular canal are diagnostic traits of this form. I

conclude that the name Balaenotus insignis is a

valid one andrepresents a primitive Balaena-like

form with particular feeding adaptations as

observed in the morphology of the dentary.

A new genus and species from North Sea

The skull of a small-sized balaenid is held by the

NatuurMuseum Brabant, Tilburg, Holland. The

specimen is inventoried as NMB 42001 andit was

discovered at Kallo, North-West Antwerp,

Belgium, in 1974. The skull was discovered by
vicar E.T.H. Van Tuyll and comes from the

Kattendijk Sands that are Early Pliocene in age.

The skull represents a new genus and species of a

small-sized balaenidfrom the North Sea and was

approximately contemporaneous to Balaenula

balaenopsis (Fig. 12). It does not belong to the

genus Balaenula because it shows differences in

the position of the glenoid fossa of thesquamosal,
the orientation of the zygomatic process of the

squamosal, in the morphology of the supraocci-

pital shield and the supraorbital process of the

frontal. Moreover, it lacks the derivate traitsexhi-

MGB. A, 9070, left dentary
in lateral view (anterior end on the left side). B, 9070,

left dentary in medial view. Scale bar equals 100

mm. C, 9069, right tympanic bulla in lateral view. D,

9069, right tympanic bulla in dorsal view. E, 9069,

right tympanic bulla in medial view. Scale bar equals
50 mm.

“Balaena etrusca”,

”Balaena etrusca”,

Plate 5

MGB. A, 9070, zijaanzicht van de

buitenkant van de linker onderkaak (de voorkant is

aan de linkerzijde). B, 9070, zijaanzicht van de bin-

nenkant van de linkeronderkaak. Maatstreep is 100

mm. C, 9069, rechter gehoorblaasje in zijaanzicht

(buitenkant schedel). D, 9069, rechter gehoorblaasje
in bovenaanzicht. E, 9069, rechter gehoorblaasje in

zijaanzicht (binnenkant schedel). Maatstreep is 50

mm.
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bited by Balaenula balaenopsis in the periotic bone

and by Balaenula astensis in the size of the brain.

The specimen NMB 42001 seems close to the

genus Balaena with which it shares the morpho-

logy of supraorbital process of the frontal and

aspects of the supraoccipital morphology.

However, it displays also derivate and distinct

features in the nasal bonesand the articulation of

the rostrum to the frontal. The specimen is

presently under study, and a more detailed

description with a comparative analysis and

taxonomy will be provided elsewhere.

Genus BalaenulaVan Beneden, 1872

In 1872, Van Beneden founded the genus Balae-

nula to give a taxonomical designation to the

fossil remains of some small-sized balaenids. He

considered that the members of Balaenula were

distinct from Balaenotus in the morphology of the

earbone and the dentary. Over the years, the

genus Balaenula has been used as a taxonomical

basked, where all the small-sized balaenids were

put. During the 20th
century, in fact, three new

species of Balaenula were described: one from

Japan and two from Italy. Moreover, both Barnes

(1976), and Whitmore (1994) mentioned the

presence of Balaenula respectively in California

and in the eastern United States. Finally, Oishi &

Hasegawa (1994) assigned to Balaenula some

tympanic bullae, and Pilleri (1987) employed that

name to designate the new combination “Balae-

nula montalionis”(see above). None of the

previous authors provided a sound morpholo-

gical diagnosis of this genus, so that it shouldbe

regarded as one of the most problematic taxa

among the Mysticeti.

Here, I review this genus basedon my own obser-

vations of Van Beneden's type materials and the

Italian taxa. I provide an emended diagnosis of

the genus andof twoof its species, and discuss its

general affinities.

Type species. Balaenula balaenopsis Van Beneden,

1872

Osteological diagnosis of the genus. Small-sized

balaenid whose estimated body length approa-

ches 5 m, anterior process of the supraoccipital
shield wideandround, temporal andlambdoidal

crests do not protruding laterally, lateral squa-

mosal crest low and round, ascending temporal
crest well developed and high, anteriormost

one-fourth of the rostrum abruptly depressed,
the ventrolateral border of the maxilla and the

supraorbital process of the frontal form a right

angle, nasal and proximal rostrum horizontal,

olecranon-bearing ulna, squamosal directed

ventrally and anteriorly, ventral surface of the

exoccipital at the level of the orbit, posterior
surface of the exoccipital round in lateral view,

glenoid fossa of the squamosal under the orbit.

Balaenula balaenopsis Van Beneden, 1872

Material. I examined only some of the type mate-

rials described by Van Beneden (1878,1880) and

held by IRSN; theseconsist in the following speci-
mens: CtM858a-b (right petrosal and stapes),
CtM859, CtM853d, CtM860, CtM861, CtM863,

CtM862 (tympanic bullae), CtM865a-b,

CtM869a-b, CtM868, CtM867a-c (cervical verte-

brae). I have also examined several materials

referred to this taxon by Capellini andothers and

held by MGB but in this work, I focus on the Van

Beneden's (1878,1880) type materials and especi-

ally on the petrosal.

Diagnosis. Well defined stylomastoid fossa, the

cranial foramenfor the VII cranial nerve is trian-

gular, very wide perilymphatic foramen, long
and dorsoventrally narrowedanterior process of

the periotic.

Description. The type petrosal is figured in Fig.
7a-b. The type materials of Van Beneden

comprise a partial skeleton with a fragmentary

MGB. A, 9061, cast of the

humerus. B, 9062, distal end of radius. C, 9067, jugal.
D, 9069, tympanic bulla in lateral view. E, 9069,

tympanic bullain medial view. Not to scale

“Balaena etrusca”,

MGB. A, 9061, model van het

opperarmbeen. B, 9062, onderzijde van het

spaakbeen. C, 9067, jugale. D, 9069, Gehoorblaasje in

zijaanzicht; buitenkant schedel. E, 9069,

gehoorblaasje inzijaanzicht; binnenkant schedel.

Niet op schaal

”Balaena etrusca”,

Plate 6



Evolutionary history of Balaenidae

28

skull. The skull as figured by Van Beneden(1878,

pi. 1) shows all the traits present in the other

forms belonging to the genus Balaenula as

emended inthis work (see above): i.e., theantero-

ventral development of the squamosal, the low

ventral border of the exoccipital (that is at the

same height of the orbit), the high ascending

temporal crest on the supraorbital process of the

frontal, and the glenoid fossa of the squamosal
under the orbit. The Belgian form, however,

differs from Balaenula astensis (another species of

the genus Balaenula, see below) in its retaining a

small endocranial volume and in a peculiar

petrosal bone. Some linear measurements are

provided in Table 7.

The petrosal (or periotic) lacks the compound

posterior process (Fig. 7a-b). It is extremely pecu-

liar and resembles that of the cetothere Amphi-
cetus. However, it differs from it in the higher

suprameatal area and the morphology and loca-

tion of the cranial foramens. In Balaenula

balaenopsis the anterior process of the petrosal is

long anddorsoventrally narrow; it is triangular in

cranial view and is divided from the central

portion of the bone by a subtle groove; the ante-

rior process has a pointed anterolateral corner.

The high suprameatal area is continuous with a

round and not-protruding superior process. The

posterior limit of the suprameatal area is in

continuity with a well-defined stylomastoid
fossa whose anteriormost area is dorsal to the

endolymphatic foramen. Posterior to the subtle

groove dividing the anterior process from the

central portion of the petrosal, a large cavity
should be interpreted as an accessory route for

the exit of the VII nerve. The endolymphatic
foramen opens on the floor of a wide and trian-

gular cavity; it is placed above the perilymphatic
foramen. The internal acoustic meatus is small

and deep; it includes the tractus spiralis forami-

nosus and the foramen singulare for the VIII

cranial nerve. The cranial foramen for the VII

cranial nerve is slightly anterodorsal to the

internal acoustic meatus; the dorsal and ventral

borders of this foramen converge anteriorly so

that the foramenhas a triangular shape. In lateral

view, the main feature of the petrosal is the

presence of an U-shaped groove that is located

above the large lateral opening of the VII (Fig. 7b:

vg). This groove corresponds to the vascular

grooveof Geisler & Luo (1998, p. 179; see their fig.
5) and serves to the transit of the middle menin-

geal artery. The middle meningeal artery is a

ramus of the promontorial branch of the internal

carotid artery whose path is marked by a groove

on the ventrolateral wall of the pars cochlearis.

This groove is present in the petrosal CtM858.

The fossa for the stapedial muscle is wide and

well defined by a posterior crest; the oval

windowis very wide (anteroposterior diameter =

5.4 mm; dorsoventral diameter = 3.65 mm); the

groove for the tensor tympanic muscle is present.

The stapes is 5.5 mm in height and is perforated

by a small and triangular stapedial foramen.

Discussion. It is not clear if the petrosal bone of

Balaenula balaenopsis was found in close connec-

tion with the type skull. In fact, in the list of the

materials referred to this taxon, Van Beneden

(1880: 52) cited several bones representing
several individuals. However, he figured only
one right petrosal that is the same that I have

re-analysed (Van Beneden, 1878: pi. 3). Van

Beneden (1880) did not designate a holotype of

Balaenula balaenopsis and for this reason I focused

my analysis on the petrosal that he figured and

indicated as characteristic for the species. The

materials referred to Balaenula balaenopsis come

from three different localities that are approxima-

tely of the same age (Van Beneden, 1880). A

thorough study of the provenances and the

morphological compatibilities of the specimens
should be undertaken to better characterise this

species.

MGB. A, 9068, dorsal view.

B, 9068, anterior view. C, 9064, anterior view. D,

9063, anterior view. E, 9065, anterior view. A to D

are caudal vertebrae, E is a thoracic vertebra. Scale

bar equals 50 mm.

Plate 7

MGB. A, 9068, bovenaanzicht. B,

9068, vooraanzicht. C, 9064, vooraanzicht. D, 9063,

vooraanzicht. E, 9065, vooraanzicht. A tot en met D

zijn staartwervels, E is een borstwervel. Maatstreep
is 50 mm.

”Balaena etrusca”,

“Balaena etrusca”,
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The morphology of the figured petrosal is very

different from all the other balaenid taxa. The

arrangement and shape of the cranial foramina,

the sharply defined stylomastoid fossa, the

virtual absence of the usual strong pachyosteo-
schlerosis, and the vascular groove for the middle

meningeal artery are features unobserved in all

the other balaenid periotics that I have examined

until now. However, despite this periotic resem-

bles very closely that of Amphicetus, it differs from

it in a number of details. These details are

explained in the above description.

Balaenula balaenopsis differs from Balaenula

astensis in the brain size and the morphology of

the periotic; Balaenula balaenopsis differs from the

Japanese Balaenula sp. in the morphology of the

periotic. All these forms share the same antero-

ventral development of the squamosal, the posi-
tion of the glenoid fossa under the orbit, high

ascending temporal crest on the supraorbital

process of the frontal, and the morphology of the

exoccipital. All these traits support the

monophyly of the genus Balaenula. However, the

described members of this genus are different in

the details explained above and represent three

different species. The Japanese form (not

examined in this work) is the more primitive

species of the genus because it lacks the derived

characters expressed by the other ones; Balaenula

balaenopsis and Balaenula astensis exhibit different

derived characters suggesting that these forms

evolved independently.

Balaenula astensis Trevisan, 1941

Material. A nearly complete neurocranium with

earbonesandfragments of both dentaries (MSNT
MC CF35). The specimen was described by
Trevisan (1941) who recognized it as a new

species of Balaenula; Pilleri (1987) rejected the

systematic assignment by Trevisan (1941) and

put thespecimen into his new combination Balae-

nula montalionis together with the holotype skull

of Balaena montalionis Capellini, 1904. Bisconti

(2000) reviewed the systematics of the specimen
based on cladistic analysis andconcluded that the

original assignment of Trevisan was correct.

Diagnosis. Endocranial volume approaching
4200 cc, temporal fossa small, hypoglossal
foramen present, concave paroccipital process,

anterior process of petrosal long, narrow and

high, compound posterior process short and

tongue-like.

Description. Theskull is fairlypreserved (Fig. 13).

The maxillae are largely missing with the excep-

tion of their posteriormost elements. The rostrum

is represented by the left premaxilla that is

strongly arched. The posterior two-thirds of the

premaxilla is nearly horizontal but the anterior

third abruptly projects downward and onward.

The lateral process of the maxilla does not project
under the supraorbital process of the frontal; in

fact, the rostrum is completely anterior to the

frontal and the maxilla, and the frontal forms a

right angle. The premaxilla is transversely

compressed for its wholelength; the nasal fossa is

anteroventrally bordered by an ascending crest

placed on the medial wall of the premaxilla. The

posterior elementsof the maxilla are preserved as

flat andwide pieces of bone; theseelements docu-

ment that the maxilla did not interdigitate with

the frontal in the same manner as that of Balae-

Table5 Specimens previously assigned to “Balaena”

etrusca: repository, anatomical element, locality and

yearof discover, and references to first description.
References cited in table: 1 = Capellini (1873), 2 = Ca-

pellini (1876), 3 = Capellini (1902).

Vondstendie oorspronkelijk toegeschreven waren

aan “Balaena” etrusca: huidige bewaarplaats, anato-

misch onderdeel, plaats en jaar van ontdekking, en

de eerste beschrijving. Geciteerde referenties: 1 = Ca-

pellini (1873), 2 = Capellini (1876), 3 = Capellini

(1902).

Repository Anatomical region
Locality, year of discovery (and

references to first description)

AFS 4422 right dentary
Vicolo di Tone, Siena,Tuscany,
1859 (1)

MGB9070 right dentary

Poggio di Stabicone,

Trequanda, Siena, Tuscany,

1879 (3)

MGB 9069
right tympanic

(natural cast)
Oroano, Pisa, Tuscany (3)

MGB9067 jup,al Ricavo, Chiusi, Siena, Tuscany

not observed earbones
Pieve di Santa Luce, Pisa,

Tuscany, 1875 (3)

not observed
two fragmentary
premaxillae

unknown locality, Tuscany (3)

MGB 9062 ulna

Poggio di Stabicone,

Trequanda, Siena, Tuscany,

before 1888 (3)

MGB9061 right humerus
Grillo, ValdiChiana, Tust any,

1857(2)

MGB9066 cervical vertebrae

Poggio di Pasqualone, Chiusi-

Cetona area, Val diChiana,

Tuscany, 1871 (1)

AFS 4419 lumbar vertebra unknown locality, Tuscany (1)

MGB 9064 caudal vertebra
Guistrigona, Siena, Tuscany,
before 1875(1)

not observed caudal vertebra
Guistrigona, Siena, Tuscany,

beforfe 1875 (1)

MGB 9065 caudal vertebra unknown locality, Tuscany (1)

MGB9063 caudal vertebra

Poggio di Stabicone,

Trequanda,Siena, Tuscany,
before 1888(3)

MGB 9062 caudal vertebra

Poggiodi Stabicone,

Trequanda,Siena, Tuscany,
before 1888(3)

Siena caudal vertebra Sarteano, Siena, Tuscany (3)

Siena 2 vertebrae
Monte Follonic o? Siena,

Tuscany

MGB 9068 caudal vertebra Valle della Fine? Siena, Tuscany
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nopteridae. Measurements are provided by
Bisconti (2000).

The nasal bones are rectangular and long; they
bear a notch on their anterior face; their

length/ width ratio is 1.5, and this represents the

higher value betweenthe known fossil andliving

mysticetes. The supraorbital process of the

frontal is prismatic; i.e., it is gently descending
from the small interorbital region of the frontal,

andbears a strong ascending temporal crest onto

its dorsal surface; the ascending temporal crest is

developed from the postorbital cornerof the orbit

to the posterolateral corner of the nasal. The

ventral angle betweenthe supraorbital processes

of the frontal approximates 90°; this is a typical
character of this species because in living mysti-

cetes and Balaena montalionis this angle is slightly
less than 180°.

Theparietals donotappear dorsally at the cranial

vertex anterior to the anterior process of the

supraoccipital shield. The parietal squama forms

the medial side of the temporal fossa and is flat;

the temporal fossa is not overhanged by the

temporal crests generated by the dorsal borders

of parietal and supraoccipital. Anteriorly, the

parietal spreads onto the emergence of the supra-
orbital process of the frontal as in Eubalaenaglaci-
alis and other members of the genus Balaenula.

The squamosal is more slender than that of the

generaBalaenaandEubalaena.The anterior face of

the squamosal (which is the posterior wall of the

temporal fossa) is flat; the lateral squamosal crest

is reduced to a slight relief located at the middle

of the height of the squamosal bone; the lamb-

doidal crest is low and rounded; none of the sites

for the attachment of the cranial musculature

appears well-developed with the exception of the

ascending temporal crest located onto the dorsal

surface of the supraorbital process of the frontal.

As usual in the genus Balaenula, the squamosal is

developed ventrally and anteriorly so that the

glenoid fossa for thearticulation with the dentary
is placed approximately at the middle of the

length of the neurocranium. The glenoid fossa

represents thecranio-mandibularjoint (CMJ) and

is oblique-to-vertical in the genus Balaenula. The

CMJ is located immediately below the orbit.

The supraoccipital shield is characterized by a

roundedand wide anterior process that is super-

imposed onto the parietals and it excludes them

from being exposed at the cranial vertex. The

lateral borders of the supraoccipital are convex.

The dorsal reliefof the supraoccipital is slight and

is bordered by a pair of anterior nuchal fossae and

a pair of posterior nuchal fossae for the attach-

ment of neck musculature. The exoccipitals are

round in lateral and dorsal view. They show a

tuberosity above the paroccipital process that is

flat andwell developed. Theforamen magnumis

very wide; it is bordered by flat and low occipital

condyles.

The basicranium is fragmentary; the basioccipital
is ventrally flat; the vomer was removed from the

skull during postmortem processes; the palatines
that were described by Trevisan (1941) are deta-

ched from the skull; they are flat and wide and

reach a point posterior on the basicranium. The

pterygoids are preserved inpart; there is the ante-

rior portion of the right pterygoid that shows a

deep and wide pterygoid fossa. The falciform

process of the squamosal is robust and long. The

basisphenoid and the presphenoid are observed

on the ventral wall of the skull; the alisphenoid is

preserved and its surface is rough. The basicap-

(IRSN). A,

CtM 832, cranial view. B, CtM 832, ventral view. C,

CtM 832, dorsal view. D, CtM 833, cranial view. B,

CtM 833, ventral view. C, CtM 833, dorsal view.

Scalebar equals 50 mm. See Anatomical

abbreviations for explanation

Type periotics (gehoorgebied) of

(IRSN). A, CtM 832, vooraanzicht. B, CtM 832,
onderaanzicht. C, CtM 832, bovenaanzicht.D, CtM

833, vooraanzicht. B, CtM 833, onderaanzicht. C,

CtM 833, bovenaanzicht. Maatstreep is 50 mm. Zie

anatomische afkortingen voor uitleg

Balaenotus insignisFig. 9 Type periotics of

Balaenotus insignis
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sular fissure is small and elliptical inoutline. The

jugular notch is well developed ventrolateral to

the occipital condyles. The descending processes
of the basioccipital are triangular in posterior

view.

The mesethmoid is worth noting because of its

exceptional preservation. It is characterized by a

perpendicular lamina that is bordered by two

concave surfaces that are round in outline; there

is a pair of olfactory foramina on these surfaces,

together with a series of crest-like formations that

are homologized toethmoturbinates. Maxillotur-

binates are not observed on the specimen

probably due to the lack of the relevant portions
of the maxillae.

The holotype skull has an endocranial volume

that Trevisan (1941) estimated to be around 4200

cc. This volume is the largest among the Balae-

nidae and suggests that Balaenula astensis was a

highly encephalized animal. Due to the enor-

mous expansion of the brain, the braincase

expanded and the temporal fossa became

smaller. The increase in brain size was probably
the reason for the round morphology of the sites

for the attach of the muscle temporalis (temporal
crest, lambdoidal crest, and lateral squamosal

crest).

The petrosal and the tympanic bullae were not

described in detailby the previous authors. Their

detailed description is provided here (Fig. 7e-f).
Both petrosals are incomplete and lack the

ventralmost portion of the pars cochlearis. The

compound posterior process is short and stocky;
in dorsal view, it is wide and tongue-like; its

dorsal surface is deeply grooved while its ventral

surface is flat andprojects dorsally. Thestylomas-
toid fossa is long and has a concave roof formed

by the petrosal component of the compound

posterior process. Posterior and anterior

processes are at a right angle to each other. The

anterior process is unusually high and long for a

balaenid. It is as long as the anteroposterior

diameter of the pars cochlearis as measured at its

emergence from the central part of the periotic;

the cranial face of the anterior process forms a

vertical wall slightly concave and oblique. The

lateral projection of the anterior process is

broken. The dorsal surface of the periotic is

strongly pachyosteoschlerotic; the superior

process is cranially rounded and is ventrally
bounded by a horizontal, shallow groove. The

suprameatal area is high and flat. In ventral view,

the fossa for the stapedial muscle and the fossa

incudis are completely destructed. The facial

groove is widened anteriorly and posteriorly; it

and southern

right whale A, right

petrotympanic complex in cranial view (bowhead

whale, ZML 1680). B, right petrotympanic complex

in dorsal view (southern right whale, ZML, periotics
associated to a skeleton; comparethis petrotympanic
with that shown in Fig. 11 to assess morphological
variationamong northern and southern right

whales). C, two tympanic bullae of

Fig. 10 Petrosal (periotic) and tympanic bullaeof

bowhead whale

in dorsal view (in all figures, ZML 2563 on the right,
ZML without number on the left). D, bullaein lateral

view. E, bullae in ventral view. F, bullae in medial

view. G, bullae in anterior view. H, bullae in

posterior view. Not to scale. See Anatomical

abbreviations for explanation

Rotsbeen (periotic) en gehoorblaasjes van de

Groenlandse walvis

Balaena mysticetus

Balaena mysticetus

Eubalaenaaustralis.

Eubalaenaaustralis.

Balaena mysticetus

en de

zuidkaper A, rechter

gehoorcomplex in vooraanzicht (Groenlandse
walvis, ZML 1680). B, rechter gehoorcomplex in

bovenaanzicht (zuidkaper, ZML, periotica
verbonden met een skelet; vergelijk dit

gehoorcomplex met dat in fig. 11 om de variatiein

vorm tussen de noordkaper en de zuidkaper vast te

stellen). C, twee gehoorblaasjes van Balaena

mysticetus in bovenaanzicht (in alle figuren, ZML

2563 aan de rechterkant, ZML zondernummer aan

de linkerkant). D, blaasjes in zijaanzicht, buitenkant

schedel. E, blaasjes gezien vanaf de onderkant. F,

blaasjes in zijaanzicht, binnenkant schedel. G, blaas-

jes in vooraanzicht. H, blaasjes inachteraanzicht.

Niet op schaal. Zie anatomischeafkortingen voor

uitleg
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continues posteriorly on the ventral surface of the

compound posterior process. Only the dorsal

border of the oval window is preserved; the

tracks of two semicircular canals are visible.

Compared to other balaenids, the ventral surface

of these periotics is wider and longer.

The left tympanic bulla is very incompletely

preserved while the right one lacks only some

fragments of the lateral wall and the pedicles for

the articulation to the periotics. Only the poste-
rior wall together with a small portion of the

ventral wall of the left bulla are preserved. The

bulla is dorsoventrally compressed and has a

longitudinally concave ventral surface; the

tympanic cavity is shallow and transversely
wide; the anteromedial corner is round but forms

a right angle with the medial edge of the bone; an

anterolateral transversal expansion is posteriorly
bounded by a dorsoventral constriction slightly
anterior to thesigmoid process; theposterolateral
wall of the bulla (below the inferred position of

the sigmoid process is slightly convex. The

conical process is very low andstraight. There is a

shallow notch between the conical process and

the transversal, posterior wall of the bulla. This

notch is marked in the left bulla.

The dentary is long and straight. It shows the

anterior torsion and the mylohyoidal sulcus in

the ventromedial surface. The condyle has a

dorsally exposed articular surface and the

angular process is round and low. The coronoid

process is absent; in its place, there is a long and

low coronoid crest. Several mental and gingival
foramina are present along the dorsolateral and

dorsomedialbordersof the bone. More details are

provided by Bisconti (2000).

Discussion. Balaenula astensis represents an

advanced small-sized balaenid characterised by

high endocranial volume and low and round

attach sites for thecranial musculature. Theendo-

cranial cast reveals that the brain has very large
Gasserian ganglia and large olfactive pedicles.
However, the cast is under study and its anato-

mical characteristics will be made clear else-

where. The expansion of the brain is correlated to

a reduction of the temporal fossa caused by the

lateral movementof the lateral sides of the skull.

Thereduction of the volumeof thetemporal fossa

seems paralleled by a reduction of the posterome-
dial attach sites of the muscle temporalis; on the

contrary, the ascending temporal crest located on

the supraorbital process of the frontal is very high
and marked suggesting a strong anterior attach-

ment of the muscle. The skull of Balaenula astensis

is more slender and streamlined than that of

Eubalaena and Balaena. Unfortunately, the lack of

thepostcranial skeleton prevents us to analyse its

swimming abilities. Theperiotic is primitive in its

retaining of a short posterior process. In fact, in

other small-sized balaenids such as Balaenotus

insignis and NMB 42001 the posterior process is

long despite the small size of the skull. The shape
of the suprameatal area and the superior process

resemble the Japanese Balaenula sp. but differ

from Balaenula balaenopsis. Bisconti (2000) founda

close relationship between Balaenula astensis and

Balaenula balaenopsis and found that these forms

are closer to the living Eubalaena glacialis.

Balaenula praediolensis Cuscani Politi, 1961

Pietro Cuscani Politi was a teacher in a high
school in Siena during the 50s, 60s, and 70s and

did a lot of paleontological work as an amateur

who was informed into scientific principles. In a

paper that appeared in 1961, he made a general
overview of the fossil mysticetes held by the

Italian institutions, and described a new species
of Balaenula under the name Balaenula praedio-
lensis.

Materials. The specimen was discovered in

November 1958 near San Casciano dei Bagni
about90 km Southof Siena, Central Italy. It comes

from Middle Pliocene sands that were deposited

approximately 3 Ma ago. The remains of the

balaenid consist in the partial left mandibular

ramus (AFS 7149), the left tympanic bulla (AFS

7132), a fragment of petrosal (AFS 7133), three

fragments of premaxilla (AFS 7143), and a frag-
ment of rib (AFS 7144). The holotype and only

specimen referred to Balaenula praediolensis is

held by the Geological Section of the Natural

Fig. 11 Petrosal bone of the right whale Eubalaena

glacialis (MSNT 260). Scale bar equals 50 mm. See

Anatomicalabbreviations for explanation

Rotsbeen van de noordkaper Eubalaenaglacialis

(MSNT 260). Maatstreep is 50 mm. Zieanatomische

afkortingen voor uitleg
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History Museum of the Accademia dei Fisiocri-

tici.

Diagnosis. The holotype of Balaenula praediolensis
shows one diagnostic feature at the level of

species: very thick lateral wall of the tympanic

bulla. This feature distinguishes this form at the

level of species but thereare no diagnostic traits at

the level of genus; for this reason we cannot

include “Balaenula” praediolensis into any of the

presently known genera of balaenids. We can

only refer this specimen to a species of Balaenidae

gen. ind., and wait for further discoveries of more

complete and morphologically comparable

specimens.

Description. The left dentary is represented by a

partial ramus formed by two segments (Plate 8).
It is approximately 980 mmin length and 112mm

in height (see Table 8 for measurements). The

condyle and the anteriormost portion of the

mandible are missing. The dentary bears 5 or 6

mental foramina; the mandibular canal is parti-

ally exposed because the dorsal border of the

bone is eroded. As it is customary in Balaenidae,

the coronoid process is absent. The mylohyoidal
sulcus is well developed along the ventromedial

surface of the bone; it disappears 197 mm poste-
rior to the anterior end of the dentary as

preserved in the specimen. Approximately 197

mm posterior to the anterior end, the dentary
raises and curves medially toward the mental

region. In dorsal view, the dentary is straight for

almost its entire length; the only region where it is

bowed is when its anterior end approaches the

mental region. The lateral surface of the dentary
is highly convex for almost all of its length; this

surface begins to be flat only from 197 mm from

the anterior end. The medial surface is flat-to-

slightly convex.

Theleft tympanic bulla is incompletely preserved

(measurements in Table 8). It lacks the anterior

apex, the whole lateral surface, and the pedicles
for the attachment to the petrosal. The ventral

surface is concave and wide; there is a sharp
ventromedial keel; the involucrum (,sensu Oishi &

Hasegawa, 1994) is continuous for the whole

length of the bulla; the tympanic cavity is

shallow; the involucrum protrudes into the

tympanic cavity and the cavity is not observed

posterior to the broken posterior pedicle for the

attachmentof the bulla to the petrosal. The dorsal

surface of the medialportion of the involucrum is

wide andhighly convex; theposterior wall of the

bulla is concave and vertical immediately poste-

rior to the posterior pedicle for the attachment to

the petrosal. The ventral surface of the bulla is

perforated by numerous, small vascular fora-

mina. Thefragment of the left petrosal consists in

a distal portion of the posterior process. It has a

triangular shape and is very robust and pachyos-
teoschlerothic.

The largest fragment of premaxilla represents a

portion of the lateral surface of the bone; it has a

vertical lateral side; the dorsolateral border is

acute and eroded; the dorsal surface descends

medially and is concave; the dorsomedialborder

is lower than the dorsolateral and descends ante-

riorly. The smallest piece of premaxilla has a

ventromedial surface eroded; the dorsal surface

is flat and the lateral surface is vertical. The third

premaxillary fragment has a dorsal surface flat-

to-slightly convex that descends laterally; the

lateral surface is concave and has a crest-like

ventral border; the ventromedial surface is flat.

Theonly remains referable to thepostcranial are a

fragment of a left rib that represents a segment
close to the proximal end of the bone. It is medi-

ally flat and laterally convex; it is slightly bowed

near the proximal endbut is straight for the main

part of its development.

Discussion. Despite its poor preservation, the

holotype of Balaenula praediolensis preserves

enough information to discriminate it as a sepa-

rate balaenid species. Unfortunately, based on

the fragmentary referred material, it is presently

impossible to understand what is the genus it

belongs to. “Balaenula”praediolensis is a species of

Fig. 12 The skull of a new genus and species of

small-sized balaenid in right lateral view (anterior

end of the skull on the left side) (NMB 42001,

holotype). Scalebar equals 200 mm. See Anatomical

abbreviations for explanation

Rechter zijaanzicht van de schedel van een nieuw

geslacht en een nieuwe soort van een kleine

baleinwalvis (voorkant van de schedel is aan de

linkerzijde) (NMB 42001, holotype). Maatstreep is

200 mm. Zie anatomische afkortingen voor uitleg
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an indeterminate genus of balaenids. Its distinc-

tive trait is observed in the tympanic bulla. The

thickness of the lateral wall of thetympanic bulla

is a crucial factor in the functioning of the ceta-

cean earbones (Nummela et al., 1999). The thicker

the bulla, the higher the ability to perceive low-

to-very low frequency sounds (Nummela, 1997,

1995). In fact, the mass of the tympanic depends

partially on the thickness of the lateral wall of the

bulla and the mass is the factor that influences the

capacity of a bulla to be resonant with low-to-

very low sounds (Hemilä et al., 2001). In “Balae-

nula” praediolensis this thickness is maximum

among balaenids suggesting that this animal

sensed probably very low sounds. It is likely that

the increase in the thickness of the lateral wall of

the tympanic bulla was a way for “Balaenula”

praediolensis to preserve the high mass of the

tympanic that is necessary to perceive very low

sounds despite its extreme reduction in size.

Genus Eubalaena Gray, 1864

Type species. Eubalaena australis Desmoulins,

1822

Osteological diagnosis of the genus. Gigantic

body size (maximum body length approaching
22 m), rostrumand supraorbital process of frontal

form a right angle, nasal and proximal rostrum

horizontal, ascending temporal crest well deve-

loped on the dorsal surface of the supraorbital

process of the frontal, vertically-developed squa-

mosal, zygomatic process of the squamosal
directed anteriorly so that the posterior wall of

the temporal fossa cannot be observed in lateral

view, protruding lambdoidal and temporal

crests, convex and protruding lateral squamosal
crest, exoccipital squared in lateral view, dome-

bearing supraoccipital shield with sagittal crests,

wide anterior process of supraoccipital, pars

cochlearis cranially-protruded, superior process
of petrosal cranially-protruded.

General discussion of the fossil record. There are

two fossil specimens closely related to the living

right whales. Theseare reviewed in thefollowing
text. Abel (1941) and Plisnier-Ladame & Quinet

(1969) described the skull of Balaena bellica; I

examined the skull and some other portions of

this form held by IRSN (CtM 879a-f); the skull

(Fig. 14) is strongly built and larger than Balae-

nula. The supraoccipital shield is large and has a

widely round anterior process; the supraorbital

process of the frontal is anteroposteriorly
narrowed and bears a low ascending temporal
crest; the reconstruction of the original position of

the supraorbital process of the frontal as made by

Plisnier-Ladame & Quinet (1969) suggests that

there was a right angle between the frontal and

the maxilla. The squamosal is robust and has an

anteriorly convex lateral squamosal crest; the

posterior wall of the temporal fossa is very

concave. The zygomatic process of the squamosal
is anteriorly oriented so that the posterior wall of

the temporal fossa cannot be seen in lateral view.

All these characters suggest a close relationship
of “Balaena” belgica and the genus Eubalaena.

Other commentson this specimen can be foundin

Bisconti (2000, 2002).

Bisconti (2002) described the partial neurocra-

nium of aPliocene right whale of the genus Euba-

laena from the early Late Pliocene of Central Italy.
This is the most ancient fossil of this genus to be

formally described. In fact, the report of Nishi-

waki & Hasegawa (1967) of a large partial neuro-

cranium of a right whale from the Kisagata shell

bed, was relative to a subfossil individual that

probably died in the 18th
century.

Balaenidae diversity at the species
level: a reassessment

Thetaxonomy of Balaenidae as derived from this

work and that of McLeodet al. (1993) is presented

in Table 9. The names “Balaena paronai” and

“Balaena” etrusca should be considered as

unvalid. “Balaena” belgica, “Balaenula” praedio-
lensis and “Balaena” primigenius have wrong

generic names; in fact, “Balaena” belgica is now

Table 6 Balaenotus insignis, type material, measure-

ments of periotics CtM 832 and 833, in mm.

Balaenotus insignis, type materiaal, maten van het ge-

hoorsgedeelte (perioticum) van CtM 832 en 833, in

mm.

CtM

832

CtM

833

Anteroposterior diameter of anterior process 39 44

Lateromedial diameter of anterior process 37 36

Lateromedial diameter of pars cochlearis 21 18.5

Dorsoventral diameter of iam 11+ 12+

Dorsoventral diameter of round window 4 4

Transverse diameter of round window 3 3

Dorsoventral diameter of oval window 9.5 7.3

Transverse diameter of oval window 4.3 5

Length of posterior process 110 105

Width of posterior process 39 29.6

Length of lateral process of anterior process -
68
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put in the genusEubalaena, “Balaenula” praedio-
lensis and “Balaena”primigenius represent species
of indeterminatebalaenid genera. The diagnosis
of the genus Balaenula is now emendatedand the

genus is not monotypic including at least three

different species: Balaenula balaenopsis, Balaenula

astensis and a JapaneseBalaenula sp.

The systematics of Balaenidae comprises the

following valid taxonomical names:Morenocetus

parvus, Eubalaena glacialis,
Eubalaena belgica,

Eubalaena australis,

Balaena mysticetus, Balaena

montalionis, Balaenotus insignis, Balaenula

balaenopsis, and Balaenula astensis. These taxa

should be considered in future phylogenetic
works on Balaenidae. New balaenid taxa are the

following: the skull NMB 42001 (new genus and

species), the Japanese Balaenulasp. (new species),
“Balaena” primigenius (indetermined genus but

valid species), and “Balaenula” praediolensis (inde-
terminate genus but valid species).

Paleoecology of Pliocene balaenids

Very few dataare available about the evolutionof

balaenids during the Miocene time, but the Plio-

cene fossil record is enough abundant to allow

the generation of paleoecological and behavi-

oural inferences. Living balaenids have different

reproductive and feeding behaviours. The

Greenland Bowhead whale (Balaena mysticetus)

spends its whole lifetime in the Arctic seas and

makes only limited migrations along the parallels

(Moore & Reeves, 1993); it feeds andbreeds in the

Arctic waters. The Right whales Eubalaena glaci-
alis and E. australis feed in cold waters (respecti-

vely North Atlantic and North Pacific, and

Antarctic seas) andmigrate to reach more tempe-

rate areas for breeding and calving. Judging from

the distribution of fossil balaenids we should

speculate that the Pliocene taxa behaved diffe-

rently. In fact, several Early Pliocene forms were

discovered in Mediterranean sediments asso-

ciated with rather warm faunas. Thepresence of

balaenids in the warm, sub-tropical Mediterra-

nean Pliocene conflicts with the distribution of

the living species and suggests that the ancient

taxa had different physiologies. In the following
sections I focus on three aspects of the paleoeco-

logy of Balaenidae: body size evolution, change
in species composition, and reproductive

biology.

Until recently, it was believed that general rules

would influence the size of animals, especially
mammals (i.e., Allen's and Bergmann's rules). In

particular, the Allen's rule says that animals

living in cold environments are larger than their

closest relatives living in warm environments;

the Bergmann's rule says that the appendages of

animals living in cold environments are smaller

than those of their close relatives living in warm

environments. These rules seem to follow a

logical development: in fact, larger animals have

a low-to-very low surface/volume ratio that

prevents them to exchange high amount of heat

with the environment. Smaller animals have a

high-to-very high surface/volume ratio so that

they loose high amountof heat into the environ-

ment. The same is true for the size and shape of

appendages. Following these rules it would be

expected to find small-sized animals in warm

environments and larger forms in cold environ-

ments. This is generally true but I must remark

Fig. 13 The skull of Balaenula astensis (superfamily

Balaenoidea, family Balaenidae). A, left lateral view

(anterior end of the skull on the right side), MSNT

holotype (MC CF35). B, dorsal view without the

premaxilla (anterior end of the skull corresponds to

the apex of the nasals and on the upper side). Scale

bar equals 200 mm. See Anatomical abbreviations for

explanation

De schedel van Balaenulaastensis (superfamilie

Balaenoidea, familieBalaenidae). A, linker zijaan-
zicht (voorkant van de schedel is aan de rechterzij-

de), MSNT holotype (MC CF35). B, bovenaanzicht

zonder de premaxilla (de voorkant van de schedel

komt overeen met de top van het neusbeen en met

de bovenzijde). Maatstreep is 200 mm. Zie

anatomische afkortingen voor uitleg
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that presently the larger terrestrial animals are

found in the sub-tropical savannahs (i.e., the

elephants) and not in the Arctic; moreover, the

most abundant proboscidean of the last ice age

(the mammoth) was smaller than its ancestor

living in warmer periods (Maschenko, 2002).

Therefore, something seems wrong with both

Allen's and Bergmann's rules. In recent times,

several studies have addressed the relationship
between climate and animals focusing on

mammals (Prothero, 1999; Dayan et al., 1991;

Maas et al., 1988). All thesestudies concluded that

this relationship is very weak or definitively
absent.

When one has to assess the physiology of an

animal that is known only as a fossil, data from

living forms close to the fossil one are crucial

(Witmer, 1995). Living balaenids are quite known

in terms of their physiology and thermal needs

(Lowry, 1993and references therein) but it seems

that there is no rule governing their distributions.

In fact, while the Right whales of the genus Euba-

laenaneedtobreedandcalve in temperate waters,

the females of the genus Balaena need not to

migrate so extensively in order to find waters of

the right temperature for their parturitions.

However, while the living Balaena mysticetus

spends its whole life cycle in the Arctic, its closest

relatives from the Pliocene time are known from

the sub-tropical Mediterranean and the North

Sea. This point marks a substantial difference

between the living species and its fossil relatives.

There are no particular differences in size

between the living Greenland Bowhead whale

and its Pliocene fossil record; in fact, Capellini

(1902) estimated that the dentary MGB 9070

(“Balaena” etrusca) belonged to an approximately

18-m-long individual, a length that approaches

very closely the upper limit of variation of the

living Balaena mysticetus. Other Pliocene balae-

nids were very large animals: “Balaena” primige-
nius has long and strong vertebrae suggesting
that it was more than 10-m in length; Balaena

montalionis was approximately 12-m-long and

approached a size similar to that of Eubalaena

belgica (Bisconti, 2000). Further, Bisconti (2002)

estimated that the body length of the early Late

Pliocene Eubalaena from Tuscany ranged from 11

and 13 m and suggested that the individual was

not fully-grown. This is another demonstration

that the Allen's rule does notsubstantially reflect

the true distribution of body sizes in relation to

the climate.

However, the Early Pliocene was also a time

when several small-sized balaenids were living.

In particular, the genus Balaenula had a

flourishing diversity in the North Atlantic, Medi-

terranean, and North Pacific. All members of the

genus Balaenula were small-sized, reaching

approximately 5 meters in total body length.
These forms lived together with gigantic balae-

nids such as “Balaena” primigenius, “Balaena”

etrusca and “Balaena paronai”. The coexistence of

small-sized and gigantic balaenids during the

Pliocene represents an ecological situation that

has not any present counterpart and raises some

problems. Firstly, were balaenids primitively
small-sized or large-sized? Secondly, howdid the

Pliocene small-sized and large-sized balaenids

interact witheachother? Thirdly, why did small-

sized balaenids become extinct?

The fossil record allows us to answer the first

question. Judging from the size of the most

ancientbalaenid that was formally described(i.e.,
Morenocetus parvus Cabrera, 1926), the size of

balaenids was primitively small; large sizes were

attained subsequently by at least two different

genera, namely Balaena and Eubalaena. Therefore,

it is more parsimonious to consider the small size

of the genus Balaenula and the new genus from

the North Sea as the preservation of a primitive

condition.

The nature of the interactions between small-

sized and large-sized balaenids has not yet been

investigated inscientific publications. Surely, this

interaction represents an ecological situation that

has notany analogous situation in the living ceta-

cean communities around the world. Other

similar situations in which the fossils document

ancient coexistences among terrestrial mammals

that live now in separate areals have been

Table 7 Balaenula balaenopsis, type material,

measurements of petrosal CtM 858ain mm.

Balaenula balaenopsis, type materiaal en maten van

het rotsbeen CtM 858a in mm.

Anteroposterior diameter of anterior process 32

Lateromedial diameter of anterior process 43.5

Anteroposterior diameter ofpars cochlearis 54

Lateromedial diameter of pars cochlearis 30

Dorsoventral diameter of iam 4.3

Anteroposterior diameter ofiam 6.75

Dorsoventral diameter of round window 3.35

Transverse diameter ofround window 4.3

Dorsoventral diameter of oval window 3.65

Transverse diameter ofoval window 5.4
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recently documented (Stafford et ah, 1999). The

high abundance of balaenid species during the

Pliocene raises the question of the amount of

resources that were available to these animals in

that time. In fact, the living balaenids have largely

allopatric geographic ranges and rely on rather

different food reservoirs, but the Pliocene forms

had sympatric distributions and it would be

expected that they exploited the same food reser-

voirs. What was the amount of difference

between the Pliocene marine ecosystems and the

present ones?

The climate can be invoked to explain the abun-

dance of small-sized balaenids during the Plio-

cene. In fact, based on traditional rules, it is

expected to find small-sized forms during

periods characterised by warm climates;

however, as argumented above, this expectation
seems not be corroborated by fossil and current

evidence. The coexistence of small-sized and

large-sized balaenids could depend on three

main factors:

1. Weak competition. The Pliocene ecosystems

were so rich in nutrients and plankton that both

large-sized and small-sized forms could survive

without interfering with each other. Alternati-

vely, it would be hypothesized that small-sized

and large-sized balaenids were differently

adapted to prey on different food items. In effect,

the genus Balaenula has a rather streamlined skull

when compared to the large Balaena and Euba-

laena. This would lead to suppose that Balaenula

was more agile than the large forms that are

presently living. A study of the vertebral column

of this genus would be useful to assess its swim-

ming performances as compared to those of the

larger taxa. To quantify the amountof resources

that were available to thePliocene cetaceans is yet

a complicated issue. Reconstructions of paleopro-

ductivity evolution in the Cenozoic support the

availability of highly abundant nutrients in the

Pliocene waters all around the world(Compton et

al, 2000; Rothmann, 2001; Zachos et al., 2001).

This increase in nutrients is generally associated

to a raise in planktonic biomass and this repre-

sents the basis for the oceanic food webs in which

mysticetes are involved. A working hypothesis to

explain the co-existence of so diverse balaenid

taxa in the Early and Middle Pliocene consists in

supposing that major food sources existed that

could support several balaenid species and

genera. It is yet unclear if the balaenids parti-

tioned the ecosystems by means of diverse

trophic specializations or if they were able to

exploit the same food reservoirs experiencing

lowcompetition.

2. Small-sized species are relict. The presence of

small-sized forms in the Pliocene may represent a

pale image of the abundance of primitive balae-

nids that were all small-sized. This scenario

derives from the first; in fact, archaic, less

advanced forms can survive only if the competi-

tion with the more derivate ones is low. Judging
from the morphology of periotics, it seems that

the genus Balaenula was more primitive than

Balaenaand Eubalaena, and one wouldbe tempted
toconsider this genus as a relict. However, at least

one member of Balaenula displays a highly
advanced trait, i.e. a high encephalization. Balae-

nula should be considered as a more conservative

form but notprimitive. Moreover, the new genus

from the North Sea (NMB 42001) is represented

by a skull with the most advanced process of

nasal reduction ever seen in a mysticete; this form

cannot be considered as a relict or a primitive

taxon. So, it seems that the small-sized species

preserved the primitive condition of a little body
but they evolved their own specializations as

expressed by derivatecharacter states (e.g., small

nasals and large brain).

3. High diversity in balaenid body sizes is

promoted by specialized predation. This point

was firstly analysed by Bisconti (1998). In ecosys-

tems characterised by a small area (i.e., a lake), the

diversity of the zooplankton is promoted by the

action of a specialized predator (Beisner et al.,

1997); the removal of the predator causes the

Fig. 14 The skull of Eubalaena belgica (superfamily

Balaenoidea, family Balaenidae) in dorsal view

(anterior end of the skull on the
upper side), IRSN

holotype. Scale bar equals 200 mm. See Anatomical

abbreviationsfor explanation

Bovenaanzichtvan de schedel van Eubalaena belgica

(superfamilie Balaenoidea, familieBalaenidae)

(voorkant van de schedel aan de bovenzijde), IRSN

holotype. Maatstreep is 200 mm. Zie anatomische

afkortingen voor uitleg
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collapse of prey's diversity; the lack of a specia-

lized predator allows a prey species to dominate

above the others (Kerfoot, 1987; Mills et al., 1987;

Kitchell & Carpenter, 1987; Vanni, 1987). The

dominant prey undergoes an increase in body
size and excludes the main part of the other prey

species from the access to the resources (Mittel-
bach & Chesson, 1987; Power, 1987); the final

consequence is that the other prey species

become demographically marginal. Bisconti

(1998) applied this idea to the problem of the

coexistence of small-sized and large-sized balae-

nids during the Pliocene of Mediterranean. He

simulated by a computer program the conditions

under which two species of Balaenidae with

different metabolic requirements can coexist

under the pressure of a predator and in the

presence of competitive exclusion. The competi-
tive exclusion is an ecological rule that applies
when a dominant species interacts with weak

competitors; in general, the dominant species is a

better competitor and excludes the other species
from the resources leading themto the edge of the

extinction. It is reasonable to assume that large
individuals are better competitors than smaller

ones. The results obtained by Bisconti (1998)

suggested that the coexistence is possible when a

large part (-40%) of the population of the domi-

nant species is removed by specialized predators
like great sharks (i.e.,
Carcharodon carcharias).

Carcharocles megalodon,
It seems counterintuitive

to suppose that giant balaenids may be highly

preyed by sharks but there is enough evidence

supporting this point. Bianucci et al. (2002), Purdy

(1996), and Deméré & Cerutti (1982) provided

many data suggesting strong trophic interactions

between white sharks and baleen whales. In

particular, Bianucci et al. (2002) documented

shark interactions with large balaenids during
the Pliocene of central Mediterranean. Therefore,

it is not so strange to suppose that the sharks had

some influence on the distribution of body sizes

in fossil balaenid communities. The pattern of

community evolution that is obtained by the

simulation model is as follows: 1) large- and

small-sized balaenids coexist under the pressure

of a specialized predator (such as a large shark

species), 2) the predator is removed from the

ecosystem (i.e., itbecomes extinct or it changes its

range due to global changes), 3) the large
balaenid species becomes dominant andexcludes

the smaller forms from the access to the resources,

4) the small-sized balaenids become extinct. This

model is largely speculative and is based on

plankton community evolution and for this

reason it shouldbe considered as a starting point.

New studies should be carried out for a better

understanding of the evolution of balaenid

communities over time.

Oneof the points yet unclear is represented by the

evolution of balaenid reproductive behaviour

since the Pliocene. Living balaenids perform
different reproductive behaviours in that the

Greenland bowhed whale completes its whole

life cycle in the Arctic waters, while the Right
whales need temperate, sub-tropical waters to

breed and calve. It is not clear if Pliocene balae-

nids performed migratory behaviours similar to

those of the living Right whales or not. It is also

unclear if the breeding and calving areas

employed by Pliocene balaenids had peculiar
characters such as those used today by members

of the genus Eubalaena.

The Italian collections of fossil balaenids are

really full of remains of juvenile individuals.

However, in general, these fossils represent suba-

dult and weaned individuals and do not docu-

ment that a given area was a reproductive site for

Pliocene balaenids. The only exception is repre-

Table 8 ”Balaenula praediolensis”, type material, mea-

surements inmm. a = as preserved, b = mean

thickness was assessed from five measurements of

the tympanic wall taken at randompositions; me-

thod for the larger part in accordance with

Nummela et al. (1999).

“Balaenula praediolensis”, type materiaalen maten in

mm. a = zoals bewaard, b = gemiddelde dikte sa-

mengesteld uit vijf afzonderlijke maten genomenop

het gehoorblaasje op willekeurige plaatsen, groten-
deels volgens de methode van Nummelaet al.

(1999).

i Length of dentary (2 pieces) 983

Posterior height of dentary 125

: Anterior height of dentary 108

Height at middle of dentary 112

; Length of tympanic bulla" 84

Anterior width of tympanic bulla" 37

Posterior width of tympanic bulla" 69

Posterior height of tympanic bulla" 44

Maximum depthof tympanic cavity" 32

Mean thickness of tympanic wall 1. 9.8

Length of rib fragment 190

Anteroposterior diameter of rib

fragment at proximal end

41

Anteroposterior diameter of rib

fragment at distal end

41

Maximum thickness of rib fragment 19
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sented by the remains of a newbornof an uniden-

tified species of a balaenid from Orciatico

(Tuscany, Central Italy) held by MGB and inven-

toried as CMC 8911. The specimen consists of an

incomplete vertebral column that can be assigned
to the family Balaenidae dueto the cervical verte-

brae that are fused with each other. In the

specimen, five cervicals are preserved (atlas and

sixth vertebra are lacking) from which the axis is

the largest. This neck is illustrated in Fig. 15

whereit is compared to thecervical complexes of

other small-sized balaenids. I consider the

specimen as a newborn individual due to its

overall size: the whole complex is 41 mm in

length, 60 mm in width, and 58 mm in height.

Unfortunately, the information concerning this

specimen is scanty so that we do not know the

precise locality where it was found. For this

reason we have no information on the exact chro-

nostratigraphic age of the specimen. Therefore,

we have to assign the specimen to Pliocene sensu

lato. The neck CMC 8911 is important because it

documents that the Central Mediterranean sea,

and especially the shallow seas around the

islands that were present in the place of the

present Central Italy, was a reproductive area

used bybalaenidssometime during the Pliocene.

Phytogeny of Balaenidae

As usual in the study of mysticete evolution, the

phytogeny of Balaenidae and their position

amongCetacea is not yet completely understood.

This is because the phylogeny of the wholeMysti-
ceti is under debate, being a case where morpho-

logy and molecules conflict. However, a detailed

phylogenetical analysis of Balaenidae would be

very useful in shaping conservation strategies to

save the living species from extinction. In this

sense, the study of balaenid phylogeny and

evolution can provide invaluabledata to a field in

expansion, that of conservation biology. In the

next section, I make an overview of previous

phylogenetic studies and propose some sugges-

tions to future works on the evolution of Balae-

nidae.

The morphological evidence

Balaenids are morphologically very different

from the other mysticetes. Their transversely

compressed rostrum, their vertically developed

squamosal, and their squared, low and wide

tympanic bulla make them very characteristic.

Unfortunately, these peculiar morphologies
seem so specialized that it is difficult to link balae-

nids to other mysticetes in a phylogenetic study
of mysticete evolution.

Morphological evidence suggests that Balae-

nidae and Neobalaenidaeare closely related (for

accounts of morphology of neobalaenids see

Baker, 1985; Beddard, 1901; Oliver, 1922). Gray
(1868) suggested putting both families into a

superfamily, namely Balaenoidea, a concept

subsequently resurrected by McLeodet al. (1993).

AFS holotype. A,

7132, tympanic bulla in lateral view. B, 7132,

tympanic bulla in dorsal view. C, 7132, tympanic
bulla in medial view. D, 7132, tympanic bulla in

posterior view. Scale bar equals 20 mm. E, 7149,

dentary in dorsal view. F, 7149, dentary in lateral

view. G, 7149, dentary in medial view. Scale bar

equals 100 mm. H, 7133 on the left (petrosal

fragment), 7144 on the right (rib fragment). K, 7143,

premaxillary fragments. H and K not to scale

“Balaenula” praediolensis,

AFS holotype. A, 7132,

gehoorblaasje in zijaanzicht, buitenkant schedel. B,

7132, gehoorblaasje in bovenaanzicht. C, 7132,

gehoorblaasje in zijaanzicht, binnenkant schedel. D,

7132, gehoorblaasje in achteraanzicht. Maatstreep is

20 mm. E, 7149, onderkaak in bovenaanzicht. F, 7149,

onderkaak in zijaanzicht, buitenkant.G, 7149,

onderkaak in zijaanzicht, binnenkant. Maatstreep is

100 mm. H, 7133 aan de linkerkant (fragment van

een rotsbeen), 7144 aan de rechterkant (ribfragment).
K, 7143, fragmenten van de premaxilla. H en K niet

op schaal

Plate 8

”Balaenula” praediolensis,
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McLeod et al. (1993) supported the close connec-

tion of balaenids and neobalaenids observing
that they share the ventral displacement of the

glenoid fossa and zygomatic portion of the squa-

mosal, the posterior extension of the pterygoids
beneath the basicranium, and the presence of

numerous and thin baleen plates (Fig. 16a). In a

previous attempt to explain the phylogeny of

mysticetes with emphasis on therelationships of

gray whales, Barnes & McLeod (1984) added to

this evidence also the sharing of fused cervical

vertebrae. The close relationship of Balaenidae

andNeobalaenidaewas subsequently confirmed

by Bisconti (2000) on a cladistic ground.

McLeod et al. (1993) and Bisconti (2000) consid-

ered Balaenidae as a rather derivate family. This

opinion disagrees with those expressed by Winge

(1921), Kellogg (1928), andFraser & Purves (1960)

who considered that balaenids and neobalaenids

are quite basal among the mysticetes. A primitive
status for Balaenidaewas also suggested by Bar-

nes (1984) who, inhis fig. 1, hypothesized that the

ancestors of Balaenidae should be searched

among the direct derivatives of archaic toothed

mysticetes (Aetiocetidae). Barnes (1984) sug-

gested also that the Neobalaenidaeare close rela-

tives of Balaenidae. That analysis was not

supported by a list with shared derivate charac-

ters by Neobalaenidaeand Balaenidae to the ex-

clusion of other mysticete families. Barnes (1984)

spent some wordsabout the Early MioceneMore-

nocetus parvus and stated that it does notprovide
an obvious link toother mysticete families, an ob-

servation subsequently remarked also by

Fordyce & Barnes (1994).

However, when one looks at the skull of Moreno-

cetus parvus (Fig. 6), it is evident that this form

displays a combination of characters that is

shared with both balaenids and neobalaenids: in

particular, the flat and posteriorly-oriented

supraorbital process of the frontal, and the round

anterior process of the supraoccipital shield.

Apart from these two connecting features, the

other aspects of the skull morphology of this form

are more balaenid-like.

Only two studies addressed the problem of the

intra-family relationships of Balaenidae. McLeod

et al. (1993) did an extensive effort and reviewed

the whole fossil record of Balaenidae but their

phylogenetic analysis focused on the living

species only (Fig. 16a). They were able toconfirm

the monophyly of Balaenidaebut did notanalyse
the relationships of the fossil taxa to the living
ones. Bisconti (2000) provided a cladistic treat-

ment of the balaenid fossil record recognizing

two main groups: one formed by Balaena mysti-
cetusand Balaena montalionis, and another formed

by the genus Balaenula, Morenocetus parvus, Euba-

laena glacialis and “Balaena” belgica (Fig. 16b-c).

Flowever, the position of “Balaena” belgica was

notcompletely solved and the close relationship
between Morenocetus parvus and the genus Balae-

nula is not convincing. I am currently studying
the phylogeny of Balaenidae including the fossil

record and new results are anticipated that

should shed light on the intra-family rela-

tionships of these sophisticated organisms.

Nekwervels van een pasgeboren baleinwalvis uit het

Plioceen van Italië (MGB CMC 8911). A, de nek in

zijaanzicht (maatstreep in cm). B, de nek (in de

linker benedenhoek) vergeleken met andere

nekgebieden van kleine Pliocene baleinwalvissen

aanwezig in MGB; lengte van CMC 8911 = 41 mm,

hoogte van het voorste centrum = 58 mm, breedte

van het voorste centrum = 60 mm.

Fig. 15 The cervical vertebrae of a newbornbalaenid

from the Italian Pliocene (MGB CMC 8911). A, the

neck in lateral view (scale bar in cm). B, the neck (on

the lower left corner) is compared to other cervical

blocks of Pliocene small-sized balaenids heldin

MGB; length of CMC 8911 = 41 mm, height of the

anteriormost centrum = 58 mm, width of the

anteriormostcentrum = 60 mm.
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In conclusion, while the whole morphological
evidence points to a close link of balaenids and

neobalaenids, there is no complete agreement

concerning the phylogenetic position of Balae-

nidae among the Mysticeti. In fact, early studies

considered balaenids as an early-diverging

group, and more recent works considered them

as derivate forms.

The molecular evidence

In the past ten years, several gene sequenceshave

been investigated to get a complete reappraisal of

mysticete phylogeny. Mitochondrial DNA

(mtDNA), ribosomal DNA (12S and 16S rDNA),

cytochrome b, y-fibrinogen, K-casein exon 4,

P-casein exon 7, (3-casein intron 7, and protamine

PI, were all used in phylogenetic analyses of

baleen whales including Balaenidae. However,

results were discordant.

The position of Balaenidaeamong the mysticetes

was assessed by cytochrome b and chromosomal

quantitative traits by Ärnason & Gullberg (1994),
Arnason & Ledje (1992), and Gatesy (1998) who

found similar results in that Balaenidae were

basal to the other living mysticete families (Fig.

16d-e). Ärnason & Gullberg (1994) found that

Balaenidae were not closely linked to Neobalae-

nidae and their results received supports from

other previously published sources of molecular

and chromosomal evidences (Ärnason & Ledje,
1992; Ärnason etal., 1993). In these works, Neoba-

laenidae are more closely related to Balaenopte-
ridae than Balaenidae. These results strongly

Fig. 16 Hypotheses on phylogenetic relationships of Balaenidae.A, McLeod et al. (1993). B and C, Bisconti (2000).
D, Árnason & Gullberg (1994). E, Árnason & Ledje (1992). F, Gatesy (1998)

Enkele veronderstelde fylogenetische verwantschappen van de familie van de baleinwalvissen. Voor de bronnen,
zie Engelstalig onderschrift
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contrast with those provided by Gatesy (1998)

who, in his extensive treatment of mammalian

genome, found that Balaenidae and Neobalae-

nidae form a monophyletic group (Fig. 16f), a

result according with the morphology-based

outputs of McLeod et al. (1993) and Bisconti

(2000).

Ärnason & Gullberg (1994) found also that the

molecular variation ofcytochrome b is so reduced

in balaenids that there should not be any reason

to distinguish the living forms into two different

genera; Ärnason & Gullberg (1994) suggested

using only one taxonomical name for the living
balaenids, i.e., Balaena.

In recent years, the phylogeny of Balaenidae has

been assessed by molecular analyses of mtDNA

extracted from baleen of museal specimens and

from living individuals (Rosenbaum et al., 2000;

Malik et al., 2000; Perrin & Brownell, 2001). The

analyses did not focus on the position of balae-

nids among the mysticetes, but they were

centered on the reciprocal relationships of the

three mainbalaenid populations belonging to the

genus Eubalaena. Despite the small variation

observed by Ärnason & Gullberg (1994), Rosen-

baum et al. (2000) found enough differences to

distinguish three different groups within the

genus Eubalaena that correspond to differently-
distributed populations: a population inhabiting
the North Atlantic ocean, another inhabiting the

North Pacific ocean, and a third one inhabiting
theAntarctic waters (Fig. 17). These threepopula-
tions received different taxonomical names

under a phylogenetic concept of species: the

North Atlantic right whales correspond to Euba-

laena glacialis, those from the Antarctic waters

correspond to Eubalaena australis, but it was

necessary to propose another name for the right
whales inhabiting the North Pacific. This popula-
tionwas given the name Eubalaenajaponica.

The molecular study of Rosenbaum et al. (2000)

provided the first attempt to characterise the

molecular diversity of the genus Eubalaena, and it

strongly suggests that three different species

belonging to this genus are currently living.
Bisconti (2002) critically discussed the study of

Rosenbaum et al. (2000) remarking the absence of

morphological characters distinguishing Euba-

laena glacialis and E. australis from E. japonica. This

is a major limit of the molecular results of Rosen-

baum et al. (2000) when applied to the fossil

record.

A synthesis?

After this survey, it appears that the evolutionary

history of Balaenidaeis a field open tonew inves-

tigations. Thelack of agreement of molecular and

morphological data points to more detailed treat-

ments of both phenotypic and genotypic sources

of evidence until a consensus of view will emerge.

It is obvious thatmolecular works cannot include

fossil forms into their analyses and this is a major
limit of gene-based phylogenetic studies (Smith,

1998). However, morphological analyses cannot

use as many characters as those using molecules

(see Peterson & Eernisse, 2001 for analyses using

high amount of DNA information). Each

approach has its proper advantages and shortco-

mings.

Whatemerges from the aboveoutline of phyloge-
netic studies on Balaenidae is that there is some

consensus about the close relationship of Balaeni-

dae and Neobalaenidae, a consensus deriving
from both morphology (McLeod et al, 1993; Bis-

conti, 2000) and molecules (Gatesy, 1998). An-

other consensus of view emerging from both

fields concerns the relationships of the living

balaenids; in fact, McLeod et al. (1993), Bisconti

(2000) andRosenbaum et al. (2000) found that the

living forms are different enough to belong to dif-

ferent genera. I think that before accepting the

further subdivision of the genus Eubalaena as pro-

posed by Rosenbaum et al. (2000), a thorough

morphological test should be carried out on sig-
nificant samples of the three different popula-
tions of Right whales. This test could be

performed by a geometrical-morphometrical ap-

proach or traditional qualitative morphological

analyses; if morphological differences will be

found, it is likely that they are very small. How-

ever, small differences are sufficient tosubdivide

the genus Eubalaena in three different species
undera phylogenetic species concept.

A thorough phylogenetic analysis of Balaenidae

should include the fossil record. This is because

Fig. 17 Rosenbaumet al.’ s (2000) hypothesis of

phylogenetic relationships within Balaenidae

Rosenbaumet al.’s (2000) hypothese van de

fylogenetische verwantschappen binnen de familie

van de Balaenidae(baleinwalvissen)
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the fossil taxaprovide thechronology of the bran-

ching events along the rami of the phylogenetic

tree of the family. The chronology is necessary to

get complete information about the timing of

divergence of the living forms from their last

common ancestor. This information is crucial in

studies assessing the genetic health of the

Bowhead and Right whales (Eldredge &

Novacek, 1985; Smith, 1998; Gingerich & Uhen,

1998; Bajpai & Gingerich, 1998; O'Leary & Uhen,

1999; Wilf et al., 2000). Unfortunately the rela-

tionships of living and fossil balaenids were

insufficiently treated in previous studies mainly
because it was difficult to have a realistic picture

of how many of the established fossil taxa were

validand howmany of themwere nominadubiaor

nomina nuda. McLeod et al. (1993) provided a first

detailed revision of the fossil record and the

present study represents a further development
of that work. After these two studies, the taxono-

mical situation of Balaenidae would be clear

enough to allow a detailed phylogenetic analysis

including the fossil record.

Thefirst expected result of such a study would be

the close relationship between Eubalaena and

Balaenula as defined in this work. In fact, these

genera share the right angle between frontal and

rostrum, the irregular arc formed by the dorsal

outline of the skull, and the irregular arc formed

by the rostrum.A close connectionbetween Euba-

laena and “Balaena” belgica is also expected given
their sharing of the supraoccipital and frontal

morphology; this result would put “Balaena”

belgica into the genus Eubalaena. The genus
Balaena is expected to comprise Balaena mysticetus
and Balaena montalionis; the new genus and

species from North Sea (NMB42001) is expected
to be the closest relative to the genus Balaena. The

relationships of Morenocetus parvus and Balaena

primigenius remain unclear.

The position of Balaenidae among the Mysticeti
needs to be assessed, also including those charac-

ters that seem to link balaenids to eschrichtiids

and those making neobalaenids more similar to

balaenopterids. A close relationship of balaenids

and eschrichtiids would be supported by the

sharing of an arched rostrum (however, the

rostrum of eschrichtiids is not so arched). The

connection of neobalaenids to balaenopterids
seems more robust because it is supported by the

sharing of a manus with four digits, antibrachium

(radius and ulna) longer than humerus, trian-

gular occipital condyles located mainly under the

foramenmagnum, straightradius, andabsenceof

the tensor tympanic groove from the periotic.

However, there are at least ten derivate charac-

ters that link neobalaenids to balaenids (angular

process of dentary round and small, supraocci-

pital superimposes onto the parietal andexcludes

it from the exposition at cranial vertex, coronal

suture always posterior to the anterior process of

supraoccipital shield, anterior attach for muscle

temporalis developed from the postorbital corner

of the supraorbital process of frontal to the poste-
rolateral corner of nasal bone, dorsoventrally

compressed tympanic bulla, conical process of

tympanic bulla low, tympanic bulla transversely

enlarged, internal opening of the facial canal

small (relative to the internal acoustic meatus),

deep and cylindrical, zygomatic process of squa-

mosal shortened, cervical vertebrae fused) and

these should be enough to further affirm the

monophyly of the superfamily Balaenoidea.

A biogeographic perspective

Despite the lack of consensus about the intra-fa-

mily relationships of Balaenidae, it is unani-

mously recognized that the ranges of the living

species are quite well distinct (Perry etai, 1999). It

is especially worth noting that the right whales

inhabit both northern and southern oceans and

the northern populations are divided from the

southern ones by the tropics (Fordyce, 1984;

Davies, 1963). This is what is said tobe an antitro-

pical distribution (see Briggs, 1987 for further

explanations of the terms).

There are clues suggesting that Balaenidae origi-
nated in the southern hemisphere. In fact, the

most ancient and primitive balaenid occurs in

Early Miocene sediments of South America, and

the most likely close relative of Balaenidae, (i.e.,

the neobalaenid Caperea marginata) is distributed

in the southern oceans. The fossil record is not of

help in determining when the balaenids invaded

the northern hemisphere. It is a matter of fact that

early in the Pliocene, balaenids were highly
diversified in both the North Atlantic and the

North Pacific and this points to an earlier inva-

sion of those areas.

Rosenbaum et al. (2000) proposed that the genus

Eubalaenaoriginated in the northern hemisphere
and subsequently invaded the southern oceans

during a period characterised by cold climate. In

fact, Eubalaena filter feeds in cold waters and it is

likely that during oneof the glaciations occurring

during thePliocene or Quaternary it expanded its

range including also what are now the tropics.
The re-establishment of temperate conditions
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would have caused thesubdivision of the genus'

range by the interposition of the present tropical

zone. Fordyce (1989) mentioned the presence of

balaenids from the Late Miocene and Early Plio-

cene of New Zealand that are however not yet

formally described. These fossils could help to

chronologically place the entrance of modern

Right whales into the southern waters.

ThePliocene distribution of the genus Balaenulais

an interesting case study in balaenid paleobioge-

ography. This genus is known from the Early
Pliocene of the North Sea, the Mediterranean, the

North West andNorth East Pacific. This distribu-

tion suggests that an earlier dispersion led to the

invasionof all these ocean basins. This dispersion
would be basal Pliocene or latest Miocenein age.

Barnes (1976) reported of a Late Miocene-to-Early
Pliocene Balaenula from California, which

suggests that the genus was living before the

beginning of the Pliocene. The genus Balaenula

became globally extinct during the Pliocene, or

more precisely, after three million years ago, the

date which corresponds to the age of the Italian

Balaenula astensis. The extinction occurred after

the evolution of advanced traits in two different

species (i.e., a high encephalization in Balaenula

astensis, and a differently-shaped periotic in

Balaenula balaenopsis). These differences suggest
that each of the three described species evolved

separately from the others. It is yet unclear if the

Californian form was co-specific of the Japanese

one or if it represents another species of the

genus.

Another case study in balaenid paleobiogeo-

graphy is represented by the absence of the genus

Eubalaena from the Mediterranean. Eubalaena

glacialis is only occasionally sighted in this sea

(Capellini, 1877; Gasco, 1878; Maio etal., 2001) but

its presence has beenrecently documentedin the

early Late Pliocene (Bisconti, 2002). Cetacean

communities of the Mediterranean waters are

presently dominated by the fin whale Balaenop-
tera physalustera physalus while other mysticetes are demo-

graphically marginal (Notarbartolo di Sciara et

ah, 1993). This situation seems a case of competi-
tive exclusion but it is yet unclear why and when

the Right whales were excluded from thebasin. A

working hypothesis could be that the exclusion

occurred when the orogeny of the Appennines

(that form the North-West to South-East axis of

the Italian peninsula) erased the breeding areas in

the waters of Central Italy, as documentedby the

presence of newbornremains during the Pliocene

time. However, this hypothesis needs further

studies to be tested positively or negatively.

Conservation issues

Balaenids are among the most endangered
mammal species in the world. The status of the

living Right whales (Eubalaena glacialis and

australis) has been recently assessed as critical in

the North Pacific, the North Atlantic, and the

Antarctic seas (Perry et al., 1999). The status of the

Bowhead whale Balaena mysticetu s is even more

critical due to the massive contraction expe-

rienced by its populations during about two

centuries of intense hunting (Gaskin, 1986). Each

year, several million dollars are provided by
different national and international organiza-

tions to study and managebalaenid populations

(Montague, 1993; Fujiwara & Caswell, 1999) but

there is not yet any accord about the amount of

their recovery or if a recovery really exists (Chris-
tensen et al., 1992; Best et al., 1993; Caswell et al.,

1999; Fujiwara & Caswell, 2001; but see also

NOAA, 2001; Pittman, 2001; Stevens, 2002).

It seems that there is not any industrial whaling

currently in progress on balaenid populations
but only some forms of aboriginal hunt are

performed by different human cultures especi-

ally in the Russian and Canadian Arctic (Reeves,

2002; Clapham, 1999). In Canada, this kind of

hunthas beenresponsible of the removalof about

280 Bowheads in the last five years but Canadian

authorities say that this aboriginal whaling is

sustainable (Reeves, 2002). The aboriginal

whaling is a kind of humanbehavior that some

people want to preserve because it represents a

source of human diversity in culture and

economy, and because it has relevance in our

understanding of the cultures of people inhabi-

ting North America and northern Russia before

their coming into contact with the European civi-

lization (Reeves, 2002). However, there are

evidences that the way in which some of these

aboriginal whalers perform their hunts are

profoundly influenced by modern technology; in

fact, aboriginal whalers from Alaska are known

to be occasionally assisted by aircraft and oil

industry support vessels to move the bodies of

thekilled whales; moreover, theweaponsused to

kill the whales by Alaskan and other aboriginal
whalers are modern darting or shoulder guns

(Stoker & Krupnik, 1993).

Clapham (1999) listed several factors affecting the

extinction risk of baleen whales: among them,

there are the aboriginal hunt, collisions with

vessels, entanglement in net traps, and destruc-

tion of habitats. It is likely that these factors

interact in complex ways and their net effect on
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balaenid populations is difficult to predict.
Current efforts are devoted to the study of the

genetic health of Balaenidae (in terms of DNA

variability) and toward saving single individuals

from entangling traps (Center for Coastal

Studies, 2001).

Old designation

Balaena primigenius

Balaenotus insignis

Balaenula balaenopsis

Balaenula astensis

Balaenula praediolensis

Balaenula sp. Qapan)

Balaena paronai

Balaena etrusca

Balaena belgica

Balaena montalionis

NMB 42001

New designation

Balaenidae gen. ind.

Balaenotus insignis

Balaenula balaenopsis

Balaenula astensis

Balaenidae gen. ind.

Balaenula sp. nov.

Balaenidae gen.
et

sp.
ind.

Balaenidae gen. et sp. ind.

Eubalaena belgica

Balaena montalionis

Balaenidae gen. et sp. nov.

References Age (and stratigraphic references)

1 Pliocene s.Z. (Scaldisian) (15)

1 Pliocene s.Z. (Scaldisian) (15)

1 Pliocene s.l. (Scaldisian) (15)

2, 3, 4 Early Piacenzian (16)

5 Early Zanclean (17,18)

6,13 Early Zanclean (6,13)

7 Early Piacenzian (19)

8, 9,10 Early Zanclean (17,18)

11,12,13 Early Pleistocene (Merxemien) (15)

14, 3,4 Early Zanclean (20)

in progress Late Zanclean (21,22,23)

A study of the genetic health of living balaenids

has been recently performed by Rooney et al.

(2001) who analyzed the genetic variation of

Balaena mysticetus. They considered that the Bow-

head diverged from the living Right whales dur-

ing the Pliocene (about 4 million years ago) and

based their analyses of mutation rate on this date.

Bearing these assumptions in mind, they found

that the genetic variation of the living Bowheads

is good and there is enough variability tosupport

the recovery of the species. However, the diver-

gence between Bowhead and Right whales may

be much older than estimated by Rooney et al.

(2001) based onMcLeod etal. (1993) data. In fact, a

comprehensive phylogeny of Balaenidae is nec-

essary toestimate the divergence of thesewhales

from their last common ancestor. The estimate

made by McLeod et al. (1993) was based on a

balaenid phylogeny including only the living

species. A more comprehensive analysis of

balaenid phylogeny is required to confirm or re-

ject thatestimate; this new study shouldcomprise
all living and fossil balaenids. If analyses of the

genetic health of mysticetes will be taken into ac-

count, which contribute to conservation plans,
then paleontological data will be of extreme im-

portance to provide phylogenies from which

dates of divergence can be extrapolated by statis-

tical or stratigraphic inferences. In this sense, pa-

leontology can help balaenids and other baleen

whales escape from extinction.

Summary and prospectus

The evolutionary history of Balaenidae is not yet

completely understood. Several taxa are known

from the fossil record but their relationships to

the living forms are far from being completely
solved. The phylogenetic position of Balaenotus

and Balaenula should be cleared far better in the

future and the times of divergence of the prin-

cipal balaenid radiations should be obtained

from a well-solved phylogeny of the family.
These goals are of interest not only for paleonto-

logists and evolutionary biologists, but also for

conservation biologists andnationalandinterna-

tional organizations that plan conservation stra-

tegies for thesewhales. Abetter understanding of

balaenid spatio-temporal use of past environ-

ments(e.g., the Central Mediterraneansea during
the Pliocene) should help in planning what habi-

tats to preserve today inorder to assist Right and

Bowhead whales in their recovery from the

Table 9 Revised taxonomy of fossil Balaenidae.References indicated in the table: 1, VanBeneden (1872,1878,

1880); 2, Trevisan (1941); 3, Pilleri (1987); 4, Bisconti (2000); 5, Cuscani-Politi (1961); 6, Excavation Research Group

for the Fukagawa Whale Fossil (1982); 7, Del Prato (1900); 8, Capellini (1873); 9, Capellini (1876); 10, Capellini

(1902); 11, Abel (1941); 12, Plisnier-Ladame & Quinet (1969); 13, McLeod et al. (1993); 14, Capellini (1904); 15, De

Meuter & Laga (1976); 16, Ferrero & Pavia (1996); 17, Gandin & Sandrelli (1992); 18, Signorini (1967); 19,

Monegatti & Raineri (1987); 20, Dominiciet al. (1995); 21, Janssen (1974); 22, Nuyts (1990); 23, Hoedemakers &

Marquet (1992).

Herziene taxonomievan fossiele walvisachtigen (Balaenidae). Voor referenties in de tabel, zie het Engelstalige bo-

venschrift.

Old designation New designation References Age (and stratigraphic references)

Balaena primigenius Balaenidae gen. ind. 1 Pliocene s.l. (Scaldisian) (15)

Balaenotus insignis Balaenotus insignis 1 Pliocene s.l. (Scaldisian) (15)

Balaenula balaenopsis Balaenula balaenopsis 1 Pliocene s.l. (Scaldisian) (15)

Balaemila astensis Balaenula astensis 2, 3, 4 Early Piacenzian (16)

Balaenula praediolensis Balaenidae gen. ind. 5 Early Zanclean (17,18)

Balaenula sp. Qapan) Balaenula sp. nov. 6, 13 Early Zanclean (6,13)

Balaena paronai Balaenidae gen. et sp. ind. 7 Early Piacenzian (19)

Balaena etrusca Balaenidae gen. et sp. ind. 8,9,10 Early Zanclean (17,18)

Balaena belgiea Eubalaena belgiea 11,12,13 Early Pleistocene (Merxemien) (15)

Balaena nwntalionis Balaena nwntalionis 14,3,4 Early Zanclean (20)

NMB 42001 Balaenidae gen. et sp. nov. in progress
Late Zanclean (21, 22, 23)
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human-induced population contraction of the

last century.

Balaenids represent a unique combination of

adaptive characters that allow them to exploit

enormous reserves of slowly moving zooplank-

ton. These characters were in place about 23 mil-

lion years ago and maybe before. The subsequent
evolutionof these animals included a wideradia-

tion of large-sized and small-sized taxa that co-

existed in several ocean basins. Thenature of this

co-existence is still poorly understood.

The maximum abundance of fossil balaenids is

observed in Early-to-Middle Pliocene sediments

of the Mediterranean, the North Sea, the North-

west Atlantic, and the North-West Pacific. The

reason of this Pliocene rise of balaenids is unclear

but it can probably be connected to the massive

turnover experienced by mysticete communities

all around the world during the transition from

Miocene to Pliocene. In fact, in this period, the

previously dominant cetotheres became largely
extinct and a modern fauna comprising medi-

um-to-large sized balaenopterids and balaenids

became dominant(Whitmore, 1994).

Future studies on balaenid evolution should

focus on the description of new fossil records and

the interpretation of their phylogenetic history. In

fact, a well-solved and unambiguous phytogeny
can be highly helpful in obtaining paleobiogeo-

graphic, paleoecological, and temporal informa-

tion to use in planning conservation strategies to

preserve these fascinating but vulnerable marine

mammals.

Acknowledgments

I whish to thank John De Vos and Klaas Post for

inviting me to attend the Meeting of the Work-

group for Pleistocene Mammals held in Urk,

Holland, in 2002. I was honored to participate in

such a meeting and provide my contributions. I

whish to thank Klaas Post because he arranged
for my visits to the numerous Dutch institutions

in the early Winter 2001. During these visits I

benefited from the help of several scientists,

among which: Peter van Bree (Amsterdam),
Frans Ellenbroeck and Marie-Cecile van de Wiel

(Tilburg), Rene Fraaye (Boxtel), E.J.O. Kompanje

(Leiden), and Klaas Post himself. During my

studies on living and fossil balaenids I received

also help from the following people: Sergio Raffi,

Giovan Battista Vai, Carlo Sarti, andPaoloFerreri

(Bologna), Ferruccio Farsi (Siena), Silvia Chicchi

(Reggio Emilia), Marco Franzini (Pisa), David J.

Bohaska (Washington), Albert Sanders

(Charleston), and Olivier Lambert (Bruxelles). I

want to express my sincere gratitude to all of

them for theirefforts and assistance to my work.

Walter Landini (Pisa) assisted me during the

development of my ideas on mysticete evolution

andsupported my studies with travel funds. This

research was mainly financed by the Doctorate

funds of the Dipartimento di Scienze della Terra,

University of Pisa (Italy), and the MURST (Italian

Ministry of University andScientific and Techno-

logical Research) funds to the inter-universitary
research project Paleobiogeography ofCentral Medi-

terraneanSea from Miocene to Quaternary, co-ordi-

nated by Danilo Torre (Florence).

Post scriptum

After the submission of the present paper, a new

Pliocene species of Balaenidae hasbeen described

by Westgate & Whitmore (2002) from the

YorktownFormationof theeastern UnitedStates.

It has been named Balaena ricei and very closely
resembles the living Balaena mysticetus. This new

species seems more closely related to the living
bowhead whale than the fossil Balaena

montalionis. The phylogenetic position of Balaena

ricei has not yet been investigated but it deserves

attention, because its close resemblance to B.

mysticetus suggests that B. montalionis is a

representative of a rather different Balaenidae

lineage, a lineage maybe more closely related to

the new genus from North Sea outlined in this

paper.
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