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ABSTRACT
A labrid fish, Bellwoodilabrus landinii n. gen., n. sp., is described based on a
single specimen collected from the Eocene locality of Monte Bolca, northern
Italy. Bellwoodilabrus landinii n. gen., n. sp. is characterized by a prominent
frontal relief, broad ethmoid-frontal depression, strongly developed supraoccipital
crest, bar-like nasal, jaw teeth arranged in a single row, posterior preopercular
margin apparently entire, rounded and molariform lower pharyngeal teeth, six
branchiostegal rays, 24 (9+15) vertebrae, moderately reduced neural spine of
the first vertebra, parhypurapophysis absent, XI + 9 dorsal fin elements, III + 9
anal fin elements and 12 pectoral-fin rays. The comparative analysis of mor-
phological and meristic features reveals that Bellwoodilabrus landinii n. gen.,
n. sp. possesses a combination of plesiomorphic and derived features, which is
KEYWORDS  unique within the Labridae. Bellwoodilabrus landinii n. gen., n. sp. represents
Teleostei,  the third valid species of the family Labridae described up to now from Monte
Per&fg fﬁ;ﬁ’ Bolca. The morphofunctional analysis of the cranial and appendicular skeleton
Bellwoodilabrus landinii, ~ suggests that Bellwoodilabrus landinii n. gen., n. sp. was a benthic invertebrate
Eocene,  feeder that inhabited the deep and calm settings along the northern coasts of
Monte Bolea, o1 tral Tethys. The evolutionary significance of the Eocene labrids from

new genus,
new species. ~ Monte Bolca is also discussed.
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INTRODUCTION

RESUME

Bellwoodilabrus landinii, nouveaux genre et espéce de Labridae (Teleostei, Perci-
formes) de [ *Eocéne du Monte Bolca.

Un poisson labridé, Bellwoodilabrus landinii n. gen., n. sp., est décrit sur la base
d’un unique spécimen de I'Eocéne du Monte Bolca, Italie du Nord. Bellwoodilabrus
landiniin. gen., n. sp. est caractérisé par une région frontale proéminente, une large
dépression ethmoido-frontale, une créte supraoccipitale fortement développée, un
os nasal allongé et de forme rectangulaire, des dents orales alignées sur une seule
rangée, une marge postérieure du préoperculaire apparemment non dentelée, des
dents pharyngiennes inférieures arrondies et molariformes, six rayons branchio-
steges, 24 (9+15) vertébres, une épine neurale de la premiére vertebre relativement
réduite par rapport a celles des autres vertebres, une absence de parhypurapohyse,
XI + 9 éléments de la nageoire dorsale, I1I + 9 éléments de la nageoire anale, et
12 rayons de la nageoire pectorale. Lanalyse comparative des caracteres morpho-
logiques et méristiques révele que Bellwoodilabrus landinii n. gen., n. sp. présente
une combinaison de caractéres plésiomorphes et dérivés, unique chez les Labridae.
Bellwoodilabrus landinii n. gen., n. sp. représente la troisiéme espéce valide de la
famille des Labridae du Monte Bolca. Lanalyse morpho-fonctionnelle du crane et
du squelette appendiculaire suggere que Bellwoodilabrus landinii n. gen., n. sp. se
nourrissait d’invertébrés benthiques présents dans les environnements calmes et
profonds de la cote nord de la Tethys centrale. Limportance des labridés éocenes
du Monte Bolca pour la compréhension de I'histoire évolutive de la famille des
Labridae est également discutée.

coral reefs today. However, even though the Monte
Bolca fish fauna is broadly similar to the present reef

The Italian Eocene locality of Monte Bolca, located
about 25 km NE of Verona, northern Italy, has been
exploited since the 16th century for the extraction
of the celebrated beautiful and exquisitely preserved
fossil fishes (see e.g., Gaudant 1997). Regular ex-
tensive excavations at the Pesciara site started in
the mid-19th century, resulting in the extraction
of more than 100000 fossils, which are now held
in museums, universities and private collections
around the world (see Blot 1969). The Monte Bolca
fossiliferous limestone date back to the late Ypresian
(~50 Ma) and were deposited in a coastal tropical
environment characterized by high spatial hetero-
geneity and structural complexity, close to coral reefs
and seagrass beds (Landini & Sorbini 1996).

The fish fauna includes more that 200 species and
is dominated by percomorphs. These taxa include
the first representatives of many families living on
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fish assemblages in their familial composition, the
numerical abundance of the various families and
their taxonomic diversity are remarkably different
(Bellwood 1996). For example, labrid fishes, which
are extremely diverse and abundant in tropical re-
gions today, are represented by just two valid species
at Monte Bolca (see Bellwood 1999).

The family Labridae is a successful diverse group
of marine fishes composed of over 600 species
(Parenti & Randall 2000) and characterized by an
amazing variety of body shapes, size, colorations and
habitats. These fishes inhabit tropical and temperate
waters and are most common in shallow biotopes
such as coral and rocky reefs, and seagrasses. Feed-
ing habits are also extremely diverse in this group,
including bivalves, gastropods, echinoids, crustaceans,
fishes, coral mucous, ectoparasites, zooplankton
and plants.

GEODIVERSITAS © 2010 « 32 (2)



During the field season of 2006 in the Pesciara
site, the excavation team of the Museo Civico di
Storia Naturale di Verona discovered, among the
other fishes, a single specimen of labrid fish. A de-
tailed analysis of the osteology of this fossil indicates
unequivocally that it represents a new genus and
species of the family Labridae. The purpose of this
paper is to describe this new labrid taxon and to
discuss its affinities, paleobiology, and evolution-
ary significance.

METHODS

The fossil (Fig. 1) was found among the unde-
scribed material resulting from the 2006 excava-
tions at Pesciara site and is deposited in Museo
Civico di Storia Naturale di Verona (MCSNYV). It
is preserved in part and counterpart on laminated
micritic limestone. We used a Wild Heerbrugg
stereomicroscope rather than a Leica MS5 stereo-
microscope equipped with a camera lucida drawing
tube. Measurements were taken with a dial calliper,
to the nearest 0.1 mm. Comparative data were de-
rived mainly from the literature.

SYSTEMATICS

Subdivision TELEOSTEI
sensu Patterson & Rosen, 1977
Order PERCIFORMES
sensu Johnson & Patterson, 1993
Family LABRIDAE Cuvier, 1817

Genus Bellwoodilabrus n. gen.

TYPE AND ONLY SPECIES. — Bellwoodilabrus landinii
n. sp.

ETYMOLOGY. — Named in honour of Prof. David R.
Bellwood, an Australian ichthyologist and marine biologist
(plus the generic name Labrus). His contribution to the
systematics, functional morphology, ecology and biogeo-
graphy of fossil and extant labrid fishes have shed much
light on the evolutionary biology of the Labridae.

DIAGNOSIS. — Body ovoid, with short and deep caudal
peduncle; neurocranium with prominent frontal relief;
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ethmoid-frontal depression present; supraoccipital crest
strongly developed, extending anteriorly to the frontals;
nasal simple, bar-like; infraorbitals plate-like, with ventral
bony fringes; jaw teeth arranged in a single row; enlarged
premaxillary canines absent; dentary nearly triangular;
posterior preopercular margin entire; lower pharyngeal
teeth rounded and molariform; six branchiostegal rays; 24
(9+15) vertebrae; neural spine of the first vertebra moder-
ately reduced; parhypurapophysis absent; dorsal and anal
formulae XI + 9 and III + 9, respectively; 12 pectoral-fin
rays; first pectoral ray not branched and extremely reduced;
scales thin and cycloid, forming scaly sheath at base of
anal and spinous dorsal fins; lateral line parallel to dorsal
body profile, interrupted below soft dorsal fin.

Bellwoodilabrus landinii n. gen., n. sp.
(Figs 1-4)

HorotypE. — MCSNV IGVR 71214/71215, partand
counterpart, complete articulated skeleton, 43.5 mm
total length (TL), 34 mm standard length (SL). Only

known specimen.

ETYMOLOGY. — It is our pleasure to name this species in
honour to the Italian paleontologist Prof. Walter Landini,
a mentor to one of us (GC), valuable colleague to all
of us, in recognition of his contribution to the study of
fossil labrids and other Tertiary fishes.

TYPE LOCALITY AND HORIZON. — Monte Bolca locality,
DPesciara cave site; Early Eocene, late Ypresian, middle
Cuisian, SBZ 11, Alveolina dainelli Zone (see Papaz-
zoni & Trevisani 20006).

DIAGNOSIS. — As for the genus.

MEASUREMENTS (AS PERCENTAGE OF SL). — Head length
(HL) = 31; maximum body depth = 41; caudal peduncle
depth = 17; snout length = 10; orbit diameter = 7.5; lower
jaw length = 16; distance between tip of the snout and
first dorsal-fin spine = 42; distance between tip of the
snout and first dorsal-fin ray = 75; distance between tip
of the snout and anal fin = 66; distance between pelvic
and anal fins = 26; dorsal-fin base = 53; spinous dorsal-fin
base = 33; anal-fin base = 30; length of the first dorsal-
fin spine = 8; length of the longest dorsal-fin spine = 13;
length of the first anal-fin spine = 9; length of the third
anal-fin spine = 16; length of the pelvic-fin spine = 12;
length of the longest caudal-fin ray ~ 28.

DESCRIPTION
The body is moderately elongate, nearly ovoid

in outline and laterally compressed, with a short
and deep caudal peduncle (Figs 1; 2). The head
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is rather large, contained more than three times
in SL. The head is relatively deep, its maximum
depth almost equals its length; the snout is mod-
erately elongate, contained three times in HL.
The mouth is terminal, nearly horizontal, with
a moderately large gape. The posterior corner of
the lower jaw is situated below the anterior third
of the orbit.

The neurocranium is relatively deep and char-
acterized by a developed bony relief (Fig. 3).
The vomer is massive and compressed antero-
posteriorly. The mesethmoid has a nearly vertical
anterior profile. The ethmoid-frontal depression
(= frontal recess; see Gomon 1997) is moderately
developed. The frontals are characterized by a
prominent median bony flange projecting above
the orbit. There is a well-developed supraoccipital
crest that extends anteriorly to the frontal region.
The posterior margin of this crest has a nearly ver-
tical profile. A ridge formed by the epioccipital,
parietal and frontal, which terminates along the
posterior sector of the frontal region, appears to
be present. The parasphenoid is robust, neatly
linear, and bears two processes, the adductor proc-
ess to which the adductor arcuus palatini muscle
attaches and a posterior pharyngeal apophysis to
which in origin attached an articular process of
the third pharyngobranchial; the adductor proc-
ess (see Rognes 1973; Rosen & Patterson 1990)
is quite elongate, while the pharyngeal apophysis
has a rounded ventral profile.

The nasal is a simple bar-like moderately elongate
bone that is closely associated to the frontal; this
bone is slightly curved and is characterized by a
tube for the supraorbital cephalic laterosensory
canal oriented through its long axis. What appear
to be the third and part of the fourth infraorbital
bones can be recognized. These bones are plate-
like, with a slightly expanded planar bony flange
ventrally.

The premaxilla has a well-developed ascending
process; as in other labrids, the articular process
of the premaxilla appears to be coalescent with the
ascending process (Rognes 1973; Rosen & Pat-
terson 1990). The development of the ascending
process of the premaxilla is possibly correlated
with the development of the median ethmoid-
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frontal depression, which partially encloses the
distal ends of the ascending processes of the pre-
maxillae, thereby forming the ascending process
fossa (see Rognes 1973; Russell 1988; Rosen &
Patterson 1990). The horizontal alveolar process
is longer than the ascending process and forms
an angle of about 80° with it. The posterior end
of the alveolar process is slightly curved ventrally.
The premaxilla bears a single row of progressively
smaller conical teeth, which are slightly blunt
apically. The maxilla is only partially preserved,
represented by the dorsal process (see Van Hasselt
1979), and by part of the anteroventrally curved
main axis. The lower jaw is moderately deep, its
length slightly exceeds the half of HL. The den-
tary has a nearly triangular configuration. The
symphysis of the dentary is oblique and relatively
short. The oral border of the dentary possesses
strong and apically blunt conical teeth arranged
in a single row. The morphology of the angular
and articular is unclear.

The bones of the suspensorium are only partially
preserved. The main shaft of the hyomandibula is
obliquely oriented. The quadrate is subtriangular
in outline. Both the ectopterygoid and endop-
terygoid are narrow and elongate. The palatine
is not preserved.

The opercular bones are not clearly recognizable.
The preopercle seems to be slightly curved; there
is no evidence of serrations along the posterior
margin of this bone.

There are six sabre-like branchiostegal rays, the
first of which is narrower and weaker. The large
part of the branchial skeleton is badly preserved
and the elements are difficult to recognize. The
pharyngeal jaws are certainly hypertrophied; a di-
arthrosis between the upper pharyngeal jaws (third
pharyngobranchials) and the pharyngeal apophysis
of the parasphenoid was probably present, and the
lower pharyngeal jaws (fifth ceratobranchials) are
definitely fused. Although the lower pharyngeal
jaw probably had some form of physical contact
with the cleithrum, there is no evidence of a clei-
thral articular process fossa, implying that a true
synovial joint (Liem & Greenwood 1981) was
probably absent in origin. The pharyngeal teeth are
relatively large; those of the lower jaw are rounded
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Fic. 1. — Bellwoodilabrus landinii n. gen., n. sp., holotype from the Ypresian of Monte Bolca, Italy: A, MCSNV IGVR 71214, right side,
lateral view; B, counterpart, MCSNV IGVR 71215, left side, lateral view. Scale bars: 10 mm.

and molariform, whereas upper pharyngeal teeth
mostly have roundly conical crowns.

The vertebral column consists of 24 (9+15)
vertebrae, including the urostyle. The axis of the
vertebral column is slightly curved (Fig. 2). The
vertebral centra are rectangular to subrectangu-
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lar, longer than high. The neural spine of the
first vertebra is expanded anteroventrally and is
slightly shorter than those of the other vertebrae,
but not strongly reduced as in many labrid taxa
(see Russell 1988; Gomon 1997). Well-developed
parapophyses are clearly recognizable in the three
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posterior abdominal vertebrae. Prominent neu-
ral prezygapophyses characterize the posterior
abdominal vertebrae. The haemal spines of the
anterior caudal vertebrae are slightly stronger and
longer than the opposite neural spines. There are
seven pairs of slender pleural ribs. Thin epineurals
articulate on the parapophyses of the seventh and
eighth abdominal vertebrae.

The caudal skeleton has the typical labrid struc-
ture (Fig. 4). The urostyle is characterized by the
fusion of the first preural centrum to the first and
second ural centra; it is completely fused to the
uroneural, forming a solid block ankylosed to the
fused hypurals 3 and 4. The hypurals 1 and 2 are
fused into a roughly triangular hypaxial hypural
plate. The reduced fifth hypural (“hypurale mini-
mum’; Monod 1968) is autogenous. There is a deep
hypural diastema between the epaxial and hypaxial
plates. The parhypural is autogenous; it does not
reach the terminal half-centrum and apparently
lacks the parhypurapophysis. The haemal spine
of the penultimate vertebra is autogenous, while
that of the antepenultimate vertebra is fused to
the centrum. The neural spine of the penultimate
vertebra consists of a short rhomboid crest. There
are two epurals, the first of which is longest and
more expanded anteroposteriorly. The caudal fin
is moderately large and rounded; it consists of 14
principal rays (I,6-6,1), plus five upper and four
lower procurrent rays.

There is a single thin supraneural, which is
nearly straight (Fig. 2). The supraneural is ob-
liquely oriented, extending posteriorly in front
of the distal tip of the second neural spine. The
dorsal fin is rather elongate, its base extension
exceeds half of the body length. The dorsal fin
is continuous and originates just above the fifth
vertebra. The bases of the two anterior closely
associated pterygiophores are located between
the neural spines of the second and third ver-
tebrae. The dorsal fin contains nine slender and
pungent spines and 11 soft rays, supported by 19
pterygiophores. The spines gradually increase in
length from the first to the third, and succeeding
spines are almost equally long. The first dorsal-
fin spine is in supernumerary association on the
first dorsal-fin pterygiophore. The pterygiophores
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of the spiny portion of the dorsal fin are charac-
terized by a narrow and long main shaft that is
bordered posteriorly by a medially flatctened bony
blade; each of these pterygiophores bears a spine
in supernumerary association, and the eleventh
pterygiophore additionally bears serially associ-
ated first soft ray.

The anal fin originates just below the third cau-
dal vertebra and ends at the level of the penulti-
mate vertebra. The anal fin consists of three anal
spines and nine branched rays, supported by 10
pterygiophores; the first two anal-fin spines are
supernumerary. The spines are strong and show
a progressive increase in size. The longest anal-
fin rays are slightly longer than the third anal-fin
spine. The first anal-fin pterygiophore is relatively
long and sturdys; its shaft is inclined at an angle
of about 73° to the body axis and inserts behind
the first haemal spine.

The pectoral girdle is rather robust (Fig. 3).
The posttemporal and supracleithrum are poorly
preserved. The cleithrum is large and elongate.
The ventral postcleithrum is slender and rib-like,
whereas the dorsal one is short and wide. The
coracoid is relatively narrow, characterized by a
long and tapered postcoracoid process. The scapula
is difficult to recognize. The radials are incom-
pletely preserved, but all the elements appear to
be orientated in the same direction. The base of
the pectoral fin is moderately wide and obliquely
oriented, located just under the fourth and fifth
vertebrae, close to the midpoint between the ver-
tebral column and the ventral profile of the body.
The pectoral fin contains 12 relatively short rays.
The first ray is very short and not branched.

The basipterygium is a long and narrow bone
(Fig. 2). The pelvic fin contains one spine and five
rays. The fin inserts at the same level as the pec-
toral fin insertion. The pelvic-fin rays are longer
than the pectoral-fin rays.

Thin cycloid scales cover the entire body, in-
cluding the bases of the anal and spinous dorsal
fin. Some scales reveal few indistinct radii in the
basal field. The lateral line has a smoothly curved
contour, nearly parallel to the dorsal body profile;
it is interrupted under the third soft dorsal-fin
ray (Fig. 2).
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Fic. 2. — Bellwoodilabrus landinii n. gen., n. sp.: reconstruction of the skeleton, right side, lateral view. Scale bar: 10 mm.

DISCUSSION

THE AFFINITIES OF BELLWOODILABRUS N. GEN.

Due to its ecological and structural diversity and
disparity, the family Labridae certainly represents
one of the most intensively investigated fish group
(e.g., Hulsey & Wainwright 2002; Wainwright
er al. 2002, 2004; Westneat et al. 2005; Bellwood
et al. 2006; Collar ez al. 2008). The morphologi-
cal and ecological diversity of these fishes have at-
tracted the attention of biologists operating in many
fields (behaviour, biomechanics, ecology, etc.). The
taxonomy of labrid fishes has a long and debated
history, which dates back to the second half of the
19th century (Giinther 1861; Bleeker 1862; Gill
1893; Jordan & Snyder 1902; Jordan 1923; Norman
1966). In a more recent attempt to recognize the
subgroups within this speciose family, Russell (1988)
identified not less than six labrid tribes, namely the
cheilines, hypsigenyines, labrines, labrichthyines,
julidines and novaculines. Moreover, several mor-
phological evidences have supported the inclusion
of parrotfishes (scarines) and butterfishes (odacines)
as monophyletic assemblages within the Labridae
(Liem & Greenwood 1981; Kaufman & Liem 1982;
Bellwood 1994; Springer & Johnson 2004). Unfor-
tunately, despite the rapid and continuous progress
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in the understanding of the ecology and functional
anatomy of these fishes, considerable uncertainty
remains regarding the definition of the limits of the
family Labridae based on morphological features.
This is mostly due to the unclear definition of this
family within the perciforms since the monophyly
and composition of the Labroidei are still debated
(Liem & Greenwood 1981; Kaufman & Liem 1982;
Stiassny & Jensen 1987; Rosen & Patterson 1990;
Johnson 1993; Streelman & Karl 1997). For this
reason, even though the monophyletic status of the
family Labridae is well established and supported
by molecular studies (Westneat & Alfaro 2005),
an unequivocal anatomical characterization of this
family remains elusive. However, although a com-
prehensive morphological diagnosis of the family
is still lacking, fishes belonging to this family share
a certain number of morphological characters that
may help to characterize this natural assemblage.
The detailed morphological analysis of the
Eocene specimen has revealed several features
that strongly support its assignment to the family
Labridae, including the general physiognomy of
the body, well-developed pharyngeal jaws, devel-
opment of the adductor process and pharyngeal
apophysis on the parasphenoid, nasal closely as-
sociated to the frontal, ascending process of the
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premaxilla coalescent with the articular proc-
ess, a single obliquely oriented supraneural, two
epurals, absence of an autogenous uroneural,
haemal spine of the antepenultimate vertebra
fused to the centrum, epaxial hypural plate fused
to the urostyle, reduced fifth hypural, and cy-
cloid scales (Regan 1913; Nelson 1967; Rognes
1973; Yamaoka 1978; Liem & Greenwood 1981;
Kaufman & Liem 1982; Stiassny & Jensen 1987;
Russell 1988; Rosen & Patterson 1990; Gomon
1997). Within the Labridae, MCSNV IGVR
71214/71215 possesses a unique combination
of features that definitely justify its inclusion in
a new, previously unrecognized genus.

As discussed above, the family Labridae includes
many tribe-level subgroups (see e.g., Russell 1988).
The relationships have been resolved for some of
these groups (cheilines, hypsigenyines, labrines,
odacines, scarines) using either the morphological
(Westneat 1993; Bellwood 1994; Gomon 1997)
or molecular (Hanel ez 2/. 2002; Clements ez al.
2004) approaches. Recently, a large scale phyl-
ogeny for the family Labridae has been proposed
by Westneat & Alfaro (2005). Based on this
comprehensive study, the Hypsigenyini Giinther,
1861 represents the sister taxon of the remain-
ing labrids, and the odacines must be included
within the hypsigenyines. Moreover, cheilines and
scarines are sister-groups, closely related to the
labrines, and the pseudocheilines, novaculines, and
pseudolabrines form successive sister clades to the
speciose Julidini Glinther, 1861, which represents
the crown group of the family Labridae.

The unique combination of features observed
in Bellwoodilabrus n. gen. clearly indicates that
it cannot be confidently placed within any of the
extant labrid tribes. Bellwoodilabrus n. gen. displays
a complex mosaic of primitive and derived features,
which makes the evaluation of its relationships to
the extant labrid tribes rather difficult.

As described above, the body of Bellwoodilabrus
n. gen. is moderately elongate and nearly ovoid
(Fig. 1). According to Russell (1988), a deep
body can be considered as plesiomorphic for the
Labridae, thereby implying that the moderately
elongate body of Bellwoodilabrus n. gen. should
be interpreted as a derived condition.
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The neurocranium of Bellwoodilabrus n. gen.
apparently has the same complement of bones as
the other labrids (see Rognes 1973; Van Hasselt
1979; Russell 1988; Westneat 1993; Bellwood
1994; Gomon 1997). However, some differences
exist in its general shape, which varies considerably
between members of different tribes (see Gomon
1997). Gomon (1997) pointed out that even if it is
rather difficult to ascertain the primitive configura-
tion of the labrid neurocranium, it is likely that the
bony relief was reduced and the ethmoid-frontal
depression was absent in the ancestral form (see
also Russell 1988). Therefore, the neurocranium of
Bellwoodilabrus n. gen. appears to be characterized
by some derived features, since it has a prominent
bony relief (frontal process) in the frontal region
and an evident ethmoid-frontal depression (see
Fig. 3). Nevertheless, it also possesses a primitive
configuration of the supraoccipital crest, which is
strongly developed and extends anteriorly to the
frontal (see Yamaoka 1978; Russell 1988; West-
neat 1993).

The nasal bone of Bellwoodilabrus n. gen. is simi-
lar to that of other labrids, and consists of a simple
elongate bone closely associated to the neurocra-
nium; a specialized morphology of this bone is
characteristic of the pseudocheilines, which possess
a posteroventrally directed bony flange on the nasal
(see Westneat 1993).

Only the third and fourth infraorbitals are pre-
served in the single available specimen of Bel/-
woodilabrus n. gen. As described above, these bones
are plate-like, with a ventral bony fringe; such a
morphology can be considered as derived, since
the primitive condition is represented by simple
tubular bones without any kind of ornamentation
(Gomon 1997).

The premaxilla of Bellwoodilabrus n. gen. bears
progressively smaller conical teeth arranged in a sin-
gle row, thereby suggesting the presence of a dental
ridge; the dentary teeth show a similar configura-
tion. As discussed by Gomon (1997), because of
the evolutionary pressures and consequent lability
of tooth bearing bones, the ancestral condition of
these structures is difficult to define. However, a
detailed survey of these structures suggests that the
primitive condition for the Labridae could be con-
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FiGc. 3. — Bellwoodilabrus landinii n. gen., n. sp.: reconstruction of the head and pectoral girdle, right side, lateral view. Abbrevia-
tions: ap, adductor process; ar, articular; br, branchiostegal rays; cl, cleithrum; co, coracoid; d, dentary; ect, ectopterygoid; edt,
endopterygoid; efd, ethmoid-frontal depression; f, frontal; io, infraorbital; Ipj, lower pharyngeal jaw; met, mesethmoid; mx, maxilla;
na, nasal; pa, pharyngeal apophysis; pas, parasphenoid; pcl, postcleithrum; pht, pharyngeal teeth; pmx, premaxilla; pot, posttem-
poral; q, quadrate; ra, radial; scl, supracleithrum; soc, supraoccipital. Scale bar: 5 mm.

sidered as the arrangement of teeth in two distinct
rows. Moreover, Gomon (1997) also remarked that
the absence of one or few enlarged canines at the
posterior end of the premaxilla, as also observed in
Bellwoodilabrus n. gen., represents a derived con-
dition. Finally, the nearly triangular shape of the
dentary also might be considered to be apomor-
phic, given that a rectangular configuration of this
bone, with a vertical anterior edge and horizontal
ventral edge, is considered primitive in general for
perciform fishes (Greenwood 1976).

The posterior margin of the preopercle of Bell-
woodilabrus n. gen. is entire; such a condition is
shared by many labrids, except some labrines and
pseudocheilines, and the extinct genus Eocoris,
which possess a serrated posterior margin (Rognes
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1973; Bannikov & Sorbini 1990; Westneat 1993).
Russell (1988) suggested that the possession of an
entire posterior preopercular margin is apomorphic
for the Labridae.

Within the labrid fishes, the primitive number
of branchiostegal rays is six, while the possession of
five branchiostegals represents the derived condi-
tion (Russell 1988; Gomon 1997). Bellwoodilabrus
n. gen. has six branchiostegal rays. Hypsigenyine
labrids usually possess six branchiostegals (Gomon
1997).

The lower pharyngeal jaws of Bellwoodilabrus
n. gen. are characterized by large molariform teeth,
while the upper pharyngeals bear roundly conical
teeth. As far as concerns the pharyngeal dentition,
the possession of molariform teeth seems to be a
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TaBLE 1. — Meristic values for selected labrid genera. Data from Bannikov & Sorbini (1990), Bellwood (1990), and Gomon (1997).

Tribe Genus Vertebrae Dorsal-fin elements Anal-fin elements
Cheilini Cheilinus Lacépede, 1801 23 19 11
Doratonotus Giinther, 1862 23 19 12
Epibulus Cuvier, 1815 23 19 11
Oxycheilinus Gill, 1863 23 19 11
Wetmorella Fowler & Bean, 1928 23 19 11
Hypsigenyini Achoerodus Gill, 1863 28 22 14
Anchichoerops Barnard, 1927 27 22 14
Bodianus Bloch, 1790 28 21-23 14-16
Choerodon Bleeker, 1847 27 20 12-13
Clepticus Cuvier, 1829 28 22 15
Decodon Ginther, 1861 28 20-21 13
Lachnolaimus Cuvier, 1829 30 24 13
Polylepion Gomon, 1977 28 22 14-15
Pseudodax Bleeker, 1861 28 23 17
Semicossyphus Gunther, 1861 27-29 22 15
Xiphocheilus Bleeker, 1856 27 20 13
Julidini Coris Lacépede, 1801 25 21 15
Gomphosus Lacépéde, 1801 25 21 14
Frontilabrus Randall & Condé, 1989 25 21 15
Halichoeres Ruppell, 1835 25 20-21 14-15
Hologymnosus Lacépéde, 1801 25 21 15
Leptojulis Bleeker, 1862 25 20-21 14-15
Macropharyngodon Bleeker, 1862 25 20-21 14-15
Oxyjulis Gill, 1863 26 22 16
Parajulis Bleeker, 1865 27 23 17
Pseudocoris Bleeker, 1862 ? 21 15-16
Pseudojuloides Fowler, 1949 25 20-21 14-15
Thalassoma Swainson, 1839 25 21 14
Labrichthyini Anampses Quoy & Gaimard, 1824 25 21-22 15-16
Diproctacanthus Bleeker, 1862 25 20 13
Hemigymnus Gunther, 1861 25 19 13
Labrichthys Bleeker, 1854 25 20 13
Labroides Bleeker, 1851 25 20 13
Labropsis Schmidt, 1931 25 20-21 13-14
Larabicus Randall & Springer, 1973 25 20 13
Nelabrichthys Russell, 1983 25 21 15
Neolabrus Steindachner, 1875 37 31-32 21
Ophthalmolepis Bleeker, 1862 26 22 16
Stethojulis Gunther, 1862 25 20 14
Suezichthys Smith, 1957 25 20 14
Labrini Acantholabrus Valenciennes, 1839 34-37 26-31 9-14
Centrolabrus Gunther, 1861 32-34 20-29 10-15
Ctenolabrus Valenciennes, 1839 32-35 23-29 9-12
Labrus Linnaeus, 1758 36-39 28-33 11-16
Lapanella Jordan, 1890 35 25-29 11-14
Symphodus Rafinesque, 1810 29-34 28-30 11-13
Tautoga Mitchill, 1814 35 27 11
Tautogalabrus Gunther, 1862 35 26 11
Novaculini Cymolutes Gunther, 1861 26 22 14-15
Novaculichthys Bleeker, 1862 25 21-23 15-17
Xyrichthys Cuvier, 1814 25 21 15
Odacini Cheilio Lacépéde, 1802 25 22 15
Haletta Whitley, 1947 35-37 30-31 15-16
Neoodax Castelnau, 1875 38-40 27-30 13-15
Odax Valenciennes, 1840 31-46 23-33 12-17
Siphonognathus Richarson, 1858 34-54 27-47 11-15
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TaBLE 1. — Continuation.

Tribe Genus Vertebrae Dorsal-fin elements Anal-fin elements
Pseudocheilini  Cirrhilabrus Temminck & Schlegel, 1845 25 20-21 12
Paracheilinus Fourmanoir, 1955 25 20 12
Pseudocheilinops Schultz, 1960 25 20 12
Pseudocheilinus Bleeker, 1862 25 20 12
Pteragogus Peters, 1855 25 20 12
Pseudolabrini  Austrolabrus Steindachner, 1884 25 20 13
Dotalabrus Whitley, 1930 25 20 13
Eupetrichthys Ramsay & Ogilby, 1888 25 21 13
Notolabrus Russell, 1988 25 20 13
Pictilabrus Gill, 1891 25 20 13
Pseudolabrus Bleeker, 1862 25 20 13
Scarini Bolbometopon Smith, 1956 25 19 12
Calotomus Gilbert, 1890 25 19 12
Cetoscarus Smith, 1956 25 19 12
Cryptotomus Cope, 1871 25 19 12
Hipposcarus Smith, 1956 25 19 12
Leptoscarus Swainson, 1839 25 19 12
Nicholsina Fowler, 1915 25 19 12
Scarus Forsskal, 1775 25 19 12
Sparisoma Swainson, 1839 25 19 12
Unassignated  Bellwoodilabrus n. gen. 24 20 12
tribe from Eocoris Bannikov & Sorbini, 1990 25 19 11
Monte Bolca Phyllopharyngodon Bellwood, 1990 25 20 14

derived condition (see Gomon 1997). The structure
of the pharyngeal teeth of Bellwoodilabrus n. gen.
suggests that the replacement of teeth probably
occurred on the posterior margin of the bone,
thereby excluding the possibility of phyllodont
tooth development (see Bellwood 1990), which
has only been observed in certain species of the
tribe Hypsigenyini.

The vertebral number is extremely variable within
the family Labridae, ranging from 23 to 54 (see
Table 1). Bellwoodilabrus n. gen. is characterized by
the presence of 24 vertebrae (Fig. 2), representing a
unique condition within labrid fishes. The primi-
tive value hypothesized for the vertebral column of
the fishes belonging to this family is 28 (Gomon
1997), implying that a decrease in the number of
elements could be interpreted as derived.

As documented above, the first vertebra bears a
moderately reduced neural spine. The length of the
neural spine of the first vertebra varies considerably
among labrids (Gomon 1997) and its reduction is
considered to be derived (Russell 1988).

The structure and morphology of the haemal
spine of the first caudal vertebra is subject to con-
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siderable variation between different labrid sub-
groups. For example, hypsigenyines and scarines
are characterized by the presence of prominent
parapophyseal remnants anterobasally on the first
caudal vertebra (Bellwood 1994; Gomon 1997),
whereas other lineages lack such parapophyseal
(= haemapophyseal of Russell 1988) remnants, or
possess a secondary neural arch in order to accom-
modate the posterior portion of the swimmbladder
(see Russell 1988). Russell (1988) hypothesized
that the presence of parapophyseal remnants on
the first caudal vertebra represents the primitive
condition. The haemal spines of the anterior caudal
vertebrae of Bellwoodilabrus n. gen. are proximally
expanded and these expansions possibly represent
parapophyseal remnants. However, the evolution-
ary significance of this feature is rather difficult to
evaluate since the possible presence of secondary
haemal arch cannot be detected on the fossil because
of inadequate preservation.

Among the Labridae, the caudal skeleton is a rela-
tively conservative structure. The main differences
in the morphology of this structure are related to
the size of the fifth hypural and the presence of a
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parhypurapophysis. Gomon (1997) suggested that a
reduction in size of the fifth hypural represents the
derived condition. The fifth hypural of Bellwoodi-
labrus n. gen. is relatively well developed (Fig. 4),
similar to that of hypsigenyines and cheilines (see
Fujita 1990). As far as the parhypurapophysis is con-
cerned, the presence of this structure is considered
primitive for the Labridae; a parhypurapophysis is
absent in Bellwoodilabrus n. gen., being present ex-
clusively in certain hypsigenyines (e.g., Achoerodon
Gill, 1864; Bodianus Bloch, 1790; Clepticus Cuvier,
1829; Decodon Giinther, 1861; Polylepion Gomon,
1977; Semicossyphus Giinther, 1861; Fujita 1990;
Gomon 1997).

Meristic features are widely used to evaluate labrid
intrarelationships, since they show no or little vari-
ation in many subgroups, thus representing useful
tools to establish the affinities of labrid genera (see
Table 1). Bellwoodilabrus n. gen. has 20 dorsal-fin
and 12 anal-fin elements. A similar complement
of median fin elements is characteristic of pseudo-
cheilines (see Table 1), which are clearly not related
to Bellwoodilabrus n. gen. (cf. Westneat 1993).
Gomon (1979) hypothesized that the primitive
number of dorsal-fin elements in the Labridae is
22 and the primitive number of anal-fin elements
is 18, thereby implying that the complement of
median fin elements of Bellwoodilabrus n. gen.
should be considered to be derived.

The number of pectoral-fin rays is highly vari-
able among labrids and counts greater than 14
elements appear to be the primitive condition
(Bellwood 1994). Certain members of the basal
tribe Hypsigenyini (e.g., Polylepion) possess up to
19 pectoral-fin rays. The pectoral fin of Bellwoodi-
labrus n. gen. contains 12 rays; such a number of
pectoral-fin elements is considered to be derived
(see Westneat 1993). A further derived feature of
the pectoral fin of Bellwoodilabrus n. gen. is the
presence of an extremely shortened, rudimentary
first pectoral ray (Russell 1988).

In summary, the analysis of selected morphological
and meristic features discussed above reveals that
the affinities of Bellwoodilabrus n. gen. are difficult
to evaluate. It shows a unique combination of de-
rived (moderately elongated body, presence of an
ethmoid-frontal depression, prominent neurocra-
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nial bony relief, plate-like infraorbital with ventral
bony fringes, jaw teeth arranged in a single row,
enlarged canines at the posterior end of the pre-
maxilla absent, dentary nearly triangular in shape,
posterior preopercular margin entire, pharyngeal
teeth molariform, 24 vertebrae, neural spine of the
first vertebra reduced, parhypurapophysis absent,
20 dorsal-fin elements, 12 anal-fin elements, 12
pectoral-fin rays, first pectoral ray rudimentary)
and plesiomorphic (supraoccipital crest extend-
ing anteriorly up to the frontals, nasal simple, six
branchiostegal rays, [?] presence of parapophyseal
remnants on the first caudal vertebra, relatively well-
developed fifth hypural) features found in none of
the labrid subgroups, suggesting that it cannot be
confidently accommodated within any subfamilial
category. Thus, following the recommendations of
Patterson & Rosen (1977), since none of the diag-
nostic features by itself is unique among the labrids,
and because its sister-group relationships cannot be
demonstrated definitely, Bellwoodilabrus n. gen. is
placed herein incertae sedis among the Labridae (see
also Bannikov & Carnevale 2007).

PALEOBIOLOGY OF BELLWOODILABRUS N. GEN.

Among fishes, labrids present a unique spectacular
ecological diversity, which is primarily associated
with their feeding biology, functional morphology
of locomotion and reproductive natural history
(e.g., Randall 1967; Warner & Robertson 1978;
Wainwright 1988; Westneat 1995; Walker & West-
neat 2002). Such extensive ecological diversity is
reflected in biomechanical diversity of the feeding
and locomotory mechanisms, and for this reason
labrids are currently regarded as a model group
for studying the evolution of these mechanisms
and the mechanical basis of feeding and locomo-
tory performance. Labrids play a central role in
the ecology of tropical marine environments as
they occupy virtually all major feeding guilds on
reefs (molluscivores, crustacean feeders, piscivores,
mucivores, planktivores, detritivores, herbivores,
etc.; Randall 1967), being distributed in both the
shallow and deeper reef habitat zones (Fulton ez
al. 2001). The feeding apparatus of these fishes is
characterized by an extensive variation in the major
feeding muscles and skeletal linkage systems used
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for biting and manipulating prey, suction feeding,
and processing in the pharyngeal jaws (Wainwright
etal. 2004). Trophic diversity in labrids seems to be
strongly reflected by interspecific variation in the
feeding-related structures. The skulls of labrids are
complex mechanical systems characterized by sev-
eral movable elements and a diversity of anatomical
designs (see Wainwright ez a/. 2004; Westneat ez
al. 2005). Some models borrowed from mechani-
cal engineering were developed to investigate the
biomechanics of feeding in these fishes as a system
of levers and linkages that transmits the forces of
contracting muscles to jaws (Van Hasselt 1978;
Westneat & Wainwright 1989; Westneat 1990,
1994). Such biomechanical analyses have revealed
that labrid fishes have on several occasions evolved
extremely different linkage designs (Westneat ez /.
2005). In general, in labrids the skull function shows
repeated patterns of evolutionary divergence and
convergence, suggesting that they have undergone
extensive radiation along axes of cranial biomechanics
in response to the opportunities that different preys
present in marine habitats (Westneat ez a/. 2005).

As evidenced in the descriptive section, the feed-
ing related structures of Bellwoodilabrus n. gen. are
moderately well preserved but, at the same time,
only partially complete; the premaxilla and man-
dible are clearly recognizable, while the maxilla
and suspensorium are largely incomplete (Fig. 3);
moreover, the exact structure of the pharyngeal jaws
is difficult to interpret even though the morphology
of the pharyngeal teeth can be easily observed. The
incompleteness of the feeding related structures
of Bellwoodilabrus n. gen. makes it extremely dif-
ficult to evaluate the kinematic coefficients result-
ing from the analysis of lever and linkage systems
(see Wainwright ez al. 2004; Alfaro er al. 2005).
Therefore, a complete evaluation of the mechanical
properties of the major components of the feed-
ing mechanism of Bellwoodilabrus n. gen. cannot
be realized, implying that a detailed functional
comparison between Bellwoodilabrus n. gen. and
other extant labrid genera remains elusive. Nev-
ertheless, some information about feeding habits
and trophodynamics of Bellwoodilabrus n. gen.
can be obtained from the functional analysis of
its cranial anatomy. The existence of a causal con-
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nection between morphology and performance or
between form and function is strongly intuitive and
many authors considered them as closely related
concepts or have a mutually predictable relation-
ship (see e.g., Dullemeijer 1974). Inferring the
function of structures from anatomical analyses is
a common practice in paleontological studies (e.g.,
Gould 1970; Alexander 1989; Rayner & Wotton
1991), even if the lack of information on motor
programs in the central nervous system clearly
limits our ability to generate predictions about
ecology and behaviour of extinct organisms (see
Lauder 1995). Moreover, recent studies revealed
that labrids display a weak correlation between
the degree of morphological specialization and
the extent of dietary specialization (Bellwood ez a/.
2006). Despite such limitations, several predictions
on the general functions or behavioural properties
of Bellwoodilabrus n. gen. can be generated based
on the considerable body of data assembled up to
date on extant labrids.

As many other labrids, Bellwoodilabrus n. gen.
probably used a combination of ram, suction and
manipulation feeding (Ferry-Graham ez a/. 2002).
Its stout conical raptorial teeth (Fig. 3), that closely
resemble those of certain crustacean predators
(Wainwright ez al. 2004), were probably used in
gripping relatively large invertebrate preys. The lower
jaw of Bellwoodilabrus n. gen. appears to be only
slightly thickened and structurally reinforced and
the ethmovomerine block of the neurocranium is
straight and horizontal; these features suggest that
its skull was not adapted to generate an increased
biting force (Otten 1983). Such hypothesis seems
to be confirmed by the elongation of the ascend-
ing process of the premaxilla, which indicates that
Bellwoodilabrus n. gen. was able to produce a large
protrusion, resulting in a relatively enlarged buccal
cavity. Protrusibility seems to be correlated to the
size of the supraoccipital crest as an expression of
the epaxial (and thus expansion) musculature (Barel
1983). The supraoccipital and temporal areas of the
neurocranium of Bellwoodilabrus n. gen. are relatively
well developed (Fig. 3); such a condition appears to
be indicative of a moderate to large development
of the epaxial muscles. However, the supraoccipital
and temporal space is not necessarily used to exclu-
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sively accommodate enlarged epaxial muscles, since
in certain labrids these sectors of the neurocranium
represent the sites of insertion of the levator posterior
and fourth levator externus muscles (see Yamaoka
1978; Kaufman & Liem 1982; Wainwright 1988).
These muscles originate from the neurocranium and
insert on the lower pharyngeal jaw, facilitating the
forceful occlusion of these jaws and the crushing of
hard prey (Yamaoka 1978; Wainwright 1987). The
relatively large size and the wide posterior exten-
sion of the supraoccipital crest of Bellwoodilabrus
n. gen. suggest that this area represented the main
site of origin of a large levator posterior muscle,
similar to the condition observed in certain species
of the genera Bodianus, Cheilinus Lacépede, 1801,
Cheilio Lacépede, 1802, Choerodon Bleeker, 1847,
Halichoeres Rippell, 1835 and Macropharyngodon
Bleeker, 1862 (Yamaoka 1978; Wainwright ez al.
2004), which feed mainly on crustaceans, mol-
luscs and echinoids. Yamaoka (1978) observed that
the labrid species which exhibit a well-developed
levator posterior possess a developed lower pha-
ryngeal bone with molariform teeth; as described
above, Bellwoodilabrus n. gen. apparently possesses
a strongly ossified enlarged lower pharyngeal jaw
characterized by large, rounded molariform teeth.
The pharyngeal jaw crushing strength, which is re-
lated to the relative development of the pharyngeal
jaws, plays a central role in constraining the diets
of labrid fishes (Wainwright 1988), since species
with stronger pharyngeal jaws (and muscles) have
the potential to eat a greater range of shelled prey
types (and thus a greater range of prey types) than
weaker jawed congeners.

In a recent paper, Collar ¢z 2/. (2008) demon-
strated that locomotor and feeding morphologies
have diversified in concert in labrid fishes, imply-
ing a history of integrated locomotor and feeding
performance evolution. For example, changes in
the skull to increase jaw speed are associated with
pectoral fin shape changes that increase swimming
performance; moreover, increases in the skull’s force
output seem to be correlated with changes in the
pectoral fin to produce greater thrust at slow speeds.
Such correlation may derive from associations be-
tween habitat and prey which limit the possibilities
for independent skull and fin diversification.
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Labrids use the pectoral fins as the primary source
of propulsion (labriform locomotion; see Webb
1994). Considerable complexity and diversity in
swimming modes have been observed within the
Labridae, so that they display the greatest range of
swimming modes found in a single teleost family
(Bellwood & Wainwright 2001). Their locomotory
diversity varies between the use of a pure flapping
(up-down) stroke and the oscillation with a rowing
(fore-aft) stroke (Walker & Westneat 2002). Fin
shape is correlated with propulsive mechanism and
swimming performance. Fin motion and locomotor
strategy are associated to several key parameters of
fin shape, including fin aspect-ratio ([length of the
leading edge]?/total fin area), fin cord length, and
the distribution of fin area (Walker & Westneat
2000, 2002). Species characterized by a rowing
behaviour exhibit rounded and low aspect-ratio
pectoral fins with a short leading edge, while flap-
ping species display more elongate, high aspect-
ratio with a long leading edge (Walker & Westneat
2000; Fulton ez al. 2001). Taxa that displayed high
aspect-ratio pectoral fins are able to sustain faster
swimming speeds, while those characterized by low
fin aspect-ratio are slower swimmers specialized for
maneuvering. Aspect-ratio appears to be strongly
correlated with the orientation of the fin where
it attached to the body (Wainwright ez al. 2002).
The angle of attachment of the fin measures the
orientation of the joint between fin-ray bases and
the radial elements upon which the rays rotate
(Westneat 1996; Wainwright ez 2/. 2002). In this
context, fins with high aspect-ratio tend to attach
at a shallower angle to the main body axis than
in species with lower fin aspect-ratio, suggesting a
more vertical axis of fin motion. The pectoral fins
of Bellwoodilabrus n. gen. are poorly developed
(Figs 1; 2), with a rounded profile and a relatively
short leading edge. The angle of orientation of
the base of the pectoral fin on the long axis of the
body measures approximately 63.5°. The exact
fin aspect-ratio of Bellwoodilabrus n. gen. cannot
be confidently calculated because the maximum
area of the fin is extremely difficult to estimate.
However, the general morphology of the fin and its
relative dimensions suggest that the fin aspect-ratio
was rather low, which is congruent with a high at-
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tachmentangle. The first unbranched pectoral-fin
ray of Bellwoodilabrus n. gen. is extremely short,
thereby implying that the leading edge of the fin
was rather flexible. Moreover, all the pectoral-fin
radials are roughly oriented in the same direction,
yielding an approximately uniform rotation for all
fin rays (see Thorsen & Westneat 2005). Therefore,
the structure and morphology of the pectoral fin
clearly indicate that Bellwoodilabrus landinii n. gen.,
n. sp. was a slow swimming taxon. Studies of habitat
use in extant labrids reveal that taxa characterized
by low aspect-ratio fins are more abundant in deep
and calm habitats, mostly in close association with
the structure of the reef (Bellwood & Wainwright
2001; Fulton ez al. 2001). Low aspect-ratio taxa
appear to be largely restricted to a position that is
close to the substratum being uncommon in shal-
low settings characterized by high wave exposure.
Bellwood & Wainwright (2001) pointed out that
the few low aspect-ratio individuals recorded from
exposed locations are closely associated with the
substratum, hiding in holes or under corals. As
documented above, the angle of attachment of
the pectoral fin of Bellwoodilabrus n. gen. meas-
ures nearly 63.5°. This value is comparatively very
high, given that in a recent survey of labrid pecto-
ral fin features that parameter ranges from about
22° to about 67° (Wainwright ez /. 2002). In this
respect, Bellwoodilabrus n. gen. closely resembles
certain cheiline and pseudocheiline genera, such
as Cheilinus, Oxycheilinus Gill, 1863, and Pseudo-
cheilinus Bleeker, 1862, which are characterized
by the lowest aspect-ratio fins and highest fin at-
tachment angles (60.8-66.3°) observed within the
family Labridae. These Indo-Pacific taxa primarily
occupy microhabitats close to the reef substrate
that are characterized by low level of water motion
(Bellwood & Wainwright 2001; Fulton ez 4/. 2001),
where they feed on benthic invertebrates, mostly
crustaceans, molluscs, and echinoids. A similar diet
seems to be consistent with the cranial attributes
of Bellwoodilabrus n. gen.

In summary, the functional analysis of the cranial
and appendicular skeletal morphology of Bell-
woodilabrus n. gen. seems to indicate that it was
a benthic invertebrativore, which was also able to
feed on hard-shelled preys; it probably lived close
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FiG. 4. — Bellwoodilabrus landinii n. gen., n. sp., reconstruction
of the caudal skeleton, right side, lateral view. Abbreviations:
ep, epural; hyp, hypural; phy, parhypural; pi, preural centrum;
u, ural centrum; uno, uroneural. Scale bar: 1 mm.

to the substratum in the deep and clam settings
surrounding central Tethyan hard grounds or coral
reefs, which were present in the vicinity of the
« . . » .o . .

Pesciara di Bolca” depositional environment (see

Bellwood 1996; Landini & Sorbini 1996).

THE EARLY EVOLUTIONARY HISTORY

OF LABRID FISHES

Fishes of the family Labridae are widespread mem-
bers of the shallow marine tropical and subtropical
regions around the world, with a center of diversity
on coral reefs in the Western Pacific and Indian
Ocean (e.g., Bellwood & Hughes 2001). These
fishes have invaded temperate waters several times
during their evolutionary history; Westneat & Alfaro
(2005) documented at least four origins of taxa that
inhabit cold northern or southern Pacific waters
and at least three clades with temperate eastern
Pacific members. As discussed above, labrids are
among the most morphologically and ecologically
diversified families of marine fishes (see Westneat
et al. 2005). For this reason, the evolutionary and
biogeographic history of the family Labridae are
extremely complex and difficult to define. In ad-
dition, labrids are poorly represented in the fossil
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record, and most of the referred material consists
of isolated teeth or pharyngeal bones (e.g., Landini
1976; Long 1992; Schultz & Bellwood 2004),
which are scarcely informative about their generic
or suprageneric affinities. Fossils often constitute
a minimal record of the age of a taxon, but do
provide good minimum estimates of the timing of
lineage divergence events (Benton & Ayala 2003;
Reisz & Miiller 2004). Molecular phylogenet-
ics resolved the relationships existing within the
Labridae, providing a well-supported hypothesis
of subfamilial interrelationships. In such a context,
the fossil record, even if meager, could be useful
in defining some aspects of the evolutionary his-
tory of this family.

The origin of the family Labridae cannot be
confidently interpreted because of the uncertain
position of this family within the Perciformes
and the elusiveness of an higher-level phylog-
eny of labroid fishes. Therefore, the inadequate
definition of perciform intrarelationships and
the incompleteness of the fossil record make it
extremely problematic to evaluate the timing of
the labrid origination event. The oldest records of
the Labridae are from the Eocene of Monte Bolca
(Patterson 1993). The Monte Bolca fish fauna
includes the first representatives of many fami-
lies found on coral reefs today (Bellwood 1996).
Bellwoodilabrus landinii n. gen., n. sp. brings the
number of labrid taxa known from Monte Bolca
to three (see Bellwood 1999). Like Bellwoodilabrus
landinii n. gen., n. sp., the other two labrid taxa,
Eocoris bloti Bannikov & Sorbini, 1990 and Phyl-
lopharyngodon longipinnis Bellwood, 1990, are solely
represented by the holotype (Bannikov & Sorbini
1990; Bellwood 1990). The extreme rarity of these
fishes among the extraordinarily abundant mate-
rial collected from this locality probably reflects
their low abundance in the original depositional
environment. Phyllopharyngodon longipinnis was
interpreted as a member of the Hypsigenyini
based on the phyllodont tooth development in the
pharyngeal jaws, representing one of the earliest
representatives of this group (Bellwood 1990).
The affinities of Eocoris bloti were not discussed
in detail and Bannikov & Sorbini (1990) con-
sidered it as one of the most primitive labrids
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known. However, Eocoris Bannikov & Sorbini,
1990 shares many features with pseudocheiline
taxa (serrated preopercle; 5(?) branchiostegal rays;
25 vertebrae; first neural spine not shortened; fifth
hypural extremely reduced; anal-fin formula ITI+9;
15 pectoral rays; see Westneat 1993) to which it
can be tentatively referred. Therefore, consider-
ing the whole labrid diversity represented within
the Monte Bolca fish fauna, at least three lineages
(hypsigenyines; pseudocheilines; Bellwoodilabrus n.
gen.) were already present during the upper part
of the Ypresian. According to the phylogenetic
analysis proposed by Westneat & Alfaro (2005),
the Hypsigenyini is basal to all the other groups of
the family, and includes the odacines. Moreover,
a clade formed by labrines + scarines + cheilines
is the sister group of the pseudocheilines, novacu-
lines and julidines (including pseudolabrines and
labrichthyines). If the pseudocheiline affinities of
Eocoris will be confirmed, the Eocene occurrence
of this group necessarily implies that the clade
formed by labrines, scarines and cheilines was
already in existence in the early Eocene. The old-
est representatives of both labrines and scarines
date back to the Middle Miocene (Badenian) of
Austria (Bellwood & Schultz 1991; Schmid et /.
2001), and a dubious record of the cheilines was
reported from the Oligocene of Iran (Arambourg
1967). The possibility of an Eocene origin of the
scarines, however, is consistent with molecular
clock estimates, which suggest that the date of
origin of this group is more than 40 Ma (Streel-
man ez al. 2002). As a final note, as far as the
origin of novaculines and julidines is concerned,
the fossil record appears to be scarcely informative,
but recent molecular studies suggested a Miocene

origin for some extant genera (Barber & Bellwood
2005; Read ez al. 20006).
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