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ABSTRACT—A new species of tilapiine cichlid, Oreochromis lorenzoi, is described from the late Miocene (Messinian)
of central Italy. This species is represented by four articulated specimens and a caudal region of a fifth individual.
Oreochromis lorenzoi, sp. nov. is the earliest confirmed representative of the genus Oreochromis, and it is the first
European fossil cichlid. Oreochromis lorenzoi and additional examples from other fossil fishes provide evidence of
faunal exchanges between Africa and the northern coasts of the Mediterranean during the Miocene. Paleoenvironmental
implications are also discussed.

INTRODUCTION
The family Cichlidae is one of the most speciose perciform
families with more than 1,400 described species. Together with
Labridae (including Scaridae and Odacidae), Pomacentridae,
and Embiotocidae, the cichlids are included in the suborder Labroidei (Liem and Greenwood, 1981; Stiassny and Jensen,
1987). They live in brackish and freshwater environments of
Africa, Madagascar, the Neotropics, the West Indies, the Middle
East, Southern India, and Sri Lanka. Monophyly of this family
is currently recognized (Liem and Greenwood, 1981; Stiassny,
1981) and several authors consider cichlids as sister-taxon of
other labroid families (Stiassny and Jensen, 1987). These fishes
have long fascinated ichthyologists and evolutionary biologists
(Fryer et al., 1983; Futuyma, 1998). The center of this attraction
is the explosive, adaptively multiradiate speciation in the Great
Lakes of Africa, where these fishes are greatly represented with
a conspicuous number of taxa (Greenwood, 1973). This dramatic radiation is one of the macroevolutionary episodes in
vertebrate history, involving the proliferation of numerous distinct lineages occupying a diversity of trophic levels over a
geologically short length of time (Carroll, 1997).
Paradoxically, considering the explosive speciation, cichlids
are conservative in underlying anatomy (Stiassny, 1991), undergoing a modest genetic differentiation (Meyer, 1993). Despite their taxonomic differentiation, large structural modification or bauplan reorganization are not easily recognizable. The
ecological and evolutionary success of cichlids has been attributed to breeding behavior, color-based sexual selection, niche
partitioning, and trophic polymorphism (Kornfield and Smith,
2000). An incredible variety of diets and adaptations is justified
by the morphopotentiality of the pharynx (Liem, 1973, 1980;
Lauder, 1983), which represents an amazing key innovation
(sensu Lauder, 1981).
Fossil cichlids are known from many Tertiary localities of
Africa, the Near East, the Antilles, and South America. The
oldest cichlids have been found in the Eocene sediments of
Mahenge, Tanzania (Murray, 2000, 2001a), but the origin of
this family is more ancient, probably localized in the Cretaceous (Stiassny, 1991; Kumazawa et al., 1999) or early in the
Cenozoic (Murray, 2001b; Vences et al., 2001).
In the 1980s some cichlid remains were found in Miocene
deposits of central Italy (Fig. 1). These fishes were reported by
Sorbini (1988:pl. 38, fig. 1) and Landini and Sorbini (1989:fig.
6), who preliminarily described the fossils as indeterminate Tilapiini. One of these fishes (MCSNV T1097) was also figured

in Frickhinger (1991:863) and erroneously considered of Pliocene age.
Tilapiine cichlids are today distributed in Africa, Israel, Syria, and Iran, while fossil remains are known from the Cenozoic
and Quaternary of the African Plate (White, 1937; Greenwood,
1974; Van Couvering, 1982; Trewavas, 1983). More recently,
Gaemers (1989) erected the tilapiine cichlid genus Eurotilapia,
based on otoliths and teeth from the Miocene of Germany, Moravia and Switzerland. These remains were later considered by
the same author as belonging to a channid (Gaemers, 1990).
Identification of fossil cichlids is often very difficult because
of fragmentation and crushing of the specimens. Furthermore,
many diagnostic characters at the species level are based on
color patterns, rarely preserved on fossils. Among the ten synapomorphies of cichlids, recognized among others by Stiassny
(1991), six correspond to soft anatomy and the remaining four
to delicate structures such as microbranchiospines or elements
from the branchial skeleton that have little chance to fossilize.
More recently, some fossil cichlids have been restudied after a
new survey of cichlid osteology (Casciotta and Arratia, 1993;
Murray and Stewart, 1999) and several diagnostic characters,
easily recognizable on fossils, have been listed.
The objectives of this paper are to describe and reanalyze
the fossil tilapiine cichlids from the Miocene of central Italy.
Paleoecology and paleobiogeography are also discussed.
MATERIALS AND METHODS
Five fossil specimens have been studied: two complete skeletons (MSF26, MSF207) and one incomplete skeleton preserved in
plate and counterplate (MGPC21812a, MGPC21812b) from Borgo
Tossignano, one complete skeleton in plate and counterplate
(MCSNV T1097/MCSNV T1098) from Monte Castellaro, and one
incomplete skeleton in plate and counterplate (MSF3/MSF3.1)
from Brisighella. All the specimens, except MSF3/MSF3.1,
measure from 52 mm to 84.5 mm standard length. Specimen
MSF3/MSF3.1 is the largest one. This specimen lacks the anterior part of the body and the estimated total length reached
about 420 mm. No differences have been found to distinguish
the specimens and thus are all considered as belonging to the
same species of fish. Also, the largely incomplete specimen
MSF3/MSF3.1 shows an identical pattern of squamation.
Measurements on all the specimens have been taken using a
dial calipers. All extinct taxa are marked with daggers (†) preceding their names.
Drawings were made using a WILD type 181300 microscope
with camera lucida. ‘‘Kukri’’-shaped pharyngeal teeth were
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FIGURE 1. Topographic map showing, with solid triangles, the sites
where the specimens of †Oreochromis lorenzoi were collected.

photographed using a JEOL JSM-5200 SEM, and scales were
photographed using a WILD Photomakroskop M400.
Institutional Abbreviations Museo Civico di Storia Naturale, Verona (MCSNV); Museo di Geologia e Paleontologia
‘‘G. Capellini’’ Università di Bologna (MGPC); Museo Civico
di Scienze Naturali, Faenza (MSF).
Anatomical Abbreviations 1st v, first vertebra; br, branchiostegal rays; ch, ceratohyal; cl, cleithrum; den, dentary; e,
epural; fr, frontal; hyo, hyomandibula; hyp, hypural; ior, infraorbital bones; lac, lachrymal; op, opercle; phy, parhypural;
pmx, premaxilla; pop, preopercle; psph, parasphenoid; ptt,
posttemporal; qu, quadrate; scl, supracleithrum; sn, supraneural; soc, supraoccipital; sop, subopercle; sy, symplectic; un, uroneural.
SYSTEMATIC PALEONTOLOGY
Subdivision TELEOSTEI sensu Patterson and Rosen, 1977
Order PERCIFORMES sensu Johnson and Patterson, 1993
Suborder LABROIDEI sensu Stiassny and Jensen, 1987
Family CICHLIDAE Gill, 1872
Tribe TILAPIINI Trewavas, 1983
Genus OREOCHROMIS Günther, 1880
Subgenus OREOCHROMIS sensu Trewavas, 1983
†OREOCHROMIS (OREOCHROMIS) LORENZOI, sp. nov.
(Figs. 2–7; Table 1)
Sorbini L. (1988):26, pl. 38
Landini and Sorbini (1989):287–292, pl. 1
Holotype MSF26, a complete specimen which preserves
the diagnostic characters (Fig. 6A).
Additional Specimens MSF207 (paratype; Fig. 6B);
MSF3/MSF3.1 (Fig. 7A, B); MCSNVT1097/MCSNVT1098
(paratype) (Fig. 6C, D); MGPC21812a/MGPC21812b (paratype; Fig. 6E, F).
Locality and Horizon †Oreochromis lorenzoi is known
only from the Miocene deposits of the Gessoso-Solfifera Formation. As reported by Landini and Sorbini (1989), the fossils
have been collected from three localities of eastern-central Italy
(Fig. 1) (Brisighella, Borgo Tossignano, Monte Castellaro)
where this formation outcrops. The Gessoso-Solfifera Formation dates back to the upper Miocene, Messinian, and consists
of sixteen evaporite cycles (Vai and Ricci Lucchi, 1977; Marabini and Vai, 1985; Vai, 1997), all included in the ‘‘lower
evaporite’’ Mediterranean Messinian lithostratigraphic unit (see,
e.g., Hilgen et al., 1995). The most ancient specimen (MSF3/
MSF3.1) comes from the euxinic layers of the basal evaporite
cycles of Monticino Quarry (approximatively 6 Ma; see e.g.,
Krijgsman et al., 1999), near the town of Brisighella, while the
others are from the marly and clayey interstrata of the upper
evaporite cycles outcropping near Borgo Tossignano and Monte
Castellaro.
Diagnosis Differs from other Oreochromis (Oreochromis)
by the unique combination of vertebral (30), dorsal (XV112),
and anal (IV18) formulae.

FIGURE 2. †Oreochromis lorenzoi labeled reconstruction of head and
pectoral girdle.

Discussion †Oreochromis lorenzoi shows a number of
characters diagnostic of Tilapiini, including: cycloid scales,
general body shape, and presence of ‘‘kukri’’-shaped pharyngeal teeth. Within Tilapiini, this species also shows several
characters diagnostic of the genus Oreochromis, including:
acute notch in the posteroventral edge of the cleithrum dorsal
plate; predorsal bone sharply angled; granulation pattern of the
scales; scales on belly smaller than flank scales; lachrymal of
moderate depth. The inclusion of the species in the subgenus
Oreochromis is justified by the presence of the following features: scaleless lachrymal with five lateral line openings; four
anal fin spines. Following the data reported in Trewavas (1983),
†Oreochromis lorenzoi is very similar in meristic characters to
Oreochromis leucostictus, Oreochromis shiranus, and Oreochromis spilurus based on the number of dorsal and anal fin
spines. However, none of the species shows a similar combination of vertebral and dorsal and anal fin formulae. Therefore,
†Oreochromis lorenzoi differs from all other living and fossil
described species of the genus Oreochromis.
Etymology The specific epithet ‘‘lorenzoi’’ honors the late
Dr. Lorenzo Sorbini, Director of the Museo Civico di Storia
Naturale of Verona, in recognition of his contribution to the
knowledge of the Miocene cichlids here described.
Description
Measurements for †Oreochromis lorenzoi are summarized in
Table 1. †Oreochromis lorenzoi is a deep-bodied cichlid. The
shape and body contours (Fig. 3A, B) are very similar to those
of several other species of the genus Oreochromis. The profile
of the head is slightly convex. The caudal peduncle is short and
deep.
Neurocranium In general the bones of the skull are extensively crushed and difficult to interpret. Of the skull roof only
small portions of the frontals are visible on MSF207 (Fig. 2).
The supraoccipital is preserved on MSF207. The supraoccipital crest (Fig. 2) is convex posteriorly and greatly resembles
that of Oreochromis niloticus (Murray and Stewart, 1999:fig.
3A). The relationship of the supraoccipital to the surrounding
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FIGURE 3.

†Oreochromis lorenzoi, A, reconstruction of the skeleton. B, reconstruction of the scale pattern. Scale bars equal 1 cm.

bones is not clear because of the preservation of the specimens.
Ventral to the supraoccipital, the lateral sensory canal of the
pterotic is partially preserved on MSF207.
The parasphenoid is exposed in the lower third of the orbit
(Fig. 2).
Infraorbitals Four
infraorbitals
are
visible
on
MGPC21812b. The fifth infraorbital and the dermosphenotic
are badly damaged. The lachrymal is large, subrectangular in
outline (Fig. 2), and reaching nearly 16% of the head length.
This bone has five sensory canal pores disposed in the same
pattern as in many other tilapiines (Vandewalle, 1972; Stiassny,
1991; Murray and Stewart, 1999). Infraorbitals two through
four are tubular, thin, and subrectangular in shape (Fig. 2).
Jaws and Suspensorium In the upper jaw, the ascending

arm of the premaxilla appears slightly longer than the dentigerous arm. The dentigerous arm of this bone bears many bicuspid and tricuspid teeth (Fig. 4A, B). Of the lower jaw, the
dentary is visible on MSF207, while part of the articular is
preserved in MCSNVT1097. The lower jaw teeth are similar to
those of the premaxilla (Fig. 4A, B).
The quadrate and the symplectic are visible on
MCSNVT1097, but poorly preserved (Fig. 2). The dorsal portion of the hyomandibula is present on MSF207 (Fig. 2), and
greatly resembles that of Oreochromis niloticus and †Oreochromis harrisae (Murray and Stewart, 1999:figs. 3D, 4).
Opercular Series The preopercle is present on MSF26 and
MGPC21812b. In both specimens this bone is exposed in medial view, showing the lateral sensory canal and pores (Fig. 2).
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FIGURE 4. Teeth of †Oreochromis lorenzoi A, bicuspid jaw tooth in
frontal view. B, tricuspid jaw tooth in frontal view. C, pharyngeal tooth
in lateral view. D, kukri-shaped pharyngeal tooth in lateral view. Black
scale bar equals 1 mm. E, SEM photograph of a kukri-shaped pharyngeal tooth in lateral view. White scale bar equals 50 mm.

The opercle has a posterodorsal excavation (Fig. 2), similar to
that of Oreochromis niloticus and †Oreochromis harrisae, figured in Murray and Stewart (1999). Subopercle and interopercle
are preserved as impressions on MSF26.
Gill Arches The ceratohyal is clear on specimen
MCSNVT1097 (Fig. 3). Anteriorly, the suture with the hypohyals is difficult to interpret. There are five branchiostegal rays.
Only the fifth branchiostegal ray articulates with the epihyal.
Of the pharyngeal jaws only the teeth are preserved (Fig. 4C,
D, E). The teeth of both upper and lower pharyngeal jaws are
unicuspid. There are many ‘‘kukri’’-shaped teeth (Fig. 4D, E)
in the anterior field of the lower pharyngeal jaw. These teeth
were named by Greenwood (1987) for their resemblance to the
blade of a ‘‘kukri,’’ the Nepalese knife much favored as a weapon by Gurkha soldiers. As reported by the same author (Greenwood, 1987), these teeth are found in most Tilapiini, with the
exception of the genera endemic to the Cameroonian lake Barombi Mbu (Myaka, Konia, Stomatepia, and Pungu).
Vertebral Column The vertebral column has a total of 30
vertebrae (16 abdominal plus 14 caudal). The two anteriormost
centra are partially missing. On the anterior articular surface,
each of the centra has little dorsal zygapophyses. The centra
bear some lateral fossae. As in many other teleosts, the first two
centra lack pleural ribs. There are 13 pleural ribs which articulate ventrally on the centra.
Median Fins and Supports The caudal fin is moderately
forked with subequal lobes. †Oreochromis lorenzoi has 17 principal rays with 15 branched. There are at least three upper and
three lower procurrent rays. The caudal skeleton (Fig. 5) is well
preserved and strongly resembles the generalized cichlid type
illustrated by Vandewalle (1973). Five hypurals are present on
each specimen. This number is considered primitive in cichlids
(Vandewalle, 1973), and more generally in Perciformes (Rosen
and Patterson, 1969). There are two epurals and a single uroneural. The parhypural bears a well-developed spine on its dorso-lateral surface.
The dorsal fin consists of 15 spines followed by 12 soft rays.
These are supported by 26 pterygiophores. A slender, autogenous middle radial is present in fin-ray supports. †Oreochromis
lorenzoi has a single predorsal bone which angles sharply, similar to that of Oreochromis niloticus and †Oreochromis harrisae described in Murray and Stewart (1999). A single predorsal

FIGURE 5.

†Oreochromis lorenzoi, reconstruction of caudal skeleton.

bone is typical of African cichlids excepted Tylochromis and
Heterochromis (Stiassny, 1991).
The anal fin is supported by 12 pterygiophores and contains
four spines followed by 8 soft rays.
Paired Fins and Supports The posttemporal is clearly visible in MGPC21812a. The angle between the upper and the
lower arm is the same as in †Oreochromis harrisae and Oreochromis niloticus (Murray and Stewart, 1999:figs. 3, 4). Posteriorly, this bone overlaps the dorsal portion of the supracleithrum (Fig. 2). The supracleithrum is visible in MSF26 and
MGPC21812a. The outline of this bone greatly resembles that
of Oreochromis niloticus (Murray and Stewart, 1999:fig. 3E).
The ventral end of the supracleithrum overlaps the dorsal end
of the cleithrum (Fig. 3). The cleithrum appears to be very
similar to that of Oreochromis niloticus illustrated in Murray
and Stewart (1999). The Oreochromis acute notch is present in
the posteroventral edge of the dorsal plate of this bone (Fig. 2).
Scapulae, coracoids, and radial bones of the pectoral fins are
not preserved in any of the examined specimens. At least 14
pectoral fin rays are preserved. The pelvic fin consists of one
spine and five soft rays.
Scales All the examined specimens have well-preserved
squamation. The scales are large and nearly circular in outline.
There are 32–38 circuli and 13 interradial spaces on each scale.
On the caudal field, the scales show the type 3 granulation
pattern (see Lippitsch, 1990). Lippitsch (1990) also observes
this granulation pattern in Oreochromis mossambicus.
On the dorsal part of the head there are scales from the interorbital space backwards. The predorsal squamation resembles the biserial arrangement (sensu Lippitsch, 1990). As in
other cichlids the snout and the lower jaw are scaleless. One
series of scales is located in the space between the orbit and
the dorsal part of the preopercle. Many opercular, subopercular
and interopercular scales are visible. The posterodorsal corner
of the opercle is scaleless (Fig. 3B).
The flanks and the caudal area are fully scaled (Fig. 7C, D).
The upper lateral line is preserved on MSF26 and consists of
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FIGURE 6. †Oreochromis lorenzoi, photographs of type specimens. A, holotype, MSF26, scale bar equals 6 cm. B, paratype, MSF207, scale
bar equals 6 cm. C, paratype, T1098 (counterpart of T1097), scale bar equals 6 cm. D, paratype, T1097 (counterpart of T1098), scale bar equals
5 cm. E, paratype, MGPC21812a (counterpart of MGPC21812b), scale bar equals 5 cm. F, paratype, MGPC21812b (counterpart of MGPC21812a),
scale bar equals 4 cm.

at least 15 scales. The lower lateral line is not preserved in any
of the examined specimens. Between the dorsal fin and the upper lateral line there are two to three scale rows.
Scale size is different on different parts of the axial body.
The dorsum and belly scales are small with respect to those of
the flanks. Scales on the caudal peduncle are similar in size to
those of the flanks. There are two rows of small scales between
caudal rays that are preserved on MSF3/MSF3.1 and
MGPC21812a. The dorsal and anal fins are scaleless.

DISCUSSION
As reported by Landini and Sorbini (1989), many fossil fishes associated with †Oreochromis lorenzoi have been collected
at Brisighella, Borgo Tossignano, and Monte Castellaro. These
faunas show a good structural variability. In particular, the Borgo Tossignano ichthyofauna strongly differs from those of Brisighella and Monte Castellaro. The Borgo Tossignano ichthyofauna is constituted of euryhaline (†Aphanius crassicaudus) and
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FIGURE 7. †Oreochromis lorenzoi A, photograph of MSF3.1 (counterpart of MSF3) scale bar equals 6 cm. B, photograph of MSF3 (counterpart
of MSF3.1), scale bar equals 6 cm. C, photograph of flank scales on specimen T1097, scale bar equals 5 mm. D, detail of a flank scale on
specimenT1097, scale bar equals 1 mm.

migratory (Atherina boyeri) taxa, while the Monte Castellaro
fish fauna consists of both euryhaline (†Aphanius crassicaudus,
Atherina boyeri, †Gobius ignotus, Lates niloticus, Harengula
sp.) and stenohaline (Epinephelus sp., Scorpaena sp., Spratelloides gracilis, Zeus faber) taxa, and that from Brisighella
mainly consists of stenohaline (Sarda sp., Trachurus sp.) taxa.
The structural differences among these three ichthyofaunas
are clearly related to the depositional environments. The Brisighella ichthyofauna, which mainly consists of stenohaline
TABLE 1.
length.

taxa, has been found in basal evaporite cycles of Monticino
Quarry and represents a coastal community, similar to those
found today along the Egyptian Mediterranean coasts (Landini
and Sorbini, 1989). The Borgo Tossignano and Monte Castellaro ichthyofaunas, instead, have been found in the upper evaporite cycles, which correspond to coastal lagoonal environments
(Marabini and Vai, 1985) with a salinity more (Monte Castellaro) or less (Borgo Tossignano) like that of seawater.
Considering †Oreochromis lorenzoi from an ecological point

Measurements for †Oreochromis lorenzoi. Except for standard length and total length, all measurements are as percentage of standard

Total length
Standard length
Body depth
Caudal peduncle height
Caudal peduncle length
Head length
Head height
Preorbital distance
Orbital diameter
Pectoral fin length
Last dorsal spine length
Soft dorsal height
4th anal spine length
Lower jaw length

MSF26

MSF207

MGPC21812

88 mm
74 mm
44.6
18.9
12.2
43.2
?
14.9
10.8
?
17.6
16.2
16.2
?

60 mm
52 mm
40.4
13.5
9.6
34.6
36.5
15.4
11.5
?
13.5
13.5
10.8
27.8

99 mm
84.5 mm
40.2
14.2
13
40.2
35.5
15.4
10.1
17.8
13.6
10.7
?
?

T1097/T1098
83 mm
65 mm
55.4
23.1
13.8
36.2
?
15.4
?
15.4
16.9
10.8
16.9
?
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of view, a high degree of ecological plasticity is inferred. The
association with migratory, euryhaline, and fully marine fishes
suggests a behavior similar to that observed for Oreochromis
mossambicus (Heemstra, 1986; Miyazaki et al., 1996). Similar
to O. mossambicus, †Oreochromis lorenzoi probably was a
freshwater species, which migrated into coastal lagoons, estuaries, and shallow marine environments.
The presence of †Oreochromis lorenzoi is indicative of warm
conditions. The occurrence of cichlids in the northern Mediterranean area, associated with other taxa of Nilotic-Sudanian affinity, such as Lates niloticus (see Carnevale and Landini,
2001), suggests the existence of thermo-xeric conditions in
Messinian times. These findings reinforce the hypotheses of Suc
and Bessais (1990), based on pollen analysis.
Remains of fossil Oreochromis are known from a few Pliocene and Quaternary localities of Africa (Trewavas, 1983; Murray and Stewart, 1999; Tichy and Seegers, 1999). Furthermore,
in agreement with Murray and Stewart (1999), the Miocene
†Sarotherodon martyni could be considered to belong to the
genus Oreochromis (see the description of Van Couvering,
1982). However, the lack of a systematic revision of †Sarotherodon martyni justifies the consideration that †Oreochromis
lorenzoi represents the earliest confirmed member of the genus
Oreochromis.
Based on the present geographic distribution, the African origin of this genus is clearly evident. The affinity of †Oreochromis lorenzoi to Oreochromis leucostictus, Oreochromis
shiranus, and Oreochromis spilurus suggests close relationships
with the area of distribution of these species, which are restricted to drainage basins of East Africa, from Somalia to Mozambique. The presence of cichlids in the northern Mediterranean during the Miocene is particularly significant from a biogeographic point of view. These findings support the hypothesis
of faunal exchange between Eurasia and the African Plate. The
faunal exchanges between the African Plate and Eurasia began
in the middle Miocene (Adams et al., 1983) and correspond to
the first mammalian migration between the two continents
(Rögl and Steininger, 1983). A contemporaneous ichthyological
bidirectional migration has been recently stressed by Otero and
Gayet (2001). After a survey of the European late Miocene
fossil record, a number of African taxa, such as clariids, characids, and latids (Deperet, 1890; Thenius, 1952; Antunes, 1989;
Antunes et al., 1995; Gayet and Otero, 1999; Otero and Sorbini,
L., 1999; Carnevale and Landini, 2001; Otero, 2001) have been
observed. The European occurrence of this number of fresh and
brackish water fishes of Nilotic affinity suggests the existence
of close relations between this northern migratory pulse and
climatic conditions. Greenwood (1974) describes many typical
Nilotic fish faunas from the Miocene of Maghreb, today replaced by a typical Eurasian freshwater fauna, coexisting with
an impoverished African biota (see also Sorbini and Tirapelle
Rancan, 1980). Thus, a nearly uniform climatic continuity could
be assumed along the Mediterranean coasts in the Late Miocene.
If the relationships of †Oreochromis lorenzoi are correct, its
presence in the Mediterranean could be explained by an expanded area of distribution of this group of species, today restricted to East Africa. This hypothesis is supported by the
probable assignment (Trevawas, 1983) of the Pliocene fossil
teeth from Jordan Valley, originally described by Avnimelech
and Steinitz (1952), to the species Oreochromis spilurus. A
wider distribution of these fishes was probably related to the
hydrographical influences of the Miocene rifting phases, which
created the link between East Africa and the Nile. In the development towards an asymmetrical half-graben geometry
(Bosworth, 1985; Ebinger et al., 1984; Rosendahl, 1987), only
the East African drainage basins are involved in the rifting. A

relation between East African rifting and fish distribution has
been pointed out by Roberts (1975) and Greenwood (1983).
Although there are many evaporitic Messinian fish bed localities in the Mediterranean (Landini and Sorbini, 1992), it is
interesting to note that all the specimens here illustrated have
been found in the Periadriatic region. Following paleogeographic reconstructions (e.g., Vai, 1989), this area was characterized
by a strong development of marginal and satellite basins, probably due to the synergistic effect of the drop of sea level and
the intra-Messinian tectonic phase, that is a geodynamic pulse
affecting the whole emerging Apennine orogen (Vai, 1987).
This event consisted of a major thrusting and foredeep migration phase that allowed a large development of shallow-water
biotopes (coastal lagoons, neritic environments, etc.) in this
area, favouring the establishment of cichlids, while the colonization of other northern Mediterranean coastal areas was
probably difficult.
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Characiforme européen dans le Miocène Terminal du Portugal. Comunicaçoes Instituto Geológico e Mineiro 81:79–84.
Avnimelech, M., and H. Steinitz. 1952. On fish remains in the continental Neogene of the Jordan Valley (Israel). Eclogae Geologiae
Helvetiae 44:444–447.
Bosworth, W. 1985. Geometry of propagating continental rifts. Nature
316:625–627.
Carnevale, G., and W. Landini. 2001. On the first occurrence of the
genus Lates Cuvier and Valenciennes in the pre-evaporitic Messinian of the Mediterranean. Bollettino del Museo Civico di Storia
Naturale di Verona 25:71–76.
Carroll, R. L. 1997. Patterns and Processes of Vertebrate Evolution.
Cambridge University Press, Cambridge, 448 pp.
Casciotta, J., and G. Arratia. 1993. Tertiary cichlid fishes from Argentina and reassessment of the phylogeny of New World cichlids
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Memorie della Società Geologica Italiana 54:25–33.
Kumazawa, Y., M. Yamaguchi, and M. Nishida. 1999. Mitochondrial
molecular clocks and the origin of euteleostean biodiversity: familial radiation of perciforms may have predated the Cretaceous/
Tertiary boundary; pp. 35–52 in M. Kato (ed.), The Biology of
Biodiversity. Springer-Verlag, Berlin.
Landini, W., and L. Sorbini. 1989. Ichthyofauna of the evaporitic Messinian in the Romagna and Marche regions. Bollettino della Società
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343–367.
——— 1997. Cyclostratigraphic estimate of the Messinian stage duration; pp. 463–476 in A. Montanari, G. S. Odin, and R. Coccioni
(eds.), Miocene Stratigraphy: An Integrated Approach. Elsevier
Science, Amsterdam.
———, and F. Ricci Lucchi. 1977. Algal crusts, autochthonous and
clastic gypsum in a cannibalistic evaporite basin: a case history
from the Messinian of Northern Apennines. Sedimentology 24:
211–244.
Van Couvering, J. A. H. 1982. Fossil cichlid fish of Africa. Special
Papers in Paleontology 29:1–103.

View publication stats
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