
Bollettino
della

Societn Paleontologic a
Italiana
Pubblicato sotto gli auspici e col contributo
del Consiglio Nazionale delle Ricerche

Volume 40rr.312001

MUCCHI MODENA



Bollettino della Societi Paleontologica ltaliana 40 (3), 200 1 rssN 0375-7633345-350 Modena, Dicembre 2001

A male fish Bothus podas (Delaroche, 1809) [Pleur,
in the Pliocene of the Marecchia river (Italy)

Bruno CunNer
Institut Universitaire Europden de la Mer

Plouzand, France

KEY lf/ORDS - Pisces, Pleuronectiformes, Morphologlt, Pliocene, Central Eastern ltal\.

ABSTRACT - The aim of this paper is a new study of a fossit flqtfsh discouered in the P,

Berni, near Rimini, Eastern- dt"'iilf f{rt l L. io,rblnl ( I iss) tonildeied it as member.{ !h,
yo""i pioiiaia arguments to spectft thaiih;t fossit is a male specimen ofBothus pod as (Delara

RIASSUNTO - [Un esemplare maschio di Bothus podas (Delaroche, 1809) . fPleuron
Marecchia (ltalia)] - Viene-ti"lmo ,i-pttironetttform, ,itroroto nel Plioc:ene medio,-super.io
Italia ,rrtrolii )l owlbuito da Sorbini i,. f lgaSl il gtrtrr Both us. Recenti studi sulle specie

di un esemplare mascltio della specie attuale Bothus podas (Delaroche, 1809).

nnSUUE - [Un spdcimen mile de Bothus podas (Delaroc.he, 1809) [Pleuronectiforr
Marecchia (ltali.)i - ri tisa,-t. Sorbini itittoi", la p)atence d'un poiss.on plntfossile du ge

de la riuiire Marecc.hl4etggit Etry,F:, At Rimini, Ita\i'e Centre-oriintale),'Drr"traror* r7r,

ments prr*rniii A;ifu*i que ce losstte correspond i un indiuidu mkle de |espbcr Bothus Po

INTRODUCTION

In 1988 Sorbini L. Presented the diverse ichthyo-^
fauna of the Marecchii river, a new fossil localiry of

Middle-Late Pliocene discovered in the late 1970s

due to river erosion. The active collaboration of ama-

teurs and four regular excavation_ camp_algns 9181:
nized by the 

"Mtiseo 
Civico di Storia Naturale di

Verona"' between 1982 and 1984, resulted in a col-
lection of over 2,000 specimens. This assemblage
included a very well preserved flatfish specimen.
Sorbini (1988) identif ied this specimen as a represen-
tative of the genus Bothus. Further works on recent

species prorriJed data to, identify precisely the taxo-

nomlc status of this fossil.

GEOLOGICAL SETTING

The fossil deposit consists of l5 sapropelit ic layers
outcropping along the bed of Marecchia river (near

Poggio g.rfii localiry, Rimini province) for an extent

of ibout 5 km (Text-fig. 1).
The sedimentary suZcession of the Marecchia val-

ley represents the 
-infilling 

of an atypical foreland
-ol.ri. basin (Ricci Luccli 6{ Ori, ' f9S5) and the
Pliocene is represented by deep-water hemipelagic
claystones .orr.t.d bX chaotic deposits and sediments.
Tlre upper 450 m of the section are characteri zed by

the ptii.... of 15 layers of thick, laminated, often

diatomaceous, dark pelites, alternating with biotur-

bated and homogeneous marly-lilry clays (Rio et al.,

1997). These laniinated dark sedimetttt, called sapro-
pels, are indicative of oxygen-deficient bottom waters
*ni.n allowed the good [t.t.t't ation of ichthyoliths.
Biomagnetostratigrlphic torrelation of the Marecchia
section"with oth.I taptopel-bearing sections in south-

ern Italy and with "stronomical curves.permitted to

date th'e fossiliferous sapropels succession from 3.1
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Text-fig. I - Geographical localization of Marecchia river, Italy.
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Ma to 2.2 Ma corresponding to Piacenzian and
Gelasian stages (Middle-Late Pliocene) (Rio et al.,
1997). The Marecchia fish fauna consists of 37 fami-
lies and 48 genera almost all referred to living raxa:
exceptions ir. three fossil species dated bi'ck ro
Middle Pliocene and Late Miocene. From a bioeeo-
graphical point of view, 80o/o of genera presently"lirre
in the Atlantic-Mediterranean biogeographic region
and 20o/o live in Indo-Pacific or Est"AtLtrti. troplcal-
subtropical areas.

The analysis of the Marecchia fossil fish ecolog'
identifies this ichryofauna as a marine compl.* dotil'-
inated by coastal "hd open sea forms as welf as by epi-
and .-e*pelagic lor; lurthermore a large ,r,r-b.r^of
species connected to rather shallow bottoms is also
present.  In addit ion to f ishes, dolphins and
cephalopods, also insects, frogs and terrestrial plant
leives *.r. found in this sit"e, suggesting that the
Marecchia depositional basin was 

"""ot 
fal from the

coast where weak currents carried dead littoral and
continental organisms toward deeper zones (Sorbini,
l  ggg ) .

Benthic foraminifera present throughout the section
indicate a lower epi-bathial depositional environmenr
with a minimum depth of about 500-700 m and a
maximum depth of about 1000- 1,200 m, with no
indication of any major paleobathimetric changes
through the section. Therefore these sediments are
considered to have been deposited on the slope of a
subsidirg basin (Rio et d7., 1997). Accordttg ro
Colalonio et al. ( 19 82), the laminated org-anic
diatomaleous pelites in which the Marecchia ichihyo-
fauna was preserved correspond to deep-sea stagna-
tion cycles which were "rroiiated with ph.romen"a of
eutrophication of the water that caused the mass-
death in the ichthyofauna.

MATERIAL EXAMINED

Bothus sp., Museo Civico di Storia Naturale di Verona
(Verona, Italy), Collection Sabattini, Marecchia, n. 517.

Comparative Recent material: Arnoglossus sp. ANSP-
145256 (3). Alnoglossus imperiarr NMC-600 322 ( 1).
Arnoglossus fisani AMS-1-3 372003 ( t ), AMS-I-
33661 00 | (2). Arnoglossus laterna MNHN- I 54-l
(4) . Arnoglossus thori MNHN- I 962-62-Banyuls (5).
Bothus lunatu.r NMC-682101 (l). Bothus macul'iferus
NMC -68027 5 (2). Bothus podas MNHN- I 977 -126
(1, male),  MNHN-1975-422 (1, male),  MNHN-
1958-154 (1, female). Crossorltombus Azurea AMS-I-
31484009 (3), AVS-I-22806020 (3). Engyprosopon
blakeri AMS-I-3366300 1 . (4) . Ergprosopoi graidis-
q?arya AMS-[-2077 1044 ( I ). Grammabothus polyph-
ihalmus NMC -770034(l). Psettina gigantea ruv[S-t-
3381 I 001 (3). Theniopsetta sp. ANSP- 145354 ( I ).

All these specimens belong to the Bothidae, X-rays
documents hive been examiried for each of them.
Abbreviations: AMS = Australian Museum Sydney

(Sydney, Australia), ANSP = Academy of Natural
Sciences (Philadelphia, Pennsylvania (USA), MNHN
= Musdum national d'Histoire naturel le (Paris,
France), NMC = National Museum of Canada
(Natural Sciences) (Ottawa, Canada).

DESCRIPTION

The studied fossil is represenred by a unique spec-
imen without counterpart. It is a small flatfish visible
by its right side: its standard length is 64 ffiffi, its total
length 78 mm, its maximum body height: 38 ffrrn,
diameter of each eye is 4.5 mm and thi interocular
distance is 6 mm. The preservation is good with very
little bones and many lriribl. details . 

u

Neurocranium

The neurocranium is triangular in shape with a
very high orbito-otic region. Th"e bony ,,.rt,.ri.s are nor
discernible and few bones can be identified. The rraces
of each eye are well visible (with very visible traces of
the crystalline lens): the upper one is very dorsal and
overlaid by broken bony elements from the left
frontal, the black trace of the lower one is surrounded
by the strong parasphenoid. Such a disposition shows
that the skull is asymmetrical and thai the rwo eyes,
separated by " wide distance, were presenr on the lefr
side. The uppgr eye, the one which has migrated, is
the right eye, the lower one being the left eye.

SplanchnocrAnium

Few elements are really interpretable and the side
which they belong to cannot be ascerrained. A large
triangular'quadraie is presenr, this bone articul"tit
with a robust articulo-angular. The latter is connecr-
ed with a developed denLry possessing a high coro-
noid process ".d bearing litile teeth."MaxiTlae and
premaxillae cannot be really identified, an high ascen-
dant process of a premaxillary is well visible on one of
these bones. A big boomerang-shaped ecroprerygoid
is present on either side; one (the left one ?) is small-
er than the other. Posteriorly, a large rounded
metapterygoid is visible. A few itrotrg bianchiostegal
rays overlyirg the urohyal are presenr

Uohyal

The whole bone is not visible, it is a robust fish-
hook bone present ventrally in front of the cleithra.
Its dorsal branch is straight whereas the ventral
branch is very developed "id curved with a pointed
tip and is prolonged posteriorly by " large blade.

Opercular bones

Only the opercular bones of the right side are vis-
ible. A itrorg L-rhaped preopercle "rJ a large opercle
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and an interopercle are present,
not be specifiid. None of these
ventrally indented.

d.Pt-'-

B. CHANET C. SORBINI

but their shape can-
bones seems to be

first neural spines have a pointed blade-like shape, the
six first neural spines bend towards the oicipital
region of the neurocranium. The others are longir in
thE precaud"l region but their length decreases pro-
grerii'oely in the Jaudal region. EacK neural spine i,tp-
ports rwo dorsal-fin pterigiophores. At the distal tip
bf ro-e haemal and r.ttiJ rpitr.r, some myorhabdoi
are present. These intermuscular bones existing in
two series in the uppermost and lowermost for#ard
flexures (Patterson & Johnson, 1995) are brushlike.

Median fins

The anal and dorsal fins are present all alone the
edge of the body. The dorsal fin extends over the"skull
onto the orbito-rostral region and is composed of 82
fin rays. In the supracrani-al region, each of the dorsal
rays is supported by a short and thick spatulate on
either extremiry pterygiophore. The followirg ones are
in contact with thin and distally spatulate pterygio-
phores . 57 fin rays are present in'thi anal fini the firrt
anal ptgrygiophore is long, sigmoid and supports the
eleven followirg proximal pterygiophores. Posteriorly,

Axial sheleton

The vertebral column is composed of 35-36 verre-
brae: l0 precaudal and 25-26 ciudal. The cenrra are
strong and square, the posteriormost ones are more
slender. Each precaudal vertebra possesses a massive
ald rectangular poste_ro-ventrally iirected haemopo-
physis, thJ length of which intreases progressivily.
O; the five last-ones, fine pleural ribs "ri *Jll visible.
The caudal vertebrae possess a long and fine haemal
spine. Each of these splnes is in conlact with a pair of
anal pterygiophores. The first one is the srrongesr,
ventrally orientated and supporrs, on its anterior side,
the proximal part of the first anal prerygiophore.
Succ^essively, the next haemal spiner "r. r-ff.., fin.t
and posteio-rr.r.ttrally directed. Each cenrrum, pre-
caudal and caudal, possesses a neural spine. The pres-
ence or the absence of a neural spin. otr the firsipre-
caudal centrum cannot be ascertained. As the rwo

-
1 c m

Text-fig. 3 - Reconstruction of the skeleton of Bothus podas (Delaroche, 1809) from thr
Abbreviations: a:pt = xnal pterygiophore, anl.exp.p.b. = orr€rior exrension of p
gal ray, cl = cleit[rgm, d.p^, = ddrr"l pterygiop-hori, ecropr _= €cropterygoid, ..i
eye, m = myorhabdoi, t.:p = Il€ural spine, p.f. r. = pelvic fin-ray, pmx = prerni
q = Quadrate, u = urohyal, up.e = upper eye.
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Text-fig . 4 - Myorhabdoi of Bothus podas (Delaroche, 1809)v 
ftn.'};Ij';:T.fH?fi:hia 

river Scare = 2 mm

this bone lies on the anterior edge of the first haemal
spine. The other pterygiophores are similar in shape
*a size to their h'om.il''og".s in the dorsal fin.

Pair fins

The right pectoral girdle and fin are can be clearly
observ.d. The cleitht,tilt is strong and the coracoide is
llrg. bearin g a developed p.ostcleithrum. 10 pectoral
fin-rays are present, none of.them is elongated.

The tip of the cleithra is in contact wilh the distal
tip of the pelvic bone. Each of them is robust and
possesses a strong, curved and postero-ventrally
dir..t.d process. Ttre right pelvic bone is more slen-
der than'its right homJlog,r.. This left pelvic bone
supports,anteriorly a (cartilagino": ?) expansion ttp-
porting the anteriormost_fin rays. 5-6 rays seem to be
present on either pelvic fin.

Caudal endoskeleton and, fin

The structure of the caudal endoskeleton cannot
be precisely described. The haemal and neural spines
of ihe last visible caudal vertebra (maybe the preural
2) suppor.t a triangular plate. Th., upper ot: is big in
contact with the haemal spine and seems to be hypur-
al five fused with the epural. A similar element is vis-
ible on the neural spine, but its shape can hardly be
seen; it might be the parhypural. Berween those rwo
plates a bi- triangular hypural is present, but it is
i-porsible io t"y irni.n ii ls. All th^ese elements sup-
port seventeen caudal fin-rays. The median ones are
i.g-.nted and are the longest, while the uppermost
r.? lowermost are simple ind short. The ."ld"t fin
has a pointed shape.

INTERPRETATION

The present fossil shows the followitg features:
1. Asymmetrical skull
2. Dorsal fin extendi.g onto the head over the

orbital region
3. Strong "fra elongated first pterygiophore of the

dorsal fin
4. Fishhook shaped urohyal
5. Postcleithra present
5. Left side expansion of the pelvic fin extenditg

anteriorly and supporting pectoral fin-rays
7. Myorhabdoi present
8. A-strotrB, curved and postero-ventrally directed

process on the rwo pelvic bones
9. Strong and rectangular haemopophysis
lO.Not .Lttgated firsi pectoral fin-ray
1 l.\fide interorbital space

Accordins to the distribution of the above features
within the fli'tfishes, it is possible to say fiat the studied
fossil belongs to the ordel Pleuronectiformes [&ature 1
(Chapleau, 

-1993; 
Cooper 6c Clapleau, 1998)1, to the

sub-order Pleuronectbidei lfeaiures 2, 3 and 4
(Chapleau, 1993; Chanet, 1995; Cogper + Qhapleau,
1998)1, and is a member of the bothid family [features 6
(Norman, 1934) and 7 (Hensley, 1977; Patterson &

Johnson, 1995; Chanet, 1999)). Moreover, even if its
occurrence has to be studied within flatfishes, feature 8
can be frequently observed within the Bothidae (Chan€t,
1999) *d feature 9 is only present in the gen us Bothus
(Amaoka, 1969 and B. Chanet, persond observation).

Among the dozen of species gathered in the genus
Bothus (N-orman, 1934), only two present feature 10.
All the others show a very long fiist pectoral fin-ray

BOTHUS POD AS FROM PLIOCENE OF MARECCHIA RIVER 349

Pelvic region of Bothus podas (Delaroche , 1809)
from the-Pliocene of Marecchia river. Scale = 2 mm.
Abbreviations as in Text-fig. 3.
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extending backwards (Norman, 1934), sometimes
longer t[an the whole body in Bothus pantherinus
(Rti"ppel, 1830) (Norman, 1934, p. n4: fig. 177).
These species are: Bothus podas (Delaroche, 1809), pre-
sent in Mediterranean Sea and Atlantic Ocean to the
Azores and coasts of Angola (Nielsen, 1986) and Bothus
leopardinus (Gtinther, 

-1862), 
solely known on the

Patific coasts of Mexico and central America (Norman,
1934). But the interorbitd distance (feature 1 1) is
longer (more than the diameter of an eye) in the fossil
*d itr the male specimens of Bothus podn (Norman,
1934, p.225,fig. 169) than in Bothus leopardinus,where
in both sexes thls distance is equal to the diameter of an
eye (Norman, 1934, p. 23L hg. 175). Moreover, the
study of X-rayed B. poda,r shows that a high neurocrani-
um in the otbito-oti. region is only pt t.ilt in the males
of this species. Concerning vertebral numbers, Norman
(1934) noted that 28-30laudd vertebrae were present
in B. podas, whereas the studied fossil only possess es 25-
26 caudal vertebrae and the three recent exalnined spec-
imens show 26-27 caudal vertebrae.

Consequently, the systematic position of this fos-
sil consideied before as a Bothus tp. by Sorbini (1988)
can be specified. The analysis of'the present features
leads ,.,r^ to the conclusion that it belones to the
Recent bothid species: Bothus podas (delaroche,
1809) and it is a male.

Bothus podas, wide-eyed flounder in English,
"rombo 

di iena' in ltalian, 
"platophrys" 

in Frenih, is
a common litde flatfish pt^.t..tt in' shallow depths
(maximum 500 m) on th. muddy bottoms. Only
European species of the genus, B. podas is reported in
all the Mediterranean SEa, on thi Atlantic coasts of
south Europe and along the African coast to Angola
(Nielsen, 1936). For tl. first time a fossil Bo"t/tus
podas is identified, then it is possible to assess that the
ti-. of appearance for the genus Bothus and the
species Boihus podas is befot. tK. Pliocene. The genus
Bothus was known as well by fossil otolithsl but
Schwarzhans (1997) reviewed this material and con-
cluded that no fossil otolith can be considered as
belongi.g to a Bothus. Subsequently, the herein stud-
ied foJsil ippears to be the only fossil representative of
the exranriirecie s Bothus podas (Delarothe, 1809).
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