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ABSTRACT- The st11t(1• ofmolithsfrom lmlA sample� collected in tl,e loll'ermost sections (named £11talina a11d Fosso Giuseppe. ear�,· 
Pleistoce11e in age) ol the ,\Jontalba110 Jo111co s11tcess1011 (Bnsilif'ata. snwhem lta�v) re,•ealed the presence ol a varied deep-sea 
teleostean fa111w Tl,e owlitl,s repre.tellf m least 41 fliw including rl,e Recent oceanic /t1xo11 Aphanopus. reported /,ere for rite (,rsi rime 
i11 tl,e i\led1terra11ea11 realm An 1111egrated approach. based on rite paleobathrmerric merhud and alreacfr well known in rite literarwefor 
tlm group. rogetl,er wit!, tl,e palenecolngical ana(,·sis 011 rhe henthic and henthopelagic e/cmellf�. 11·ere performed in order to improve 
tl,e knowledge 011 01oli1I, assemblages as a 100/ lo reconstrnct harhw11erncfl11cfllations. This approacl,, pre,•iousfr used 011 deep harhya/
us.\emh/age.,. appean to he useful for more detailed paleobathymetric a11alysi1· vf shallower W!ffing� tvo Tl,e recogni=ed assemblages 
rel'eal. 111 ,he Enta/ina section, a bath.ml homogenous environment located al abour 500-600 111 deep. and pa/eodepths ranging.from tl,e 
upper b"thyal 111 silel

f 
hreak e11viro11me111s in 11,e Fosso Giuseppe �ection. In //,is section. tl,e s/rt1t 1grop!tic distribution of tl,e assemh/ages 

111dicarcs cn·lir sea-/e,·el fl11ct11atio11s thar agree well ,l'irh 1he ci•c/es inferred by 111acrobe11tl,ic 1111•ertehrate as.rnctation�. 
The batltyal teleos/ea11 fmma from \lonw/bano Jonico clear�,· sho11·s Atlcm//c or more ge11era!Z1• oceanic affinities rlwracteri=ed br 

se,•eral taxa. w/11ch roda.,·. are 11ut am·more known from rhe Mediterm11ea11 St!a, hut still lfre III the Allanlic Ocean. 

R/ASSi.,,\'TO · [R1spos1a dellc associazioni ad 01olit1 alle ,ariazioni del livello del mart: nella sc,ione d1 Momalbano Jonico 
(Pleistocene lnfcriorc. Italia meridionale)J - Lo srudio degli oto/iti rico11osci11ti cla//'mw/isi de, c11111p10111 l'o!11111etric1 racco/1i hmgo le 
se;ioni £111a/im1 e Fosso Giuseppe. riferibil, al Ple1sroce11e in(eriore e <!ffi<>r<mti nel/ '1111ervc,//a 111/eriore cle//a se=ione composita di 
Monralhano .lonirn (Bos1/icaw. /ta/f(I mendionale). ha permesso di i11divid11ure 1111a/a111 ,, a teleostei clt mare profo11do hen dfrersi/icata. 
G/i orolifl rico11osci11li rnpprese111C1110 alme110 4 I wxa di rni Aphanopus. ad affi111ra oceanica. i- seg11alma per la prima volw net 
Mediterraneo. Ve/ preseme hn·()l·o e app/icato 1111 approccio intef!rato basato su/ metodo pa/eolwt1111etr1co. p1·ecedentememe applicatn 
a questo grnppo (ossile. e I 'analts, pa/eoecolog1ca condoua sofa su//e assotirdrmi henronic/1e e he11tcmectcmiche. a/lo scopo di mig/iorare 
le co11osce11=e wlle aHc,c·ia=ioni cul 0111/ir, come str11111e11to 1wlle ricvstru::ioni paleoambienw/i. Questo approccw imegraw. g 10 appltca,o 
su assoc/(/=ioni di mare profondo, risulta essere particolarmente risoluril'I) per de11ogliate a11ali:ii pa/eolwrimerricl,e di w11hie111i a11cl,e 
pii, rnper(,ciu/i LI' aswcitdo111 nco11orc 111te so110 mditarive di 1111 a111hie111e bmia/e co//ocabt!e a circa 500-600 metrt d, prnfnndila. per 
la se;1011e £111ali11a e di profo11dita vanahili .fm ii batia/e rnperiore ed 1/ margme di pimwfomw. per la se;ione Fosso Giuseppe. /11 

q11esta 1·e::io111. la disrnbu::,one srrat,graf)w de/le associtdo11i rico11osci111e pen11erto110 di mdii·iduare ,·arw::1011i c1cl1chc de/ lfrello de/ 
mare che hen s1 co11fro111ano con que//e dedorte da/lo studio de/le a.1socici=io11i a 111acroi111·ertehrnti hentonici. 

lafi.1111w hatia/e a releoste, nco11osci111(J hmgn la se;ione di 1\/0111a/hano Jomco e cl11arame111e ad af(i111ra atla111ica o, piit in genern/e. 
oceanica cara11eri==ata do diversi ra:w che. sehhene scomparsi clot ,\,/editerraneo atf/lale. oggi popa/cmo l'Oceano Atla111ico 

TRODUCTION 

Otoliths allo� precise species-level taxonomic 
identifications and arc precious tools for the 
investigation of fossil teleostean faunas ince they are 
found in a wide spectrum of sedimentary environments 
and are common fossils in marine sedimems. Previous 
studies have pointed out the contribution of otoliths to 
palcoenvironmental analysis. In these studies. essentially 
the paleobathymetric approach proposed by ol f & 
Brzobohaty ( 1994) has been applied. considering 
mcsopelagic. benlhopelagic. and benthic fishes 
assemblages. In this approach, among all the various 
factors affecting the distribution of the fishes and the 
attributes of the assemblages. the depth and the 
taxonomic composition are the only ones taken into 
account. 

The several applications of this method, carried out 
on the assemblages recognized in the Oligocene. 
Miocene and Pliocene sediments of various localities 
( olf & Cappetta, 1989; Nolf & Brzobohaty, 1994: 

,ss v or5- i633 

olf. 1995; Stringer & Miller. 2001: Stringer et al.. 
100 I) demonstrated its usefulness for paleobathyrnetric 
interpretations of deepwater or deep neritic fish 
associations. Positive results have also been obtained 
for Pleistocenc associations (Girone. 2000a. b) but, 
due to the high percentages of the still extant species 
found in the Pleistoccne as ernblages. more information 
could be obtained by applying the paleoecological 
approach based on a more detailed analysis of the 
benthic and benthopelagic associations. Recently. an 
integrated analysis based on the paleobathymetric 
method (Nolf & Brzobohaty, 1994) and the 
paleoecological approach has been attempted on the 
deep bathyal assemblages (Girone, 2003) providing 
more precise paleoenvironmental reconstructions. In 
the paleoecological approach. only the benthopelagic 
and benthic fishes are considered and. besides the 
taxonomic composition. other attributes ( e.g. structure 
of fish populations) of lhe associations are analysed. 

In this work, the integrated approach is carried out 
on several otolith assemblages recognized in the lower 
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Fig. I - Lm:ation of the study area. 

part of the Pleistocene Montalbano Jonico section 
cropping out along the interior border or the Southern 
Apennines Foredei')) (Fig. I) (Ciaranli et al.. 1997: 
Ciaranli et al.. 200 I). 

The primary purpose of this study is to test the 
integrated approach in different environmental seUings 
and its sensitiveness to record the sea-level nuctuations. 
Previous data. available for the Montalbano Jonico 
section, allowed a continuous comparison with data 
obtained in this work. 

MATERJALS AND ME THODS 

The studied sections. located in the basal part of 
the Montalbano Jonico section. are named the Entalina 
section (x: 631.600; y: 4463.380) and Fosso Giuseppe 
section (x: 632.410; y: 4463 .430). The lirst section. 
12 111 thick, refers to the ··1arge" Gephyrocapsa Zone 
(Marino, pers. corn.: Ciaranfi et al.. 200 I); the Fosso 
Giuseppe section. about 110 m thick, belongs to the 
"small" Gephyrocapsa Zone (Marino, l 996; Ciaranfi et 
al., 200 I) and is topped by a volcaniclastic layer (VI) 
which is used as a guide-horizon in the area (Fig. 2). 

Three bulk-samples have been collected along the 
Entalina section and thirteen along the Fosso Giuseppe 
section ( Fig. 2). each measuring about I 00 dm1. They 
have been routinely processed for macrofaunistic 
studies. and the residues sieved through a 425 µm 
mesh. The fraction was entirely sorted and 
quantitatively analysed. 
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In the Fosso Giuseppe section, four samples 
(FGQE, FGQF, FGQN and FGQP) pro\'ided an 
insignilicant number of otoliths for the quantitative Fig. 2 - The Montalbano Jonico section. 
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analysis. Moreover, the screenwashing of the samples 
FGQA. FGQC. FGQO. FGQ3 and FGQ4 yielded no 
invertebrates and vertebrates specimens. 

For each sample. the abundance and the dominance 
of the single taxa have been calculated following the 
criterion suggested for bivalve groups by Di Geronimo 
& Robba ( 1976 ). 

The paleoecological analysis has been integrated with 
conti111111111 raphonomic observation::, along the entire 
sections in order lo infer the main depositional patterns 
(i.e., background versus event depositions). These 
observations allowed to better evaluate the 
allochthonous-autochthonous origin of the analysed 
assemblages. The field detailed observations allowed 
to define the stratigraphic interval better suitable for 
the collection of the bulk samples. 

The paleobathymetric method proposed for fish 
otoliths by Nolf & Brzobohaty (1994) has been 
integrated with the paleoecological approach based on 
benthic and benthopelagic taxa. 

Various ecological conditions other than bathymetry. 
the only factor taken into account in the 
palcobathymetric method. are responsible for the 
composition of otolith associations, in particular in the 
littoral environment ( olf. 1995). It is obvious that the 
communities of an exposed beach differ from those of 
an estuarine environment just as a kelp-associated fauna 
is different from that of an area devoid of any seaweed. 
Consequently, sediments from all these environments 
have their own typical otolith associations, which must 
be interpreted with a background knowledge of fish 
ecology. 

The study of 1� Recent associations. both in the 
composition and the structure. allo,\ a definition and 
interpretation of the fossil associations. Similar 
environmental settings arc characterized by fish 
associations with similar ecological features, according 
to the geographic position or the concerned locality 
( olf, 1995) and so in agreement with the concept of 
"parallel communities" (Thorson. 1957). 

ll worth noting that some attributes of the structure 
or the fish populations are linked to depth-size 
strati rication and the bigger-deeper phenomenon 
(Polloni et al.. 1979). Fish may change Ii re habits or 
balhymetric distribution during their growth: ome of 
them, pelagic in juvenile stage, show benthopelagic 
habits in Lhe adult stage and therefore have a different 
ecological meaning. These changes are highlighted in 
the fossil assemblages. The analysis of the structure 
of fish populations, besides taxonomic composition. is 
a good tool for the interpretation of deep benthic and 
benthopelagic associations. 

Consequently, several observations have been 
carried out on the otolilh assemblages. With regards to 
the paleoecological approach, only the benthic and 
benthopelagic elements have been considered. The 
percentages of the dominance for the single taxon, 
belonging to these two groups. have been calculated 
(Tab. I). It is worth noting that in the paleobathymetric 
method, the taxonomic composition or the whole 
assemblage is the only attribute taken into account; the 
abundance and the relative dominance do not influence 
the analysis. 

RESULTS 

The bulk samples collected along the Entalina and 
Fosso Giuseppe sections contain otoliths referable 10 
41 teleost taxa (Tab. I) of which 26 still live in the 
Mediterranean. beside Atlantic or more generally oceanic 
taxa ( for further taxonomic comments of peculiar taxa. 
see olf & Girone, 2000: Girone & Varola, 200 I: Girone 
& olf, 2002; Girone et al.. in press). In particular, 
Benthosema suborbitale and Diaphus !Oaningi arc 
Atlantic species (Nafpaktitis et al., 1977): the genus 
Aphanopus (here represented by Aplwnopus aff. carho) 
is reported only from outside the Mediterranean: many 
localities in the Atlantic, Indian and Pacific oceans 
(Whitehead cl al.. 1986). 

ln most of the samples. the macrofaunal remains, 
both invertebrate and vertebrate, are rather rare and 
for a large part decalcified. Contrasting with the poorly 
fossiliferous samples. QETI and FGQH show the 
highest species diversity and abundance whereas the 
samples FGQL and FGQM arc only characterized by a 
high diversity. The sample FGQG is relatively less rich 
both in species and specimens. 

The assemblages show low percentages of the 
benthic and benthopelagic components with respect to 
the pelagic group ( Fig. 3 ). which is mainly represented 
by mesopelagic lishcs (myctophids). With the exception 
of QETI and FGQD. in which the percentages are 
lower than 5%, the bcnthic and bcnthopelagic group 
shows \ alues mostly ranging from about I 0% up to 
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assemblages from Entalina and Fosso Giuseppe sections. 
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Tab. I - Systematic list of teleost taxa from Entalina and Fosso Giuseppe sections. Relative abundance of each species and total number 
of specimens per sample. The populations of l. crocodi/11s have been included in the benthopelagtc associat1otts in the Entalina section 
and in the pelagic assemblages in the Fosso G1uscppe section due 10 age and si1.e-relatcd dilTerences (sec the leXi) fish. To pro\'ide a 
homogenised view or the relative abundance of each taxon percentage values are used. Although man) of those percentages arc not 
statistically significant (see total numbers of specimens used). they at least provide a homogenised p1cwre 1ha1 allows to compare 
trends lhat di fferent1atc Liu: success,, e samples. 
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20%. FGQG and FGQQ are the only assemblages with 
values of the bcnthic and benthopelagic group between 
40% and 50%. In all the samples from the examined 
sections, the benthopelagic taxa are by lar the most 
abundant with respect to the benthic fishes. This group 
is only well represented in the Fosso Giuseppe section 
(Tab. 1 ). 

The different structure displayed by the myctophid 
Lampanyctus crocodilus populations permits to include 
it in the benthopelagic or mesopelagic group in the 
Entalina and Fosso Giuseppe assemblages respectively 
(Tab. I), in relationship with the different life habit 
showed by the fish during the growth: from mesopelagic, 
in the juvenile stage, to benthopelagic later on 
(Stefanescu & Carles, 1992). In the Entalina 
assemblages. mostly adult specimens compose the 
populations of l. crocodi/us (Fig. 4a). while in the Fosso 
Giuseppe section. juvenile specimens and rarely sub­
adult individuals are included (Fig. 4b). The structure 
of L. crocodilus populations in the Entalina assemblages 
is closely related to that from other Pleistocene deep 
bathyal assemblages (Girone, 2003);juvenile specimens 
coming from the shallower layer of column water. and 
adult specimens living close to the boltom. Conversely, 
juvenile individuals compose the L. crocodilus 
populations from deep shelf and very shallow bathyal 
assemblages from other Pleistocene sites (Girone. 
2000b; Di Geronimo et al.. 2003). Furthermore, the 
frequent occurrence of this myctophid at depths greater 
than 400 m on the sea floor of the Recent Mediterranean 
Sea and. in particular, the notable meaning in the dcep­
sea benthopelagic associations on the slope 400-800 m 
deep have been alo!to addressed by Maurin ( 1968), 
Bombace & Li Greci ( 1970), Stefanescu et al. ( 1994) 
and D'Onghia et al. ( I 998). 

The recognized macrourids can be divided into two 
groups according to their different ecological meaning: 
the deeper bathyal species found in the Entalina section 
and the shallower bathyal species only recognized in 
the Fosso Giuseppe assemblages (Tab. I ). In both 
sections, the abundance of these taxa could be increased 
if the numerous specimens, picked up in the outcrop. 
were also considered. 

The first group includes Newmia sclerorhynchus, 
reported as a characteristic species of continental slope 
at depths between 400-500 111 and 800 m in the Recent 
Mediterranean Sea (Maurin, 1968; Ungaro et al.. 1995; 
D'Onghia et al.. 1998; D'Onghia et al., 2000), and 
Coryphaenoides sici/ianus. The extinct species C. 
sicilia1111s has mainly been reported, in the bathyal 
assemblages of the Pliocene (Schwarzhans. 1986; Nolf 
& Cappetta. 1988) associated with the deep macrourid 
Ne::umia sclerorhynchus and Trachyrincus. Today, the 
genus Coryphaenoides is known at depths greater than 
400 m (Whitehead et al., 1986: Cohen et al., 1990) 
mainly in oceanic areas. One Recent species, C. 
guentheri is also known in the Mediterranean at depths 
greater than I OOO m (Stefanescu et al.. 1994) but in 
the Atlantic with depths greater than 800 m (Cohen et 
al., [990). 

In QET I. this macrourid is associated with the exlra­
Mediterranean species Ap/1011opus aff. carbo. A. carbo 
shows a wide bathymetric range (200-1600 m) on the 

continental slope (Whitehead et al., 1986). Along the 
Portuguese coast, the depth distribution of this fish is 
more restricted ( l 000-1600 m) whereas in the Madeira 
area A. carbo occurs between 700 and I 300 111 in waters 
characterised by low values of dissolved oxygen (ea. 
6.0 mg/1), very small salinity gradients (35.6-36.0o/oo). 
a temperature of 8.5-10.5°C, and high nutrient values 
(Morales-Nin & Sena-Carvalho, 1996). 

Medium size otoliths of the extant C. coelorhincus 
(sample FGQB), and of the extinct C. stellaris (sample 
FGQL) represent the second ecologic group. ln the 
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Recent Mediterranean Sea. C. coelorhincus shows a 
marked abundance in the bathymetric interval between 
300 and 500 m (Massuti et al., 1995) although. in the 
eastern and central Mediterranean, the highest densities 
of the small-medium size specimens have been observed 
in the uppermost 400-500 m (Maurin, 1968; D'Onghia 
et al.. 2000). AL depths greater than 400-500 m the 
abundance of C. coe/orhincus decreases and. being 
subjected to the bigger-deeper phenomenon (Polloni et 
al.. 1979). only the larger specimens occur at greater 
depths. 

As elsewhere stressed (Girone. 2000b; ol f & 
Girone. 2000; Girone, 2003), the extinct C. stellaris 
seems to have a similar life habit; common occurrence 
of medium-large specimens in the upper bathyal 
assemblages. and only very large individuals in deeper 
balhyat settings. 

The gadicts are found in all samples from the Fosso 
Giuseppe section (Tab. I ): in the Entalina section only 
larger specimens of Micromesistius po111asso11 have been 
recognized in the outcrop, but not in screenwashecl 
samples. 

In the Fosso Giuseppe section, G. wgemeus and M. 
po111asso11, represented by medium-large size 
specimens. are dominant with respect to other species. 
Morco, er. numerous specimens were also collected 
from the surface of the outcrop. These fishes, in adult 
stage, live on the upper continental slope with a 
maximum abundance in the bathymetric range between 
200 and 400 m. both in the Mediterranean and in the 
Atlantic (Maurin, lf-968: Bombace. 1972: Arena & Li 
Greci, 1973: Cohen et al., 1990): only the larger 
individuals seems to move at greater depth. In the Ionian 
Sea. M. po11tasso11 is reported as characteristic species 
of the upper slope (200-400 m deep). just like 
Mer/11cci11s 111er/11ccius (D'Onghia et at.. t 998) found 
in the sample FGQM and the bothid Arnogloss11s 
recognized in the sample FGQB. 

The benthic group includes five shelf species with 
les11e11rigohius Ji'iesii and Gohius sp. I more frequent 
as well as the eurytopic taxa. Bellollia c[ apoda and 
Arnoglossus (Tab. I). In the samples FGQI. FGQL. 
and FGQM. benthic taxa are reduced lo just one species 
representing only I 0% of the association white in the 
samples FGQH and FGQQ, they are more abundant in 
number and species and represent over 21 1Yo of the 
benthic and benthopelagic associations. 

l. /i'iesii, a cryptobenthic fish (burrowing in muddy
sand and mud). is generally known at depths between 
I O and 130 m and is often associated with the decapod 
Nephrops (Tortoncsc, 1975: Whitehead et al.. 1986). 
According to various authors (Maurin, 1968: Arena & 
Bombace. 1970) it can inhabits muddy substrate and, 
preferably, the deeper part of its bathymetric range or 

Fig. 5 - a) Recen1 bathymetric dis1ribution of klcost taxa 
represented 111 QETl: b) in QET2: and c) QET3 assemblages 
from Entalina section. For each I 00 111 bathymctric rntcrval. the 
graph shows the potential presence. expressed as a percentage 
of the total number of taxa utilized in the analysis. The dcmed 
lines indicate nightly presenc..: of mesopelagic species at 1he 
surface: for a more dc1ailed discussion or the methodology. see 
Nolf & Br1ohoha1y ( 1994 ). 

at greater depths (Matarrese et al.. 1996) mo, ing in 
lhe transitional-to-slope zone. In the Fosso Giuseppe 
section. l. fi'iesii is associated with the outer she! f -
shelf margin fish (Arena & Bombace, 1970) Cepola 
mbescens (sample FGQQ) and with De/1e111os1e11s 
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Fig. 6 - a) Recent hathymctric distribuuon of teleost taxa 
represented in FGQB assemblage from Fosso Giuseppe section: 
see Fig. 6 for the exrlanation. b) Re, iscd graph obtamed changing 
the limits of the I 00 111 intervals: 50-150 m. 150-250 111. etc. 
instead of'0-100 m. I 00-200 111. etc.: for a more detailed discussion 
of the methodology. sec Nolf & Brzobohaty ( 1994 ). 

q11adri111ac11/at11s (sample FGQH) that is reported as 
typical species in the Recent outer she If associations 
by Arena & Bombace ( 1970). The fossil taxon Gobius 
sp. I has been reported. up to now, in Pleistocene outer 
shelf associations (Girone. 2000a. b). 

The pelagic group mainly includes mesopelagic 
fishes belonging tC.Ythc Family Myctophidac (Tab. I) 
as well as the sternoptychids Maurolirns muel/eri and 
Vale11cie1111el/11s trip1111c111/at11s. The latter two are both 
present in the Recent Mediterranean and in the Atlantic: 
/vl. muelleri is more common in the Mediterranean and 
lives in a bathymetric range between 100 and 400 m 
while V. trip11nct11/arus is more common in the Recent 
Atlantic and is reported al depths between I 00 and 550 
111. 

Among the myctophids. Ceratoscopelus maderensis 
occurs in all the samples and shows high values of 
dominance. Be111hosema glaciale. Hygop/111111 henoiti, 
/vlyctop/111111 p11nctat11m. and Notoscopelus e/011gar11s 
have also been frequently found (Tab. I). The deep 
myctophid Elecrro11a rissoi has only been recogni/.ed 
in samples or the Entalina section while lohianchia 
do.fleini occurs only in the Fosso Giuseppe section. 
The Atlantic Diaphus taaningi. occurring in the all 
examined sections. is a species associated with land 
environments and land-orientated food chains (Hulley. 
1981 ). In the Fosso Giuseppe section. it occurs only 
in some samples but in these it always shows high 
values or dominance (Tab. I). 

The analysis or the whole assemblages (pelagic , 
benthopclagic and benthic) from the Entalina section 
by means or the palcobathymetric method suggests a 
depth interval or 400-500 m for the assemblages QETI 
and QET3 (Figs. Sa. c) and a wider intenal ranging 
between 400-800 m for the QET2 assemblage (Fig. 
5b). 

In the Fosso Giuseppe section, the graph or the 
basal assemblage FGQB indicates a wide depth interval 
ranging between 300 and 500 m (Fig. 6a). By changing 

the limits of the 100 m intervals (50-150 m, 150-250 
m, etc. instead or 0-100 m, I 00-200 rn, etc.) (Nol r & 
Brzobohaty, 1994) the resulting graph indicates a depth 
ranging between 350 and 450 m (Fig. 6b). 

The graph of the FGQH assemblage as well as the 
graph of the FGQQ assemblage (Figs. 7a-b). both or 
\\ hich are composed of heterogeneous benthic and 
benthopelagic associations, indicates a "ider depth 
interval probably ranging between 300 and 500 m. The 
revised graphs again show a wide peak, corresponding 
to bathymetric interval between 250 and 450 m (Figs. 
7a 1-b I): the diagrams arc 11attened and the values or 
the peaks are very homogenous in the whole 
bathymetric interval. 

The graphs or the FGQD and FGQG assemblages 
sho\, a clear peak between 300 and 400 m (Figs. 8a­
b). reaching 100% values: in this interval, all taxa can 
be present. The same bathymctric interval is indicated 
for the assemblages FGQI, FGQL. and FGQM (Figs. 
8c-e), but in these cases the peaks show lower values 
and a clear difference between the peaks of I 00 till 
200 m and the deeper intervals. This point is well 
highlighted by comparing the graphs of the FGQI. 
FGQL. and FGQM with the Entalina assemblages. 
which clearly indicate a bathyal environment. 

Sample I OQI I 

a a1 

Sn111 pie FGQQ 

b b1 

Fig. 7 - a) Recent bathymetric distribution of tclcost taxa 
represented in FGQH: and b) in FGQQ assemblages from Fosso 
Giuseppe section. a 1) Re, ised graph of FGQH assemblage. b I) 
Revised graph ofFGQQ assemblage: sec Fig. 5 and Fig. 6 for the 
explanation. 
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DISCUSSION AND CO CLUDING REMARKS 

The studied benthic and benthopelagic otolith 
associations are generally bathyal in nature. However, 
several shelf species are also present in some 
associations of the Fosso Giuseppe section. The 
benthopelagic fishes are largely represented by gadids 
and macrourids, whereas the benthic group is mostly 
composed or mud and sill-dwelling epifaunal and 
in faunal species. 

The Entalina associations, characterized by deep 
water macrourids N. sclerorhynchus and C. sicilianus 
as well as by adult individuals of myctophid l. 
crocodilus. are referable to the upper part of the middle 
bathyal zone at the depth of about 500-600 m. 

The benthic and benthopelagic associations 
recognized in the Fosso Giuseppe section clearly 
indicate an upper slope environment located in the 
shallower interval due to the common and abundant 
presence of species characteristic or this interval, such 
as the gadids Gadiculus argenreus, Micromesistius 
poutassou, and Phycis blennoides. The associations 
recognized in the lowermost samples FGQB. FGQD, 
and FGQG, which are lacking or with a low component 
of shelf species, indicate a deeper upper slope 
environment of 300-400 m. In particu lar , the 

associations or the sample FGQB, characterized also 
by the presence of the macrourid C. coelorinclws, may 
be slightly deeper. 

Upward. the paleoecological analyses ofbenthic and 
benthopelagic associations shows co-occurrence of 
upper slope benthopelagic fishes and shelf benthic 
fishes: the latter, in favourable conditions. prefer to 
inhabit the deeper part or their bathymetric range. 

In the associations of the samples FGQL and 
FGQM. the shallow benthic fishes are reduced to single 
species and arc largely subordinated to the upper slope 
group; a paleodepth probably very similar to the 
association recognized in the sample FGQG may be 
inferred. Conversely, the shelf species and in particular 
species characteristic of deep outer she If (D. 

q11adrimac11/atus. T. trac!111rus and C. mbescens) show 
a higher abundance in the samples FGQH and FGQQ. 
suggesting an upper slope transitional to shelf-margin 
setting. Jn the southern Adriatic Sea. Recent benthic 
and benthopelagic associations very similar to the 
Pleistocene associations have been recognized in similar 
environmental setting 200-250 m deep (Ungaro et al.. 
1995). 

The data obtained by means or the paleoecological 
analyses are largely in agreement with the results 
deduced by means of the paleobathyrnetric method. 
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The latter well distinguishes the deeper assemblages 
recognized in lhe Entalina section from the shallower 
slope assemblages or the Fosso Giuseppe section, even 
if the composition and the structure of the bcnthic and 
benthopelagic associations from the Entalina section 
suggest that the deeper part of the bathymctric range 
indicated by the bathymetric graph (Figs. 5a-c) may 
be more probable. 

With regard to the upper slope associations of the 
Fosso Giuseppe section, the paleobathymetric method 
seems to discriminate different depth intervals into it, 
but provides wide and not significant bathymetric 
intervals for the shallower assemblages. In these cases. 
it is clearly evident that the mesopelagic components 
(which may be very abundant in the shelf and slope 
assemblages) may distort the real environmental 
meaning of the assemblage, obscuring the importance 
of the composition and structure of the benthic and 
benthopelagic associations as already stressed 
elsewhere for deep-sea assemblages (Girone. 2003). 

The bathymetric range of the associations 
recognized in the Entalina section indicate a homogenous 
environment located at the upper interval of the middle 
bathyal zone (500-600 m) while the distribution of the 
associations recognized in the Fosso Giuseppe section 
indicates cyclic changes of depth ranging from 350-
450 m up to 200-250 m (Fig. 9a). The first shallowing 
phase occurs at about 75 m from the bottom of the 
section. Upward the associations indicate again a clearly 
epibathyal environment; a new shallowing phase occurs 
a few metres abo've lhe volcaniclastic layer V l (Fig. 
9a). 

The cycles recognized with the otoliths are in good 
agreement with the cycles inferred by macrobenthic 
invertebrate (Ciaranti et al.. 200 I; O' Alessandro et al., 
2003) for the same stratigraphic interval. The 
shallowing phase at about 30 m from the bollom of the 
section (Fig. 9b) indicated by the invertebrate 
associations is not registered in this study because of 
the scarcity of otoliths and their unreliable ecological 
meaning. In the middle-upper part (above the gap in 
Fig. 9c) of the Montalbano Jonico. the paleobathymetrie 
analysis based on otolith assemblages showed a higher 
order cycle comparable with the envelope of the minor 
cycles obtained by means of the macrobenthic 
invertebrate associations. In this interval. only the 
paleobathymetric method proposed by olf & 
Brzobohaty ( 1994) has been applied (Girone, 2000a). 

However, the otolith associations indicate a general 
regressive trend from upper slope to shoreface 
environments. in agreement with the data obtained by 
means of the invertebrate associations (macrobenthic 
and microbenthic) (Ciaranfi et al., 1997; Ciaranfi et al., 
2001; Stefanelli, 2003) and taphofacies analysis 
(Soldani. 2000). 

As noted earlier. the teleostean fauna from the lower 
Pleistocene or the Montalbano Jonico is characterized 
by the presence of Atlantic. or more generally oceanic 
taxa (Tab. I). They also include U1e tropical-subtropical 
mesopelagic fish Benthosema suborbitale already 
known in the Mediterranean Sea from the early Pliocene 
(Nolf et al.. 1998), and that seems to survive until the 
early Pleistocene (large Gephyrocapsa nannofossil 
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Fig. 9 - Paleobathymetric curves for the Montalbano Jonico 
secuon based on different approaches. a) and b) otoliths: c) 
benthic invertebrates (from Ciaranfi et al., 200 I: o· Alessandro 
et al.. 2003). The curve or Fig. 9a is based on the data from the 
present work: the curve of Fig. 9b 1s from Girone (2000a). For 
1he legend, sec Fig. 2. 

biozone). According to the available data, this species 
is lacking in all younger Pleistocene otolith assemblages. 
Other taxa, with oceanic or Atlantic affinity, have been 
discussed elsewhere (Nolf & Girone. 2000; Girone, 
2000b; Girone & olf, 2002; Girone. 2003), and include 
the pelagic fossi I species Scope/ops is pliocenicus and 
Lampadena ionica and the fossil benthopelagic 
Coelorinclws stellaris. In addition to known taxa, the 
Montalbano teleoslean fauna includes the Recent 
Aphanopus aff. carbo, recently recognized in coeval 
deposits from Sicily associated with other deep-sea 
Atlantic taxa (Girone. unpublished data). Off the Recent 
North Atlantic coast, it seems closely related to cold 
deep-sea water (Morales-Nin & Sena-Carvalho, 1996). 

The occurrence of these taxa is a further proof of 
the marked Atlantic or generally oceanic affinity of the 
Pleistocene teleostean deep-sea fauna of the 
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Mediterranean. This marked Atlantic aninity, persisting 
from the Pliocene (Nolf el al., 1998; Girone. 2000b). 
seems to be linked, alongside global climate changes. 
to 1hc different palcoceanographic settings in the 
Mediterranean Sea during the Plio-Pleistocene. 
However. the Montalbano Jonico deep-sea fauna 
appears 10 lack many of the Recent North Atlantic deep­
sea taxa that regularly are collected from coeval 
sediments in southern l1aly (southern Calabria and 
Sicily) (Girone. 2003; Girone, unpublished data). These 
other Pleistocene assemblages are referable to similar 
depths registered for the Entalina section. the shallower 
depths of the Montalbano Jonico assemblages. and/or 
geographic position may be responsible for a different 
faunistic composition. The Montalbano Jonico sections 
were located in the interior border or Apennine 
Foredecp. may be less exposed to influence of Atlantic 
water than 1he 01her inves1iga1ed sections in southern 
Italy. However, no other definitive paleontological data 
are available to support this hypo1hesis, and more data 
on the otolith fauna are required. 

Conversely. the presence of the Recent Atlantic 
species Bonaparrio pee/a/iota and Po(1·ipn11s po/Ii in 
the outer shelf assemblages from the upper part of the 
Montalbano Jonico succession (middle Pleistocene in 
age) (Girone & Varola, 2001) seems more related to 
climate than paleoceanographic setting. They occur in 
a stratigraphic interval which. according to 
micropaleontological data, corresponds to interglacial 
phases and, consequently. to a relative "warmer'' period. 
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