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ABSTRACT - Q11allfit11tivr analym 011 bemhic jorami11ifi-ra were carried ollf on the early- middle Plmroune Montalbano jonico com­
posite sert1on. Suuistical analyses (Hiernrchiml Cluster Analysis ,md Principnl Co111po11em A11alysis) wl're pt'rformed ro berter understand the dis­
trib 1111011al patums of the nssm1bu1ges. Hiernrchw1/ Clmrer Analysis indicam that a d[(ference between nssemblnges and bemhir fornminifernl 
distribution exisrs. The difference and thl' distr1b11tion are relmed to depth nnd oxygm content var,atiom. respectively. Results of the PCA- nnaly­
m reveals thnt the grentesr correlation with water depth is ntC0111ued for by the first nxis, while the third nnd the fifth axes are closely related to 
oxygen co111e11t. /11 pnrtic11/ar. the fifth axis allows the 1demificntio11 of three severe red11aions in oxygen comem d11ring the periods of sapropel 
deposition. The Momalb11no jonico composite section deposited during n period of marine regression. regmered depth-changes of 500 - 30 m, 
and wns chnrnctmzed by .<eveml shal/owing- deepen in$ cycles. The inlerred sedimentary cycliciry is belie11ed related to recrono-eu.stntic forci11g i11 
the em·ly Pleistocme. and to n1stat1calfy-romrolled cycl,city m rhe miadle Pleistocene. 

R!ASSUNTO - [Ricosrruzione paleoambientale dclla successione infra e mcsopleiscocenica di Montalbano Jonico sulla base delle
associa1Joni a forarninifcri benconici] - lndagmi quantitauve sono stare svolre mi fornminiferi bento11ici contenuti ne/la succeuione infra-meso­
p!eistocenim di Montalbnno Jonico (Basilicata, ltalitr meridionnle). Per meglio comprmdere i trends distrib11zionnli de/Le associazioni sono stare 
condone due ana/isi sratisriche. l'ana/isi duster e l'annlisi det componemi principali. L'nnnlisi c/11scer hn evidenzinto l'esistenza di 1m11 differen­
Z,11 sin trt1 le associnzio111 a fornmi11iferi bento11ici, sin trn le /oro distrib11zio111 l1mgo /'intern mccessione. LII differenza nelle associazioni e nella 
loro dism'buzione e impmabile tnnto nlln bmimetrin, qunmo n!ln ,,arinzione de/ conremuo di ossigmo n/ fondo. I risulrati dell'analisi dei com­
po11ent1 prrncipali hn ev1detiz111to come l.n bnrimerrin si rifletta sul primo asse, menrre ii contenuto di ossigeno rispertivnmeme ml terzo e q11i1110
asse. /11 pnrtico"1re, ii q11into nsse hfl permesso di riconosrere rre Jorti rrd11zio11i de/ comenuto di osstgeno e riconducibili al periodo de/la for­
mazio11e de, sapropelr. L11 succemo11e d, Montalbn110 }oniro si e depositnta durnllfr 1111n fase di regressione marina; la profonditlr srimflta de/ baci-
110 d, sed1memazio11e > compresa fi'a i 500 m t: 20-30 m. Numerosi ctr!i di innnlvmremo r abbnssnmento de/ live/lo de/ mnre hamro, inoltre, 
cnrntteri=to In deposizione de/la mccessio11e. cowemendo cost di ricosm,ire 1111n r1clic1tii conti1111a per ii Pleistocene mferiore e med,o. Questa 
cidirttlr s1 pewa possa essere nuribuira ad 111111 azione co111bi11at11 de/ clima e de!la reno11icn locnle, d11rn11te ii Pleistocenr infariore, e n/lA so/a 
azione dimaticn, d11rn11te ii Pleistocene medio. 

INTRODUCTION 

The study of benchic foraminiferal assemblages 
represents an important cool for rhe paleoenviron­
menral interpretation of marine sedimencs. As a mat­
ter of face, several studies have demonscrared char a 
relationship exim berween the distribution of 
foraminifera and oceanographic properries (Phleger, 
1960; Chierici, Busi & Cira, 1962; Blanc-Verner, 
1969; Corliss, l 985; Caralp, 1989; Hermelin & 
Shimmield, 1990; Murray, 1991; Barmawidjaja et nf.,

1992; Jorissen et al.. l 992). Water depth, oxygen 
concentration, organic matter, temperature and salin­
ity are imporrant water mass characteristics influenc­
ing the faunal composition of che assemblages. 
Hence, it is thought that changes in foraminiferal 
assemblages are related co variations in environmental 
properries. Environmental properties determine the 
presence of several species of benrhic foraminifera if 
the species are highly responsive to variations in each 

of the above mentioned conditions, while other 
species are completely indifferent to the environmen­
tal variations. Changes in the assemblages composi­
tion are clearly dependent on the responsiveness of 
each particular species, che presence of which can be 
arrribured to changes in environmental factors such 
as depth-range, dissolved oxygen, nutrient input, 
water temperature and saliniry. For this reason, 
analyses on rhe composition of benrhic foraminiferal 
assemblages and observations on resr morphologies 
provide information about the properties of che 
ocean bortom-wacers and their variations over rime. 
Knowledge of the modern species distributions in 
environments, influenced by particular factors (oxy­
genation, deprh, and food), was applied in order to 
reconstruct rhe Pleiscocene paleoenvironmencs. 

T n particular, ben eh ic foram ini fera were used co 
reconstruct paleo-wacer depth. Many researchers in 
early studies had used foraminifera as depth indica­
tors (Parker, 1948, 1958; Phleger, 1951, 1956, 1960, 
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Texr-fig. I - a) Locarion of rhe Lucania Basin and Monralbano Jonico �eccion. b) Selecced strarigraphic seccions in Monralbano Jonico 
area: che correlacion of rhe sccrions has been obtained by means of volcaniclasric laycrs .md fossil assemblages. 
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1964; Bandy, 1954, 1961; Boltovskoy & Wrighr, 
1976; Douglas, 1979). The marine barhymecric 
zonarion was made on the presumption thar some 
species, or groups of raxa, always occupied rhe same 
depth-range. Recently, most available dara on 
foraminifera ecology have demonstrated chat depth is 
not rhe sole factor responsible for a raxa distribution 
in marine waters (Denne & Sen Gupta, 1988; 
Bolcovskoy et r.t!., 1991; Jorissen et al, 1992). 

le is assumed chat benthic foraminiferal abundance 
is closely linked co levels of dissolved oxygen concen­
tration in che near bottom waters and in the sedi­
ment, as well as co rhe organic marter inpu[ from the 
surface waters (Mullineaux & Lohamann, 1981; 
Perez-Cruz & Machain-Castillo, 1990; Nolet & 
Corliss, 1990; MoocUy &Hess, 1992; Gooday, 1994; 
Sen Gupta & Machain-Castillo, 1993; Bergamin et
al., 1999; Kaiho, 1999). The change in oxygen con­
centration at che sediment-water interface and/or in 
the sediment pore-water plays a role in controlling che 
composition of benthic foraminiferal assemblages. 
Therefore, oxygen can be considered rhe real limiting 
factor char determines the presence or absence of taxa. 
Organic flux is also important, as ir is a determining 
factor in che relative abundances of organisms in the 
assemblages. Nevercheless, organic flux is subordinate 
co oxygen as soon as che latter starts co be limiting 
(Yan der Zwaan et al., 1999). The modern-day distri­
bution of benthic species, by different oxygen regimes 
(Jorissen et al., 1992; Gooday & Rathburn, 1999; 
Bernhard & Bowser, 1999; Schmied( et al.. 2000), is 
used co reconstruct the existing oxygen conditions 
char were recorded by the fossil assemblages, for the 
area from which we have retrieved samples. 

ln chis srudy, benrhic foraminiferal assemblages 
have been analysed from rhe early and middle 
Pleistocene succession, over 450 m in thickness, 
which crops OU[ in the sourhern parr of rhc Aeennine 
Forerrough (Basilicara, South Italy) (Ciaranh et al ..
1997; 2001). The aim is ro reconstruct the paleoen­
vironmcnral conditions. which prevailed during rhe 
dcposicion of Montalbano Jonico sedimentary record 
by observing the variations in lhe composition and 
disrriburion of the benchic foraminiferal assemblages. 
A general regressive trend thar includes several cycles 
of sea level rise and fall is evident from previous stud­
ies carried our on macrobenrhic assemblages, on 
raphofacies and on sedimenrological observations 
(D'Alessandro et al .. 1996; Ciaranfi et rd. 1997; 
200 I). Moreover, the compositional and srrucrural 
changes of the paleocommunilies together with the 
raphonornic signatures reflect variation in oxygen 
conrem, which in turn indicaces alcernaring periods 
of poor and well-vencilared bottom (or pore) waters. 

AREA OF STUDY 

The Montalbano Jonico composite section crops 
ouc in che Lucania basin, one of rhe four minor basins 

of the Bradano Trough (Casnedi, 1988). The 
Bradano Trough is located between the external bor­
der of the Apennines chain and che incernal margin of 
the Apulia Foreland (Texr-fig. la). During the late 
early Pleisrocene, lhe internal portion of che Lucania 
basin evolved due ro a relative sea-level fall caused by 
che uplifting of the chain. Consequently, an erosion­
al truncation of land areas occurred, upro an almost 
corn piece removal of Pleisrocene sediments. By con­
trast, the depocentral areas of rhe Lucania basin were 
affected by a strong subsidence char caused a relative 
sea-level rise. Consequently, a narrow and deep 
trough was formed, in which che deposition of 
hemipelagic sediments rook place. During the early 
Pleistocene, the depocenrral areas and the foreland 
border of the Lucania basin were involved progres­
si.vely in rhe Bradano Trough evolucion caused by rhe 
moving eastward of che uplifting Apennines border. 
During the middle Pleisrocene, a generalized shallow­
ing phase rook place, causing che exposure of silty­
clayey and silty-sand successions. 

THE MONTALBANO )ONICO COMPOSITE SECTION 

In che area of Monralbano Jonico town, several of 
chese exposed successions were srudied and some of 
chem were selected and correlated, thus ro reconstruct 
a continuous marine succession (Ciaranfi et al., 1997; 
Ciaranfi et al., 2001) (Texr-fig. lb). The correlation 
has been possihlc through rhe presence, in each of the 
selected successions, of volcaniclascic layers, each of 
chem characterized by rhe presence of macrofossil 
remains. Therefore, these layers are been used as 
guide horizons. The volcanidastic horizons, accumu­
lated by gravity flows, are made up of pure ash or 
sand, rich in volcanic material and, occasionally, of 
pumice clascs. The volcanic material is referred ro an 
alkaline undersarured volcanism, probably coming 
from a sourhern lcaly source (Ciaranfi et al., 1996). 

The Montalbano Jonico composite succession is 
abouc 450 m in thickness (Texr-fig. 2) and belongs co 
the "Argille subapcnnine" Formacion. The succession 
consists, in its low portion (380 m in thickness 
about), of poorly scrarified hernipelagic muds and 
muddy silrs, in which dark gray intervals and four vol­
caniclasric layers (Yl-V4) are observed. ln ics upper 
parr (70 rn in thickness about) the succession consists 
of stratified sandy silrs and silty sands, in which five 
volcaniclastic layers (V5-V9) are observed. Ar che rop. 
shelf sands and conglomerates are based in paracon­
formity. Calcareous nannofossil biostratigraphy refers 
rhe succession to the small Gephyrocapsa Zone and to 
rhe lower pare of che Pseudoemilirmia !acunosa Zone 
(Marino, 1996; Ciaranfi et al., 1997, 2001). 

Montalbano Jonico composite section is inrer­
rupced by a gap, a probable missed section, thus elid­
inp pare of rhe seccion. A lower pare, termed "Interval 
A', and an upper pare, termed "Interval B", can be 
identified. 
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MATERIAL AND METHODS 

Approximately 450 samples have been analysed 
for the quantitative analyses of the benchic 
foraminiferal assemblages. 300 g of each sample were 
washed in the laboratory through sieves with sizes of 
500 - 250 and 125 mm. For an easier and quicker 
counring, the fraction 125 mm was split, usually 
three or four times, co obtain an appropriate number 
of specimens chat still reflected the original assem­
blage. About 300 specimens were counted from each 
fraction and re-calculated as percentage values. The 
residue examined consists of taxa discributed in the 
modern Mediterranean Sea from che lower infralit­
toral zone (30 m) co the upper bathyal zone (500 m), 
according co Murray ( 1991) and Sgarrella & 
Moncharmonc Zei (1993) (Appendix A). 

For an improved paleoecological inrerprecation, 
two multivariate sraristical methods were applied, 
Hierarchical Cluster Analysis and Principal 
Component Analysis, by means of SPSS program, 
version 9.0. These were performed co obtain more 
information about the faunal composition of the 
assemblages, their vertical distribution, and the envi­
ronmenral parameters, which influenced the 
foraminiferal distribution during the period of depo­
sition. For these analyses, the tax.a having frequency 
less char 2% are been eliminated. In the end, 46 taxa, 
of che 53 identified, were used. 

For the paJeobathymecric reconsrrucrion of the 
sedimentary basin, the formula of van der Zwaan et

al. (1990) was used: 

Depth (m) = e 

The "o/oP" represenrs the percenrage of plankron­
ic foraminifera presenr in the assemblages. 

RESULTS 

CLUSTER ANALYSIS 

The outcome of Hierarchical Cluster Analysis is a 
dendogran,, a rwo-dimensional plot, in which benth­
ic foraminifera, with paleoecological similarity, are 
grouped into a few assemblages representing distinct 
communities, from which it is possible ro draw paJeo­
ecological interpretations. In this srudy, the resulting 
dendrogram can be divided into two large clusters 
(Text-ftg. 3): Cluster A and Clu.ster B. Several sub­
clusters can be recognized: subdusters 1, 2 and 3 in 
Cluster A, and subclusters 4 and 5 in Cluster B. 

Cluster A consists of rhc species A. beccarii, B.
efongata, C carinata, l. Lobarufa, E. advenum, £ 
crispum, C decipiens, P. granosum. N depressufum, Q.
semimda, S. schfumbergeri, and the taxa Asterigerinata
spp., Rosalina spp. and Vafvufineria spp. Cluster B 
includes the species B. marginata, C ungerianus,
C pachyderma, C refufgens, G. affinis, M. barleanum, 
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M. soldanii, H. balthica, S. bulLoides, and the taxa
Gyroidina spp., Pullenia spp., and Uvigerina "costate"
group.

Subcluster I is characterized by che dominance of 
the species C carinata. T angulosa is also frequent. 
The orher raxa (Asterigerinata spp., L. lobatula, A. 
scalaris and 0. umbonatus) are less abundant. 
ubclusrer 2 contains only rwo forms: Bolivina group 

(including B. afata and B. dilatata) and B. spathulata. 
The subcluster 3 assemblage groups together taxa 
such as Elphidium group, Discorbis spp., 
Quinquefoculina spp.. Pyrgo spp.. Cornu.spira spp., 

to 

shallow 
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Text-fig. 3 - Dendrogram using 
Average Linkage 
Within Group. The 
dendogram gives a 
good picture of rhe 
bemhic foramini­
fera agglomera­
tions. The caxa are 
grouped into sever­
al clusters that 
reflecr variations in 
depth and oxygen 
content at che boc­
rom-wacer inrerface 
and in sedimcm 
pore-water during 
the deposition or 
che section. 

and t.he species S. excavata, N depressulum, S. schlum­
bergeri and A beccarii. 

Subcluscer 4 contains the species H. balthica, G.

subglobosa, B. marginata, G. affinis, and the tax.on 
Gyroidina spp. 

Subcluster 5 consists of r.he tax.a such as Plamtiiua 
spp., Cibicidoides spp., Uvigerina "cosrate" group, 
Textttlaria spp., Melonis group, lenticulina spp., and 
the species B. riodosaria and S. excavata. 
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PRINCIPAL COl\.lPONEf\.T A1'.ALYSIS 

Among the first five principal components 
exrracted (Text-fig. 4) only 3 are \'Cry significant, 
althou�h all may be useful. In Table I the eigenvalue, 
of rhe tmc five component!. are given. 

Factor I is characterized by high posirive loadin�s 
for A. becc11ri1, 8. elegans, £. crispum. E. advenum. (l_. 
sen11nu/i;, C deciptens, P. granosum and Vafv11/111eri11 
spp .. and significant negarive loadings for S. buffoides, 
Gymidina spp. C ungerimms, C J!llcl�ydermrt and 
P/1111ulina spp. 

Factor 3 is positively loaded by C. pllchydermn, C. 
refidgem, C. ungerianus, C decipiem, E. aispum, P. 
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Principal 
00 Cumu lat" e component c1gc11\';iluc, 

number ol'Vanancc 0 
" 

I 7.3:! I 15.576 15.576 

2 3.409 7.253 22,X2X 

3 3.025 6.435 29.264 
4 2.399 5.104 14.361i 

5 :!.OX 1 4.431 3X.799 

·1,,hle I - bgcn,·;1_lue, ol rhc tin pnnc1p,ll componen" n1r.1ued.

carinata, B. mrtrginatrt and Bolwinn group show the 
highe�r negative loading�. 

For Facror 5. Bofivinrt gr. and B. spathult1t,1 �how 
high positive loadings; most of the other taxa display 
negative loadings. 

l"TERPRI- I \flO:-.: 01 DArA 

CUISTER ANAi YSIS 

Clusrer A consisrs of raxa commonly distributed 
in modern shallow wacers. in che upper' circalinoral­
lower infralinoral zone ( I I 0-30 m, fide Sgarrella & 
Moncharmont Zei, 1993), whereas Clu.,tcr B 
includes fornh char arc present in modern deep 
marine wacer\, from rhe lower urcaliccoral ,one 
(200-110 111, fide �garrclla & Moncharmonc Zei. 
1993) co rhe z· )per barhyal zone {lower limit .tbout
')00-400 m, ,de Sgarrella & Moncharmom Zei.
1993). There ore, a qualitative analv'>i� of rhe taxa 
pre,enr in Clu<,ter A and in Cluster B indicate'> that 
che �luscer�. apparenrly, rcAecc diflcrrnces in b.1thy­
mernc zone\. 

The cumulative plors of Cluster A and Clu,rer B 
arc displayed in Texc-lig. 5. The dominance of the 
deep assembl.tge in Interval A support, rhe suggc�cion 
th.tt rhis pare or the succession dc\>osiced in rather
deep marine water. On the orhcr 1and, the <lomi­
n.mce of chc ,hallow a,semblage in the I nrerv.11 B '>Ug­
gc�t!. deposition of che u11per pare of rhe '>Ucce,,ion in
shallow marine water. T 1e shallowing and deepening 
rrend., appear ro be borh cyclic, although cheir trends 
a'> graphed arc in rhe opposite direction. Thll\, this 
analysi, pro,idc<. evidence of qua\i-regular and rcla­
civcly consr.1r1t ,ea level changes during rhe sedimen­
tary deposition . 

The cumul.uivc plots of rhe five ,ubclusccr� recon­
structed in chc dendrogram (see ag.iin Te:n-fig. j) are 
presenred in Text-figs. Ga, 6b and 6c, ,md che di�cu,.,ion 
follows. Based on a gualit,ll ive analy,i.,, che subdmcers 
,tppear co reflect different oxygen conrenrs at rhe bot­
com-warer '>urface and in the sediment pore-water. 

C. cann,u,1 i� considered co belong ro the group of
the ,cress-mler.rnt specie, (van dcr Zwaan, 1983). 
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Kaiho ( 1999) includes chis species togeLher with T.

angulosn among rhe bemhic fornminifera char indi­
care suboxic sedirnenrs (wirh 0, < 1.2 ml/I). 
Therefore, subclusrer l is indicative of an environ­
menc characterised by poor oxygenation. The graph 
of joim frequencies of rhe subcluscer (Text-fig. 6a) 
shows char the subclusccr 1 assemblage exhibirs max­
imum abundance� in rhe middle pare of rhe �eccion 
and sub-maximum abundances coward the cop. 

B. tdt1111, B. dilatata and B. spathulata, reporred in
rhe deprh range of 600 - 60 m, are indicarive of envi­
ronmenral stress, in particular of oxygen-deficiency 
at the borcom (van der Zwaan, 1983). Kaiho (1994; 

0 :!0 .it) <>O XO 100 

C'lu,tcr li 
( deep ""crnbl.,gc I 

Texc-fig. 5 - Cumularivc plors of 
Cluster A and 
Cluster B. The dom­
inance of the deep 
taxa {Cluster B) in 
lnrcrval A suggcscs 
depo,icion in racher 
deep marine wa1ers. 
The dominance of 
,hallow taJca (Clu,cer 
Al in Interval B �ug­
gCl>cs dcpom1on 1n a 
,hallow cnviron­
menc. fhi: sharp 
p.1�sagi: from deep co
,hallow wuld dL"­
pcnd on the lack of 
C<)ntillll()ll\ dcpthi­
rion, corm,ponding 
ro chc g'Jp. 

1999) considers them typical indicarors of dysoxic 
conditions (with 0, < 0.3 ml/I). 

The fossil associ;tion of subcluster 2 is discribured 
throughout the section; its values are consiscencly less 
chan 20% excepr for three peaks (labelled Sa. Sb and 
�c in Texr-ftg. 6b). These peaks indicate intervals in 
which B. rtlata and B. di!atata are che sole bclllhic 
species rhat are present wich rhe plankronic species. 
Some aurhors (Miller & Lohmann. 1982; Mullin� et 
al .. 1985; Quintero & Gardner, 1987; Sen Cupta & 
Machain-Casrillo, 1993) reporr high values or rhe 
genu� Bolivina (more than 60%), together with 
plankronic foraminifera, in dysoxic conditions. 
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6a, 6b, 6c • Cumulacive 
plocs in che chree 
minor subclusrers re­

flecting oxygen vari­
ation ac rhe borcom­
wacer surface and in 
sedimem pore-water 
in shallow marine 
waters_ The opposite 
direction of change 
cvidenc in the pat­
eems of subdusrers I 
and 3 indicate rhat 
oxygen chan�ed frc­
quenc\y_ dur111g che 
depos1uon of che 
succession. Subclu­
sccr 2 reveals chree 
intervals (Sa, Sb and 
Sc) of severe reduc­
tions in oxygen con­
tent. Subclus1�r I Subcl�tcr 2 Subclo,h:r 3 

A high-resolution benthic and plankconic 
foraminiferaJ investigation connects these intervaJs co 
periods of sapropel deposition (Stefanelli et al.. in 
prep.). In particular, the discovery of FO event of 
Gephyrocapsa sp. 3 within the interval Sc (Maiorano 
et al., submitted), which is entirely closed in the 
warm isotope stage 25 (Ciaranfi et al., 200 I), suggests 
to consider che sapropel evenr Sc corresponding to 
sapropel 19 (sapropel stratigraphy, from Kroon et al., 
1998), and ro insolation-cycle 90 (I-cycle codifica­
tion, from Lourens et al., 1996). 

Elphidida, Miliolida and Discorbida, representa­
tive of subcluster 3, are common wirhin the infralic­
toral - upper circaJircoraJ fine sedimenrs. They acrain 
their maximum joinr frequency at 50 m depth, and 
then they decrease, although remaining presenr, wirh 
a low number of specimens down to a 110 m depth. 
These taxa prefer environmenrs, which are character­
i1.ed by a minimum of stress, high oxygen conrem of 
the bottom-water, and stable salinities. Kaiho (1999) 
groups chem among the high oxic indicators (with 02 

> 3,2 ml/I). Therefore, subcluster 3 is indicative of a

EXPLANATION OF PLATE 1 

Fig. 1 - Vnlrmlineria gr. (x 200). 
Fig. 2 - Quinque/Qculinn �r. (x 200). 
Fig. 3 - Ammonia beccari1 (x 200). 
Fig. 4 - Prorelphidium grnnosum (x 200). 
Fig. 5 - Sigmoilopsis schlumbergeri (x 200). 
Fig. 6 - Textularia calva (x 200). 
Fig. 7 - Sp,roloculinn excavata (x 200). 
Fig. 8 - Gwbob11/imi11a affi11is (x 200). 

Fig. 9 - Bolivina dilauua (x 100). 
Fig. 10 - Uvigerill(I peregrinn (x 200). 
Fig. 1 I - Bulimina mnrginma (x 200). 
Fig. 12 - Cib,cidoides pach;•derma (x 200). 
Fig. 13 - Oridorsalis 11mbo11ams (x 200). 
Fig. 14 - Ca.rsidulina carinata (x 200). 
Fig. 15 - Bigeneri11a nodosarifl (x 500). 
Fig. 16 - Hyalinea bfllthica (x 200). 
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Text-figs. 7a, 7b - Cumulative plots 
of the !WO subclus­
lCrS rcflecc variations 
in oxygen in deep 
wacers·. The subclus­
cer 4 assemblage is 
considered co more 
dcpth-dcpenden1 
1han oxygen-depen­
dent. <;ubclust�r -I Suhclustcr 5 

shallow and well-oxygenared environment. The 
graph of joint frequencies shows char rhe assemblage 
is abundam in Interval Band manifests a clear cyclic 
rrend (Texr-fig. 6c). When this graph is compared co 
the cumulative plots of subcluster l, rheir opposing 
trends in abundance evidence cyclic oxygen flucrua­
rions in lnrerval B. 

Paleoecological inferences from the subclusrer 4 
assemblage are less clear because the taxa, commonly 
distributed in deep waters, are indicative of varying 
oxygen regimes. Gooday (1994) considered 
Cyroidinn sp. as living in well-oxygenared sediments, 
but Kaiho ( 1999) insens it among the caxa preferring 
suboxic habitats. For some authors (Mullineaux & 
Lohmann, 1981; Karz & Thunell, 1984) this raxon 

seems co prefer oxygen levels intermediate between 
oxic and suboxic conditions. The same inconsisren· 
cies exist for H. balthica, B. marginata and G. subglo­
bosa: Kaiho (1999) inserrs chem among the forms 
present in low oxic sedimencs (with 02 > 1,2 ml/I). 
H. bnlthica is. generally, related ro che glacial period
and consequently, to high oxygenation (Ross, 1984).
Gooday ( 1994) inserrs G. subglobosa among the
species preferring a well-oxygenated environmenc and
B. nutrgint1tt1 in a poorly oxygenated environment. G.
afjinis, an infaunal taxon characteristic of dysoxic sed­
iments (Kaiho, 1999; Jorissen, 1999) is present in rhe 
section wirh the same frequency as the others, except­
ing rwo samples (labelled Sb I and Scl, in Texr-ng. 
7a), in which this species is che only benchic 
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foraminifera presenr in an assemblage otherwise 
dominared by planktonic foraminifera. In detail. 
these intervals are immediarely below chose rich in 
Bolivina and labelled Sa, Sb and Sc. For several 
authors (Nolet & Corliss, 1990; en Gupta & 
Machain-Castillo, 1993; Jorissen, 1999), G. affiuis is 
the caxon "most closely associared" with the Lace 
Quaternary anoxia in che Mediterranean. They found 
char ic was abundanc immediately below, above 
and/or within sapropel layers. The qualitative analysis 
carried our on rhe plankconic foraminifera presem in 
rhe assemblages, cogerher with presence of G. affinis, 
links rhese intervals co period:. of severe oxygen 
reduction, i.e. sapropels (Caporondi, pers. comm.). 
The high-resolution foraminiferal investigation 
relates these intervals ro severest oxygen depletion 
phases in sapropel formation ( refanelli et al., in 
prep.). The cumulative plots show che dominance of 
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the fossil association of subclu:.Lcr 4 in Tnrerval A, 
thus indicating, over all, deep waters. However, rhe 
sole presence of caxa with infaunal microhabicat prd:. 
erences leads co hypothesize low oxygen contents at 
che botrom. 

Subclusrer 5 consists of taxa rhat are indicacors, 
generally, of deep srable marine water, which is rich in 
oxygen. Among chem, Uvigerina "costace'' group (in 
particular U. peregri1lft) rolerace:-, srressed oxygen con­
dition (Corliss, I 979b; Verhallen, 1991 ). The cumu­
lative plots indicate rhat this assemblage is more 
abundant in Interval A, and less frequenr in che mid­
dle pare of Interval 8, with rhe exception of rwo 
stratigraphic intervals, from 120 111 ro 165 m, and 
225 m co 245 m (Texr-fig. 7b). The comparison of 
rhe graphs of subcluster 5 and subclusrer 3 indicates 
chat che deposirion of Enralina, Fosso Giuseppe, TM 
and Fosso 5 Agosto sections rook place in a deep 

- subcluS1er 5 

Subcluster 1 

""%=- 80 

20 40 (,0 XII 100 

Text-fig�. Sa. Sb - Curnularivc plots 
of' subdusrer 5, com­
pared wirh suhdus-
1cr I and suhclum:r 
J. The direction of
ch,111gc or ,ubclLL\[Cr
5 oppose� 1he d1rec­
rion of change of
horh ,ubclu,1�·n 1
and 3 111dicuing rhc
rcgrt:�\l\'C trend of
the .;cdimcnr.1rv ba­
�111. the shallowrng
- dl·cpcnin� cycle,,
and the \':tnatic>n in 
oxygen content. 
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marine environmenr, while che remaining part of che 
succession (Venus Bassa, Dito del Diavolo, Ideale, 
Salvatore, Vecchiecco and Molino sections) was 
deposited in a relarively shallower environment. f n 
both sea level changes (rises and falls) are manifested 
(Text-fig. 8a). Then che comparison of subcluscer 5 
with subcluscer I reveals chat fluctuations in oxygen 
content also occur chroughour the entire succession 
{Texc-fig. 8b). 

PRINCIPAL COMPONENT ANALYSIS 

Elphidium spp. and Q. seminula are indicators of 
shallow marine waters; chey are limited co a maximum 
depth of I 00 - 130 m, with the highest frequency ac 
50 m downwards (Parker, 1958; Chierici et al. 1962; 
Jorissen, 1988; Sgarrella & Moncharmonr Zei, 1993). 
These caxa prefer well-oxygenated waters, although C.
decipiem and P. granosum (group of Elphidium with­
out keel) can tolerate srressed oxygen conditions. S.

bulloides, Gyroidina spp., C. ungeriarws, Planulina
spp. and C. pachyd.erma are deep-water caxa; they are 
present with significant frequencies below depths of 
100 - 120 m (Jorissen, 1988; Sgarrella & 
Moncharmonc Zei, 1993). Gyroidina spp. is present 
below 150 - 200 m (Wright, 1978). Cibicidoides sp. is 
reported from 50 - 70 m downwards, but it is com­
mon in bathyal muds. S. bulloides occurs from 65 m 
downwards, bur it is more frequent at depths greater 
than 120 m. P. ariminemis is abundant below 200 m. 

Therefore, the taxa showing positive Factor 1 load­
ings, apparendy, indicate a sfiallow marine environ­
ment (the upper circalitcoraJ-lower infralicroral zone), 
while the taxa with negative loadings are indicative of 
deep marine waters (the lower circalitcoral - upper 
bathyal zone). The graph of the sample scores of chis 
factor (Texc-fig. 9a) indicates chat Interval A deposit­
ed in a deep marine environment, whereas Interval B 
deposited in a shallower environment. However, 
within boch environments, several shallowing- deep­
ening cycles are scill detected, which confirms che 
results inferred from Hierarchical Cluster Analysis. 

Cibicidoides spp. and Bphidimn spp., loaded pos­
itively with Factor 3, have a preference for well-oxy­
genated sediments, the former in deep waters and che 
Iarcer in shallow waters. Valvulineria spp .• B. mar­
ginata, B. alata and C. carinata, loaded negatively, are 
infaunaJ raxa commonly present in poorly oxygenat­
ed environments, ranging from suboxic co dysoxic 
(Bergamin et al., 1999; Kaiho, 1999). 

Since Factor 3 is loaded by opposing indicators of 
oxygen, chen this factor may be indicative of varia­
tions in borcom wacer oxygenation. The sample 
scores of Factor 3 (Text-fig. 9b) show an evident 
cyclic variation of oxygenation throughout che suc­
cession, which concurs with Hierarchical Cluster 
Analysis resuJrs. In the lowermost parr of Inrerval B. 
from 35 m co 50 m, the sample scores of Factor 3 
show che widest phase of "high" oxygenacion. 

Focusing on che distribution patterns of the species in 
chis stratigraphic portion, rhe presence of 
Asterigerinata spp. and L. lobatula is noceworchy, 
since these raxa are cocally absent in che rest of 
Interval B. Murray (199 L) reports Asterigerinata spp. 
and L. lobatula in che seagrass assemblages of whole 
Mediterranean ar depth of 2- 4 m. Therefore, in chis 
pare of Interval B, the sedimentary basin records its 
strongest regressive phase ( Ciaran fi et al., 200 I). So. 
ic is most likely chac che presence of these displaced 
caxa, in addition co che others, couJd have discorced 
Factor 3 and amplified rhe signal. 

Bolivina group and B. spathulata, loaded negarive­
ly wid1 Factor 5, are dysoxic indicators, while most of 
the other taxa, loaded positively, are present in varying 
oxygen regimes, ranging from suboxic co oxic. On che 
basis of these dara, Factor 5 seems co be indjcative of 
extreme stressed oxygen conditions: in fact, the dysox­
ic peaks, clearly visible in the sample scores, occur ar 
levels corresponding co che saf ropel events Sa, Sb and
Sc, evidenced in Hierarchica Cluster Analysis (Texc­
fig. 9c). The sapropel events Sa I, Sb l and Sc I are nor 
idencified because they have a different benthic fauna! 
composition, being dominated by G. affinis.

Factor 2 and Factor 4 components have no clear 
significance since they are loaded, both positively and 
negatively, wich caxa char are indicators of different 
environmental conditions. These components might 
indicate the interplay between depth and oxygena­
tion: ir is noc possible co separate che influences of 
depth from oxygen or vice versa on che benthic 
foraminiferal assemblages during che deposition of 
the succession. The raxa char display high negative 
and positive loadings with Factor 2 and Factor 4, 
respeccively, live in shallow and deep waters regardless 
of rhe levels of oxygenation. In Text-fig. 10, rhe sam­
ple scores of Factor 2 and Factor 4 are compared with 
che sample scores of Factor 1 and Factor 3. Faccor 2. 
in Interval A. manifests a pattern similar co Faccor 3, 
bur opposite co Faccor I (highlighted by chick line). 
Thus Factor 2 reflects, in che lower pare of the suc­
cession, oxygen variations. f n contrast, in interval B, 
Factor 2 is of little or no significance for the palcoen­
vironmencal reconstruction (marked by rhc chin 
line). Faccor 4, in che Interval B, shows a rrend simi­
lar to Factors I and 3 (denoted by rhe chick line), and 
thus reflects bod, deprh and oxygenation, even if in 
the uppermost 50 m Factor 4 trends in che opposite 
direction co Factor 3. In fnrerval B, Factor 4 is of lir­
cle or no significance for the paleoenvironmenral 
reconstruction (marked by the chin line). 

Consequently, if Factors 2 and 4 are indicators of 
the interplay between depth and oxygenation, chen 
there is, presumably, a strong influence of depth on 
the distribution of bcnchic foraminifera in Interval B, 
while in 1nrerval A oxygen plays che stronger role. 

The calculated results according co the formula of 
van der Zwaan et al. (1990) support rhe already 
inferred shallowing trend of che succession, from the 
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TexL-figs. 9a, 9b, 9c - The sample scores of rhe three facrors exrracced in PrincipaJ Component Analysis. Factor 1 is related ro depth, Factor 
3 and Factor 5 to oxygen. Factor I records rise and full in sea level, which is more marked in lnrcrval B. Factor 3 
records cyclic oxygen Hucruation, which is more marked in rhc upper parr of rhe succession. Facror 5 records incer­
vals of severe oxygen reduction Sa, Sb and Sc, almost evidenced by the cumulative plots of subdusrcr 2. 

bonom cowards the cop (Text-fig. 11 ). Interval A 
deposited in a deep marine environment with a 
depth-range of 500-100 m, which corresponds to rhe 
upper barhyal - lower circalittoral zone. Interval B 
deposited in a shallow environment, wirh a depth -
range of I 00-30 m corresponding co the upper cir­
calirroraJ - lower infralittoral zone. Entalina resulrs ro 

be the deepest section, with a depth range of 600-300 
m. The shaJJowing- deepening cycles are less appar­
ent in rhe cumulative plots, rhan in Hierarchical
Cluster Analysis and in rhe PCA - analysis. Probably,
rhe rises and falls in sea level may have been on the 
order of only 20-30 m, which is too small to be 
recorded by changes of rhe P/8 ratio.
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"I may he rd.m:d to an inrcrpb)' between the influence of dcpch and oxy�cn upon dw benrhic �oraminiferal a��cmblag.c�.

The sapropd layer� b and Sc, as well as a fourth 
layer, Sd, which was nor evidenced in Cluscer and 
PCA analy�es, are also visible. In incerval S<l, Lhe ben­
thic foraminiferal fauna are excremely rare (only 74 
individuals counced, 51 of which belong co genus 
Bolivina) and plankronic foraminifera dominate che 
assemblage. Probably, the scarce presence of benchic 
raxa has made il difficulc for chis layer co be discerned 
in rhe srarisrical analyses. The <liscovery of LCO event 
of Retic11lofe11estrtt rlS/moi in chis interval (Maiorano et 
ttf .. submirred). which is encirely closed in rhe warm 
isocope stage 23 (Ciaranfi et al.. 2001), suggesrs co 
consider che sapropel evenc Sd corre�ponding co 
sapropel I 8 (sapropel srrarigraphy, from Kroon et ,d., 

1998), and to insolarion-cyclc 88 (I-cycle codifica­
tion. from Lourens et ttl., I 996). 

DISCUSSION 

l,vo principal marine domains, the upper bachyal 
- lower circalinoral zone and rhe upper circalicmral
zone, are defined on che basis of che benchic
foraminifera fauna! composition. The predominance
of deep benchic foraminifera in Interval A indicares irs
deposicion in che deeper domain. The predominance
of shallow benthic raxa in lnrerval B indicates a shal­
lower depositional environmenc. Wirhin rhis serring, 
che Encalina section represents the deepesr pare of the 
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sive evoluuon of 1hc sedimentary basin. w1ch depth 
- changes from 'iOO m m '50 m. dnd the imcrval,
ol sapropd deposition (Sb I. Sb. Sc I. Sc and Sd).

Montalbano Jonico composite succession, while rhe 
Venus Bassa section represents the beginning of the 
shallowing trend. The passage from deep co shallow 
warers appears abrupt, bm this interprernrion may 
depend on the lack of conrinuous deposition repre­
sented by che gap. Principal Componenr Analysis indi­
cates rhat change!> in sea-level occurred �everal rimes 
during deposition of the secLion, evidencing regular 
alternations berween shallowing and deepening phas­
es. Concurrently, 1here is an alcerna1ing dominance of 
the oxic and suboxic indicators, which i!> incerpreted as 

a cyclic variation in oxygen conrenc at the bottom­
water interface, and in the sediment pore-water. In the 
deep part of che succession, severe oxygen depletions 
are recorded and interpreted as sapropel events because 
of the dominance of cerrain opporcunisdc species. 

Depth and oxygen show cyclic trends throughout 
rhe whole secrion. which is evidenr in the graphs 
derived from the Cluster and PCA analyses, bur mosc 
clearly represented in Factors I and 3. Cydicity seems 
more marked in lncerval B than in lncerval A. The 
cycliciry observed in Monralbano Jonico composite 
section could be related co different patterns of cli­
matic and sea-level change, in the early and middle 
Pleistocene times, since the lower deposits are in the 
"small" Gephyrocapsa Zone and che upper deposits lie 
entirely within rhe Pseudoemifiania lacunosa Zone. 
The early Pleisrocene is, in fact , characterized by low 
amplicude glacial/imerglacial cycles, while the middle 
Pleiscocene shows periods of high amplitude o'k O 
lluccuations, with longer and more marked 
glacial/interglacial cycles. As reported in Lhe litera­
cure, a striking change in che amplirude and frequen­
cy of glacial-interglacial cycles occurs around che oxy­
gen isotope stages 22 and 23 (Shackleton & Opdyke. 
1973). In the oxygen isotope record for the section 
(Ciaranfi et al., 200 I), partially numbered (Maiorano 
et 11!., submitted), srage 23 is recorded immediately 
below the gap and stage 22 immediately above it 
(Texr-fig. 12). Benrhic invercebrare communities also 
record the sedimcncary cyclicity in the section. 
Benchic invercebrates recognize rwo fourch-order 
cycles (lmerval A and lnrerval B), which appear ro 
tectonoeustatic causes. However, in Interval B the cli­
mate signal appear to prevail over the tectonic signal 
(Ciaranfi et al., 1997; 2001; O'Alessandro et al., 
2003). The benchic foraminiferal and oxygen isotope 
record, when compared with the benthic invertebrate 
record, confirms this hypothesis. In Interval B, the 
shallowing phases correspond to high oxygen and 
''cold" srages, whilst che deepening phases correspond 
to low oxygen and "warm" stages. In lmerval A the 
patterns are less clear because rhe cycles have smaller 
amplitudes. However, oxygenation levels and sea­
level flucruarions show inverse correlations: che shal­
lowing phases correspond m low oxygenation. This 
phase shifr could be related co tectonic pulses righcly 
linked co changes in the geodynamic regime in the 
evolution of Apennine Forerrough during the early 
Pleisrocene (Ciaranfi et al., 1979). Therefore, the 
cycles in the deep pan of the section are believed ro 
be teccono-eustatic in origin (Ciaranfi et 11/., 1997). 
The o'" 0 variations mighc be caused nor only by 
temperature changes, bur also by changes in major 
river inputs. Several sedimentological signals of 
episodic mass transports have been recorded in chis 
part of succession. This could explain rhe rwo differ­
ent phases ("warm" and "cold") that correspond co 
rhe low oxygenation phase found at rhe base of iso­
tope record, immediately above V1. 
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Tm-fig. 12 - The oxygen isotope record rhat ,� presently available for Montalbano Jon1co sccrion. The s1riking change in the: ampli­
rudc Jnd frequency or the clim.1tc changes occurs at stages 22 and 23. in accordance with the liceraturc. The sedimenta­
ry cyclicicy of che section is also in1crpreced by m,tcrobenrhos paleocommunirics. The: integration of the data allows u� co 
relate cyclicicy co u:c1onocuscatic c.1Uses, in Interval A, and co glacio-eus1a1ic control, in Interval B. 

lr is interesting to note thac benthic forarninifera, 
in the stratigraphic intervals corresponding co the 
sapropels, record a shallowing phase. On the con­
crary. benchic inverrebraces record a deepening pha.\e. 
The signal of Factor l could, probably, h,1ve been dis­
torted by the inOuence of oxygen. Since of the severe 
oxygen reducrion ar the rime of sapropel formation, 
all the benrhic foraminifera disappeared, with rhe 
exception of Bolivina and Globobulimina. This 
hyporhcsis is consistent wirh rhe interpretation chat 
Factors 2 and 4 represent a strong inAuence of oxygen 
during the deposition of the deep pare of the 
Montalbano Jonico composice seccion. 

Finally, che consideracion of oxygen influence on 

che barhymecry, in association with che observarions 
on benthic foraminiferal founal composirion, have 
allowed the exrracrion of a final curve of paleodepch 
for Interval A of the Montalbano Jonico composite 
secrion, marked by the black line in Texr-fig. 13. 

CONCI.USIONS 

Hierarchical Cluster Analysis and Principal 
Componenc Analysis are rwo good methods for the 
excrapolacion of detailed information from a large, 
multivariate and hecerogeneous data cc. These meth­
ods, applied ro rhe srudy of che early-middle 
Pleiscocene benchic foraminiferal assemblages, have 
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Text-lig. 13 - Curve of palcodepch excrapolared for Interval A, 
by studying the bcnrhic foraminifcra faunal com­
posirion. 

allowed the reconstruction of the paleoenvironmencaJ 
features of Moncalbano Jonico composite section. 

Dara analysis shows primarily che scrong depen­
dence of benrhic foraminifera upon depth and Oll.')'­

gen concencracion. These rwo parameters regulated 
both faunal composition and the distribution of the 
assemblages in the studied section. The most striking 
change in faunal composition is recorded at che tran-

sicion from the lower circalircoraJ zone ro rhe upper 
circalirtoral zone. The shallow caxa, at about 100-110 
m of depch, replace the deep raxa thus highlighting 
the changes in depositional environment. 

Variations in faunal benrhic composition are also 
recorded when the oxygen regimes changed. Drastic 
variations are recorded when che oxygen concenr fell 
to 0.3 ml/I: many caxa disappeared and only the 
opportunistic species, generally rwo or three, survived. 

Benthic foraminifera have recorded the cyclic 
change of chese environmental parameters during the 
deposition of the early- middle Pleisrocene sedimen­
tary succession. Together with oxygen isotope and 
benchic invertebrate records, benrhic foraminifera 
showed char in rhe first 180 m of rhe succession, the 
cycles could well have been caused by cecrono-eusrat­
ic changes, while in the upper part che cycles may be 
related to euscacically conrrolled cyclicicy. 
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APPENDIX A 

Lise or rhe benchic foraminifcra recognized in che Moncalbano 
Jonico composite section. 

I. Ammon in beccnrii (Linneo, I 758) [Pl. I, Fig. 3, x 200)
2. Amphicorynn scalnris (Barsch, I 791)
3. Asrerigrrinmn gr. Wirhin chis taxonomic group arc included

Astrrigerinntn mnmi/1.a (Williamson, 1858) and Asrerigerinata
ndrintirn Haake, 1977.

4. Bigmeri11n notUJsaria (d'Orbigny, 1926) [Pl. I, Fig. 15, x 500]
5. Boli11ina gr. Wirhin this taxonomic group are included Bob-

11ina dilat11111 Reuss, 1850 [Pl. l, Fig. 9, x I 00] and Boli11inn
alara (Scguenza, 1862)

6. Bolimnita qundrilntera (Schwager, 1866)
7. Boli11i11a spathul.atn (Williamson, 1858)
8. Boli11inn mbspinescens Cushmann, 1922
9. Buccella granulnrn (Di Napoli Alliaca, I 952)

I 0. B11/imi11n costntn d'Orbigny, 1852
I I. Bulimi11a cf. Bulimi11n elegmu d'Orbigny, 1826
12. Bulimi11n elongntn d'Orbigny, 1846
13. 811/iminn mnrginntn d'Orbigny, 1846 [Pl. 1, Fig. 11, x 200)
I 4. B11liminn mblimbnrn Paniua. 1967
I 5. Cnssid11/inn cnrinatn Silvcsrri, 1896 [Pl. 1, Fig. 14, x 200)
I 6. Lobnml.a lobnwln (Walker & Jacob, 1798)
17. Cib,cidoides enchJ•dmna (Rzehak. 1886) [Pl. L Fig. 12, x 200]
18. Cibirides reJulgens de Moncfon, 1808
19. Cibiridoides ungerinnus d'Orbigny, 1846
20. Corn11spirt1 gr. Within this ra.xonomic group arc included:

Com11spirn cnrinatn (Cosra, 1856) and Comuspirn im•olvens
(Reuss, I 850)

21. Cribroelphidium decifiem (Cosca, I 856)
22. Demalina gr. Wirhcn this raxonomic group are included:

Denrnlina spp. (mosr represenracive are Demnlina leg11111im­
fomm (Barsch, 1791) and Dentnlina m/lexn (Reuss, 1866)).
Snmcenaria ifnlica (Defrance, 1824), Nodosari11 spp. (rare)
and Marginuli11a spp. (rare)

23. Elphidium nd11enum (Cushmann, 1822)



298 S. STEFANELLI

24. Elphidium rompla11nt11111 (d'Orbigny, 1839)
25. ElpJndium crispum (Linneo. 1758)
26. Globob11/imi11n n/finis (d'Orbigny. 1839) rPL I, Fig. 8, x 200]
27. Globocassid11/i11n subglobosa (Brady, 1881)
28. Gyroidintl gr. Wichin chis taxonomic group arc included:

Gyroitfi,/(1 neosoldnnii {Broczen, 1936) and Gyroidinn
umbunata (Silvesrri, 1898)

29. Hrmznwnia rhodiewis d'Orbigny, 1839
30. Hynlinen bnlthicn (Schroecer, I 783) [Pl. I, Fig. 16, x 200)
31. Hoeglrmdinn elegtllts (d'Orbigny, 1826)
32. Lmtimli11tl gr. Within this ra.xonomic group are included:

lemiC11li11tl orbicu!tlris (d'Orbigny, 1826). Lentirnli11n Ctllcar
(Linneo, 1758) and Lentimlina rnornntn (d'Orbigny. 1846)

33. Melonis barleanum (Williamson, 1858)
34. Melonis soldo11ii (d'Orbigny. 1846)
35. Nonion deprm11l11m (Walker & Jacob, 1798)
36. Oridorsafis 11mbo11ntt1J (Reuss, 1851) [Pl. l, Fig. 13, x 200]
37. Orthomorphi11a s1ninforrhi (Pecornig, 1955)
38. Pla11ulina nrimuumis d'Orbigny, 1826
39. Protelphidium grn11osum (d'Orbigny, I 846) [Pl. I, Fig. 4, x 200]
40. P11/le111a gr. Within this ta..xonomic group are included: Pul­

lenia bulloides (d'Orbigny, 1846) and />11lleni11 q11inq11elobn
(Reuss, 1851)

41. Pyrgo gr. Wichin this taxonomic group are included: Pyrgo
rkpressn (d'Orbigny, 1826) and Pyrgo bulloides (d'Orbigny.
1826)

42. Quinq11eloc11!111n gr. This raxonomic group i� predominancl
r. dominared by Qui11q11eloc11/i11n semi1111la (Linnt', 1758) [P .

I, Fig. 2. x 200]
43. Remselln spin11/os11 (Reuss. 1850)
44. Rosalina gr. Wirhin this taxonomic group are included: Rostl­

lina Jloridana (Cushmann, 1915). Ro.sn/11111 globulam
d'Orbigny, 1826, Rosalina bmdy (Cushmann, 1915) and
Discorbis spp.

45. SigmoilopsiJ schlumbergm (Silvestri, 1904) [Pl. 1. Fig. 5, x 200]
46. Spirolomli1111 exc11v11tn d'Orbigny, 1846 [Pl. I, Fig. 7, x 200]
47. Sphnero,dma bulloides d'Orbigny 1826
48. Stninforrhin compla11ntt1 (Egger. 1893)
49. Stifostomella gr. This caxonomic group is represented exclu­

sively by Srilos1omelln 1110111/is (Silvcscri. 1872)
50. Texrulnrin gr. Wirhin chis taxonomic group arc included:

Texmlaria cnlvn Lalickcr, 1935 [Pl. I, Fig. 6, x 200] and
Textuuma soldanii Fornasini, 1883

51. Trifarina nngufosn (Williamson. 1858)
52. Uvigemn "coscace" gr. Within chis group arc included: Uvige­

rina mediterrnnea Hofker, 1932 and Uv1ger111n peregrinn
Cushmann, 1923 [Pl. 1, Fig. 10, x 200]

53. Valuulineria gr. [Pl. I, Fig. I, x 200] Wichin this ca.xonom1c
group arc included: V nl1111li11erin complnnata (d'Orbigny,
1846) and Vnlv11/ineri11 bradymta (Fornasini, 1900).
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