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28. PLIO-PLEISTOCENE BENTHIC FORAMINIFER STRATIGRAPHIC DISTRIBUTION IN THE

DEEP-SEA RECORD OF THE TYRRHENIAN SEA (ODP LEG 107)!

R. Sprovieri? and S. Hasegawa?

ABSTRACT

Benthic foraminifers from Site 652, Site 653 (Hole 653A), and Site 654 of Leg 107 (Tyrrhenian Sea, Western Medi-
terranean), which penetrated with more or less good recovery the Plio-Pleistocene stratigraphic interval, were studied in
a total of 699 close-spaced samples. A total number of 269 species have been classified and their quantitative distribu-
tion in each sample is reported. The benthic foraminifers assemblage is more diversified in Site 654, less diversified in
Site 652. Less than a half of the benthic foraminifers species listed from Plio-Pleistocene Italian land sections are
present in the coeval deep-sea Tyrrhenian record, in which shallow water species are missing and Nodosarids are poorly
represented. A very few species have comparable stratigraphic distribution in the three deep-sea sequences and in Italian
land sections when compared against calcareous plankton biostratigraphy. In the same three sites, the first appearance
levels of several species are younger and younger, and last appearance levels are earlier and earlier from Site 654 to Site
653 and Site 652. Five biostratigraphic events, biochronologically evaluated and occurring at the same level in the deep-
sea Tyrrhenian record and in several land sections, have been selected as zonal boundaries of the proposed benthic fora-
minifers biostratigraphic scheme. The Plio-Pleistocene interval has been subdivided into four biozones and one sub-
zone, recognizable both in the deep-sea and land-based sequences. The Cibicidoides(?) italicus assemblage zone stretches
from the base of the Pliocene to the extinction level of the zonal marker, biochronologically evaluated at 2.9 Ma. The
Cibicidoides robertsonianus interval zone stretches from the Cibicidoides(?) italicus extinction level to the Pliocene
Mediterranean FO of Gyroidinoides altiformis, evaluated at 2.4 Ma. The Gyroidinoides altiformis interval zone stretches
from the Mediterranean Pliocene FO of the zonal marker to the appearance level of Articulina tubulosa, evaluated at
1.62 Ma. The Articulina tubulosa assemblage zone stretches from the appearance level of the zonal marker to the Re-
cent. In the Articulina tubulosa biozone, the Hyalinea baitica subzone is proposed. The appearance level of Hyalinea
baltica is evaluated at 1.35 Ma, well above the Plio-Pleistocene boundary as defined in the Vrica stratotype section.

INTRODUCTION

Mediterranean Plio-Pleistocene benthic foraminifers have
been studied by several authors since the last century. Their
studies were initially devoted primarily to species recognition
and classification (De Amicis, 1895; Fornasini, 1894; Seguenza,
1880; A. Silvestri, 1899; 1904; and O. Silvestri, 1872). With the
beginning of systematic oil exploration by the Italian oil com-
pany (AGIP) in the 1950’s, benthic foraminifers were used as
the main biostratigraphic tool, as the great biostratigraphic value
of planktonic foraminifers was yet not recognized. Much of our
understanding of the biostratigraphic value of Tertiary and Qua-
ternary benthic foraminifers comes from AGIP publications
(1957, 1982). In this same period of time many papers, includ-
ing more or less detailed analyses on the stratigraphic distribu-
tion of the Italian Plio-Pleistocene benthic foraminifers, were
published by several authors. Only a few of the more than 600
species recognized in the Mediterranean Pliocene and Pleisto-
cene stratigraphic record can be considered as useful biostrati-
graphic markers in the Mediterranean basin and some of them
have been already used to identify benthic foraminifers zonal
boundaries (Colalongo and Sartoni, 1979; AGIP, 1982; Col-
alongo et al., 1982; d’Onofrio, 1983). Furthermore, two strati-
graphic intervals characterized by the disappearance, or definite
migration from the Mediterranean, of several benthic species
have been recently identified (van der Zwaan, 1983; Sprovieri,
1985). These two extinction events, well recognizable in sequences
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belonging to epibathyal and lower neritic environment (Spro-
vieri, 1985), are easily correlatable with paleoceanographic and
paleoclimatic changes and are useful references for correlation
within the Mediterranean basin (Rio et al., 1984; Rio and Spro-
vieri, 1986).

Most of the data on the distribution of the Mediterranean
Plio-Pleistocene benthic foraminifers come from land sections
or wells drilled for oil researches. During the ODP Leg 107
cruise in the Tyrrhenian basin, three sites (654, 653, 652) have
been continuously cored with good to very good recovery in the
Plio-Pleistocene sequence. They represent a good opportunity
to compare and extend the analysis on the stratigraphic distribu-
tion of the benthic foraminifers of this time interval to the deep-
sea benthic foraminifers assemblage. Such a stratigraphic study
was not reported from the two previous DSDP cruises in the
Mediterranean (Leg 13 and Leg 42A), during which complete
and continuous Plio-Pleistocene sequences were not cored (apart
from Site 132), and the primary focuses were on paleoecological
considerations (Ryan et al., 1973; Wright 1978a, b).

This paper is therefore essentially devoted to the analysis of
the stratigraphic distribution of the benthic foraminifers in the
Tyrrhenian sites and to the identification of a stratigraphic
scheme, possibly recognizable also in the Italian land sections.
In this respect, biostratigraphic data on benthic foraminifers
stratigraphic distribution from land sections are considered. Pa-
leoecological analysis of the benthic foraminifers assemblage and
paleoenvironmental evolution in the three sites are discussed in
the paper by Hasegawa, Sprovieri, and Poluzzi (this volume).

MATERIALS AND METHODS

The benthic foraminifers assemblages from the Plio-Pleisto-
cene sequences recovered in Site 654, Hole 653A, and Site 652,
drilled in the Tyrrhenian Sea during Leg 107 (Fig. 1) were stud-
ied. Site 654 was drilled in the upper part of the Sardinian conti-
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Figure 1. Location map of the ODP Leg 107 Site 654, Site 653, and Site
652,

nental margin, at 2208 m depth (40°34.76'N; 10°41.80'E). The
Plio-Pleistocene sequence is 242.7 m thick. Recovery was not
very good (about 50%), with several more or less long unrecov-
ered intervals. Site 653 is located one-half kilometer northeast
of DSDP Site 132 (Leg 13), on the eastern rim of the Cornaglia
basin, at 2817 m depth (40°15.86'N, 11°26.99'E). The Plio-
Pleistocene sequence is 214 m thick. The recovery was very good
(81.9%), with only few, short unrecovered intervals. Site 652 is
located in the lower part of the Sardinian continental margin, at
3446 m depth (40°21.30'N; 12°08.59'E). The Plio-Pleistocene
sequence is 188 m thick. Recovery was not very good (61.2%),
with several more or less long unrecovered intervals. Sequences
from other Leg 107 Sites were not considered since they pene-
trated only the Pleistocene and a part of the Pliocene and con-
tained numerous unrecovered segments. As reported in Tables
2-4 (microfiche in pocket), in Site 652 and Site 654 the sampled
levels, if present, are from about 15, 75, and 115 cm of each sec-
tion; in Hole 653A the sampled levels are from about 15, 45, 75,
and 105 cm. Essentially levels from 75 and 115 (or 105) cm of
each section were studied. Levels at 15 and 45 cm were analyzed
quite systematically in Hole 653A; in the other sites, the level at
15 cm was analyzed only to better approximate the First Occur-
rence (FO) or Last Occurrence (LO) of selected species. From
levels at 15, 45, 75, and 105 cm of each section of Site 653, 10
cm® of sediments were available; from level at 115 cm of each
section of Site 652 and Site 654, 20 cm? were used.

All the samples, after disaggregation in water, were washed
on a 63-um sieve. All benthic foraminifers > 125 yum were iden-
tified and counted. Specimens < 125 um were classified but not
counted. The symbol 0 (for presence) was used in the quantita-
tive range tables (Tables 2-4) for the species recognized in this
part of the residue. The number of specimens of each species
takes into consideration only the specimens recorded in the resi-
due >125 pm.

DATA ANALYSIS AND DISCUSSION

In the three sites benthic foraminifers always represent a very
small percentage of the faunistic assemblage, generally less than
2%-3%. The most abundant and diversified benthic foraminif-
eral assemblage is present in Site 654, the least abundant in Site
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652. Specimens are well preserved and dissolution was not ob-
served. Very rare specimens of displaced neritic species (Ammo-
nia spp., Elphidium spp, Discorbis spp.) were recognized at
only a few levels. Specimens of Cibicides lobatulus, Cibicides
refulgens, Hanzawaia rodhiensis, and Rosalina cf. nitida, some-
time present with several specimens in many samples, are not
considered indicative of synsedimentary displacement. These spe-
cies, essentially with an epiphytic mode of life, can be included
in bathyal assemblages as consequence of flotation of the algal
support once it is removed from its original place by storms.

All in all, 699 samples were studied and 269 species were rec-
ognized, the most significant of which are figured in Plates 1-5.
In Table 1 the main data of each stratigraphic interval are re-
ported. The distribution of each species, the number of speci-
mens per sample of each species, and the total number of spe-
cies per sample in each site are reported in Tables 2-4. In Figures
2, 7, and 12, the number of species, the number of specimens,
and the diversity index per sample along the three sequences are
plotted. The diversity index was calculated (Margalef, 1958;
Parisi et al., 1982) as

D = n species — 1/log n specimens.

Less than half of the benthic foraminifers species recorded
from Plio-Pleistocene Italian land sections were recognized in
the coeval deep-sea sequences of the three Tyrrhenian sites. Two
groups are essentially missing. The first one includes the shal-
low water, neritic species which, while they comprise large con-
stituents of the benthic foraminiferal assemblage in some Italian
land sections, are environmentally excluded from these deep-sea
bathyal sediments. The second group is represented by Nodo-
sarids which, while very well diversified in the Pliocene land sec-
tion interval, are represented here by rare and scattered occur-
rences.

In this section the general trend of the faunistic assemblage is
briefly reported, and the stratigraphic distribution of some spe-
cies is discussed at the light of the calcareous plankton biostra-
tigraphy and in the rigid time framework provided by the inte-
grated calcareous plankton stratigraphy recognized in the three
sites (Glagon, Rio, and Sprovieri, this volume; Rio, Raffi, and
Villa, this volume). These species were selected on the base of
their abundance along the sequences and/or on the base of
their potential biostratigraphic interest for the Mediterranean
Plio-Pleistocene stratigraphic record, also with reference to the
data from the Italian land sections. The stratigraphic distribu-
tion of the most important of them in the three sites is reported
in Figures 3, 8, and 13, in which the appearance and disappear-
ance levels are traced in coincidence with the first or last sample
in which the species is recorded. Their frequency distribution
(percentage) is plotted in Figures 4-6, 9-11, and 14-16, in which
only data from samples with at least six specimens are reported.
Only a small number of species is common and continuously
present in the samples within their stratigraphic range. Further-
more, their first and last occurrence is rarely comparable among
the sites and with the same events recognized in land sections.
Generally their disappearance levels predate, and the appear-
ance level postdates, the corresponding events identified in land
sections. Even in the three sites the FO or LO of very few species
occur at the same stratigraphic level. The disappearance levels
of several species are earlier and earlier and the appearance lev-
els are younger and younger from Site 654 to Site 653 and Site
652 (Figs. 3, 8, and 13). The disappearance level of some spe-
cies, such as Parrelloides bradyi and Quingueloculina bicarinata
and the appearance level of Gyroidinoides altiformis, Articulina
tubulosa, and Cibicidoides kullenbergi seem to have different,
even opposite trends when biostratigraphically and biochrono-
logically evaluated. Nevertheless, in the identification of these
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Table 1. Main data of the stratigraphic intervals analyzed in the three
sites.

Site 654 Site 653 Site 652
General
Depth interval 0-243 0-215 1-188
Thickness (m) 243 215 188
Number of studied samples 168 344 187
Total number of species 232 205 163
Max. number of species per sampl 70 37 33
Min. number of species per sample 1 1 1
MPI1
Depth interval 236.40-243 208.96-215 176.25-188
Thickness (m) 6.60 6.04 11.75
Number of studied samples 6 11 20
Total number of species 67 12 36
Max. number of species per sample 36 23 17
Min. number of species per sample 23 4 1
MPI2
Depth interval 197.50-236.40  186.35-208.,96  146.80-176.25
Thickness (m) 38.90 22.61 29.45
Number of studied samples 39 38 41
Total number of species 139 87 76
Max. number of species per sample 64 3 29
Min. number of species per sample 22 1 2
MPI3
Depth interval 166.50-157.50  153.26-186.35  126.47-146.80
Thickness (m) 31.00 33.09 20.33
Number of studied samples 25 50 20
Total number of species 139 87 52
Max. number of species per sample 65 k)| 28
Min. ber of species per pl 26 5 8
MPI4
Depth interval 140.93-166.50  133.00-153.26  109.70-126.47
Thickness (m) 25.57 20.26 16.77
Number of studied samples 26 i3 18
Total number of species 144 84 66
Max. number of species per sample 70 33 27
Min. number of species per sample 22 2 6
MPIS
Depth interval 105.00-140.60 98.40-133.00  100.33-109.70
Thickness (m) 35.60 34.60 9.37
Number of studied samples 27 52 13
Total number of species 138 115 55
Max. number of species per sample 58 37 21
Min. number of species per sample 23 7 5
MPI6
Depth interval 79.70-105.00 84.50-98.40 84.90-100.33
Thickness (m) 25.30 13.90 15.43
Number of studied samples 10 30 25
Total number of species 106 70 61
Max. number of species per sample 49 28 33
Min. number of species per sample 21 3 4
Pleistocene
Depth interval 0-79.70 0-84.50 0-84.90
Thickness (m) 79.70 84.50 84.90
Number of studied samples 5 130 50
Total number of species 129 151 102
Max, number of species per sample 45 28 3
Min. number of species per sample 7 1 1

LO’s and FO’s, sedimentary hiatuses (Glagon, Rio, and Spro-
vieri, this volume) and poor recovery in the pertinent strati-
graphic intervals must be considered.

The general benthic foraminiferal assemblage distribution is
quite well comparable among the three sites (Tables 2-4). Nodo-
sarids are generally rare and scattered; Cibicidids and Gyroidi-
noides spp. are more common in the Pliocene intervals and de-
crease in the Pleistocene; Bolivinids, Buliminids, and Cassidu-
linids are more common in the Pleistocene interval; Uvigerinids
are rare, essentially present in a short interval at the base of the

Pliocene (MPI1-base MPI2 biozones); Miliolids are well repre-
sented essentially in the latest Pliocene and in the Pleistocene in-
tervals; Fissurina spp., Lagena spp., and Oolina spp. are repre-
sented by many species all along the sequences but with very
rare specimens; agglutinated forms, essentially represented by
Bigenerina nodosaria, Karreriella spp., and Martinottiella spp.,
are generally common but decrease in the late Pleistocene.

The Sphaeroidinellopsis spp. (MPI1) biozone is characterized
by a greater number of species in Site 654 (in which only the up-
permost part of this biozone is present), but the same few spe-
cies Dentalina filiformis, Gyroidinoides soldanii, Globocassidu-
lina subglobosa, Oridorsalis stellatus, and, in the upper part,
Uvigerina pygmaea are common in the three sites. An increase
in the number of species occurs in the Globorotalia margaritae
(MPI2) biozone. The benthic assemblage is dominated by Si-
phonina reticulata, Cibicidoides(?) italicus, Oridorsalis stella-
tus, Parrelloides bradyi, P. robertsonianus, and Pullenia spp.;
in Site 654 Planulina ariminensis and Sphaeroidina bulloides
are common. In the basal part of this interval Uvigerina pyg-
maea is relatively common for a short interval. In the three Tyr-
rhenian sites in the interval straddling the MPI1-MPI2 zonal
boundary, brilliant, yellow to reddish sediments contain hema-
tite, limonite, sulfur, and sulfates. A large amount of nutrients
were also probably carried from weathered exposed sediments
into the basin together with these iron oxides, favoring the dom-
inance of Uvigerina pygmaea; according to many authors (Phle-
ger and Soutar, 1973; Boltovskoy and Wright, 1976; Brolsma,
1978; Streeter and Shackleton, 1979; Douglas and Woodruff,
1981; van der Zwaan, 1982; Katz and Thunell, 1984), Uvigerina
is considered to be very tolerant of low oxygen levels. Vaginulina
elegans and Vaginulinopsis carinata are present, with one speci-
men, only in one sample of this interval in Site 654. They belong
to a group of several species, many of which belonging to Vagi-
nulina and Vaginulinopsis, which disappear, according to data
from land sections (Sprovieri, 1978; AGIP, 1982; Sprovieri,
1985), in the middle-upper part of the Sphaeroidinellopsis sub-
dehiscens (MP14) biozone. Ellipsoglandulina vasarhelyi, which
disappears in the MPIl4 biozone in land sections, is present,
rare, only in a few samples of this interval in Site 654.

The benthic foraminiferal assemblage of the Globororalia
margaritae-Globorotalia puncticulata zone (MPI3) is well com-
parable with the MPI2 zone assemblage. The highest stratigraphic
occurrence of Uvigerina rutila, a widely used biostratigraphic
marker of the lower part of the Mediterranean Pliocene in the
Italian land sections, is recorded in the upper part of this inter-
val in Site 654. In land sections this species ranges up to the up-
per part of the Sphaeroidinellopsis subdehiscens zone (Sprovieri,
1978; Colalongo and Sartoni, 1979; Colalongo et al., 1982;
AGIP, 1982; Sprovieri, 1985). In Hole 653A Anomalinoides he-
linus disappears in the middle part of MPI3 biozone (Sample
17X-6, 15 cm; 153.26 mbsf); in Site 654 and in the Italian land
sections this species ranges up to the upper part of the Globiger-
inoides elongatus (MPI15) biozone (Sprovieri, 1978; Colalongo
and Sartoni, 1979; Colalongo et al., 1982; AGIP, 1982; van der
Zwaan, 1983; Sprovieri, 1985). In the middle-lower part of
MPI3 biozone Cylindroclavulina rudis appears with rare speci-
mens and ranges up to the very base of MPIS5 in Site 654. This
species is generally well represented in this interval in the Italian
land sections (Sprovieri, 1977, 1978, 1979; AGIP, 1982), where
it disappears in the upper part of the Pliocene. In the Sphae-
roidinellopsis subdehiscens (MPI4) biozone, the extinction level
event at about 3.2-3.1 Ma (the mid-Pliocene event, according to
Rio et al., 1984), easily recognizable in land sections (Sprovieri,
1985) is not detected in the three deep-sea Tyrrhenian sequences.
It is well marked by the disappearance of several species of Len-
ticulina, Marginulina, Planularia, Vaginulina, and Vaginulinop-
sis, but these benthic foraminifers are poorly represented in the
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Pleistocene sequence of Site 654. Black vertical bars
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Figure 3. Stratigraphic distribution chart of the biostratigraphically most important benthic foraminifers in the Plio

Site 654. Black vertical bars = recovered intervals.
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Figure 10. Frequency distribution (percentage) chart of benthic foraminifers species reported in Figure 8. Q. bic. = Quingueloculina bi-
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Figure 14. Frequency distribution (percentage) chart of benthic foraminifers species reported in Figure 13. O. stell. = Ori-
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Figure 15. Frequency distribution (percentage) chart of benthic foraminifers species reported in Figure 13. P. brad. = Par-
relloides bradyi, M. perpar. = Martinottiella perparva; Q. bica. = Quingueloculina bicarinata; S. ret. = Siphonina reticu-
lata; L. paup. = Laticarinina pauperata. Black vertical bars = recovered intervals.
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Figure 16. Frequency distribution (percentage) chart of benthic foraminifers species reported in Figure 13. C. wue. = Cibi-
cides wuellestorfi, Gy. alt. = Gyroidinoides altiformis; C. kull. = Cibicidoides kullenbergi; O. umb. = Oridorsalis umbo-
natus; A. tub. = Articulina tubulosa. Black vertical bars = recovered intervals.
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Tyrrhenian sites, and their distribution is not stratigraphically
significant. In the three sites, the few recorded species belonging
to the group of species that disappears at the top of MPI4 bio-
zone in land sequences are definitively not present in sediments
younger than the extinction level of Sphaeroidinelliopsis spp.
and therefore their distribution, even if not comparable, is not
inconsistent with their recognized range in land sections.

During the time interval represented by the MPI5 biozone, a
remarkable change in the composition of the benthic foraminif-
eral assemblage occurs. In Site 654 the disappearance of Boli-
vina lucana, Bolivina lucido-punctata, Buliminella inauris, Fis-
surina lacunata, Martinottiella perparva, Psammosphaera tes-
tacea, Spiroloxostoma croarae in the middle lower part, the
disappearance of Anomalinoides helicinus in the upper part,
and the appearance of Buliminella multicamera and Rutherfor-
doides tenuis in the middle-upper part are correlatable with the
same events in land sections (Barbieri, 1976; Sprovieri, 1978,
1985; AGIP, 1982; van der Zwaan, 1983). The last three events
are included in the upper Pliocene event (van der Zwaan, 1983;
Rio et al., 1984; Sprovieri, 1985), a turn-over in the benthic for-
aminifers assemblage which occurred at 2.3-2.2 Ma. In the other
two sites this event is not recognizable. Many species that disap-
pear in land sections at this level are missing or have disap-
peared at lower levels, and many species which appear at this
level are not represented or first occur higher in the sections. In
the upper part of the MPI5 interval, Parrelloides bradyi and P
robertsonianus decrease, Cibicidoides pachyderma, Cibicides wuel-
lestorfi, Globocassidulina subglobosa, Gyroidinoides spp., Mi-
liolids (essentially Quingueloculina spp.), Oridorsalis stellatus,
and Sigmoilopsis schlumbergeri increase and dominate more or
less continuous intervals. Cibicidoides(?) italicus disappears at
the base of the MPI5 biozone, respectively in Sample 15R-6, 70
cm (135.60 mbsf) in Site 654, in Sample 15X-2, 15 cm (128.16
mbsf) in Site 653, and in Sample 12R-3, 116 cm (107.16 mbsf) in
Site 652. In the three Tyrrhenian sites Siphonina reticulata dis-
appears in this biozone. The more detailed nannofossil biostra-
tigraphy in this stratigraphic interval is evidence that this event
occurred in slightly, but significantly, different time intervals in
the three sites. It disappeared first in Site 652 (Sample 12R-2, 69
cm; 105.20 mbsf) at the top of the Discoaster tamalis nannofos-
sil biozone, then in Site 653 (Sample 14X-1, 15 c¢cm; 117.46
mbsf), at the base of the Discoaster pentaradiatus nannofossil
biozone, and then in Site 654 (Sample 14R-1, 70 cm; 118.40
mbsf), near the top of the Discoaster pentaradiatus nannofossil
biozone. Siphonina reticulata is found today in the Mediterra-
nean (Parker, 1958; Bizon and Boroulet, 1984) from 80 m to a
maximum depth of about 1000-1200 m. The delayed disappear-
ance from Site 652 to Site 653 and Site 654 (from east to west
and from the deepest to the shallowest part of the Sardinian es-
carpment) may indicate the different time interval in which the
three sites exceeded the depth of approximately 1200 m. Site 652
became deeper in an older interval than Site 653 which, in turn,
crossed this depth before than Site 654. In Sites 653 and 654 Gy-
roidinoides altiformis appears, with rare specimens, in the up-
per part of MPIS biozone, respectively just above and below the
base of the Discoaster brouweri nannofossil biozone. In Site
652 the appearance of Gyroidinoides altiformis is well above the
base of the Discoaster brouweri biozone, but this appearance
level may be not coincident with the Pliocene re-entrance of Gy-
roidinoides altiformis into the Mediterranean, due to the sedi-
mentary hiatuses detected in the interval belonging to the MPI5
in this site (Glagon, Rio, and Sprovieri, this volume).

In the Globorotalia inflata (MPI16) biozone, Quinqueloculina
bicarinata and Parrelloides bradyi disappear and Cibicidoides
kullenbergi is for the first time present, more or less common,
in the foraminiferal assemblage of the deep-sea Tyrrhenian rec-
ord, but these three events are not stratigraphically comparable

in land sections, where they occur at different stratigraphic lev-
els (AGIP, 1982).

In the Pleistocene segments two intervals can be distinguished
(Figs. 2, 7, and 12). In the lower part, up to about the base of
the glacial Pleistocene, above the top of the small Gephyrocapsa
nannofossil biozone, the benthic assemblage is still relatively
abundant and diversified, then it decreases with large fluctua-
tions in number of species and specimens and in the diversity in-
dex; in correspondence with warm intervals, benthic assemblage
is generally less abundant and less diversified, in accordance
with what already recognized by Blanc-Vernet et al. (1983). In
Hole 653A and in Site 652 Cibicidoides pachyderma sharply de-
creases in coincidence with the entrance of Cibicidoides kullen-
bergi (Tables 3 and 4). In Site 654 Cibicidoides pachyderma is
scattered in this stratigraphic interval, but in some levels it is
present with high frequencies; coincident with these peaks Cibi-
cidoides kullenbergi is rare or absent, but is frequent in levels in
which Cibicidoides pachyderma is rare or absent (Fig. 17). Cibi-
cidoides kullenbergi is a well identified component of the NADW
water masses foraminiferal assemblage today (Lohman, 1978).
Peaks abundance of this species in the Pleistocene interval of
Site 654 may be indicative of short, stronger influence of NADW-
type water masses in the Tyrrhenian basin at the depth of Site
654 (about 2000-24000 m depth) during the Pleistocene inter-
val, when prevailing Mediterranean-type water masses, with Bo-
livina spp., Bulimina spp., Gyroidinoides spp., Uvigerina spp.,
Cassidulina carina, and Cibicidoides pachyderma (cf. Parker
1958), were present.

Several species (Uvigerina costato-caudata, Articulina tubu-
losa, Bulimina etnea, Paromalina crassa, Rectobolivina zitteli,
Loxostomum karrerianum, Paromalina coronata, Bolivinita qua-
drilatera) appear in land sections in the lowermost part of the
early Pleistocene, below or above the first occurrence of Hyali-

C. kullenbergi C. pochyderma

1 L ] 1
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70
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Figure 17. Frequency distribution (percentage) of Cibicidoides kullen-

bergi and Cibicidoides pachyderma in the Pleistocene interval of Site
654.
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nea baitica (Sprovieri, 1978; AGIP, 1982; d’Onofrio, 1983; Spro-
vieri, 1985), but few of them are recorded in the Tyrrhenian
deep-sea record. Only Articulina tubulosa is consistently present
and common. In Hole 653A it appears with small specimens in
Sample 10H-3, 130 cm (83.90 mbsf), at the base of the Calcidis-
cus macintyrei biozone, just above the Pliocene/Pleistocene
boundary. In Sites 652 and 654, this species first appears above
the base of the Helicosphaera sellii nannofossil biozone, but its
FO may be here not recognized due to the poor recovery in the
basal part of the Pleistocene interval in these two sites. Unex-
pectedly, Hyalinea baltica is present and common in several sam-
ples of Site 654 and in some samples of Site 653. This species,
living today from 50 to about 1000 m in depth (Parker, 1958;
van Morkhoven et al., 1986), had evidently a wider bathymetric
range during the early Pleistocene. In both sites the appearance
level of this species just predates the base of the large Gephyro-
capsa nannofossil biozone (Glagon, Rio, and Sprovieri, this vol-
ume) and therefore this event in the deep-sea sequences is well
comparable with the same event in land-based sequences, where
it first occurs in the same biostratigraphic position (Rio, 1982;
Ruggieri et al., 1984). The last occurrence of Oridorsalis umbo-
natus, a species not living today in the Mediterranean basin
(Parker, 1958; Blanc-Vernet, 1969; Blanc-Vernet et al, 1983) is
recorded in Sample 3R-3, 68 cm in Site 654; in Site 653 it is
present up to the uppermost sample (1H-1, 75 cm), belonging to
the Emiliania huxleyi acme nannofossil biozone (Rio, Raffi,
and Villa, this volume; Glagon, Rio, and Sprovieri, this vol-
ume); in Site 652 it disappears in Sample 2R-3, 47 cm. The last
occurrence of Oridorsalis stellatus is recorded in Sample 9R-1,
70 cm (70.00 mbsf) in Site 654 (base of the Helicosphaera selli
biozone), in Sample 8H-6, 74 cm (68.71 mbsf) in Hole 653A
(large Gephyrocapsa biozone) and in Sample 10R-1, 116 cm
(85.36 mbsf) in Site 652 (base of the Calcidiscus macintyrei nan-
nofossil biozone).

BENTHIC FORAMINIFER BIOSTRATIGRAPHY

Benthic foraminifers zonal schemes for the Italian Plio-Pleis-
tocene sequences have yet been proposed (AGIP, 1982; Col-
alongo and Sartoni, 1979; Colalongo et al., 1982) (Fig. 18) and
compared with planktonic foraminifers zonal schemes. Since no
reference to nannofossil biostratigraphy is given, the stratigraphic
and biochronological identification of their zonal boundaries
are often not well detailed. These benthic foraminifers biostrati-
graphic schemes could not be adopted in the deep-sea Tyrrhe-
nian record since they are based on zonal markers that are rare,
scattered, and diachronous (Uvigerina rutila, Anomalinoides he-
licinus) or not present at all (Bulimina marginata, Bulimina ele-
gans marginata) in the deep-sea sequences of the three Tyrrhe-
nian sites.

In the Tyrrhenian sequences the range of many benthic fora-
miniferal species is controlled by environmental changes, essen-
tially increasing bathymetry, and, from the upper part of the
Pliocene, decreasing oxygen bottom content (Hasegawa, Spro-
vieri, and Poluzzi, this volume). But a few species show a con-
sistent and comparable stratigraphic distribution among the three
sites and therefore appear as useful markers to establish a bio-
stratigraphic zonal scheme. As they show comparable strati-
graphic distribution in several land sections (Sprovieri, 1978;
Colalongo and Sartoni, 1979; AGIP, 1982; d’Onofrio, 1983;
Sprovieri, unpubl. data), a zonal scheme based on these species
may be recognized also in land sequences. Their zonal bounda-
ries are surely not as strictly isochronous as the calcareous plank-
ton zonal boundaries, and local paleoenvironmental and paleo-
ecological changes may have great influence on the stratigraphic
distribution of the zonal markers, but they can be assumed as
useful events to characterize broad intervals in the distribution
of the Plio-Pleistocene benthic foraminifers assemblage. The
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identification of the adopted zonal markers is based on some
preliminary assumptions and considerations. Data on their strati-
graphic distribution from land sections have been considered
(AGIP, 1982; Colalongo and Sartoni, 1979; Colalongo et al,
1982; Sprovieri, 1978, 1979, 1985; d’Onofrio, 1983; Sprovieri,
unpubl. data). Biochronology of the events used as zonal bound-
aries has been evaluated by interpolation between the nearest
underlying and overlying calcareous plankton events, with refer-
ence to the calcareous plankton biostratigraphy and biochronol-
ogy available for the considered sequences, and assuming con-
stant sedimentation rates within the considered intervals. When
values were found within a range of 0.1-0.2 m.y., events were
considered synchronous. Since FO’s and LO’s are generally rep-
resented by rare and scattered specimens (Figs. 4-6, 9-11, 14-
16), sedimentary hiatuses and poor recovery may have great in-
fluence in their identification and were therefore considered and
discussed. From the data reported in Figures 3, 8, and 13 and in
Tables 2-4, different, apparently better, zonal markers, whose
bases and tops are biochronologically tightly grouped in the three
sites may be identified, as the base of Cibicides wuellestorfi and
the top of Cibicidoides brady. Nevertheless, when compared with
other Italian land sequences, these events result well diachro-
nous (AGIP, 1982; Bonfornello (Northern Sicily), Sprovieri,
1977; Capo Rossello (Southern Sicily), Sprovieri, 1978, and Rio
et al. 1984; Gela (Southern Sicily), Sprovieri, unpubl. data).
Five intervals are tentatively proposed. They are discussed below
and compared with calcareous plankton biostratigraphic schemes
(Fig. 19).

Cibicidoides(?) italicus Assemblage Zone

The basal boundary of this zone is coincident with the base
of the Pliocene, defined by the re-establishment of a permanent
marine faunistic assemblage (Cita, 1975). The upper boundary
is coincident with the extinction level of the nominal taxon. The
biochronological evaluation of this event is at 2.82 Ma in Hole
653A, 2.9 Ma in Site 654, 2.92 Ma in Gela (Sprovieri, unpubl.
data), and 2.91 Ma in Punta Piccola (Sprovieri and Barone,
1982; Rio et al. 1984). Therefore a biochronological age of 2.9
Ma is assumed for this event. The discontinuous record in the
interval of MPI5 in Site 652, with at least two long hiatuses
(Glagon, Rio, and Sprovieri, this volume) does not allow a reli-
able biochronologic evaluation of this event. In Site 654 the dis-
appearance level of Cibicidoides(?) italicus is only about 0.7 m
above the top of Kaena magnetic polarity subchron, recognized
(Channell et al., this volume) at 136.30 mbsf. In Site 652 the ex-
tinction level of this species was detected just below the top of
the Kaena subchron, recognized (Channell et al., this volume) at
106 mbsf. The good correlation with these paleomagnetic data
represents a strong support to the proposed biochronological
evaluation of the extinction level of Cibicidoides(?) italicus. In
the very basal segment, belonging to the MPI1 and basal MPI2
planktonic foraminifers biozones, the marker is generally miss-
ing or very rare and the benthic foraminiferal assemblage, still
not diversified, is dominated by Globocassidulina subglobosa,
Oridorsalis stellatus, and Uvigerina pygmaea, indicative of slightly
under-oxygenated bottom conditions (Hasegawa, Sprovieri, and
Poluzzi, this volume; Mckenzie and Sprovieri, this volume). In
the long following interval, stable, well-oxygenated, epibathyal
marine conditions are recognized, with more or less frequent
and consistent influence of NADW (North Atlantic Deep Wa-
ter) water masses (Hasegawa, Sprovieri, and Poluzzi, this vol-
ume). In the long interval belonging to this biozone a strong in-
crease in the number of species gradually occurs. In land sec-
tions Nodosarids are frequent in the faunistic assemblage of this
interval, and decrease in coincidence with the mid-Pliocene event,
at about 3.2-3.1 Ma (Rio et al., 1984; Sprovieri, 1985). The ex-
tinction level of the zonal marker is generally abrupt (Figs. 5, 9,
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Figure 18. Benthic foraminifers zonal schemes for the Italian Plio-Pleistocene record.
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and 14) and therefore easily recognizable both in the deep-sea
record and in the Italian land sections.

Parrelloides robertsonianus Interval Zone

The base of this interval is coincident with the extinction of
Cibicidoides(?) italicus. The top of the zone is coincident with
the Pliocene re-entrance of Gyroidinoides altiformis into the
Mediterranean basin. The biochronological evaluation of this
event is at 2.37 Ma in Site 653A, 2.5 Ma in Site 654, 2.42 Ma in
Capo Rossello (reported as Gyroidinoides longispira in Spro-
vieri, 1978), and 2.34 Ma in Gela (Sprovieri, unpubl. data). In
Site 652 it was not calibrated, due to the sedimentary hiatuses in
the MPIS interval of this sequence (Glagon, Rio, and Sprovieri,
this volume). A biochronological evaluation of 2.4 Ma is as-
sumed for this event. In this interval the nominal taxon (with
Parrelloides bradyi and intermediate morphotypes) is well repre-
sented, as consequence of the intensification of NADW influ-
ence in the Mediterranean basin, due to the progressively in-
creasing depth of the Tyrrhenian basin (Hasegawa, Sprovieri,
and Poluzzi, this volume). The top of this zone approaches the
base of the “Glacial Pliocene,” evaluated at 2.47 Ma by Shack-
leton et al. (1984).

Gyroidinoides altiformis Interval Zone

The base of this interval is defined by the Pliocene re-en-
trance into the Mediterranean basin of the zonal marker. Its top
coincides with the appearance of Articulina tubulosa. The nom-
inal taxon is a common species in the upper Miocene Mediterra-
nean sequences (AGIP, 1982), but is absent in most of the Plio-
cene. It reappears in the upper part of MPI5 planktonic fora-
minifers biozone, when it is again an important constituent of
the Mediterranean benthic foraminiferal assemblage. In the lower
part of this interval, below the entrance of Globorotalia inflata,
the last occurrence of Anomalinoides helicinus and, in land sec-
tions, the first occurrence of Bulimina marginata and Ruther-
Jfordoides tenuis are recorded (Sprovieri, 1978; AGIP, 1982; Col-
alongo and Sartoni, 1979; Colalongo et al., 1982). These events
are included in the turn-over in the benthic foraminifers assem-
blage which in the Mediterranean basin identifies the upper Pli-
ocene event (van der Zwaan, 1983; Rio et al. 1984; Sprovieri,
1985; Rio and Sprovieri, 1985) at about 2.3-2.2 Ma. From the
base of this interval the number of species and the diversity in-
dex decrease (Figs, 2, 7, and 12). The first indication of reduced
oxygen bottom conditions, still in a stratigraphic interval domi-
nated by NADW assemblage, start from the base of this bio-
zone in Site 653 and Site 654, and water masses similar to the
present-day Mediterranean bottom water for the first time occu-
pied the Tyrrhenian basin (Hasegawa, Sprovieri, and Poluzzi,
this volume). In land sections (Capo Rossello and Gela) (Spro-
vieri, 1978; Rio and Sprovieri, 1985; Sprovieri et al, 1986; Spro-
vieri, unpubl. data) in this stratigraphic interval laminated and/
or sapropelic levels are frequent and physical/chemical condi-
tions at the bottom changed consistently, with a shift toward
oxygen-deficient environment (van der Zwaan, 1983). The basal
boundary of this biozone is well recognizable in the deep-sea
and land sequences, even if weakly defined since it is based on a
species which is rare at the base and which re-entered into the
Mediterranean basin in the upper part of the Pliocene, after its
exit from this basin in the upper part of the Miocene. Gyroidi-
noides altiformis is the only benthic foraminifers species whose
stratigraphic distribution can be consistently correlated in this
part of the Pliocene both in the land and deep-sea sequences.

Articulina tubulosa Assemblage Zone

The base of the interval is coincident with the appearance of
the nominal taxon. The top is coincident with the Recent. The

appearance level of Articulina tubulosa is biochronologically
evaluated at 1.6 Ma in Hole 653A, in which a small hiatus is
present at the Plio-Pleistocene boundary level (Glagon, Rio, and
Sprovieri, this volume), at 1.62 Ma in DSDP Site 125 (Leg 13)
(Raffi and Sprovieri, 1984), at 1.71 Ma in the Vrica section
(d’Onofrio, 1983; Rio et al., 1988). In Site 654 and in Site 652
this event is evaluated at about 1.49 Ma, but it is preceded in the
two sequences by long intervals with very poor recovery, and
therefore the first occurrence of this species in these sequences
may be not recorded. In DSDP Site 132 (Leg 13) Articulina tu-
bulosa is present from Core 7 (54-63 mbsf) (Ryan et al., 1973).
No detailed indications of the range of this species are given,
but also in this site the appearance of Articulina tubulosa can
be evaluated just above the base of the Calcidiscus macintyrei
biozone, recognized in Section 8-1 (Raffi and Rio, 1979). A bio-
chronological age of about 1.62 Ma is assumed for the appear-
ance level of Articulina tubulosa. It is therefore correlatable with
the Pliocene/Pleistocene boundary, as defined in the Vrica sec-
tion (Calabria, Italy) (Aguirre and Pasini, 1985). This species is
generally abundant in deep-sea sediments, sometime with well-
developed specimens characterized by a very long tubular seg-
ment. A decrease in the number of species and specimens and in
the diversity index is recorded in the three sites at the base of the
Plio/Pleistocene boundary (Figs. 2, 7, and 12), practically coin-
cident with the base of this biozone, This event may be corre-
lated with the increasing well-oxygenated bottom conditions rec-
ognized at the base of the Pleistocene (Hasegawa, Sprovieri, and
Poluzzi, this volume). Articulina tubulosa is a bathyal species
(Parker, 1958; Blanc-Vernet, 1969; Wright, 1978a), and there-
fore the basal boundary of this biozone is better recognized in
deep-sea and bathyal sequences. In sequences deposited in shal-
lower depth environment this boundary can be approximated by
the appearance level of Bulimina elegans marginata (Colalongo
and Sartoni, 1979; Colalongo et al., 1982; d’Onofrio, 1983) and
Uvigerina costato-caudata (Sprovieri, 1981) slightly below, and
by the appearance of Bulimina etnea (Sprovieri, 1978; Colalongo
and Sartoni, 1979; Colalongo et al, 1982; d’Onofrio, 1983)
above.

Hyalinea baltica Assemblage Subzone

The base of the interval is coincident with the appearance of
the nominal taxon. The top is coincident with the Recent. The
biochronological evaluation of the appearance level of Hyalinea
baltica is at 1.35 Ma in Hole 653A and in Site 654, where it is re-
corded in the upper part of the Helicosphaera sellii nannofossil
biozone, slightly predating the base of the large Gephyrocapsa
biozone. In land sections this event also occurs in the upper part
of the Helicosphaera sellii nannofossil biozone, just below the
first appearance level of the large Gephyrocapsa (Rio, 1982;
Ruggieri et al., 1984) and is therefore synchronous with the same
event in the deep-sea Tyrrhenian record. Hyalinea baltica is es-
sentially a neritic and epibathyal species (Parker, 1958; Wright,
1978a), and therefore the base of this subzone is easily recog-
nized in land sections where H. baltica represents a frequent ele-
ment of the foraminiferal benthic assemblage from this level up
to the Recent (Ruggieri et al., 1984; Parker, 1958). In the deep-
sea Mediterranean record this zonal boundary is less frequently
recognized, since Hyalinea baltica is rare, scattered, or absent in
the most sequences (ODP Leg 107, Sites 650, 651, 652, 655;
DSDP Leg 13 (Ryan et al., 1973), DSDP Leg 42A (Wright,
1978a). The first appearance level of Hyalinea baltica well above
the base of the Pliocene-Pleistocene boundary as defined in its
type section, is coincident with the lithologic level which defines
the base of the Emilian substage in its type section (Santerno
section, Emily region, Italy) (Ruggieri et al., 1975) and discrimi-
nates the underlying Santernian from the Emilian sediments.
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TAXONOMIC AND BIOSTRATIGRAPHIC NOTES

Articulina tubulosa (Seguenza)

Quingueloculina tubulosa Seguenza, 1862, Accad. Gioenia Sci. Nat.
Catania, ser. 2, vol. 18, p. 119, pl. 2, fig. 8.

This species is a persistent and frequent element of the Pleistocene
deep-sea benthic assemblage in the Mediterranean basin. It is character-
ized by having the last chambers arranged in more or less long, unise-
rial, tubular form; smaller specimens, with reduced quinqueloculine
stage, generally display longer tubular arrangement of the last cham-
bers. Sometime the uniserial part of the test is broken off, and the speci-
mens may be misidentified with Quinqueloculina (essentially Quingue-
loculina venusta), but a careful examination of the apertural region of
these specimens reveals the break. This species appears close to the Plio-
Pleistocene boundary and is definitively not present in older sediments.

Cibicides wuellestorfi (Schwager)
(Plate 5 , Figs. 10-12)

Anomalina wuellestorfi Schwager, 1886, Novara Exped., Geol. Theil,
vol. 2, no. 2, p. 258, figs. 105, 107.

This species in generally not abundant in the Tyrrhenian sites; in the
three sites it is present only in the MPIS biozone, from just below the
last occurrence of Siphonina reticulata to just above the appearance of
Gyroidinoides altiformis. Our specimens have a strongly compressed,
trochospiral, glassy test with a flat or slightly concave spiral side and a
moderately convex ventral side; the aperture is slit-like at the base of the
apertural face and extends onto the spiral side.

Cibicidoides(?) italicus (Di Napoli)
(Plate 5, Figs. 7-9)

Cibicides italicus Di Napoli, 1952, Riv. Ital. Paleontol., vol. 58, p. 1-16,
pl. 1.

This very characteristic and stratigraphically useful species is known
only in the Mediterranean basin. It is tentatively ascribed to Cibicidoi-
des considering its highly vaulted spiral side, the granular aspect of the
umbilical region, the very fine pores on the spiral side, and the aperture
restricted to the umbilical side. It is frequent in late Miocene (AGIP,
1982) and early to middle late Pliocene stratigraphic intervals and disap-
pears well below the Discoaster tamalis extinction level (Glagon, Rio,
and Sprovieri, this volume; Rio, Raffi, and Villa, this volume) at about
2.9 Ma.

Cibicidoides kullenbergi Parker
(Plate 4, Figs. 22-24)

Cibicidoides kullenbergi Parker, 1953, Swedish Deep-Sea Exped., vol. 7,
no. 1, p. 49, pl. 11, figs. 7, 8.

Our specimens are characterized by a trochospiral test with the um-
bilical side more convex than the spiral side, which is completely covered
by a translucent, glassy thickening with few relatively large pores; a dis-
tinct, rounded keel is present around the periphery; on the umbilical
side the intercameral sutures are flush with the surface, strongly lim-
bate, and strongly recurved backward; the umbilicus is closed by a large,
flush glassy knob. In the three sites the species is present only in the
Pleistocene and the uppermost Pliocene. In older sediments it may be
confused with specimens of Cibicidoides agrigentinus (Schwager) which
can be distinguished by its more flat, equally biconvex test, less rounded
keel, less limbate and less recurved ventral sutures, and a smaller umbili-
cal knob. In all the samples in which Cibicidoides kullenbergi has its
maximum abundance, Cibicidoides pachyderma abundance sharply
decreases.

Cibicidoides ornatus (Costa)
(Plate 4, Figs. 6-8)

Nonionina ornata Costa, 1856, Atti Acc. Pont., vol. 7, p, 203, pl. 17,
figs. 17a-c.

This generally common species in the Mediterranean Pliocene and
Pleistocene sediments is referred to Cibicidoides for its slit-like, periph-
eral aperture at the base of the last chamber extending onto the spiral
side. Van Morkhoven et al. (1986) list this species as a suspected syno-
nym of Cibicidoides incrassatus (Fichtel and Moll), an Oligocene to Re-
cent species. Even if the two taxa are quite similar, we prefer to consider
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Cibicidoides ornatus as a distinct form for its non-limbate umbilical su-
tures, less recurved intercameral sutures on the spiral side, less regular
and less flat spiral knob perforated by smaller pores, and the more
rounded periphery without a clear imperforate band. This species disap-
pears at different levels of the Pliocene in the Tyrrhenian deep-sea rec-
ord, but it ranges to Pleistocene in land-based sequences (AGIP, 1982;
d’Onofrio, 1983).

Cibicidoides pachyderma (Rzehak)
(Plate 4, Figs. 9-11)

Truncatulina pachyderma Rzehak,1886, Naturf. Ver. Brunn, Verh., vol.
24, p. 87, pl. 1, fig. 5.

The subequal trochospiral test, with subcarinate, non-lobate periph-
ery (but lobate in the last chambers of the large specimens) has the spi-
ral side covered by a calcite lamina which completely masks the dorsal
sutures.

Eggerella bradyi (Cushman)
(Plate 1, Figs. 7-8)

Verneuilina bradyi Cushman, 1911, U.S. Nat. Mus. Bull., no. 71, p. 54,
fig. 87.

The species has a small, subconical, inflated, finely agglutinated, tri-
serial test. It may be confused with immature specimens of Karreriella
bradyi (Cushman) in which the biserial final ontogenetic stage is not de-
veloped. Even if Karreriella bradyi generally has a little more coarsely
agglutinated surface, the two species may sometimes have been con-
fused together in the specimen count.

Gyroidinoide altiformis Stewart and Stewart

Gyroidina soldanii d’Orbigny var. altiformis Stewart and Stewart, 1930,
J. Paleont, vol. 4, no. 1, p. 67, pl. 9, fig. 2.

The species has a high trochospiral test, with oblique intercameral
sutures on the spiral side, acute periphery, and open, deep umbilicus. It
is a common element of the Miocene sediments (AGIP, 1982); it is not
present in lower and basal upper Pliocene interval, and it re-entered the
Mediterranean basin in the upper part of the Pliocene (upper part of the
MPI5 planktonic foraminiferal biozone), quite coincident with the gla-
cial Pliocene event (at about 2.4 Ma), and is living in the Mediterranean
basin today (Parker, 1958).

Gyroidina cf. neosoldanii (Brotzen)

Gyroidina neosoldanii Brotzen, 1936, Sver. Geol. Unders., ser. C (no.
396), Stockholm, Sweden, v. 30, no. 3, p. 158.

In the complicated taxonomy of Gyroidina soldanii (d’Orb.) and
Gyroidina neosoldanii (Parker 1958; Todd, 1958; Lohman, 1978), the
concept of Parker (1958) is followed here, including specimens with
slightly compressed tests, subacute periphery, small almost closed um-
bilicus, and radial sutures.

Oridorsalis umbonatus (Reuss)
(Plate 2, Figs. 4-6)

Rotalina umbonata Reuss, 1851, Deutsch Geol. Ges., Zeitschr., vol. 3,
p. 75, pl. 5, fig. 35.

In our samples the species is generally common; rare specimens with
an acute periphery designated as Truncatulina tener by Brady, from
which Oridorsalis umbonatus can hardly be distinguished (Lohman,
1978; Corliss, 1979), are included. We consider Oridorsalis umbonatus
distinguished from Oridorsalis stellatus (Silvestri) which is characterized
by prominent stellate sutures around the umbilicus. The two species
have different stratigraphic ranges: Oridorsalis stellatus is common in
the Pliocene (and pre-Pliocene) interval and disappears in the basal
Pleistocene, just below the appearance of Hyalinea baltica. Oridorsalis
umbonatus is more frequent from the uppermost Pliocene and disap-
pears from the Mediterranean basin in the upper part of the NN21 nan-
nofossil biozone. Parker (1958), Blanc-Vernet (1969), and Blanc-Vernet
et al. (1983) have all demonstrated that this species is not present in the
Mediterranean uppermost Pleistocene and Recent sediments. Its strati-
graphic distribution makes it possible to recognize the presence of Re-
cent or sub-Recent sediments in the Mediterranean top cores, where this
form is not present.
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Parrelloides bradyi (Trauth)-Parrelloides robertsonianus (Brady)
(Plate 5, Figs. 1-6)

Truncatulina bradyi Trauth, 1918, K. Akad. Wiss. Wein. Math. Naturw.
Kl., Denkschr., vol. 95, p. 235.

Truncatulina robertsoniana Brady, 1881, Quart. J. Micr. Soc., vol. 21,
p. 65.

Even if the two morphotypes may be easily distinguished by the
smaller size, reduced number of chambers per whorl (7-9), and oblique
intercameral sutures on the spiral side of Parrelloides bradyi, in agree-
ment with Belanger and Berggren (1986) and van Morkhoven et al.
(1986), we consider them as representing, respectively, the macrospheric
and microspheric forms of the same species. Parrelloides bradyi Trauth,
therefore, ought to be considered a junior synonym of Parrelloides rob-
ertsonianus (Brady). We refer these forms, following Beldford (1966) to
Farrelloides, because of their radial wall structure as opposed to the
granular wall of Cibicidoides.

These taxa are present, as common components of the bathyal ben-
thic assemblage, only in the Neogene, pre-Pleistocene sediments of the
Mediterranean basin, and are still living today in the Atlantic Ocean.

Pullenia osloensis Feyling-Hanssen
(Plate 3, Figs. 15-16)

Pullenia osloensis Feyling-Hanssen, 1954, Norsk Geol. Tidsskr., v. 33,
no. 3-4, p. 194,

Slightly compressed, subspherical test, five chambers per whorl and
slightly depressed sutures characterize this species and distinguish it from
the more spherical, four-chambered Pullenia bulloides.

Pyrgo depressa (d’Orbigny)

Biloculina depressa d’Orbigny, 1826, Ann. Sci. Nat., ser. 1, vol. 7, p. 298,
model no. 91.

The strongly depressed, subrounded test with acute periphery is char-
acterized by its elongate, slit-like aperture, which distinguishes this spe-
cies from Pyrgo murrhyna (Schwager) with a rounded aperture at the
end of a non-protruding tube.

Pyrgo lucernula (Schwager)

Biloculina lucernula Schwager, 1886, Novara Exped., Geol. Theil, vol. 2,
no. 2, p. 202, pl. 4, figs. 14a-c.

The strongly protruding, tubular neck supporting its circular aper-
ture is the characteristic feature of this inflated, circular to elongate
species.

Stilostomella antillea (Cushman)

Nodosaria antillea Cushman, 1923, U. S. Nat. Mus. Bull., no. 104,
p. 91, pl. 14, fig. 9.

This species, with an elongate, uniserial, rectilinear test, is distin-
guished from Stilostomella monilis (Silvestri) by its subovate, non-sub-
spherical, chambers with longer, scattered, fine spines at the base.

Uvigerina pygmaea d’Orbigny
Uvigerina pygmaea d’Orbigny, 1826, Ann. Sci. Nat., ser, 1, vol. 7, p. 269.

Our specimens always exhibit blade-like costae in all the chambers,
but in the last one or two chambers, the ornamentation is generally rep-
resented by fine, short spines evenly distributed on the surface.
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Plate 1. 1, 2. Bigenerina nodosaria d’Orbigny. 1. Sample 107-653A-18X-4, 105-107 cm (47X). 2. Sample 107-653A-21X-5, 105-107 cm (apertural
view, magnified, 299X). 3, 4. Cylindroclavulina rudis (Costa). Sample 107-654A-17R-3, 111-113 cm (3, 30X; 4, apertural view of a young specimen,
67X). 5. Martinottiella communis (d’Orbigny). Sample 107-654A-20R-2, 115-117 cm (48X). 6. Martinottiella perparva (Cushman). Sample 107-
653A-18X-2, 45-47 cm (48X). 7, 8. Eggerella bradyi Cushman. Sample 107-653A-8H-2, 105-107 cm (97X). 9, 10. Karreriella bradyi (Cushman).
9. Sample 107-653A-11H-3, 114-116 cm (64X). 10. Sample 107-653A-13H-5, 105-107 cm (68X). 11, 12. Karreriella novangliae (Cushman). Sample
107-653A-5H-6, 105-107 cm (64X). 13. Cribrorobulina serpens clericii (Fornasini). Sample 107-654A-15R-6, 116-118 cm (apertural view, 67X).
14. Lagena gibbera Buchner. Sample 107-652A-7R-1, 129-134 cm (100X). 15. Fissurina radiata Seguenza. Sample 107-653A-2H-1, 45-47 cm (64X).
16. Fissurina marginata (Montagu). Sample 107-653A-22X-2, 45-47 cm (99X). 17. Fissurina cucullata Silvestri. Sample 107-653A-9H-6, 45-47 cm
(66X). 18. Fissurina longirostris Seguenza. Sample 107-652A-13R-3, 143-146 cm (66X). 19. Parafissurina abnormis Parr. Sample 107-653A-8H-4,
45-47 cm (135X). 20. Parafissurina basicarinata Parr. Sample 107-652A-8R-2, 80-83 cm (134X). 21. Parafissurina lateralis (Cushman). Sample
107-653A-9H-6, 45-47 cm (99X).
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Plate 2. 1-3. Oridorsalis stellatus (Silvestri). 1. Sample 107-653A-13H-5, 105-107 cm (99X). 2, 3. Sample 107-653A-14X-6, 105-107 cm (99X). 4-
6. Oridorsalis umbonatus (Reuss). Sample 107-652A-4R-5, 84-86 cm (134X). 7-9. Anomalincides helicinus (Costa). 7. Sample 107-653A-23X-1,
45-47 cm (97X). 8. Sample 107-653A-20X-1, 45-47 cm (97X). 9. Sample 107-654A-24R-1, 116-118 cm (96X). 10-12. Hanzawaia rhodiensis (Ter-
quem). Sample 107-653A-9H-4, 110-112 cm (132X). 13, 14. Ellipsopolymorphina fornasinii Galloway. Sample 107-653A-20X-2, 45-47 cm. 13,
95X; 14, 97X). 15. Ellipsoidina ellipsoides Seguenza. Sample 107-652A-15R-4, 70-74 cm (68X).
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Plate 3. 1, 2. Astrononion stelligerum (d’Orbigny). Sample 107-653A-18X-2, 45-47 cm (1, 132X; 2, 134X). 3, 4. Astrononion italicurn Cushman
and Edwards. Sample 107-653A-16X-5, 105-107 cm (136X). 5, 6. Nonionella cf. sloani (d’Orbigny). Sample 107-652A-19R-6, 105-107 cm
(134X). 17, 8. Melonis barleeanus (Williamson). 7. Sample 107-654A-20R-3, 115-117 cm (99X). 8. Sample 107-654A-16R-4, 116-118 cm (99X). 9,
10. Melonis pompilioides (Fichtel and Moll). Sample 654A-14R-2, 116-118 cm (99X). 11, 12. Melonis affinis (Reuss). Sample 107-653A-12X-5,
105-107 cm (11, 99X; 12, 100X). 13, 14. Pullenia salisburyi Stewart and Stewart. 13. Sample 107-653A-12H-5, 105-107 cm (135X). 14. Sample
107-652A-16R-1, 38-42 cm (136X). 15, 16. Pullenia osloensis Feyling-Hanssen. Sample 107-653A-5H-6, 105-107 cm (135X). 17, 18. Pullenia

quinqueloba (Reuss). Sample 107-653A-12H-2, 105-107 cm (17, 132X; 18, 135X). 19, 20. Pullenia quadriloba (Reuss). Sample 107-652A-12R-2,
116-120 cm (132X).
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Plate 4. 1, 2. Cibicidoides agrigentinus. Sample 107-654A-15R-3, 116-118 cm (98X). 3-5. Cibicidoides ungerianus (d'Orbigny). 3. Sample 107-
653A-21X-4, 105-107 cm (66X). 4. Sample 107-654A-21R-5, 116-118 cm (66X). 5. Sample 107-654A-24R-2, 116-118 cm (66X). 6-8. Cibicidoides
ornatus (Costa). 6. Sample 107-654A-15R-2, 116-118 cm (66X). 7. Sample 107-654A-17R-4, 110-112 cm (66X). 8. Sample 107-654A-15R-1, 45-47 cm

(66X). 9-11. Cibicidoides pachyderma (Rzehak). Sample 107-653A-1H-2, 105-107 cm (66X). 12-14. Cibicidoides kullenbergi (Parker). Sample
107-653A-10H-1, 45-47 cm (12 and 13, 67X; 14, 66X).
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Plate 5. 1-3. Parrelloides robertsonianus (Brady). 1. Sample 107-653A-12H-5, 105-107 cm (65X). 2, 3. Sample 107-654A-21R-3, 116-118 cm (65X).
4-6. Parrelloides bradyi (Trauth). Sample 107-652A-15R-1, 9-11 cm (134X). 7-9. Cibicidoides(?) italicus (di Napoli). Sample 107-653A-18X-4, 105-
107 cm. (7, 67X; 8, 66X; 9, 95X). 10-12. Cibicides wuellerstorfi (Schwager). 10, 11. Sample 107-654A-14R-2, 116-118 cm (66X). 12. Sample 107-
653A-14X-1, 105-107 cm (66X). 13-15. Pseudoparrella exigua bathyalis (Conato). Sample 107-654A-12R-2, 116-118 cm (13, 197X; 14, 207X; 15,
198X). 16-18. Eponides pusillus Parr. Sample 107-653A-5H-3, 105-107 cm (16, 197X; 17, 200X; 18, 199X). 19-21. Quadrimorphina laevigata
(Phleger and Parker). Sample 107-652A-19R-6, 105-107 cm (19 and 20, 207X; 21, 205X).




