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Abstract. The presence of methane-bearing shallow sediments
in the Adriatic Sea has been known since the fiftics, but little is known
about the benthic foraminiferal assemblages associated with them. One
seep and two control cores were collected in the Bonaccia field (cen-
tral Adriatic Sea) at a water depth of 80 m to investigate the possible
influence of the release of gas from marine reservoirs on these fo-
raminiferal assemblages. The seep core was drilled inside a pockmark
in the vicinity of an active mud-volcano. Two control cores were col-
lected in nearby areas unaffected by presence of methane. Benthic fo-
raminiferal assemblages from the seep core are comparable to those
from the seep-free cores and are composed of species common in the
central Adriatic Sea. However, foraminiferal density in the seep-core
is remarkably lower than in the control ones cores. Besides, calcitic
foraminiferal tests from the seep core revealed unusual trends in stable
carbon isotope composition. Even though not within the same range, a
similar trend was observed throughout the seep core for the §°C val-
ues of Gavelinapsis lobatulus, Cassidulina carinata, and Bulimina mar-
ginata. In particular, negative carbon isotope values were recorded for
Gavelinopsis lobatulus at the top of the core where methane seeps were
derected and deep inside the core sediments (50 em). These findings
seem to point to temporal variations in seep activity, proving that the
8"'C values of foraminiferal tests reflect hydrocarbon release and may
hence be used to reconstruct seep activity history.

Riassunto. La presenza di metano nei sedimenti di alcune aree
del mare Adriatico & nota da tempo, ma i suoi effetti sulle associazioni
a foraminiferi bentonici sono ancora poco conosciuti. A questo SCOpo
sono state studiate, sia dal punto di vista micropaleontelogico sia iso-
topico, tre carote prelevate nell’Adriatico centrale ad una profondita di
80 m, una in prossimita di una zona influenzara dalla risalita di metano
e due in un'area dove esso & assente. I risultati di questa ricerca hanno
messo in evidenza che nella carota interessara dalla risalita di metano, la
densita microfaunistica & fortemente ridotta e i valori degli isotopi sta-
bili del carbonio nei foraminiferi bentonici (in particolare Gavelinopsis
lobatilus) registrano risalita di metano. I segnali isotopici dei foramini-
feri possona quindi essere utilizzati per ricostruire la storia dell’attivica
delle fuoriuscite di idrocarburi,

Introduction

Shallow marine sediments containing gas have been
reported from several areas of the Adriatic Sea. The Bo-
naccia field (central Adriatic Sea, Italy) represents one
of the most important of these areas, with a significant
amount of gas-related features such as seeps and pock-
marks (Fig. 1). Oil companies have often performed hy-
drocarbon-related studies in the area. Literature on the
subject is however still scant. The survey carried out
during this study in 1995 revealed the presence of pock-
marks, mud volcanoes, abundant amounts of authigenic
carbonates (crusts, hard grounds and mounds) (Fig. 1),
and methane presence in sub-bottom sediments, in ac-
cordance with previous observations by Curzi & Veggiani
(1985), Mazzotti et al. (1987), Colantoni et al. (1997),
and Taviani et al. (1997).

As clearly emerged from the discussion of sever-
al participants at the “Third International Congress on
Environmental Micropaleontology, Microbiology and
Meiobenthology™ held in Vienna (Austria) in Septem-
ber 2002, there is great interest in the response of benthic
foraminifera to various pollution sources (heavy metal
and/or hydrocarbon) in stress environments. Given that
benthic foraminifera represent one of the most useful
tools for paleoenvironmental and paleoceanographic
study (Gooday 1994; Van der Zwaan et al. 1999 among
others), investigators have recently also begun to ex-
plore the ecological role of these protists in hydrocar-
bon-based environments. Findings, however, have so far
not been univocal. In order to have a reliable record of
the response of fossil and recent benthic foraminiferal
assemblages from methane rich sediments, three cores
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were investigated. One was taken from a pockmark de-
pression in the vicinity of a mud-volcano in the presence
of methane release source, while the other two from gas-
free areas in the Bonaccia field in the central Adriatic Sea.
The top 10 ecm of the cores contained sandy mud with
grey mud below, down to the bottom.

The study set out to determine: 1) possible varia-
tions in the benthic foraminiferal taxonomy; 2) the rela-
tionship between methane seep and stable isotopic com-
position of benthic foraminifera; 3) the viability of using
the isotopic signature of benthic foraminifera to recon-
struct the history of seep activity.

Study area

The hydrocarbon seep considered in the present
study is located in the Bonaccia gas-field in the central
Adriatic Sea about 35 km off the Conero Promontory, at
a water depth of 80 m (Fig. 1). Gas-fields in the area are
present in Plio-Pleistocene turbidite sequences (Marttavelli
etal. 1991). In this part of the Adriatic basin, thin sandy
deposits called relict sands were deposited during the Ver-
silian Transgression and Holocene mud belts (Van Straaten
1970; Colantoni et al. 1979) were deposited as a high-stand

system tract (Trincardi et al. 1994). The Holocene mud
belt in this area is diffusely impregnated by biogenic gas,
mainly methane (Gabbianelli, pers. comm.).

Seismic surveys performed during this study exhibit
characteristics that may be interpreted as relating to nat-
ural gas seeping from the Plio-Pleistocene turbidite into
Holocene sequences. Sediments diffusely charged with
locally rising gas were observed in the sub-bottom profile
of the site from which core GAB2 was taken (Fig. 2). The
seismic profile exhibited a 2-5 m-thick layer of sandy silt
sediment lving over a peat and clay lens of continental or
transitional environments. The fine-grained gas charged
sediment pores were observed to be partially filled with
pore water and free gas (Gabbianelli, pers. comm.). Gas
quantity was presumed to be relatively low, being con-
tained in the sediment as a millimetre scale bubble so as
to rule out any significant reworking. Geochemical analy-
ses (Mattavelli et al. 1991) proved the biogenic origin of
the methane in the area.

Materials and methods

Three Kullenberg cores (with an inner diameter of 10 cm)
drilled in the vicinity of the pockmark of the study area (Fig. 1) were

analysed. Cove GABI (lat 43 35" 26"/long 14 21" 353") was drilled at
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the base of the pockmark, core GAB2 (lar 43 35" 257/long 14 21" 35”)
was taken close to the mud volcano at the centre of the pockmark, and
care GAB3 (lat 43 357 237/long 14 21" 25") in the nearby area unaf-
fected by methane seeps.

One-centimetre-thick sediment samples taken at 10 cm in-
tervals along the entire cores were used for foraminiferal and geo-
chemical analyses. After drying and weighing, unconsolidated sam-
ples were soaked in water for 1-2 days. Each sample was washed
through a 63um mesh sieve, dried, and then the residues were split
into aliquots containing about 300 benthic foraminifera. Benthic fo-
raminifera were identified and counted (Appendix). Simple species
percentages over the total assemblage (see the Online Background
Dataset. http://www.gp.terra.unimi.it/rivista/109n3.htm) and mi-
cropaleontological density expressed as number of specimens per
gram drv weight were determined on the basis of benthic foraminif-
eral specimen counts (Appendix).

To avoid the erroneous estimation due to the occurrence or
absence of rare specimens, diversity was not determined on the basis
of the number of species in the sample (5) but on the number of spe-
cies and their frequency according to the Shannon-Wiener formula,
H(8)=-Z] p, Inp,, wherep is the proportion of the nth species (Ap-
pendix). Statistical analysis was conducted so as to gain more detailed
information on environmental stability.

Foraminiferal specimens for isotopic analyses were sampled from
core GAB2. Different species of benthic foraminifera (Bulimina mar-
ginata, Cassidulina carinata, and Gavelinopsis lobatulus) were selected.
To minimize the possibility of contamination by calcite overgrowths
or carbonate grains, each specimen underwent screening by binocular
microscopy to detect any traces of carbonate incrustation on the tests.

Diffractometric (XRD) analyses were performed by means of
a Philips PW3710 X-ray powder diffractometer on about 100 tests of
Gavelinopsis lobatidus sampled from the GAB2 core. The scanning an-
gular range was from 25° to 31° (28) with an acquisition time of 60
minutes for statistical meaning,

Benthic foraminifera as indicators of hydrocarbon release

The release of methane from marine reservoirs into
overlying sediments is known to affect carbon isotope ra-
tios at the sediment-water interface (Graber et al. 1990).
For instance, 8"C values of bicarbonate and dissolved in-
organic carbon (DIC) may diminish (Roberts & Aharon
1994). Generally, the chemistry of benthic foraminifera is
a reliable proxy for numerous environmental parameters
as the tests are secreted in isotopic equilibrium with the
sea-water (Grossman 1987). It has also been observed that
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the carbon isotopic signature of this group of Protista is
more negative in hydrocarbon seeps than in hydrocarbon
free-areas (Sen Gupta & Aharon 1994; Sen Gupta et al.
1997). Negative excursions in 8°C values of fossil ben-
thic foraminifera in Quaternary sediments (Cannariato &
Kennett 1996; Kennett et al. 1996, 2000; Wefer et al. 1994)
and near the Paleocene/Eocene boundary (Dickens et al.
1995, 1997) have been related to methane release caused
by gas hydrate dissociation during cooling episodes. In
particular, cooler episodes favour a drop in sea level and
the subsequent decrease in hydrostatic pressure may al-
low the release of considerable quantities of methane from
gas hydrate dissociations. Carbon data referred to ben-
thic foraminifera from the Northern California margin
suggest that methane release may be related to temporal
variations in seep activity caused by temperature varia-
tions (Rathburn et al. 2000).

Results

Benthic foraminifera. The species found in the
benthic foraminiferal assemblages of the three cores ex-
amined are well-documented in the literature on this area
of the Adriatic Sea (Jorissen 1988). The results of each
core examined are reported below.

GABI - Between 41 and 49 taxa per sample were
identified in the GABI core (Appendix). The Shannon-
Wiener index ranges from 3.39 to 3.19. After an increase
from the base up to 50 cm, where the highest value was
reached (5.39), a decrease was observed followed by a
slow increase up-core (Fig. 3).

Microfaunal density values were found to increase
from the base up-core reaching 6125 at the top of the
core (Fig. 4).

The benthic foraminiferal assemblage (Fig. 5) is
characterized by Cassidulina carinata, which was seen
to slowly increase up-core reaching 14.6% at the top.
Bulimina marginata exhibited a marked increase at 40
cm (14%) and two marked drops at 30 cm (ca 7%) and
at the top of the core where the lowest value (4.4%) was
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Fig. 3 - Stratigraphic variations in diversity H(S) Shannon-Wiener

index in core GAB1, GAB2, and GAB3.

reached. Cribroelphidium decipiens rose throughout the
core reaching ca 13% at the top, whilst Cribroelphidium
granosum exhibited relatively stable occurrences (ca 7%).
Gavelinopsis lobatulus increased from the base to 10 em
where a small peak (7.7%) was seen to be followed by a
strong decrease up to the top (2.7%). Globocassidulina
subglobosa was found to increase from the base up to 30
cm (ca 9%) and from 20 cm to the top where it reached
6.8%. An accessory species that was seen to decrease up-
core was Bigenerina nodosaria.

GAB2 - In this core between 40 to 47 taxa were
found per sample with the Shannon-Wiener index rang-
ing from 3.13 to 3.27 (Appendix). The H(S) remained
almost constant from the bottom up to 30 cm, although
a small decrease at 50 cm was observed (3.18), where a
small peak was followed by a marked decreasing trend up
to the core top (Fig. 3). The lowest H(S) was in fact ob-
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Fig. 4 - Stratigraphic variations in microfaunal density (number of
specimens per | gram dry-weight) in core GABI (triangle),
GAB2 (square) and GAB3 (rumble) from the Bonaccia field

(central Adriatic Sea).

served at the top (3.13), where the presence of methane
was detected by seismic profile.

Microfaunal density values were at their lowest
in the GAB2 core (Fig. 4). After slowly decreasing up-
core throughout the core, the lowest value of 4166 was
reached at the top.

Figure 5 shows the temporal distribution of the
significant GAB2 core. Benthic foraminiferal assemblage
was found to be dominated by the genera Cassidulina (C.
carinata and C. crassa) and by Bulimina marginata. Cas-
sidulina carinata increased from the core base reaching
ca 14% at 50 cm and ca 15% at 20 cm. Afrer the last peak
it decreased up to the top. The quantity of Cassidulina
crassa slowly diminished towards the core top. Bulimina
marginata frequency diminished from the base to 40 cm
(7.1%), and then increased up to 20 em. A new drop at 10
cm was followed by a strong peak at the top of the core
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where the species reached its highest value of 14%. Cri-
broelphidium granosum, which was seen to generally in-
crease up-core, exhibited two peaks of 10.7 % and 11.3%
at 50 and 30 cm, respectively. After decreasing up to 60
cm, Bigenerina nodosaria was found to increase up to 40
cm (8.4%), decrease up to 20 cm, and then increase again
up to 10 em, where it was most abundant of all (ca 10%).
Gavelinopsis lobatulus showed marked peaks of 5.33 and
6% at 50 cm and at the core-top, respectively.

GAB3 - Taxa count values in the core ranged from
40 to 47 (Appendix). Strong variations were recorded in
the Shannon-Wiener diversity index H(S). After increas-
ing from the bottom to 80 ¢cm, the index reached its low-
est value at 50 em (3.13), newly increasing to 10 cm where

it reached 3.42, and finally dropping once more to 3.26
at the core top (Fig. 3).

Microfaunal density increased up-core, although a
slight drop was observed between 50 and 30 em (Fig. 4).

Foraminiferal assemblage showed (Fig. 5) Cassi-
dulina carinata initially increasing and peaking at 50 em
(18.8%) before decreasing at the top. Cassidulina crassa
was found to decrease from the core base to 60 cm and
then to slowly increase to 20 cm where it reached 9.2%,
before decreasing again up to the top. After a small peak
at 100 ecm (12.4%), Bulimina marginata was seen to de-
crease up to 60 cm (7.6%). At 50 cm another small peak
was recorded followed by a drop up to 10 ecm (6.8%), with
a final increase at the top of the core (10.7%). Despite



554 G. Paniert

Sedimentdepth  p 50 Identification
{em)
0-1 -0.74 1.54 Bulinmina marginata
-0.74 1.87 Cassidulinag carinata
-5.72 0.54 Gavelinopsis lobatulus
9-10 -0.66 0.75 Buliming marginata
-3.41 0.76 Gavelinopsis lobatulus
19-20 -0.08 2.09 Bulimina marginata
0.56 1.71 Cassichiling carinata
-0.51 0.69 Gavelinopsis lobatilus
29-30 -0.32 1.63 Buliming marginata
-0.95 -1.44 Cassidiling carinata
-0.35 1.24 Gavelinopsis lobatulus
39-40 -0.03 .52 Bulimina marginata
-0.94 0.96 Cassidilina carinata
0.70 0.60 Gavelinopsis lobatulus
49-50 -0.46 2.00 Bulimina marginata
-0.47 -0.60 Cassidlina carinata
-2.92 0,14 Gavelinopsis lobanidus
50-60 0.07 135 Bulimina marginata
0.24 1.37 Cassichlina carinata
69-70 -0.61 127 Bulimina marginata
1.81 Cassidulina carinata
79-80 -0.51 0.98 Bulimina marginata
0.05 2.37 Cassidulina carinata
1.37 0.37 Gavelinopsis lobatulus

Tab. 1 - Stable isotopic values (%o relative PDB) from GAB2 core

taxa. Sample which generated variable isotope oxygen sig-
nals (standard deviation of >0.03%u) are not indicated.

Bigenerina nodosaria’s odd up-and-down pattern cyclic
increases and decreases, its occurrence was fairly stable
at about 6%. Cribroelphidium decipiens increased up core
with a peak of 8.6% at 10 cm, whilst Cribroelphidium
granosum, quantitatively constant from the base up to 70
cm, peaked at 60 cm (8.8%) and at the core top (8.8%).

Accessory species that were seen to increase up core
include Miliolinella subrotunda and Rosalina globularis,
while the decreasing ones were found to be Lobatula lo-
batula and Spiroplectammina wrighti.

Stable isotopes, Carbon and oxvgen isotopic ana-
lyses (Tab.1) were performed on three species of benth-
ic foraminifera collected every 10 ¢cm in the GAB2 core.
Bulimina marginata, Cassidulina carinata, and Gavelinop-
sis lobatulus were selected because present in relatively
quantities throughout.

_ Specimens found at the core top (0-1 cm) were
considered as representing the modern sea floor and the
present-day environment. Changes in 8"C for each ana-
lysed highlighted a similar isotopic pattern throughout
almost all the core (Fig. 6).

Bulimina marginata 8"C values were seen to range
from -0.74 to 0.07%o. A slight shift was observed in the
8"C values of the species from positive (0.07%) at 60 cm
to negative (-0.74%) ones at the core top, with a gener-
al decrease up-core. Bulimina marginata 8"O values ex-

hibited only a positive spread, becoming more positive
from the base (0.98%0) up to 50 cm (2%o) (Tab. 1). A
less positive 3O value was recorded at 40 cm followed by
an increase up to the top, with peaks at 20 em (2.09%o)
and at the core top (1.54%0).

Carbon isotope signature values for Cassidulina
carinata ranged from -0.95 to 1.81%o, initially increas-
ing (1.81%o) up to 70 cm and then markedly dropping
(-0.95%o0) up to 30 cm. A positive peak at 20 cm (0.56%o)
was followed by a new drop to negative values at the core
top (-0.95). Further variations were observed in 8O val-
ues, with the most negative at 50 and 30 cm (-0.60%o0 and
-1.44%., respectively).

Gavelinopsis lobatulus 3"C values exhibited even
greater variations, with the largest changes to more nega-
tive values being recorded at 50 cm (-2.92%0) and at the
core top (-5.27%o). As isotope data was not obrainable
at 60 and 70 cm, a diminishing trend from the core base
up to 50 em may be presumed - (Fig. 6). Oxygen iso-
tope values for Gavelinopsis lobatulus are quantitatively
constant (ca 0.6%o) along the core except a small peak
(1.24%0) recorded at 30 cm.

Discussion

General faunal characteristics. Progress in as-
sessing the effect of hydrocarbon release on benthic fo-
raminiferal communities has been considerable over the
last few years, even though the exact interaction affecting
the taxonomic structure of this group of organisms is still
under debate. The findings of the study on the three cores
from the central Adriatic Sea are a further contribution
for interpreting the effects of the methane seepage.

All the species identified in the cores are well-
documented in the literature of the Adriatic Sea (Joris-
sen 1988). The findings of the study were hence in ac-
cordance with those of previous Authors (Sen Gupta et
al. 1997; Bernhard et al. 2001), so that unlike what was
observed for a group of megafaunal components by Sibuet
& Olu (1998), the absence of endemic species in hydro-
carbon-based environments was confirmed.

Benthic foraminiferal assemblage composition was
found to be similar in all three cores. The lack of any true
assemblage differences between the GAB2 methane-af-
fected and the GAB1 and GAB3 control cores may be as-
cribed to insufficient and/or short/intermittent duration
of methane seepages. This is probably why a distinctive
methane-seep association was not observed, with differ-
ences in microfaunal density and H(S) values only be-
ing recorded for complex situations. Microfaunal density
(number of benthic foraminiferal specimens in one gram
of dry sediment) was found to be severely reduced in the
GAB2 seep-core. At the same water depth and hence over
the same interval of time the lowest values were in fact
recorded in this core compared to the control ones. Ben-
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thic foraminiferal density has been observed to be linked
to the trophic structure (i.e. food and oxygen levels) of
the habitat. A number of studies have pointed out that the
size of foraminiferal population is controlled by oxygen
content at ocean floor level and in sediment pore waters
(e.g. Lohmann 1978; Perez-Cruz & Machain-Castillo 1990;
Sen Gupta & Machain-Castillo 1993; Loubere 1994), as
well as by organic carbon availability (Althenbach & Sarn-
thein 1989; Herguera 1992; Jorissen et al. 1995; Corliss &
Emerson 1990; Gooday 1996; Rathburn et al. 1996). The
similar upward trend in microfaunal density observed in
all analysed cores suggests a general improvement in the
area. But the reduced microfaunal density reported for the
GAB2 core, which appeared especially marked at the core-
top where methane was detected during the survey (Fig.
2), suggests the presence of an unusual ecosystem ascrib-
able to methane release and characterised by reduced oxy-
gen content and high quantities of organic matter. These
findings are in line with those recently reported by Yanko
& Flexer (1991) for a study in the Odessa Bay area, and
by Sen Gupta et al. (2002) for a study on cold seeps in the
Gulf of Mexico based on a 24 cm-long push core taken
at a site characterised by present-day hydrate dissociation
and gas expulsion.

The H(S) Shannon-Wiener index permits an overall
description of faunal diversity and hence affords a detailed
account of environmental stability. Given that foraminif-

era population diversity distribution is a function of en-
vironmental dynamics and variability (Gibson 1966), the
lowest values recorded in the GAB2 seep core may be rea-
sonably presumed to depend on the seep-induced stress
undergone by benthic foraminifera population. In fact,
in all likelihood the seep makes for an unstable ecosys-
tem as the very presence of seeping fluid and its variabil-
ity due to changing fluid flow intensities favour reduced
oxygen availability and organic compound build up. The
decreasing up-core trend observed in the upper interval
of GAB2, that terminates with the absolute lowest val-
ue, suggests seepage intensification in terms of quantity
and/or duration at the core top. Similar results have been
reported by Sen Gupta et al. (2002) according to whom
the reduced diversity observed by them in a methane-hy-
drate affected area of the Gulf of Mexico was ascribable
to seepage onset or intensification.

At specific level, Bulimina marginata belong to a
genera usually considered capable of coping with high
environmental stress, especially low oxygen content (e.g.
Van der Zwaan 1982; Murray 1991; Sen Gupta & Mach-
ain-Castillo 1993), and their presence has been reported
in most seep data sets (Akimoto et al. 1994; Sen Gupta
et al. 1997; Rathburn et al. 2000; Bernhard et al. 2001).
In the GAB2 core an up-core increase of the species was
observed, with values at the top greater than those of the
other cores. This enhanced frequency, that proved detri-
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mental to other species, appears to be closely related to
depleted oxygen content as the species does not seem
to be at all adversely affected by dysoxic conditions, un-
der which it is also capable of reproducing itself (Bern-
hard & Sen Gupta 1999). The species may hence be pre-
sumed to be pre-adapted to thrive in methane-saturated
environments.

Gavelinopsis lobatulus, which, as suggested by its
isotopic signatures and discussed below, is of considerable
importance, peaks at 50 cm and at the core-top. Gupta
(1999) reported this species in an assemblage from DSDP
Site 214 in the East Indian Ocean characterised by high
energy, good oxygenation, and probably low organic car-
bon content and ascribed these conditions to its presence.
The conditions prevailing at the GAB2 core site were such
that Gupta’s assumption as to Gavelinopsis lobatulus en-
vironmental affinity cannot be contirmed. Furthermore,
the relatively low frequency of the species and the preva-
lence of taxa (for instance, Cassidulina spp. and Bulimi-
na spp.) marking environmental conditions that are the
reverse of those reported by Gupta make for a different
interpretation of the abundance peaks observed at 50 em
and at the core-top that would hence appear ascribable
to other factors.

Stable isotopes. Being extremely useful as indica-
tors of paleoenvironmental and paleoceanographic con-
ditions the stable isotopic composition of benthic fo-
raminifera has been recently utilized also in seep envi-
ronments. According to the literature, hydrocarbons af-
fect the carbon isotope values of benthic foraminifera at
seep sites (Sen Gupta & Aharon 1994; Sen Gupta et al.
1997; Rathburn et al. 2000; Kennett et al. 2000; Wefer et
al. 1994). In hydrocarbon release sites the increased levels
of DIC (dissolved inorganic carbon) caused by microbial
processes involving sulphate reduction and hydrocarbon
oxidation are characterized by negative §"C values (Rob-
erts & Aharon 1994), Calcite tests of foraminifera accord-
ing to Sen Gupta & Aharon (1994) and Sen Gupta et al.
(1997) appear reliable for yielding such results. Moreo-
ver, determining the time and extent of methane release
on the basis of the isotopic records of methane-atfected
foraminifera caused by cold episodes occurring at differ-
ent times in the climate cycle, also in case of methane re-
lease being caused by dissociated clathrates (Wefer et al.
1994; Kennett et al. 1996, 2000; Cannariato & Kennett
1996; Zachos et al. 1994; Dickens et al. 1995, 1997) has
been deemed to be a viable method.

Despite the partial findings of the present study,
some of the carbon isotopic values reported here strongly
agree with those of the literature cited above. The isotop-
ic results obtained for Gavelinopsis lobatulus, Cassidulina
carinata and Bulimina marginata exhibit the same pattern
throughout almost the full length of the GAB2 core even
though with different magnitudes. Such inter species cov-
ariance suggests that the 8"°C values are a record of varia-
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tions in environmental conditions that trigger changes in
foraminiferal isotopic signature. Negative §"C values for
Gavelinopsis lobatulus were recorded at the top, at 10, and
at 50 em of core depth. Similar results were also reported
for Cassidulina carinata and Bulimina marginata (no value
was recorded for Cassidulina carinata at 10 cm).

A salient finding of the present study is the
very negative 8"C values recorded for the well-known
Gavelinopsis lobatulus. The oxidation of organic matter
rich in “"C may determine such negative §"C values in fo-
raminiferal tests (McCorkle et al. 1985, 1990). The iso-
topic values recorded here for Gavelinopsis lobatulus may
be ascribable to such a factor. This assumption cannot
however be confirmed given the lack of other support-
ing evidence. The lack of information on species living in
environments rich in decomposing organic matter is yet
a further obstacle to making viable comparisons.

In a study by Rathburn er al. (1996) in the Sulu
Sea relative PDB values for Gavelinopsis lobatulus were
found to be negative, ranging from -2.96 to -3.57%o .The
finding was explained by the authors on the basis of the
fact that “unexpectedly low” 8°C values were yielded by
the aragonitic test made on the species. Given the crucial
importance to the present study of the isotopic values of
species, diffractometric analyses were made to determine
the nature of the test. Results pointed to a calcite test
for Gavelinopsis lobatulus, so that the observed depletion
must be accounted for by other causes.

Bearing in mind that 8°C excursions of up to 5%
have only been reported for specimens collected in meth-
ane-affected environments (Sen Gupta & Aharon 1994;
Wefer et al. 1994; Kennett et al. 1996; Sen Gupta et al.
1997; Rathburn et al. 2000) and that the GAB2 site con-
sidered in the present study was very close to the seep, it
may be presumed that the very low §"°C values recorded
for Gavelinopsis lobatulus in the initial centimetres of the
core length are ascribable to the presence of methane. It
would seem that the §"C values of the Gavelinopsis lo-
batulus tests record the high levels of dissolved inorganic
carbon (DIC), the very negative values being attributable
to methane oxidation. If this is so, then the stratigraph-
ic interval at 50 cm, where Bulimina marginata and Cas-
sidulina carinata carbon isotopic values were also seen
to diminish, is further evidence of of yet further meth-
ane release.

It may be presumed that this temporal distribution
of carbon isotopic composition reflects changes in the
quantity of seeped methane. If so, the finding is in line
with that of other studies that consider methane seepage
to be a viable explanation of temporal changes record-
ed by shifts to more negative foraminiferal 3"°C values
(Wefer et al. 1994; Kennett et al. 1996). On the other
hand, according to Williams et al. (2002) in a study on live
(rose Bengal stained) foraminifera associated with meth-
ane seeps in the California Margin oft the Eel River and
in Monterey Bay, the carbon isotopic signatures of ben-
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thic foraminifera were not in line with the very negative
methane-influenced values of the pore water, while the
presence of methane affected instead the carbon isotopic
variability between seep foraminifera (2.9%o0 measured
for Globobulimina pacifica and ca 1.95%o for Uvigerina
peregrina). Be it as it may, the results of the present study
agree with Sen Gupta et al. (1997) and Rathburn et al.
(2000). According to these authors large excursions of 3
to 4%o in isotopic signatures for the same species living
in the same area over a short amount of time are evidence
of methane effects.

Considering that the Gavelinopsis lobatulus calcite
test record methane in sediments, it is difficult to explain
why only this species shows negative carbon values. The
interspecific differences among taxa in the same interval
are difficult to explain. It is also interesting to note that
Gavelinopsis lobatulus has an epifaunal habitat, while Cas-
sidulina carinata and Bulimina marginata have a shallow
infaunal one. According to McCorkle et al. (1990, 1997)
the 3"C values of epifaunal species (i.e., those species that
live on or within the upper 1 em in the sediments) reflect
the §"°C values of the bottom-water DIC, whereas those
of infaunal species (i.e., those species capable of living
deeper in sediment) reflect the more negative "C values
of pore waters. But the results of the present study did
not confirm these conclusions at all. In fact, the more de-
pleted carbon values were reported for the epifaunal spe-
cies. As borne out by previous studies (Woodruff et al.
1980; Grossman 1984; McCorkle et al. 1990; Loubere et
al. 1995; Rathburn et al. 1996), the differences in isotopic
composition among benthic foraminifera taken from the
same interval may be reasonably assumed to depend on
a number of joint causes such as viability, microhabitar,
food preference, and vertical movement within the sedi-
ment. Be it as it may, the relationship between the isotopic
composition and ecological behaviour of foraminifera is
still, however, an open question.

According to DeNiro & Epstein (1978) the §“°C of
foraminiferal calcite formed from metabolic CO, may be
strongly influenced by the 8"C of the food source. Zahn
et al. (1986) concluded that the “habitat effect” might
also strongly influence the carbon isotopic signature of
benthic foraminifera, and seasonal movement has been
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observed for some species in the Adriatic Sea (Jorissen
eral. 1992).

3"O values for Gavelinopsis lobatulus, Bulimina
marginata, and Cassidulina carinata were found to be
usually invariable throughout the core. The values are in
line with the literature (Rathburn et al. 1996) also for the
Adpriatic Sea (Asioli 1996).

Comparison between carbon and oxygen isotope
present data suggests that no relation can be determined
and it is unlikely that the two isotope systems are con-
trolled by independent factors.

Conclusions

The following conclusions may be drawn from
this study.

(1) Several species of benthic foraminifera live in
sediments in proximity to methane seep sites in the Adri-
atic Sea. The species are cosmopolitan and not endemic
to these particular ecosystems.

(2) The chief response of the foraminifera to hy-
drocarbon presence in sediments of the analysed sites was
a drastic drop in density and diversity H(S).

(3) Additional proof that foraminifera are capable
of living and growing in hydrocarbon seep site sediments
was the negative carbon-13 shifts recorded in the species
examined, especially in Gavelinopsis lobatulus.

(4) Isotopic results showed that the carbon iso-
topic signatures of benthic foraminifera provide/afford
a useful record of methane release events and hence of
seep activity history.

Acknowledgments. 1 wish to thank Barun K. Sen Gupta and Paul
Aharon for useful discussion, Roberto Barbieri for comments and a care-
ful review of earlier version of the manuscript, Sara D’Onofrio for dis-
cussions on species identification, Teodoro Ricchiuto and Geochemical
Laboratory of Agip for several isotopic analyses, and Giovanni Valdre
for diffractometric (XRD) analyses. I also thank Silvia Spezzaferri and
Rodolfo Coccioni for their helpful reviews of the manuscript. The ma-
terial was kindly provided by Giovanni Gabbianelli through the cour-
tesy of Pietro Vittorio Curzi. This research was partially supported by
MURST ex 60% (Giovanni Gabbianelli).



n
un
= =]

G. Panieri

REFERENCES

Akimoto K., Tanaka T., Hattori M. & Hotta H. (1994) - Re-
cent benthic foraminiferal assemblages from the cold seep
communities -a contribution to the methane gas indica-
tor. In: Tsuchi R. (ed.) - Pacific Neogene Events in Time
and Space. University of Tokyo Press: 11-25, Tokyo.

Altenbach A. & Sarnthein M. (1989) - Productivity Record in
Benthic Foraminifera. In: Berger W.H., Smetacek VSS. and
Wefer G. (eds.) - Productivity of the Ocean: Present and
Past. Wiley: 255-269, New York.

Asioli A. (1996) - High resolution foraminifera biostratigraphy
in the central Adriatic basin during the last deglaciation: a
contribution to the PALICLAS Project. Palaconvironmen-
tal Analysis of Italian Crater Lake and Adriatic Sediments.
Mem. Ist. Ital. Idrobiol., 55: 197-217 Verbania Pallanza.

Bernhard J. M., Buck K. R. & Barry J. P (2001) - Monterey Bay
cold-seep biota: assemblages, abundance, and ultrastruc-
ture of living foraminifera. Deep-Sea Res. Pt. [, 48: 2233-
2249, London.

Bernhard J. M. & Sen Gupta B. K. (1999) - Foraminifera of
Oxygen-Depleted Environments, In: Sen Gupra B.K.
(ed.) - Modern Foraminifera. Kluwer Academic Pub-
lisher: 201-216, Dordrecht.

Cannariato K. G. & Kennett J. P (1996) - Relations berween
catastrophic benthic ecosystem changes in the Santa Bar-
bara basin, ocean circulation, and late Quaternary global
climate change. EOS Trans. Am. Geophys. Union, 77/46:
308, Washington.

Colantoni P, Gabbianelli G. & Ceffa L. (1997) - Methane vent-
ing and authigenic carbonate formation in the Adriatic
Sea. Cold-E-Vent, Hydrocarbon Seepage and Chemosyn-
thesis in Thethyan Relic basins: Products, Processes and
causes. Abstracts with Program: 9, Bologna.

Colantont B, Gallignani P. & Lenaz R. (1979) - Late Pleistocene
and Holocene evolution of the north Adriatic continental
shelf. Mar. Geol., 33: M41-M50, Amsterdam.

Corliss B. H. & Emerson S. R. (1990) - Distribution of Rose
Bengal stained deep-sea benthic foraminifera from the
Nova Scotia continental margin and Gulf of Maine. Deep-
Sea Res., 37: 381-400, London.

Curzi P V. & Veggiani A. L. (1985) - T pockmarks nel mare
Adriatico centrale, Acta naturalia dell”#teneo parmense”,
21: 79-80, Parma.

De Niro M. J. & Epstein S. (1978) - Influence of diet on the
distribution of carbon isotopes in animals. Geochim. Cos-
mochim. Acta, 42: 459-506, London.

Dickens G. R., Castillo M. M. & Walker C.G. (1997) - A blast
of gas in the latest Paleocene: Simulating first-order ef-
fects of massive dissociation of oceanic methane hydrate.
Geology, 13: 517-520, Boulder.

Dickens G. R., O'Neil J. R, Rea D. K. & Owen R, M. (1995)
- Dissociation of oceanic methane hydrate as a cause of
the carbon isotope excursion at the end of the Paleocene.
Paleoceanogaphy, 10: 965-971, Washington.

Gibson L. B. (1966) - Some unifying characteristics of spe-
cies diversitv. Cushman Found. Foram. Res., 17: 117-124,
Washington.

Gooday A. J. (1994) - The biology of deep-sea foraminifera: a
review of some advances and their application to pale-

oceanography. PALAIOS, 9: 14-31, Tulsa.

Gooday A. J. (1996) - Epifaunal and shallow infaunal foraminif-
eral communities at three abyssal NE Atlantic sites sub-
ject to differing phytodetritus input regimes. Deep-Sea
Res. Pt. I, 43: 1395-1421, London.

Graber E. R., Aharon P. & Roberts H.H. (1990) - Pore water
chemistry from hydrocarbon vents on the Gulf of Mex-
ico slope. Geological Society of America Abstracts with
Programs, 22/7: A208, Denver.

Grossman E., L, (1984) - Stable isotope fractionation in live
benthic foraminifera from the southern California Bor-
derland. Palaeogeogr., Palacoclim., Palacoecol., 47: 301-
327, Amsterdam.

Grossman E. L. (1987) - Stable isotopes in modern benthic fo-
raminifera: a study of vital effect. J. Foramin. Res., 17:
48-61. Washington.

Gupta A. K. (1999) - Latest Pliocene through Holocene paleocea-
nography of the eastern Indian Ocean: benthic foraminif-
eral evidence. Mar. Geol., 161: 63-73, Amsterdam.

Herguera ]. C. (1992) - Deep-sea benthic foraminifera and bio-
genic opal: glacial to postglacial productivity changes in
the western equatorial Pacific. Mar. Micropaleontol., 19:
79-98, Amsterdam.

Jorissen F. J. (1988) - Benthic foraminifera from the Adriatic
Sea: principles of phenotypic variation. Utrecht Micro-
paleontological Bulletin, 37: 174 pp., Utrecht.

Jorissen F. ], Barmawidjaja D. M., Puskaric S. & Van der Zwaan
G. . (1992) - Vertical distribution of benthic foraminifera
in the northern Adriatic sea: The relation with the organic
flux. Mar. Micropaleontol., 19: 131-146, Amsterdam.

Jorissen E. J., De Stigter H. C. & Widmark ]J. G. V. (1995) - A
conceptual model explaining benthic foraminiferal micro-
habitats. Mar. Micropaleontol., 26: 3-15, Amsterdam.

Kennett . P, Cannariato K. G., Hendy 1. L. & Behl R. ]. (2000)
- Carbon isotopic evidence for methane hydrate insta-
bility during Quaternary interstadials. Science, 288: 128-
133, Washingron.,

Kennett J. B, Hendy L. L. & Behl R. J. (1996) - Late Quaternary
foraminiferal carbon isotopic record in Santa Barbara Ba-
sin: implications for rapid climate change. £EOS Trans.
Am. Geophys. Union, 77/46: 294, Washington.

Lohmann G. P (1978) - Abyssal benthic foraminifera as hy-
drographic indicators in the western South Atlantic. /.
Foramin. Res., 8: 6-34. Washington.

Loubere P. (1994) - Quantitative estimation of surface ocean
productivity and bottom water oxygen concentration us-
ing benthic foraminifera. Paleoceanography, 9: 723-737,
Washington.

Loubere P, Mevers I & Gary A. (1995) - Benthic foraminiferal
microhabitat selection, carbon isotope values, and asso-
ciation with larger animals: a test with Uvigerina pereg-
rina. J. Foramin. Res., 25: 83-95. Washington.

Mattavelli L., Novelli L. & Anelli L. (1991) - Occurence of hy-
drocarbons in the Adriatic basin. In: Spencer A M. (ed.)
- Generation, accumulation, and production of Europe’s
hydrocarbons. Special Publication of the European Asso-
ciation of Petroleum Geoscientists, 1: 369-380. Oxford
University Press, Oxford.

Mazzorti L., Segantini S., Tramontana M. & Wezel F. C. (1987)
- Characteristic of pockmarks on the Jabuka Trough floor



Benthic ﬁ)mmim’}@m response to methane release 559

(Central Adriatic Sea). Boll. Ocean. Teor. Appl., 5/3: 237-
250, Trieste.

McCorkle D. C., Corliss B. H. & Farnham C. (1997) - Verrical
distributions and isotopic composition of live (stained)
benthic foraminifera from the North Carolina and Cali-
fornia continental margins. Deep-Sea Res., 44: 983-1024,
London.

McCorkle D. C., Emerson S. R. & Quay P D. (1985) - Stable
carbon isotopes in marine porewaters, Earth Planet. Sc.
Lett., 74: 13-26, Amsterdam.

McCorkle D. C., Keigwin L. D., Corliss B. H. & Emerson S.
R. (1990) - The influence of microhabitats on the carbon
isotopic composition of deep-sea benthic foraminifera.
Paleoceanography, 5: 161-185, Washington.

Murray J. W. (1991) - Ecology and Palaeoecology of Benthic
Foraminifera. V. of 397 pp. Longman, Harlow.

Perez-Cruz L. L. & Machain-Castillo M. L. (1990) - Benthic
foraminifera of the oxygen minimum zone, continental
shelf of the Gulf of Tehuantepec, Mexico. J. Foramin.
Res., 20: 312-325, Washington.

Rathburn A. E., Corliss B. H., Tappa K. D. & Lohmann K. C.
(1996) - Comparison of the ecology and stable isotop-
ic compositions of living (stained) deep-sea benthic fo-
raminifera from the Sulu and South China Seas. Deep-
Sea Res., 43: 1617-1646, London.

Rathburn A. E., Levin L. A, Held Z. & Lohmann K. C. (2000)
- Benthic foraminifera associated with cold methane seeps
on the northern California margin: Ecology and stable
isotopic composition. Mar. Micropaleontol., 38: 247-266,
Amsterdam.

Roberts H. H. & Aharon P (1994) - Hydrocarbon-derived car-
bonate buildups of the northern Gulf of Mexico conti-
nental slope: A synthesis of submersible investigation.
Geo-Marine Lett., 14/2-3: 135-148, Stroudsburg.

Sen Gupta B, K. & Aharon B (1994) - Benthic foraminifera of
bathyal hydrocarbon vents of the Gulf of Mexico: initial
report on communities and stable isotopes. Geo-Marine
Lett., 14/2-3: 88-96, Stroudsburg.

Sen Gupta B. K. & Machain-Castillo M. L. (1993) - Benthic fo-
raminifera in oxygen-poor habitats. Mar. Micropaleontol.,
20: 183-201, Amsterdam.

Sen Gupra B. K., Platon E., Bernhard J. M. & Aharon P. (1997)
- Foraminiferal colonization of hvdrocarbon-seep bacte-
rial mats and underlying sediment, Gulf of Mexico slope.
J. Foramin. Res., 27/4: 292-300, Washingron.

Sen Gupta B. K., Platon E. & Lobegeier M. K. (2002) - Ben-
thic foraminifera of Gulf of Mexico. Geological Society
of Australia, Abstracts No. 68. First International Palae-
ontological Congress: 142-143, Sidney.

Sibuet M. & Olu K. (1998) - Biogeography, biodiversity and
fluid dependence of deep-sea cold-seep communities at
active and passive margins. Deep-Sea Res. Pt. I1,45:517-
567, London.

Taviani M., Correggiari A., Roveri M., Trincardi F., Aharon 2 &
Foglia C. (1997) - Shallow-water, hydrocarbon-imprinted
authigenic carbonates from the Adriatic continental shelf:
petrographical, geochemical and paleobiological aspects
and implications for the genesis of mudmounds. Cold-
E-Vent, Hydrocarbon Seepage and Chemosynthesis in
Thethyan Relic basins: Products, Processes and causes.
Abstracts with Program: 21, Bologna.

Trincardi F,, Correggiari A. & Roveri M. (1994) - Quaternary
transgressive crosion and deposition in a modern epicon-
tnental shelf: the Adriatic Semienclosed Basin, Geo-Ma-
rine Lett., 14: 41-51, Stroudsburg.

Van der Zwaan G. ], Duijnstee I A. P, den Dulk M., Ernst S. R.,
Jannink N. T. & Kouwenhoven T. . (1999) - Benthic fo-
raminifers: proxies or problems? A review of paleoecologi-
cal concepts. Earth-Sc. Rev., 46: 213-236, Amsterdam.

Van der Zwaan G. ], (1982) - Paleoecology of Late Miocene
Mediterrancan Foraminifera. Utrecht Micropaleontologi-
cal Bulletin, 25: 202 pp, Utrecht.

Van Straaten L. M. J. U. (1970) - Holocene and late-Pleistocene
sedimentation in the Adriatic Sea. Geol. Rundsch., 60:
106-131, Heidelberg,

Wefer G., Heinze P-M. & Berger W.H. (1994) - Clues to ancient
methane release. Nature, 369: 282, London.

Williams D., Duncan A., Backherms A., Pérez M. E., Rathburn
A. E., Martin . B., Day S., Gieskes J., Mahn C. & Ziebis
W (2002) - Stable isotopic compositions of living meth-
ane seep foraminifera: Applications for paleoceanogra-
phy. 2002 Annual Meeting and Exposition. Geol. Soc. of
Am.: 9-9, Denver.

Woodruff F., Savin S. M. & Douglas R. G. (1980) - Biological frac-
tionation of oxygen and carbon isotopes by Recent benthic
foraminifera. Mar. Micropaleontol., 5: 3-11, Amsterdam.

Yanko V. & Flexer A. (1991) - Benthic foraminiferal assemblages
as indicators of pollution (on example of the north-west
shelf of the Black Sea). Third Annual Symposium on the
Mediterranean margin of Israel, Institute Oceanography
and Limnology, Abstract Volume: 5, Haifa-Israel.

Zachos J. C., Stott L. D. & Lohmann K. C. (1994) - Evolution
of early Cenozoic marine temperatures. Paleoceanogra-
phy, 9: 353-387, Washington.

Zahn R., Winn K. & Sarnthein M. (1986) - Benthic foraminiferal
8"C and accumulation rates of organic carbon: Uvigerina
peregrina group and Cibicidoides wuellerstorfi. Paleocea-
nography, 1/1: 27-42, Washington.



560 G. Paniert

Number of benthic foraminifera from GAB lcore samples
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Number of benthic foraminifera from GAB2 core samples.
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Carvieinlivg craxse & Orbigny 16 32 19 n 25 7 29 33 16
Convmnprirer nvorlvens (Reuss) 2 I v p< 4 I 4
Crifwaelpiicdinm articadaton (EOrbigny) 1 I

Cribwaelphichium decipieny (Costa) I% 15 b 3 21 19 20 23 18
Cribwaclpiiciinm granosim (4" Orbigny ) 3l &l 23 34 1 32 | 23 1%
Edphrictramr aghverrme (Cushmn) | fn 13 17 8 1 12 ] 1
Elplridinne crispum | Linneus) i 3 2 2 @ 4 1 4
Edpictivens saocellom ( Fichtel & Molly 5 1 5 o 4 4 2 i
Epistenainetfa evigea (Brady) | 1

Fissurim marghiaia | Montagu) 1

Fissuing prevcdorbigmoane (Buchner) 3 3 3 2

Fisstring staphyifcario (Schwager) |

Creanelinopsis dobatids | Part) 17 13 5 f 10 16 11 7 14
Celohocassidufing ohlonga (Reuss) 2
Globocassiduling subglobass (Bradvy 1 1
Ciyiclinetaes smbonatng {Silvestrl) 1 J

Horzawaa bosseanea (0" Orbigny ) 5 I 4 1 2 + 4 | 1
Hlavnexima dvpressulo (Walker & Jaeoh) 2 z 4 5 | 2 ] 4
Fiavmextena wernnanicn (Ehrenberg) | 3 1 I 2

Hyaltmea batthica (Schrocter) I 1 2 1 3 3
Largewar stelvoa { Walker & Jacob) 1

Lobatndee lobatufu (Walker & Jacob) I 5 8] 2 4 4 3 3 n
Metinis eavlecamre d Williamson ) 7 4 3 3 Z 1

Miliolids kl 4 i 1 3 ? I 7 7
Vilterlinre e subronanda (Montagu) 5 4 B f 5 i 3 f
Nemtemelia egiche (Williamson ) I 3 I 2 I [ 3
Chonlienr hevagana (Williamson) 2 3 4 3 |

Flanerbuling meditervamensiy & Orbigny | I

Peewdoclavling crastata Cushman |

Pullendar quiimgudioba (Reuss )

o beablovides (4" Orbigny ) 1

Forge abionga (d'Orbigny ) |
(huimguetocnling dspernla Seguenen | X 2 3 1 1 &
Ouimgueetocuding tnavgueliy d'Orhigny | I 1 I
Cueimgaecboculin oo Perconig 1 i I 3 ! 3 2 1
Chromgeefociling xeminubum (Linme) 5 1 3 3 ] 3 4 2
Renvsetl spinslenser (Rieuss ) f L] 7 14 13 L] 3 I 3
Resadive glohidarty ' Orbigny + 3 1 4 6 7 3 3
Shmertli vogmivivea | Brady ) I 1 |

Stenmeilini temiy (Capzek) 3 1 | 2 1
Sigmailipiv colane (Cosa) [

Signteiifepris slidvmnbergert (Silvestri) I 7 T I E {0 12 10 f
Stpheexrnbarte affines (Fornasimi) e o 2 | 5 3 2 3
Spiviliina vivipara Ehrenbery 1

Spivdocading pomalic e § Obigny 1 I 2 i | | I 3 I
Spivapleetamming wetghti (Silvestri) fh fi 7 3 fi ] 3 3 5
Sparoptholusidiime aciimars concava | Wiesner) 1 ]

Festularia cctoulite A Crbigny 4 3 5 s L] 4 o &
Tewnularia sagimia Defrmoe | |

Lovtgernmr medirerramea Hotker 2 3 e 3 3 1 1 !
Vathvenlimerier beerevenmns ( Fornasing) |
Oihers 3 3 3 I 5 2 7 o 5
Ttal specimens counted 300 321 293 ans 30 am e 312
i5) 4 3 41 40 42 43 R 42
His1 313 3,13 Lis 3N AL 320 32| 315
Micrfamal density 4167 1242 25341 172 2174 2315 20041 1156
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Number of benthic foraminifera from GAB3 core samples.
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Drepth (e 0 10 i) in 40 S0 il 70 #i H 100 1o
Ammironia hecearii Linnagus 4 l 2 ! 3 2 2 5
Ammtonnicr parkinsoniane d'Orbigny 1 1
Ammanta perlucida (Heron-Allen & Earland) I- 1 2 1
Aunmcnta tepica (Cushman) 1 2 i 3 ® 14
Amphicoryma sealaris | Batsch) 1 2 2 2 2

Ingulogerine fovsar | Willi } l 2 I I |
Arenaceous 1 4 3 3 0 3 ] 0 3 i 3
Asterigerinata mamille (Williamson) 4 7 20 12 7 9 R o T 3 2
dsterigerinata planorhis (4" Orbigny ) | | 1
Astronomion stefligerim (4" Orbigny ) |

Bigenering nodosaria & Orbigny 1% 25 I8 3 23 12 32 20 26 14 28
Bitoculinella glodiio (Bomemann) 2 4 | 3 3 I

Boliving alhanossi Cushman A 2 |

Boliving subspineseens Cushman 1 2 1 | 2 | 3

Brizalinag dilatats (Reuss) 3 5 1 4 4 8 7 3 3 4 3 4
Brizaling spathalata (Williamson) 2 4 1 3 4 3 2 2
Buccella gramdara (d Napoli Alliata) 3 2 | 2 4 2 ] 9 5 7 4
Buliming etnea Seguenia 2 i 3 | I

Bulimine marginata dOrbigny 33 22 24 30 34 i3 a5 28 30 38 38 28
Bulimina stiblimbata (Panizea) 10 ] 9 16 4 5 13 2 6 10 L} 5
Cassichling carinata Silvesin 43 iy 4% 44 55 25 a4 43 42 ol 44 44
Cerxsidhlimg crasva d'Orbigny @ [} 28 22 25 19 4 17 5 36 22 i6
Cormtspira involveny (Reuss) 2 9 I 3 3 | I 3 3
Crttwoelplndinm decipiens (Costa) 16 2% 23 17 17 9 19 18 14 I 1 il
Critwoclphticdinm gramesum (4" Ocbigny ) a7 19 12 I% 24 12 29 17 19 I8 18 17
Eipiviciinem aafvertmmn (Cushan) 3 5 B “+ 3 3 1 2 3 4 fi 3
Elphictiian crtspim {Linnaeus) 3 3 i 2 4 ! 3 7 12 2 5 3
Edphictinm mcelfum (Fichiel & Moll) 3 3 1 3 3 3 3 4 T 5 3
Elphidinne sp. 4 4 2 2 4 I 4 2 2
Epistominella exigue (Brady) 4 3 | | 4 ] 4 =

Fissuring apiculata (Reuss) | |

Fissuring marginata {Montagu) I 2 1

Fissuring pyewdorbignyan {Buchner) ] 4 1 | 1 3 I

Fissurina staplyvllearia (Schwager) | |

Cravedinopsis fodarnbns | Parr) 8 14 9 1t 7 3 ] b i2 a 9 [
Globocassidufing subglohosa (Brady) 4 1 1 1 9 7 0 2
Crvrnidinnides wmbonatey (Silvestri) 1

Hanzaweta boweana (1" Orbigny) 4 i | 3 I 2 4 4 2 3 I
Havnesima depressida (Walker & Jacobh 3 3 2 2 ] I 5 1 I

Havnesina z u { Ehrenberg) 2 3 2 1 5 8 7
Hvalinea halthica | Schrocter) 1 | | 3 |

Lagena apioplenra Loeblich and Tuppan I

Largena striete (d"Orbigny ) - 1

Lagenr sifeatu | Walker & Jacob) |

Loharula lotrila (Walker & Jacob) 13 5 I 7 20 12 10 1] 8 19 11 23
Melonts harlecanin (Williamson) 2 2 4 3 3 I 1 3 fr i

Miliolids 3 9 13 I 9 14 8 13 # 10 T 4
Miliodtnella subrotimda (M 13 10 9 5 3 3 9 8 £ 7 1 b
Nontomelfar tmirgida (Willimson ) 3 4 2 2 2 ! [ 2 4
Cherlinge hevagome ( Williamson) | 1 2 1 " ) 3 1 1

Plestowbialing meditervanensis 0" Orbigny I 2 4 4
Peendorclovnling crusiate Cushman 2 1

Puvrge oblonga (d'Orbigny) [}
Chrinngy nliner aspres il 1 |

Cuinguedocnting ingegualiy d'Orbigny |
Chuiniguelocnlivg oblonga (Montag I i

Cruingueloculing padianc Perconig 2 4 2 I 3 1 1
Cuggrrelocnlivg semindim (Linné) # 3 2 2 4 4 f L} I3 1 2 2
Rewssella spimlosa (Reuss ] 3 5 7 7 4 3 L3 5 T 5 z
Resaling gloduluris & Orbigny 7 (] 4 10 ® 2 2 L] 4 2 2 b
Sigmeilinita remy (Czjzek) 4 | I z 1 3

Sigmeilopsis colata (Casta) 3 | 1 3 ] f

Sigmoilopsis schinmberger! (Silvesing 10 ¥ 3 11 | 1 | 5 16 7
Siphotextedaria affinis {Fornasini) 5 2 3 2 b 4 4 b3 2 I |

Spiviffine vivipara Ehrenberg >

Spaealoculing canalfcnlara d" Orbigny 4 1 3 | I 4 I | 3
Spivaplectanming weighti (Silvestriy 2 10 3 i 12 15 16 9 14 13 14 12
Spivopthalmidivm aewtinargo concava {Wiesner) | 2 | 1 1 I 1 I
Textnlaria avicnlata d'Orbigny 2 4 3 4 7 2 ] 3 7 5 4
Textularre sagila Defrance s 4 1 i | |
Trifociling tricartrara dOrbigny | I

Lhvigerims mediterranea Hofker & [ | I | 4 ! 1
Others 2 1 3 4 7 | 3 1 3

Total specimens counted ki 323 304 313 333 308 319 A3 33 361 07 3
(S 43 EH 47 44 44 42 43 44 41 47 42 41
HES) 3,26 342 325 123 3.24 LA E] 39 324 .26 315 303 .12
Microfaunal density Gadd 4514 4903 3130 3384 4338 4700 4173 4200 2242 1129 bl




