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Abstract - A. BALDANZA, R. B1zzARRI, F. FAMIANI, L. FARALLI, First
report of Cladocora arbuscula 7z Early Pleistocene deposits (Western
Umbria, Italy) and its relationships with the distribution of Cladocora
caespitosa.

Corals ascribed to the species Cladocora caespitosa (Linnaeus, 1767)
and secondarily to sister taxa are widespread in the present-day Medi-
terranean Sea. Although C. caespitosa was documented from Pliocene
onward, it was commonly correlated to the Tyrrhenian (Marine Iso-
topic Stage 5, MIS5), particularly in the Italian fossil record. In many
cases, the presence of C. caespitosa alone was considered a datum event
marking the Pleistocene. In early Pleistocene deposits of Western Um-
bria, central Italy, several Cladocora horizons were recognized. The
first known record of Cladocora arbuscula (Le Sueur, 1820) in early
Pleistocene clay to sand deposits is presented here, and this also rep-
resents the first fossil datum of the species from the whole Mediter-
ranean area. Inside deposits related to rocky coast environment, the
two species coexisted. The paleoecology seems to be different for the
two species, as C. caespitosa colonies develop in the shoreface and/or
the beachface, while C. arbuscula prefers the distal and less energetic
“transition to offshore” environment. Nevertheless, their occurrence
records the same depositional phases during the evolution of the rocky
coast. Like C. caespitosa, C. arbuscula probably formed small patch-
reefs during transgressive and high-stand system-tracts.

Key words - coral bioconstructions, Cladocora caespitosa, Cladocora
arbuscula, deltaic and rocky coasts, eatly Pleistocene, Umbria, Italy

Riassunto - A. BALDANZA, R. B1zzARRI, F. FAMIANI, L. FARALLL, Prima
segnalazione di Cladocora arbuscula i depositi del Pleistocene inferio-
re (Umbria occidentale) e relazione con la distribuzione di Cladocora
caespitosa.

La presenza diffusa di coralli appartenenti al genere Cladocora nel
Mediterraneo ¢ documentata a partire dal Pliocene. Nella documen-
tazione fossile italiana, la presenza di Cladocora caespitosa (Linnaeus,
1767) & comunemente associata al Tirreniano e in particolare allo stage
isotopico MIS5, tuttavia la specie ¢ documentata anche in depositi del
Pleistocene inferiore e medio. All’interno di depositi del Pleistocene
inferiore nell’Umbria occidentale (Italia centrale), sono stati ricono-
sciuti diversi orizzonti a Cladocora. Presentiamo la prima segnalazione
di Cladocora arbuscula (Le Sueur, 1820) in depositi argilloso-sabbiosi
del Pleistocene inferiore; questo ritrovamento costituisce anche il pri-
mo rinvenimento fossile della specie nell’area mediterranea. All’in-
terno di depositi prossimi ad ambienti costieri rocciosi, le due specie
C. caespitosa e C. arbuscula coesistevano. La ecologia e paleoecologia
appare differente per le due specie: C. caespitosa si sviluppa in un con-
testo di shoreface-beachface, mentre C. arbuscula preferisce ambienti a
minore energia nella transizione all’'offshore. Tuttavia, la loro presen-

za ha registrato le stesse fasi deposizionali durante I’evoluzione della
costa rocciosa. Oltre a C. caespitosa, si sono infatti sviluppati piccoli
patch reefs di C. arbuscula durante fasi trasgressive e/o di staziona-
mento alto del livello marino.

Parole chiave - biocostruzioni a coralli, Cladocora caespitosa, Cladocora
arbuscula, coste deltizie e rocciose, Pleistocene inferiore , Umbria, Italia

INTRODUCTION

The Scleractinian Cladocora caespitosa (Linnaeus,
1767) is the main native colonial zooxantellate coral
living today in the Mediterranean. It belongs to the
family Faviidae (Zibrowius, 1980), and colonized the
Mediterranean Sea at least since the late Pliocene-ear-
ly Pleistocene (Aguirre & Jiménez, 1998; Dornbos &
Wilson, 1999). At present, the species colonises rocky
and sandy bottoms from the sea surface down to 40 m
depth (Peirano ez al., 2004), although it becomes rarer
below 30 m (Kruzi¢ et al., 2008). To grow, it usually
needs firmground such as bedrock, isolated rocks,
gravels and/or shell beds. Moreover, in the Mediter-
ranean Sea C. caespitosa is one of the major benthic
carbonate producers (Montagna et al., 2007; Peirano et
al., 2001, 2004, 2009).

On the other hand, in the same basin the congener-
ic species Cladocora arbuscula (Le Sueur, 1820) seems
subordinate, being reported as living only in the pro-
tected marine area of Porto Cesareo (Fanelli et al.,
2000) and in the Gulf of Gabes (El Kateb ez al., 2016;
OBIS database, 2021). This species has never been
documented in the fossil Mediterranean record.
Cladocora arbuscula (also named “Tube Coral” due to
its tubular branches) is currently widespread in the
Gulf of Mexico, Florida and Caribbean islands in-
cluding the Bahamas archipelago. Minor occurrences
are also reported from the southwestern coasts of Af-
rica and South America, and the Galapagos Islands
(OBIS database, 2021). Most records come from non
deltaic coasts, where C. arbuscula proliferates between
1 and 25 m depth, in bottoms covered by vegetation,
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in shallow and protected lagoon environments, in soft
substrates, and in the back reef, or at the base of the
reef (Aronson & Precht, 2001; Baron-Szabo, 2005). It
is found mainly in turbid waters, in high rates sedi-
mentation settings, and is very tolerant to fluctuations
in temperature and salinity. When they are attached
to the hard substrate, colonies of C. arbuscula form
small compact tufts, densely branched, with a length
that varies from 2.5 to 15 cm; or, if it grows on a soft
substrate, it can create free and delicate colonies that
break when they are disturbed by currents. The short
and tubular branches have evident longitudinal ribs,
a diameter of the branch never exceeding 4 mm, and
decreasing slightly near branch tips with single coral-
lites having delicate and thin septa ribs alternating in
two orders, and irregular light brown or dark brown
teeth and translucent tentacles (Aronson & Precht,
2001).

In Western Umbria - Southeastern Tuscany, the pres-
ence of Cladocora colonies, ascribed to C. caespitosa,
within eatly Pleistocene deposits was already docu-
mented (Ambrosetti et al., 1987; Baldanza et al., 2017,
Bizzarri, 2010; Bizzarri & Baldanza, 2020; Checconi et
al., 2007; Jacobacci et al., 1967, 1969, 1970; Monaco et
al.,2011) (Fig. 1).

On spring 2013, a geological survey was led on in the
Civitella del Lago area (Umbria, central Italy) by SGA
(Studio Geologi Associati), and a 30 m borehole was
trigged near the Civitella del Lago cemetery (Figs 2
and 3). C. arbuscula specimens were recovered in the
lowermost samples (Bizzarri & Baldanza, 2020) and
here further analysed to shed light on the distribution
of Cladocora horizons in early Pleistocene marine de-
posits of western Umbria and refine stratigraphic and
paleoenvironmental inferences. Following this discov-
ery, a review of past and present-day distribution of
Cladocora in the Mediterranean area is also provided.
Furthermore, the co-occurrence of these two species
C. arbuscula and C. caespitosa, rarely documented to-
gether both in present-day and fossil record, is dis-
cussed.

GEOLOGICAL SETTINGS

The study area (Fig. 1), positioned in present-day
western Umbria (central Italy), belongs to the Late
Miocene-Holocene South Valdichiana extensional
basin. Pliocene-Holocene marine to continental de-
posits, with volcanoclastic episodes, filled-up the
basin bounded east- and westwards by Mesozo-
ic-Cenozoic reliefs (Bizzarri & Baldanza, 2020, and
references therein). Early Pleistocene marine depos-
its mainly belong to the “Chiani-Tevere Cycle” (Biz-
zarri & Baldanza, 2020), and span from Gelasian to
late Calabrian (CNPL4 pro parte - CNPL9 pro parte

Nannofossil zones of Backman ez al., 2012, as partly
discussed in Bizzarri & Baldanza, 2020; Globorotalia
inflata p.p.-Globigerina cariacoensis p.p. zones sensu
Taccarino et al., 2007). Deposits record a wide facies
heteropy, both along and across the paleoshoreline.
Nonetheless, three main paleoenvironments were
recognized, related to braided-delta system, gravel
beach system, and rocky coasts (Bizzarri & Baldanza,
2020).

MATERIALS AND METHODS

Eleven Cladocora-bearing sites were studied (Fig. 1),
with emphasis on the analysis of coral horizons and
their position in the stratigraphic sections. The sec-
tions of Civitella borehole, Poggio Carnevale, Sal-
viano  (transition-to-offshore  paleoenvironment),
Scoppieto, Cerreto, Montecchio, Pian di Giuncheto
(rocky coast paleoenvironment), Monteleone d’Or-
vieto, Fosso Aiuole, S. Faustino, Fossatello-Cottano
(fan-delta coast paleoenvironment) were considered.
The occurrence of corals has been directly docu-
mented in most sections but not in two sites for which
only literature data are available. The description of
each of the other sites is focused on the coral hori-
zons; when available, sedimentological, micro- and
macropaleontological data are also summarized. The
Civitella borehole samples containing Cladocora-rich
layers (Fig. 3) were preliminarily analyzed under
X-ray to investigate the original position of the coral-
lites within the sediment.

Moreover, the isolated and washed corallites were ra-
diographed to identify any possible difference in the
calcification during growth.

About 200 g of sediment from each sample of the Civi-
tella borehole was processed for micropaleontological
analyses. The sediment was washed with a solution of
hydrogen peroxide (5% vol.) and water, then sieved
through a 63 pm mesh to obtain a washed residue,
that was completely observed under a stereomicro-
scope (Nissho optical, TZ240) for quantitative and
semi-quantitative analyses.

FOSSIL CLADOCORA ARBUSCULA FROM THE CIVITELLA
BOREHOLE

In the 29 m deep Civitella borehole (Figs 1 and 2), de-
posits are silty clay in the lowermost 15 m, grading up-
wards to sandy silt and sand. Two horizons, between
2475 and -23.75 m, and -17.90 and -16.60 m, respec-
tively (Fig. 2), mark an increase in the fine sand frac-
tion, with sand percentages varying from 17 to 55%. In
association with the uppermost one, small colonies of
Cladocora arbuscula occur.
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Figure 1. Simplified geological map of the study area, and locations of sites yielding Cladocora caespitosa mounds (modified after Bizzarri & Bal-

danza, 2020, and Bizzarri et al., 2015).

Skeleton morphology

The cored interval from -17.73 to -16.68 m contains
Cladocora colonies developed on soft substrate (Fig. 3).
The corallites are about 1.5-3 cm in length and 3-5 mm
in diameter (Figs 4A and 4F-H). In this 1 meter thick
interval, colonies were concentrated in 3 major hori-
zons and estimated as constituted by over 300-400
corallites.

The radiographs (taken with the maximum power of
the X rays) showed a predominantly vertical arrange-
ment with some sub-horizontal corallites.

The analysis showed a particularity about the mor-
phology of the corallites and the growth of secondary
branches (Figs 4A and C). New branches form angles

of 90° to the main axis, a feature never observed in
the species C. caespitosa, in which branches are long
and rarely branching growing subparallel to each
other after the new branches diverge at an acute an-
gle to the main axis and soon bend upwards. Instead,
the particularly wide branching angle is comparable
with current examples of C. arbuscula (Figs 4B and
D). Furthermore, the diameter of corallites, some-
times exceeding 1 mm, is larger in respect to that of
C. caespitosa and the number of septa (32-34) is low-
er than 38-42, a feature typical of C. caespitosa. All
these characters support attributing the specimens
of Civitella borehole to C. arbuscula rather than to
C. caespitosa.
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=~ 16.68/.73

Figure 3. Civitella borehole:
sediment coring (interval from
-15.00 to -20.00 m) and details
of the three studied samples.
Sediments containing Clado-
cora arbuscula (from -18.00 to
-16.65 m) are highlighted by
their yellow colour in respect
to the under- and overlaying
grey clays.

Rate of growth and presumed corallites life span

The rectilinear continuous growth of corallites in
Cladocora facilitates the measurement of the annual
growth rate, following the methodology of Peirano ez
al. (2009) applied to fossil corallites of Cladocora. The
method is based on the identification of high density
bands (HD), produced during winter and appearing
white in x-radiograph negatives, and of low density
bands (LD), produced during the summer, black in
x-radiograph negatives. Each couple of HD and LD
designates annual deposition of CaCO;. The two fos-
sil samples of C. caespitosa, analyzed by Peirano et
al. (2009) and collected in a fossil bank located on a
raised marine terrace 12 m above mean sea-level (Mar
Piccolo di Taranto, Apulia, Southern Italy) showed a
clear alternating banding pattern as seen in recent cor-
allites of the same species (Peirano ez al., 2004). In that
case, the distance between high-density peaks allowed
the estimation of a mean annual growth rate of 2 to
4.1 mm year'.

The analysis of the x-radiographs of our corallites of C.
arbuscula showed alternating banding patterns (Figs
4H and 5) including almost five or six couples in cor-
allites of 3 cm in length (Figs 5A-C). This implies mean
annual growth rate of 5 mm year!.This value is com-
parable with the mean annual growth rate of 4.1 mm
year inferred from the fossil corallites of C. caespitosa
(Peirano et al., 2009).

COMUNE DI BASCHI (TR)

STUDI DI MICROZONAZIONE SISMICA
DI LIVELLO 2

INDAGINI AREA CIVITELLA DEL LAGO

SONDAGGIO N* S1 17.70/.73

cassertan' 4 dam450am200

Paleoecological and paleoenvironmental inferences

The benthic foraminifers and the rare planktonic fo-
raminifers recognized in the washing residues of the
Civitella borehole samples allowed the identification
of some paleoenvironmental and paleoecological var-
iations. The composition of the assemblages and the
variations in abundance of the most relevant taxa (ex-
pressed in percentages), are reported in Figure 2, with
Ammonia and Elphidium species considered together
in genus groups.

The life habit of benthic foraminifers, the ecological
parameters, such as sea-bottom oxygenation and tem-
perature, sea grass cover and nutrients availability were
extrapolated according to the ecological data provided
by Murray (1991, 2006), and the ecological characters
of planktonic foraminifers were deduced according to
data of Hemleben et al. (1989).

Assemblages consist of both epifaunal and infaunal
taxa. Among the epifaunal taxa have been identified
Hyalinea balthica, Asterigerinata planorbis, Elphidium
crispum (keeled), Cancris auriculus, Heterolepa florida-
na, Planulina ariminensis, Quingueloculina seminula,
Rosalina bradyi, Cibicidoides lobatulus, Cassidulina car-
inata, and Cibicides refulgens.

The infaunal taxa are represented by the species
Pullenia bulloides, Marginulinopsis costata, Ammonia
spp. (mainly Awzmonia beccarii), Bulimina margina-
ta, Elphidium advenum (unkeeled), Melonis pomipil-
ioides, Siphotextularia concava, Uvigerina mediterra-
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Figure 4. Corallites of C. arbuscula (A, C, E-H) extracted from the Civitella core and compared with extant represent-
atives (B, D).
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nea, Fursenkoina complanata, Nonion depressulum,
Gyroidina altiformis and Valvulineria bradyana. The
benthic taxa that prefer cold-water temperature as
Lenticulina, Heterolepa, Martinottiella, Gyroidina,
Melonis, and Hyalinea are always present in the as-
semblages. The species that prefer to feed bacteria
and algae, such as Q. seminula, S. concava, A. becca-
rit, B. marginata, N. depressulum, and the detritivores
such as Epistominella, F. complanata (phytodetritus
feeders), Globocassidulina oblonga, Oridorsalis umbo-
natus, C. carinata (organic matter flows), C. lobatulus
(phytodetritus feeders in sea-grass habitat) have been
recorded frequently. The taxa Cassidulina, Uvigerina,
Bulimina, Bolivina tolerating oxygen deficiency (and
especially the last three ones) were found only in few
samples.

The variation in abundance, the presence/absence and
the first occurrences of particular species allowed the
identification of six ecological intervals which follow
one another from the bottom (-29.50 m) to the top
(-1.70 m) of the core.

¢ Ecological Interval 1: (from -29.50 to -25.50 m). The
assemblages show abundance of species of Amzmzo-
nia and Elphidium groups, and Florilus boueanum.
The epifaunal and shallow infaunal taxa are domi-
nant while the deep infaunal ones are subordinate.
This is the only interval where representatives of
planktonic foraminifers (Orbulina universa, Glo-
bigerina bulloides, Globigerina cariacoensis, Glo-
bigerinoides ruber, Globigerinoides sacculifer and
Turborotalita qguinqueloba) were found. The co-oc-
currence of planktonic species that live in the in-
termediate water (between -50 m and -100 m), as
G. bulloides and O. universa, and of species with
symbionts that live in shallower water, as G. ruber
and G. sacculifer (Hemleben et al., 1989) indicates
the existence of a structured water column in an
infralittoral environment with a maximum depth
of about 100 m.

e Ecological Interval la: (-27.50 m). Within the
Ecological interval 1, the sample (27.50) showed
a marked decrease of the shallow infaunal Az-
monia group, the disappearance of infaunal taxa
such as F. complanata and F. boueanum, the first
occurrence of the northern guest H. balthica and
an increase of species that prefer cold tempera-
ture, such as C. carinata, Gyroidina alticarinata,
and species of the genera Uvigerina, Cibicides and
Cibicidoides. Genera tolerant to oxygen depletion,
as the infaunal Uvigerina and Bulimina and the
epifaunal Cassidulina reached here their highest
frequencies. This assemblage indicates a decrease
in water temperature and in oxygen content at
bottom.

0.4 cm

0.4 cm

Figure 5. X-radiograph negatives of C. arbuscula corallites (A-C) and
details of light bands (LB) and dark bands (DB); (D) numbered septa
of one single corallite. The white arrows indicate the correspondence
between the LB and the thickenings on the corallite external surface.

¢ Ecological Interval 2: (from -25.50 to -23.50 m). In
this interval the fine sand fraction increases. The
Elphidium group dominates the assemblages; the
epiphytic C. lobatulus first occurs, accompanied by
the clinging species E. crispum and E. macellum,
indicating a diffuse sea grass (Posidonia oceanica)
cover. The infaunal taxa Fursenkoina, Florilus and
Bolivina were absent.

® Ecological interval 3: (from -23.50 to -18.50 m). The
infaunal taxa F. complanata, F. boueanum, Bolivi-
na, Cassidulina and the epifaunal Elphidium group
and Astrononion, increase. The epifaunal species
Q. seminula first occurs and the Ammonia group
reappears. The bottom was oxygenated, enriched
in nutrients and covered by sea grasses, as indicat-
ed by the occurrence of infaunal taxa, Cassiduli-
na species, and phytal and phytodetritus feeders
(Quingueloculina and Cibicidoides), respectively.
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¢ Ecological interval 4: (from -18.50 to -16.68 m). This
interval contains the C. arbuscula levels (from -17.73
to -16.73 m), showing a dramatic decrease of both
infauna and epifauna, with assemblages only com-
posed of the Elphidium group and Q. seminula. An
increase in sand fraction, like in the ecological inter-
val 2, characterizes this interval. In both intervals,
this increase testifies for minor regressive phases in
the evolution of the rocky coast. The development
of C. arbuscula (which currently develops between 5
and 30 meters depth) points to a shallowing.

® Ecological interval 5: (from -16.68 to -8.50 m).
After the reduction in benthic foraminifers spec-
imens and species in the ecological interval 4, in
the interval 5 the benthos enriches again in shallow
infaunal taxa (Amzmonia group and F. boueanum),
while the Elphidium group markedly fluctuates
with a tendency to decrease.

® Ecological interval 6: (from -8.50 to -1.70 m). This
last interval is characterized by a marked lithological
change: clay decreases whereas silt and fine sand in-
crease. The assemblages become strongly impover-
ished and only abraded specimens of Awzmonia and
Elphidium occur. The decrease of benthic foramini-
fers indicates that paleoenvironmental conditions
became unfavourable for their development.

From the base to the top of the Civitella borehole, the
benthic foraminifers evidenced a trend of progressive

Offshore transition

Offshore

\
\

\ |

————sealevel ———_

Figure 6. Palacoenvironmental
reconstruction during high-
stand/transgressive phase for
rocky coasts (A) and fan-delta
coasts (B). Numbers refer to
sections of Figure 1.

deterioration of the sea bottom conditions with tem-
perature decrease and periods of altered oxygenation.
In the uppermost part, the nutrient flow undergoes an
increase in relation to the arrival of river supplies high-
lighted by the increase of silt and fine sand.

OCCURRENCE OF CLADOCORA HORIZONS
IN OFFSHORE DEPOSITS

Besides the Civitella core section, other few sites of the
area, related to an offshore/transition to offshore en-
vironment, and partially influenced by the processes
acting on the neighbouring rocky paleocoast, returned
fossil specimens of C. caespitosa. On the other hand,
C. arbuscula has only been found so far in two sites
(Civitella and Poggio Carnevale, Fig. 1).

The Poggio Carnevale site (Fig. 1) is a clayey hill less
than 1 km north from the Civitella well. Outcrop
conditions do not allow a complete geological and
stratigraphic description. Nonetheless, small out-
crops permit to recognize deposits as offshore silty
clay, including two or three coral horizons. Corals
are attributable to both C. arbuscula and C. caespito-
sa, and corals occur in life’s position, at least locally.
In another case (Salviano, Fig. 1), few undetermina-
ble fragments were collected in silty sand deposits of
the transition to offshore, according to Jacobacci et

al. (1970).
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DISTRIBUTION OF CLADOCORA COLONIES ON ROCKY
COAST DEPOSITS

The Civitella del Lago area

Coastal marine deposits, dated to early Pleistocene
(CNPL8a nannofossil subzone, according to Bizzarri &
Baldanza, 2020) and related to rocky coast evolution,
were described in the area (Bizzarri, 2010). Sediments
ranged from very coarse gravel (boulders to blocks),
to rounded pebbles and cobbles, to sands, silty clays
and clays, and facies associations related to cliff talus,
beachface, upper and lower shoreface were identified
(Figs 6A and 7).

In cliff talus-beachface deposits (Scoppieto and Mon-
tecchio sections, Fig. 7), small Cladocora colonies, up to
20-30 cm both in height and width, directly grow above
imbricate cobbles and pebbles. Smaller, isolated colo-
nies (few centimetres in diameter) occur in shoreface
deposits (Cerreto section, Figs 1 and 7), where corals
developed on large cobbles and/or colonized shell lags.
In both situations, the Cladocora bioconstructions are
hosted by medium locally weakly cemented sands.

Pian di Giuncheto

Alongside the Rapolano-Mt. Cetona ridge (Fig. 1), the
occurrence of Pliocene biocalcarenites is widely doc-
umented (Calcare Organogeno Auct.: Jacobacci et al.,
1967, 1970; Passerini, 1965). In the Pian di Giuncheto
site, these deposits are exposed in a vertical cliff, about
300 m long and 40 m high, directly overlying the Juras-
sic Calcare Massiccio Fm, forming a carbonate wedge
thinning toward W-NW, and showing a roughly deci-
meter- to meter-scale bedding (Checconi et al., 2007).
Deposits are described as alternations of bioturbat-
ed bioclastic calcarenites and laminated sandstones,
grading upward into bioturbated calcarenites with
coralline algas, bryozoans and Amzphistegina spp., with
broken shell accumulations (coquinas) and erosional
surfaces (Checconi et al., 2007). They are usually con-
sidered Pliocene in age, mainly due to the occurrence
of Globorotalia aemiliana in interspersed finer layers.
The Pian di Giuncheto calcarenites were interpreted
as deposited in a coralline algal-dominated, warm-tem-
perate carbonate ramp (Checconi et a/., 2007).

The analysis of calcareous nannofossils, in new recent-
ly collected samples along the section, reveals a sig-
nificantly younger age for these deposits, attributable
to the early Pleistocene (lowermost CNPL8 Zone: Biz-
zarri & Baldanza, 2020).

Small colonies of C. caespitosa locally occur. The col-
onies, about 1 m?-sized, are spread within the car-
bonates, and seem to lie directly on the hard substrates
of the Mesozoic basement at the most proximal part of
the transect (Checconi e al., 2007), marking a trans-
gressive phase.

CLADOCORA HORIZONS ON FAN-DELTA COASTAL DEPOSITS

In most of the basin, roughly organized fluvial systems
fed the coastal area, building small fan-deltas (Bizzarri
& Baldanza, 2020). Deposits formed in wave-domi-
nated nearshore environment show a smooth seaward
morphology (Fig. 6B: Baldanza et al., 2014; Bizzarri &
Baldanza, 2020).

Fosso Ainole

The 35 m thick Fosso Aiuole section (Figs 1 and 8)
was described alongside the Aiuole stream (Bizzarri et
al., 2015). Marine deposits unconformably lie on the
pre-Pliocene substratum (Macigno Fm Auctorum), and
gently dip northeastward. The lower part of the sec-
tion (about 15 m thick) is made of boulder-sized, ma-
trix-supported channelled conglomerates, intermin-
gled with tabular beds of fine to coarse pebbles and
coarse to very coarse sand/granules. Conglomerates
mainly consist of sub-angular, poorly sorted sandstone
clasts; few limestone cobbles are present, commonly
showing Lithophaga borings. Pebbles and cobbles are
commonly imbricate.

Sediments were interpreted as debris flow deposits,
partially reworked in the nearshore marine envi-
ronment (beachface), and a shallow water fan-delta
was inferred (Bizzarri & Baldanza, 2020). In the upper
part of the section (about 18 m), massive sand deposits
dominated, with an almost regular interposition of ta-
bular, plane-parallel laminated layers of granules and/
or very fine pebbles in the first meters. This interval
seemingly formed in a high energy, wave-dominated
marine paleoenvironment, possibly the foreshore, and
shows a deepening upward trend toward shoreface
conditions (Bizzarri & Baldanza, 2020).

The malacofauna associated to conglomerates is very
poor, badly preserved and usually reworked, mainly
made of Spondylus cf. S. crassicosta, Glycymeris
glycymeris, Natica sp., and fragments belonging to La-
evicardium cf. L. crassum. Nonetheless, fairly well-pre-
served shells occur in the sandy deposits of the lower
section. They belong to Cypraecassis testiculus, Cypraea
porcellus, Persististrombus cf. P. coronatus, Conus sp.,
Glycymeris insubrica, and S. crassicosta, all species well
suited to coarse sand/gravel sediments and high-ener-
gy proximal marine bottoms. In the upper section,
specimens of Gigantopecten (Chlamys) latissima and
Pinna nobilis are commonly found in life position.
The Cladocora horizon occurs at the transition betwe-
en the lower and the upper part of the section. Corals
directly grow on a 1m thick matrix-supported conglo-
merate consisting of medium-sized boulders (up to
1 m in diameter). The gravel beds are directly colo-
nised by C. caespitosa immersed in a 60-70 cm thick,
laterally continuous, sandy bed. Colonies, about 25 cm
large and 50 cm high, are well-developed and bran-



46 A.BALDANZA, R. BIZZARRI, F. FAMIANI, L. FARALLI

ched (Fig. 8). Corals are buried by a very fine sand-silty
sand deposit, which is totally barren in microfossils
(benthic foraminifers).

S. Faustino

The ~30 m thick section of S. Faustino showed the
same sedimentological features and organization de-
scribed in the intermediate and upper parts of the
Fosso Aiuole section, including the occurrence of a C.
caespitosa horizon. In a well-exposed cut (Fig. 8), C.
caespitosa colonies, up to 30 cm high and 20 cm wide,
occur in life position on sandstone boulders, and are
buried by very fine sand-silty sand deposits. In its up-
permost part, Persististrombus cf. P. coronatus is widely
reported (Bizzarri & Baldanza, 2020).

Fossatello-Cottano

The ~100 m thick composite sedimentological-strati-
graphic Fossatello-Cottano section (Figs 1 and 8) was re-
constructed between about 290 m and 390 m a.s.l. and a
detailed sedimentological and stratigraphic description
can be found in Monaco et al. (2011). The whole section
points to a shallow water coastal marine paleoenviron-
ment, with little river supply. Deposits are represented
by: 1) fan delta front/beachface gravels and sands in the
lowermost part (about 55 m), 2) lower shoreface to tran-
sition to offshore fine sand to silty sands (about 50 m) in
the intermediate section, and 3) upper shoreface sands
in the about 15 m top part, with a main transgressive-re-
gressive trend. Calcareous nannofossils and planktonic
foraminifers allowed the attribution of the upper part
of the section to the base of the Calabrian (CNPLS
Zone: Backman et al., 2012; Globorotalia inflata - Glo-
bigerina cariacoensis foraminifer zones: laccarino et al,
2007). A Gelasian-Calabrian age for the lower portion
was inferred (Monaco et al., 2011).

A C. caespitosa horizon occurs at about 345 m a.s.l. and
nearly 10 m above a Teredolites-bored trunk (Mona-
co et al., 2011), within deposits attributed to the lower
shoreface. Deposits are fine to very fine sands and silty
sands, locally cemented, mainly in correspondence
to fossil horizons, including the Cladocora one. Sand
looks massive and lacks sedimentary structures; yet,
irregularly disposed shell beds occur, with prevailing
oligotypic bivalve associations, which were alternative-
ly interpreted (Monaco et al., 2011) as winnowed beds
(tempestites) and/or as shell pavements (c- and b-cases
of Kidwell, 1991).

The malacofauna was dominated by well preserved
valves of Chamelea gallina, Spisula subtruncata, Tellina
nitida, P. coronatus, and Nassarius pygmaeus (SFBC sen-
su Pérés & Picard, 1964), and suggested a paleodepth
< 30-40 m. The C. caespitosa colonies (Figs 1 and 8)
were found in life position, inside weakly to hardly ce-
mented fine sand deposits. They grew-up from a large

pectinids shell lag and reached about 50 c¢m in height
and 30 cm in diameter.

Monteleone d’Orvieto

Near Monteleone d’Orvieto (Fig. 1), inside 25 m thick
sand and clay deposits that unconformably lay on a
conglomerate layer formed in beachface/delta front
settings, Ambrosetti e al. (1987) reported the occur-
rence of at least one horizon of C. caespitosa. The abun-
dant C. caespitosa remains were collected inside 1 m
thick sandy clay bed intermingled to clay.

Benthic foraminifers dominated the microfauna, while
the poor malacofauna mainly consisted of Chlanzys sp.,
Amusium cristatum and Terebratula ampulla. No data
are available about the original layout of the corals,
although they were probably growing on oyster and/
or pectinids shell beds (Baldanza, pers. observation).
Unfortunately, the original outcrop described in Am-
brosetti et al. (1987) no longer exists, and other ac-
cessible sand and clay deposits in the area lack coral
documentation. Reasonably, Cladocora-bearing depos-
its record a transgressive phase and a shallow water
shoreface-transition to offshore environment.

DIScUsSION

The distribution of Cladocora species in the study area
lead Bizzarri & Baldanza (2020) to express some pal-
eoecological, stratigraphic and sedimentological con-
siderations and general assessments on the role they
play in the present-day and past Mediterranean Sea.

Paleoecological inferences for C. arbuscula

If compared with other species of Cladocora, the pres-
ent-day and past distribution of C. arbuscula is restrict-
ed to specific environmental conditions. Its rareness,
in both present and fossil record, indicates a low ad-
aptability and a very restricted ecological niche. Extant
representatives prefer environmental conditions such
as vegetation cover, shallow and protected bottoms,
soft substrates (also carbonate), turbid water with high
sedimentation rate and a depth range from 1 to 25 m
(Aronson & Precht, 2001; Baron-Szabo, 2005), all in
agreement with evidences found in this case study. In
study samples, C. arbuscula occurs in assemblages in-
cluding the north guest epifaunal foraminifer H. balth-
zca, and further species preferring cold temperatures,
in vegetate bottoms consisting of clay with subordinate
fine sands and pulsing nutrient flows. Thus, vegetated
sea floor, cold and nutrient rich waters with a supposed
reduced salinity due to marine/frewhwater mixing (Biz-
zarri, 2010) or to distant river influx (Bizzari & Baldan-
za, 2020) probably represent the ideal paleoecological
conditions for the development of C. arbuscula colonies.



EARLY PLEISTOCENE CLADOCORA HORIZONS IN UMBRIA

Gibbard et al.

(2010)

PLEISTOCENE

EARLY

GELASIAN p.p - CALABRIAN p.p.

laccarino et al. (2007)

Globorotalia inflata p.p. - Globigerina cariacoensis p.p. Zones (MPL6 p,p. - MPLe1 p.p.)

Rocky coast sections

Backman et al. (2012)

CNPLS8 p.p. - (?) CNPL9 p.p.

Cliff thalus/beachface

SCOPPIETO

°°m%%§0
%% 0
i
SR

NQQ QQQ?})&
QQQ %Q 000

Fossils

Litophaga
Solitary corals
Brachiopods
Bivalves
Gastropods
Oysters

Scaphopods

Qo e ve

Cladocora “mounds”

Cycle V(VI)

Cycle IV(V)

Lithology and sedimentary structures
D Sand/Calcarenite
) Blocks/boulders
“==== Imbricate pebbles/cobbles
Q 0P g
“8se  Moderately sorted gravel
<Z> lIrregular cementation

~xa. Cross-lamination

Shoreface

CERRETO

Cycle IV

C Sand Peb. Bould.
S G Cob.

Figure 7. Sedimentological and stratigraphic sections representative of rocky coasts, redrawn and modified after Bizzarri (2010).

47



A.BALDANZA, R. BIZZARRI, F. FAMIANI, L. FARALLI

= SRS
o5 ==
'E‘— @© E . .
88 3 |® Deltaic coast sections
~ o =4
2 £lg
o § é
S | @
FOSSATELLO - COTTANO
8 Lithology
10m
E Cemented sand Gravel
2 D Sand % Sandstone (substrate)
0
e S. FAUSTINO
e W
é ; ey \
2 L e | &D
= ) ﬁ
m = e B 15}
Z = :
Z | @ o A
o|=|& I:j == A
o e | N § e .
A e e S R
= 5|8 =L
JEI o
el S 3 e
o, E _§ —.a*-_,:;»« W
=S . e
. 2 § e %w Cg Sand, Peb. . - Bould.
S AalS - T VU o
0| ==
i O |8 S . -
= :
m = =T o
S Dy =V
8 .
Sl —- M — i Fossils
¢ @)  Sinodia gigas
P
% Cg Sandg, Peb. ,Bould. O  Glossus humanus
o) &% Cladocora caespitosa
=
wn
8 W Teredolites
2 Sedimentary structures W Bivalves
<Zt River channels &% Panopea glycimeris
©) .
E Beachface gravel @ Sl
=)
Gastropods
% Cross-lamination % L
IN .
[5 ® Lithoclastic lag @ Litophaga
Z & Serpulids
——— Shell bed
. . @ Oysters
SOOI VW —=~=——-  Bioclastic lag

Trunk

i
CS SandG PEb‘Cob].aoum'

Figure 8. Sedimentological and stratigraphic sections representative of fan-delta coasts, redrawn and modified after Bizzarri & Baldanza
(2020) and Monaco et al. (2011).



EARLY PLEISTOCENE CLADOCORA HORIZONS IN UMBRIA 49

Past and present distribution of Cladocora
in the Mediterranean area

The areal distribution of main Cladocora-bearing sites
in the Pliocene-Pleistocene sediments of the Mediter-
ranean area is shown in Figure 9A. Throughout the
Mediterranean, large fossil Cladocora formations were
found as old as the ?Piacenzian-Gelasian and up to the
Holocene, when this coral formed very large builds-
up both in the eastern and western Mediterranean
Sea (Aguirre & Jimenez, 1998; Bernasconi ez al., 1997,
Chefaoui et al., 2017; Coletti et al., 2018; Dornbos &
Wilson, 1999; KruZi¢ & Benkovié¢, 2008; Ozalp & Al-
parslan, 2011; Peirano ez al., 1998, 2004, 2009).
Because C. caespitosa is common in the Mediterrane-
an (Fig. 9B), and due to its ability to form large-sized
build-ups (Chefaoui et al., 2017; KruZi¢ & Benkovi¢,
2008) even comparable to those of tropical reefs, this
species has widely been studied (Aguirre & Jiménez,
1998; Coletti et al., 2018; Peirano et al., 1998; Zibrow-
ius, 1980).

Several environmental factors have been suggested
to control the present-day and past distribution of
C. caespitosa, including environmental energy, water
depth, soft or hard bottom and a possible relation with
temperature (Bernasconi e al., 1997; El Kateb et al,
2016; Kersting & Linares, 2012; KruZi¢ & Benkovi¢,
2008; KruzZié¢ et al., 2012; Peirano & KruZié, 2004; Pei-
rano et al., 2004, 2009; Rodolfo-Metalpa et al., 2006,
2008; Schiller, 1993; Zibrowius, 1980).

Recently, Coletti et al. (2018), in an overview of
Quaternary build-ups along the Adriatic and Ionian
coasts, indicated that C. caespitosa general distribu-
tion was mainly controlled by temperature, with most
of the occurrences dating back to the middle-late
Pleistocene warm periods (late Ionian and Taran-
tian), of interglacial stages. Coletti et al., 2018 (and
the references therein) also evidence that excessive
warm temperature is not favourable for Cladocora to
grow, while these species can better tolerate cooler
conditions (Fig. 9B).

Beside Western Umbria deposits, two other cases of
C. caespitosa build-ups are well documented from the
early Pleistocene (Calabrian) deposits: S. Polo d’Enza
(Emilia Romagna; Borghi, 2019) and the Crati basin
(northern part of the Calabrian Arc; Bernasconi et al.,
1997). In all these cases, there are clear evidence that
the build-ups developed under temperate to cool wa-
ter conditions. This case study integrates the limited
data available on the distribution of Cladocora in the
early Pleistocene, confirming that at least in this peri-
od Cladocora was adapted to cooler conditions.

Large build-ups of Cladocora are restricted to embay-
ments and gulfs well-protected against storm waves,
and wave energy probably played a more decisive role
(Coletti ez al., 2018). Thus, the development of Cladoco-
ra, in cooler conditions, has been probably favoured by

the peculiar coastal morphologies (bays, inlets, shore-
faces influenced by river mouth) which mitigated the
thermal conditions of the seabed.

Notwithstanding the quantity of records, information
is still lacunose for both present and past distribution
of Cladocora in the Mediterranean. Few information is
available from the Northern African coasts and raised
beach deposits. Moreover, the occurrence of Cladocora
corals throughout the early Pleistocene deposits of Ttaly
is probably underestimated and not very detailed. Sev-
eral geological records only report a generic presence
of this coral inside sandy deposits, rather than refer the
datum to specific sites or sections, thus hindering de-
tailed stratigraphic and paleoenvironmental studies.

Stratigraphic, sedimentological and paleoenvironmental
implications for Cladocora horizons

According to Bizzarri & Baldanza (2020), the presence
of Cladocora species (mainly C. caespitosa) in western
Umbria early Pleistocene deposits in different strati-
graphic positions could be regarded as a local rather
than regional marker event.

Although it was considered diagnostic for the detec-
tion of Pleistocene deposits (Ambrosetti et al., 1987),
in the fossil record the occurrence of C. caespitosa
alone is not strictly time-dependent, and it holds a too
wide stratigraphic distribution, not limited to Pleisto-
cene (Fig. 9A; Bizzarri & Baldanza, 2020).

However, Cladocora is relevant from a paleoecological
point of view and some environmental preferences
shared by the two species allow to consider them to-
gether:

— both C. caespitosa and C. arbuscula prefer shal-
low depths, mostly between 2 and 30 m (Aguirre
& Jimenez, 1998), although C. arbuscula probably
thrived further offshore, at least in the study area;

— Dboth species tolerate relatively temperate to cool
waters (sea surface temperaturel5-20°C: OBIS Da-
tabase, 2021 )

— inthe study area, Cladocora horizons occur on both
rocky coasts and river-fed gravel beaches (Bizzarri
& Baldanza, 2020), whilst they are not reported
from deltaic coasts, except for the Monteleone area
(Ambrosetti ez al., 1987; Bizzarri & Baldanza, 2020),
marginally influenced by the Citta della Pieve del-
taic system (Bizzarri & Baldanza, 2009, 2020).

The finding of colonies of C. arbuscula (Lesueur, 1820),
in sandy/clayey marine sediments of southwestern Um-
bria (Central Italy), represents the first evidence that
this living species inhabited the Mediterranean Sea, at
least during the early Pleistocene. In the present-day
Mediterranean, living colonies are only reported from
Porto Cesareo and the Gulf of Gabes (Fig. 9B, El Kateb
et al. 2016; Fanelli et al., 2000; OBIS database, 2021).
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More generally, the occurrence of Cladocora build-ups in
the study area is dated to the Calabrian (CNPLS8 Zone),
and marks minor oscillations on the sea level (trans-
gressive phases). Even when compared to other case
studies in the Mediterranean area (Aguirre & Jimenez,
1998; Baldanza et al., 2017; Coletti et al., 2018; Dorn-
bos & Wilson, 1999), and regardless of paleoenviron-
mental context, Cladocora horizons can only be relat-
ed to shoreface and/or the beachface environments,
during sea level transgression/highstand (Bizzarri &
Baldanza, 2020).

Similarly, the role of temperature in the paleodistri-
bution of Cladocora needs to be discussed. First, the
“Tyrrhenian stage” was overused in the past decades,
and Tyrrhenian attribution usually pointed to “warm”
guests vs. “cold” ones (e.g. Raffi, 1986). However, not
all deposits traditionally attributed to the Tyrrhenian
stage has really that age, and the equation Tyrrhenian
= MIS5e does not always work. Moreover, the Medi-
terranean area is affected by a marked asymmetry in
available data (Fig. 9), with wide areas of the northern
African coasts not or pootly surveyed (Martin e al,
2014).

Cladocora distribution seems not particularly sensi-
tive to water temperature. Broadening the conclusions
of Coletti ez al. (2018), it is probably more correct to
say that Cladocora prefers cool water, but that in the
presence of further more relevant factors, such as ba-
thymetry and availability of nutrients, it can tolerate
medium-high water temperatures, up to a limit that
is not easy to determine if not in laboratory tests or
local observation (KruZi¢ & Benkovi¢, 2008; Kruzié
et al., 2012; Peirano & KruZi¢, 2004; Peirano et al.,
2009; Rodolfo-Metalpa et al., 2006). Like tempera-
ture, water energy affects the growth rate of corallites
and the possibility to develop large bioconstructions,
before they are broken by main storm events seem-
ibly forcing a preference of Cladocora for more pro-
tected areas. Nonetheless, in the case study colonies
developed indifferently in high and low energy zones,
as well as along rocky and fan-delta coasts (Bizzarri,
2010; Bizzarri & Baldanza, 2020). A firmground sea-
floor in the optimal bathymetric range, and high in-
put of nutrients are probably crucial. Large amount of
nutrients may be associated to river discharge, and to
high sedimentation of fines. Within certain limits (i.e.
the polyps’ ability to free themselves from granules),
Cladocora may tolerate high water turbidity by silt/
clay, and high sedimentation rate. Consequently, the
occurrence of local small rivers can be more favorable
than large river deltas, as supported by both present
and past absence of Cladocora records from large river
mouths (Fig. 9A, B).

However, the geological surveys (Fig. 6) suggest that
Cladocora distribution is restricted to transgressive

and incipient highstand sea-level phases (TST - early
HST). Furthermore, present-day situation in the Med-
iterranean derives from the abrupt sea-level rise, start-
ed at the end of the LGM and with its apex at about
6000y BP, and can be still described as a highstand
phase. Sea-level rise and incipient highstand cause the
coastal systems starvation and the establishment of in-
herited coastal morphologies, so influencing the pro-
file and bathymetry of the sea floor and the sedimen-
tation rate (particularly of fine sediments), promoting
conditions favorable to the development of Cladocora
colonies. When the sedimentation rate becomes too
high and fine fractions dominate sediments, Cladocora
colonies cannot keep up and only more or less broken
specimens are found (Fig. 8).

CONCLUSIONS

From Late Pliocene to Recent, Cladocora species are
commonly distributed in the Mediterranean, with
C. caespitosa being among the most important bio-
constructors. Although the (paleo)ecological distri-
bution of the genus is connected to numerous pa-
rameters, its presence in the geological record seems
to indicate a preference for cool waters and a good
tolerance for a fairly wide range of temperatures, to-
gether with an association to transgressive/highstand
sea level phases. Presently, such relation with sea-lev-
el variations, and the preference for cool waters, are
probably the most solid geological and paleoecologi-
cal data deriving from past Cladocora distribution. If
compared with present-day situation, the presence of
Cladocora in the Mediterranean geological record is
probably underestimated, and a revision of surveys
is needed. At least from the early Pleistocene (Cal-
abrian) onwards, both C. caespitosa and C. arbuscula
occurred in the Mediterranean area, with the for-
mer always being dominant. Moreover, the presence
of both C. caespitosa and C. arbuscula associated to
rocky coasts and to offshore/transition to offshore
settings in the study area allow proposing a similar
geological meaning for the two species. Although
this datum is extremely localized, this work suggests
revise the geological record of Cladocora in the Ital-
ian and more generally in the Mediterranean area,
in order to prove the possible occurrence of the still
unreported C. arbuscula.

ACKNOWLEDGEMENTS

We are indebted with M.A. Rosso and D. Violanti for their punctual
review and the precious suggestions in improving the manuscript.



52

REFERENCES

AGUIRRE J., IMENEZ A.P., 1998. Fossil analogues of present-day
Cladocora caespitosa coral banks: sedimentary setting, dwell-
ing community, and taphonomy (Late Pliocene, W Mediterra-
nean). Coral Reefs 17: 203-213.

AMBROSETTI P., CARBONI M.G., CoNTI M.A., Esu D., GIroTTI O.,
LA MonicA G.B., LANDINI B., Parisi G., 1987. 1l Pliocene ed
il Pleistocene inferiore del bacino del Fiume Tevere nell’'Um-
bria meridionale. Geografia Fisica e Dinamica Quaternaria 10:
10-33.

ANNOsCIA E., 1963. Antozoi e Briozoi nelle argille calabriane di
Venosa (Potenza). Geologica Romana 2: 215-277.

ARONSON R.B., PREcHT W.F., 2001. White-band disease and the
changing face of Caribbean coral reefs. Hydrobiologia 460:
25-38.

BAckMAN J., RAFFI L., R10 D., FOrRNACIARI E., PALIKE H., 2012.
Biozonation and biochronology of Miocene through Pleisto-
cene calcareous nannofossils from low and middle latitudes.
Newsletters on Stratigraphy 45: 221-244.

BALDANZA A., BizzARRI R., DE ANGELI A., FAMIANI F., GARASSI-
NO A., PASINI G., P1zzoLATO F., 2017. A distinctive shallow
marine crustacean fauna from the early Pleistocene of Poggi
Gialli (Tuscany, central Italy): taxonomic inferences and pala-
eoenvironmental reconstruction. Newues Jabrbuch fiir Geologie
und Paliontologie — Abbandlungen 286: 35-74. doi: 10.1127/
njgpa/2017/0685

BALDANZA A., BizzARRI R., FAMIANI F., PASINI G., GARASSINO A.,
DE ANGELI A., 2014. Early Pleistocene shallow marine deca-
pod crustaceans fauna from Fabro Scalo (western Umbria,
central Italy): taxonomic inferences and palacoenvironmental
reconstruction. Neues Jahrbuch fiir Geologie und Paliontologie
— Abbandlungen 271: 261-283.

BARON-SzABO R.C., 2005. Geographic and stratigraphic distri-
butions of the Caribbean species of Cladocora (Scleractinia,
Faviidae). Faczes 51: 185-196. doi: 10.1007/510347-005-0004-6

BERNASCONI M.P., CORSELLI C., CAROBENE L., 1997. A bank of the
scleractinian coral Cladocora caespitosa in the Pleistocene of
the Crati valley (Calabria, Southern Ttaly): growth versus en-
vironmental conditions. Bollettino della Societd Paleontologica
Italiana 36: 53-61.

Branchr C.N., 2007. Biodiversity issues for the forthcoming trop-
ical Mediterranean Sea. Hydrobiologia 580: 7-21. doi: 10.1007/
$10750-006-0469-5

Bizzarr1 R., 2010. Early Pleistocene rocky coasts (Orvieto area,
western Umbria, Central Italy): facies analysis and sedimenta-
tion models. Izalian Journal of Geoscience 129: 251-268.

B1zzARRI R., BALDANZA A., 2009. Plio-Pleistocene deltaic deposits
in the Citta della Pieve area (western Umbria, central Italy):
facies analysis and inferred relations with the South Chiana
Valley fluvial deposits. I/ Quaternario 22: 127-138.

BrzzARRT R., BALDANZA A., 2020. Integrated stratigraphy of the
marine early Pleistocene in Umbria. Geosciences 10(9): 371.

B1zZARRI R., ROsso A., FAMIANI F., BALDANZA A., 2015. Lunulite
bryozoans from Early Pleistocene deposits of SW Umbria (Ita-

ly): sedimentological and paleoecological inferences. Faczes 61:
420. doi: 10.1007/510347-014-0420-6

BORGHI M., 2019. Coralli coloniali nel Plio-Pleistocene dell’Emilia
occidentale. Notiziario della Societa Reggiana di Scienze Natu-
rali, 1-5. Musei Civici, Reggio Emilia.

A.BALDANZA, R. BIZZARRI, F. FAMIANI, L. FARALLI

CHECCONI A., Basst D., PasserI L., RETTORI R., 2007. Coralline
red algal assemblage from the Middle Pliocene shallow-water
temperate carbonates of the Monte Cetona (Northern Apen-
nines, Italy). Facies 53: 57-66.

CHEFAOUI R.M., CASADO-AMEZUA P., TEMPLADO J., 2017. Envi-
ronmental drivers of distribution and reef development of
the Mediterranean coral Cladocora caespitosa. Coral Reefs 36:
1195-1209. doi 10.1007/500338-017-1611-8

CoHEN K.M., GiBBARD P., 2020. Global chronostratigraphical
correlation table for the last 2.7 million years v. 2019 (Poster
version). Mendeley Data 2020, 3.http://dx.doi.org/10.17632/
dtsn3xn3n6.3#file-04115e03-ac94-49d7-bdca-1797ecfccac3
(last access 21 July 2021).

COLETTI G., BRACCHI V.A., MARCHESE F., BASSO D., SAVINT A,
VERTINO A., CORSELLI C., 2018. Quaternary build-ups and
rhodalgal carbonates along the Adriatic and Ionian coasts of
the Ttalian peninsula: a review. Rzvista Italiana di Paleontologia
e Stratigrafia 124: 387-406.

DE SANTIS V., CALDARA M., DE TORRES T., OrT1Z J.E., 2010. Strati-
graphic units of the Apulian Tavoliere plain (Southern Ttaly):
Chronology, correlation with marine isotope stages and im-
plications regarding vertical movements. Sedimentary Geology
228:225-270.

D’OREFICE M., GRACIOTTI R., LO MASTRO S., MURARO C., PAN-
TALONI M., SoLIGO M., TucciME! P, 2012. U/Thdating of a
Cladocora caespitosa from Capo San Marco marine Quaternary
deposits (Sardinia, Italy). Alpine and Mediterranean Quater-
nary 25: 35-40.

DOorNBOS S.Q., WILSON M.A., 1999. Paleoecology of a Pliocene
coral reef in Cyprus: recovery of a marine community from
the Messinian Salinity Crisis. Neues Jahrbuch fiir Geologie und
Paliontologie — Abhandlungen 213: 103-118. doi: 10.1127/NJG-
PA/213/1999/103

DriNIA H., KOsKERIDOU E., ANTONARAKOU A., TZOrRTZAKI E.,
2010. Benthic foraminifera associated with the zooxanthellate
coral Cladocora in the Pleistocene of the Kos island (Aege-
an Sea, Greece): sea level changes and palaeoenvironmental
conditions. Proceedings of the 12th International Congress
Patras, May, 2010. Bulletin of the Geological Society of Greece
43: 613-619.

ELKATEB A., STALDER C., NEURURER C., P1sAPIA C., SPEZZAFERRI
S., 2016. Correlation between pollution and decline of Scler-
actinian Cladocora caespitosa (Linnaeus, 1758) in the Gulf of
Gabes. Heliyon 2: http://dx.doi.org/10.1016/j. heliyon.2016.
00195

FANELLI G., RUBINO F., BELMONTE G., 2000. La Stazione di Bio-
logia Marina di Porto Cesareo 1966-1999. Edizioni del Grifo,
Lecce, 128 pp.

HEMLEBEN, C., SPINDLER, M., ANDERSON, O.R., 1989. Modern
Planktonic Foraminifera. Springer-Verlag, Berlin, 363 pp.

TACCARINO S., PREMOLI SILVA 1., BioLzi M., FORESI L.M., LIRER F.,
Turco E., PETRIZZO M.R., 2007. Practical manual of Neogene
planktonic Foraminifera. International School on Planktonic
Foraminifera, 6th Course: Neogene, Perugia, February 19-23,
2007, University of Perugia, 181 pp.

JacoBaccr A., MARTELLI G., NAPPI G., 1967. Note illustrative della
Carta Geologica d’Italia alla scala 1:100000; foglio 129 “Santa
Fiora”. Servizio Geologico d’Italia, Roma, 61 pp.

JacoBacct A., MALATESTA A., MARTELLI G. 1969. Note illustrative
della Carta Geologica d’Italia alla scala 1:100000; foglio 121
“Montepulciano”. Servizio Geologico d’Italia, Roma, 73 pp.



EARLY PLEISTOCENE CLADOCORA HORIZONS IN UMBRIA 53

Jacosacct A., BERGOMI C., CENTAMORE E., MALATESTA A.,
MALFERRARI N., MARTELLI G., PANNUZZI L., ZATTINI N.,
1970. Note illustrative della Carta Geologica d’Italia alla scala
1:100000; fogli 115 “Citta di Castello”, 122 “Perugia”, 130 “Or-
vieto”. Servizio Geologico d’Ttalia, Roma, 151 pp.

KERSTING D.K., LINARES C., 2012. Cladocora caespitosa biocon-
struction in the Columbretes Islands Marine Reserve (Spain,
NW Mediterranean): distribution, size and growth. Marine
Ecology 33: 427-436.

KIDWELL S.M., 1991. Taphonomic feedback (live/dead interactions)
in the genesis of bioclastic beds: keys to reconstructing sedimen-
tary dynamics. In: Einsele G., Ricken W., Seilacher A. (eds),
Cycles and Events in Stratigraphy, Springer-Verlag, Berlin:
268-282.

Kruzi¢ P., BENKOVIC L., 2008. Bioconstructional features of the
coral Cladocora caespitosa (Anthozoa, Scleractinia) in the
Adriatic Sea (Croatia). Marine Ecology 29: 125-139.

KRruzZi¢ P., SRSEN P., BENKOVIC L., 2012. The impact of seawater
temperature on coral growth parameters of the colonial cor-
al Cladocora caespitosa (Anthozoa, Scleractinia) in the eastern
Adriatic Sea. Facies 58: 477-491.

Kruzi¢ P., Zuevi¢ A., NIKOLIC V., 2008. The highly invasive alga
Caulerpa racemosa var. cylindracea poses a new threat to the
banks of the coral Cladocora caespitosa in the Adriatic Sea.
Coral Reefs 27: 441.

LE Sueur C.A., 1820. Description de plusiers animaux apparte-
nant aux polypiers lamelliferes de M. le Chev. Lamarck.
Mémoires du Muséum d’Histoire Naturelle 7: 271-298.

LINNARUS C., 1767. Systema naturae per regna trianaturae: secundum
classes, ordines, genera, species, cum characteribus, differentiis,
synonymis, locis. Ed. 12. 1., Regnum Animale. 1 & 2. Holmiae,
Laurentii Salvii. Holmiae [Stockholm], Laurentii Salvii: 1-532,
533-1327.

MARTIN C.S, GIANNOULAKI M., DE LEO F., SCARDI M., SALOMIDI
M., KNITTWEIS L., PACE M. L., GAROFALO G., GRISTINA M.,
BALLESTEROS E., BAVESTRELLO G., BELLUSCIO A., CEBRIAN E .,
GERAKARIS V., PERGENT G., PERGENT-MARTINI C., SCHEMBRI
PJ., TERRIBILE, K., RizzO L., BEN Soutsst J., BONACORSI M.,
GUARNIERI G., KrRZEL] M., MAcIC V., PUNZO E., VALAVANIS V.,
FRASCHETTI S., 2014. Coralligenous and maérl habitats: pre-
dictive modelling to identify their spatial distributions across
the Mediterranean Sea. Scientific Report 4: 5073. https://doi.
org/10.1038/srep05073

MonNaAco P., FamiaNI F., Bizzarri R., BALDANZA A., 2011. First
documentation of wood borings (Teredolites and insect larvae)
in isolated clasts of Early Pleistocene lower shoreface deposits
(Orvieto area, central Ttaly). Bollettino della Societd Paleonto-
logica Italiana 50: 55-63.

MONTAGNA P., Mc CULLOCH M., MAzzoOLI C., SILENZI S., ODORI-
co R., 2007. The non-tropical coral Cladocora caespitosa as the
new climate archive for the Mediterranean: high-resolution

(weekly) trace element systematics. Quaternary Science Review
26: 441-462.

MURRAY J.W, 1991. Ecology and palacoecology of benthic foraminifera.
Longman, London. https://doi.org/10.4324/9781315846101

MuURrrAY JW., 2006. Ecology and applications of benthic fo-
raminifera. Cambridge University Press, 426 pp. https:/doi.
0rg/10.1017/cb09780511535529

OBIS DATABASE, 2021. Cladocora arbuscula (Le Sueur, 1820),
https://obis.org/taxon/286778 (last access 20/07/2021)

OzaLp H.B., ALPARSLAN M., 2011. The first record of Cladocora
caespitosa (Linnaeus, 1767) (Anthozoa, Scleractinia) from the
Marmara Sea. Turkish Journal of Zoology 35: 701-705.

PasseRINI ., 1965. Il Monte Cetona (Provincia di Siena). Bollettino
della Societa Geologica Italiana 83: 219-338.

PEIRANO A., KrUZI¢ P., 2004. Growth comparison between Lig-
urian and Adriatic samples of the coral Cladocora caespitosa:
first results. Biologia Marina Mediterranea 11: 166-168.

PEIRANO A., KrUZI¢ P., MASTRONUZZI G., 2009. Growth of Medi-
terranean reef of Cladocora caespitosa (L.) in the Late Quater-
nary and climatic inferences. Facies 55: 325-333.

PEIRANO A., MORRI C., BiANCHI C.N., AGUIRRE J., ANTONIOLI
F., CaLzETTA G., CAROBENE L., MASTRONUZZI G., ORRU P,,
2004. The Mediterranean coral Cladocora caespitosa: a proxy
for past climatic fluctuations? Global and Planetary Change 40:
195-200.

PEIRANO A., MoRrI C., Bianchl C.N., RoDOLFO-METALPA R.,
2001. Biomass, carbonate standing stock and production of
the Mediterranean coral Cladocora caespitosa (L.). Facies 44:
75-80.

PEIRANO A., MORRI C., MASTRONUZZI G., BIANCHI C.N., 1998.
The coral Cladocora caespitosa (Anthozoa, Scleractinia) as a
bioherm builder in the Mediterranean Sea. Memorie per la De-
scrizione della Carta Geologica d’Italia 52: 59-74.

PERES J.M., PICARD J., 1964. Nouveau Manuel de Bionomie Ben-
thique de la Mer Méditerranée. Recueildes Travaux de la Sta-
tion Marine d’Endoume, Bulletins 31: 5-137.

RAFFI S., 1986. The significance of marine boreal molluscs in the
Early Pleistocene faunas of the Mediterranean area. Palaco-
geography Palacoclimatology Palaeoecology 52: 267-289.

ROBERTS G.P., HOUGHTON S.L., UNDERWOOD C., PAPNIKOLAOU
1., Cowie P.A., VAN CALSTEREN P., WIGLEY T., COOPER FJ.,
MCARTHUR J.M., 2009. Localization of Quaternary slip rates
in an active rift in 10(5) years: an example from central Greece
constrained by U-234-Th-230 coral dates from uplifted pale-
oshorelines. Journal of Geophysical Research: Solid Earth 114,
B10406. doi: 10.1029/2008]B005818

RODOLFO-METALPA R., PEIRANO A., HOULBREQUE F., ABBATE M.,
FERRIER-PAGES C., 2008. Effects of temperature, light and het-
erotrophy on the growth-rate and budding of the temperate
coral Cladocora caespitosa. Coral Reefs 27: 17-25.

RODOLFO-METALPA R., RICHARD C., ALLEMAND D., FERRI-
ER-PAGES C., 2006. Growth and photosynthesis of two Medi-
terranean corals, Cladocora caespitosa and Oculina patagonica,
under normal and elevated temperatures. The Journal of Ex-
perimental Biology 209: 4546-4556.

ScHILLER C., 1993. Ecology of the symbiotic coral Cladocora
caespitosa (L.) (Faviidae, Scleractinia) in the Bay of Piran
(Adriatic Sea): T Distribution and biometry. Marine Ecology
14: 205-219.

ZAz0 C., Goy J.L., DaBRIO CJ., BARDAJ T., HILLAIRE-MARCEL C.,
GHALEB B., GONZALEZ DELGADO J.A., SOLER V., 2003. Pleis-
tocene raised marine terraces of the Spanish Mediterranean
and Atlantic coasts: records of coastal uplift, sea-level high-
stands and climate changes. Marine Geology 194: 103-133.

Z1BROWIUS H., 1980. Les Scléractiniaires de la Méditerranée et
de T’Atlantique nord-oriental. Ménzoires de I'Institut océano-
graphique, Monaco 11: 1-284.

(m2s. pres. 4 agosto 2021; ult. bozze 22 novembre 2021)





