


because of increased tourism, with the famous Bue Marino

Cave opening for visits in 1960 (Arisci et al., 2000).

Tourism is one of the most important disturbances in karst

areas in the central-eastern part of Sardinia and monk seals

have been among the first to suffer (De Waele, 2008). The

last monk seal reported in the Bue Marino Cave was killed

by a fisherman in 1970, and about ten individuals were seen

at the Grotta del Fico, a few kilometers south of Bue

Marino, in the early 1970s (Bareham and Furreddu, 1975).

BEL TORRENTE CAVE

EXPLORATION

The Bel Torrente Cave is located 0.5 km north of Cala

Sisine (Fig. 1). The cave was discovered and explored by

Jochen Hasenmayer in the 1970s and the first 500 m was

surveyed in the 1990s (Fancello et al., 2000; Morlock and

Mahler, 1995). Cave diving expeditions in 2003, 2004, and

2006 explored and mapped the cave to more than 3 km.

The side branch with the largest number of monk seal

bones was discovered in the summer by two cave divers

(Luca Sgualdini and Enrico Seddone) working for the

diving club at Santa Maria Navarrese (Sgualdini, 2004).

The cave was surveyed with a wrist-held compass.

Distances were determined using tags on the safety line

spaced at 5-meter-intervals. Depth was measured with both

analog- and digital-depth gauges. At survey points,

distances to the cave floor and roof were estimated with

an accuracy of about 1 m. Overall precision of the cave

plan and profile is around 1%.

MORPHOLOGY

Bel Torrente Cave is characterised by a 5–20 m wide

tunnel with an average height of 5 m and a depth of 12 m

(Fig. 2). The cave extends to the southwest for the first

550 m and there are several air-filled passages separated by

short sumps. Then the passage has a 22-m-deep sump

(Sifone Centrale or Central Sump) that allows access to

Figure 1. Aerial photograph of the Bel Torrente Cave area. Cave passages are shown in black; the ellipse marks the Ramo del

Bue area.
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another air-filled chamber where a deep and only partially

explored sump starts and a by-pass gives access to a series

of air-filled galleries. Before the Sifone Centrale, there are

two side passages to the left. The first side passage leads to

the Spiaggia del Bue (ox beach), where bones of monk seal
have been found on the sandy floor at 3–4 m depth and

other remains of smaller vertebrates in several places on the

rocky floor approximately 1 m above sea level. These

bones have not been sampled and dated.

The second side passage, the Ramo del Bue (ox gallery)

(Oertel and Patzner, 2007; Sgualdini, 2004), is entirely

underwater and departs from the Sifone Centrale at 10 m

below sea level. A 3-m-wide tunnel leads to the south and is
7–22-m-deep with the shallower section (27 m measured at

bottom of the gallery) located 50–100 m from the main

tunnel and is characterized by a large flowstone entering

from above (Fig. 3).

The floors of the main tunnel and the side passages are

covered with sands and gravels containing both limestone

and granite fragments with few fine sediments so that even

after divers have passed through them water in the
passages remains relatively clear. The lack of fine sediments

is related to the regular flushing of the cave by freshwater

floods. During normal conditions, the discharge of

freshwater through the cave is only tens of liters per

second so that the water current is hardly noticeable. Near

the entrance, and up to 200–400 m inside the cave

(depending on sea and climate conditions), there is a

halocline at 1–2 m of water depth (Oertel and Patzner,

2007). Freshwater forms a ‘‘surface blanket’’ over brackish

and sea water. After heavy rains, the main tunnel is flooded

entirely by fresh water and flow velocities are up to 2 m s21

(Morlock and Mahler, 1995). These floods transport clastic

deposits (including fine sediments) from the cave and

erode/corrode the walls of the tunnel. As a result, the floor,

ceiling, and walls display typical phreatic erosion and

corrosion features. In several places, speleothems (flow-

stones, stalagmites, and stalactites) are present above water

and also several meters below present sea level. These have

been intensively corroded and eroded by flood waters

below sea level and also up to at least one meter above sea
level.

The morphology of the Bel Torrente Cave generally

resembles that of the nearby Bue Marino Cave, except that

the passages of Bel Torrente are mainly under water (De

Waele and Forti, 2003). This difference may be due to

neotectonic activity that resulted in the southwards tilting

of the Tyrrhenian tidal notch, dated to 125,000 years B.P.

and ranging in height between 10.5 m a.s.l. at Cala Gonone

and 7.7 m a.s.l. at Santa Maria Navarrese (Antonioli et al.,

1999). This slight tilting could be responsible for the

altitude difference between the Bel Torrente and Bue

Marino caves (De Waele, 2004; Forti and Rossi, 1991). If

true, the Bel Torrente Cave system predates the tilting, and

there is evidence suggesting that the main period of cave

formation was more than 3 Ma. One convincing piece of

evidence is Plio-Pleistocene basalts, dated between 2–3 Ma

(Savelli et al., 1979) that fill karst conduits of the Bue
Marino main gallery, indicating a karst phase older than

this volcanic activity, which is thought to be of Mio-

Pliocene age (De Waele, 2004; Mahler, 1979).

During the Quaternary, changes in sea level resulted in

periodic drying and flooding of caves along the coast. The

most recent drying episode was 22–18 ka B.P. when sea

level dropped approximately 125 meters. From recent

studies, especially on cave stalagmites, postglacial sea level

had already risen to 6–10 m below present by about 6.5 ky

B.P. (Antonioli et al., 2004), thus leaving most of the Bel

Torrente galleries above water. As a result, 5–6 ka Bel

Torrente may have resembled the present Bue Marino

Cave, with an underground river flowing out of the

mountains and easily accessible for at least 550 meters.

Sea level continued to rise in the mid to late Holocene

reaching 0.5–1 m below sea level 2 ky B.P. during Roman

times.

THE SEAL CEMETERY

Several monk seal skeletons were found in the shallow

part of the Ramo del Bue passage, 50–100 m from the main

gallery (720–790 m from the entrance). Bones and skulls of

at least five monk seals have been found at depths of 8–

Figure 2. Plan of Bel Torrente Cave. The ellipse defines the

area from which monk seal bones were obtained.
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12 m, resting on the sandy floor or fallen in fissures or holes

along the walls (Figs. 3 and 4). The cave divers who explored

the passage report seeing the water surface in this area so

that there could be an air-filled chamber above the flooded

passage. Although only five skulls have been counted, more

could be buried beneath sand, trapped in niches along the

walls, or in a possible air-filled chamber above.

SEAL BONE AGES

SAMPLING

Four samples of small finger and/or toe bones were
collected from skeletal material 20–70 m from the entrance

of the Ramo del Bue branch passage (720–790 m from cave

entrance), at depths of 7.6–12 m (Table 1 and Fig. 4).

Figure 3. Five skulls of monk seal discovered in the Ramo del Bue: A. Skull on a sandy floor in the center of the passage (cave

diver for scale); B. Skull and bones with a black coating deposited in a fissure on the tunnel walls; C. Jaw with black coating

and some spinal bones on a sandy floor of a side niche; D. Small blackened jaw lying on bare rock; other bones can be seen in

the back; E. Jaw and bones with black coating on the bare rock surface in a lateral alcove.
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that used Bue Marino Cave. According to Johnson, these

seals sheltered or gave birth almost 1 km from the entrance

to this cave (Johnson, 1998).

CONCLUSIONS

It has been suggested that monk seals in the Mediter-

ranean sought out caves as refuges from sea waves during

heavy storms, human interference, and killing. Our analysis

of seal bones from Bel Torrente Cave suggest that even

6.5 ka, when human pressures were relatively low by

modern standards, monk seals were using caves as refuges.

The elevation of the bones indicates that by this time sea

level was already within 10 m of the present position. The

morphology of Bel Torrente Cave confirms that in the mid

Holocene it was a coastal cave with an underground river,

and monk seals would have been able to penetrate about

800 m without encountering severe difficulties such as deep

sumps. Our data reveal that monk seals, even in periods of

low human disturbance, had the habit of using coastal

caves, penetrating as far as 800 m inside. This suggests that

6.5 ka humans were not the only predators of monk seals.
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Figure 5. Longitudinal profile of Bel Torrente Cave showing accessibility today and 6 ky B.P. when sea level was much lower.
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