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Abstract: Campi Flegrei is a large volcanic area situated northwest of Naples, Italy.

Two archeological sites, the Sybil’s Cave and the Piscina Mirabilis, are artificial caves

dug in the yellow tuff and used during antiquity for various purposes. This paper

describes for the first time the algal biodiversity of these caves and determines whether

environmental factors such as light intensity and humidity are influential in species
distribution. A total of twenty-two algal species were identified by molecular methods

(18S rDNA); the largest group was Cyanobacteria (eleven species), followed by algae

Chlorophyta (six), Rhodophyta (two) and Bacillariophyta (two). Cluster analysis of algal

distribution in the caves in relation to light and humidity showed no relevant differences

in algal distribution between the two caves. Three different algal groups were identified.

The first one includes strains strictly dependent on low humidity, a second cluster was

mainly associated with sites where humidity is not a severe constraint, and a third group,

mainly represented by filamentous cyanobacteria, is probably dependent on high
humidity, since it was detected only at Piscina Mirabilis.

INTRODUCTION

The algal flora of caves is drawing increasing attention

due to the peculiarities of their environment. Reduced light

intensity, low nutrient input, and absence of seasonality

(Dayner and Johansen, 1991; Pedersen, 2000) are the pre-

dominant features that influence distribution and composi-

tion of algal assemblages in natural and artificial caves, but

temperature, humidity, and occurrence of flowing water also

play a role in the establishment of algal settlements (Mulec

et al., 2007). Many cave habitats currently suffer the impact of

increasing tourist fluxes; artificial lights and human traffic are

strong factors that can deeply modify equilibria within algal

populations (Chelius et al., 2009). An example is given by the

anthropogenic caves occurring in the archaeological district

of Campi Flegrei in Italy, an area that is the single largest

feature of the Phlegraean Volcanic District, which includes

the islands of Procida and Ischia, as well as submarine vents

in the northwestern bay of Naples (Orsi et al., 1996). Campi

Flegrei has been inhabited since prehistoric times and became

an important center of civilization during antiquity. Different

underground habitats have been dug in the district, and two

of them have remarkable dimensions. The most ancient is the

so-called Sybil’s Cave (fourth century BCE), near Cuma,

which is in fact a long gallery cut into the soft tuff, lighted by

multiple openings to the surface. The other large cave (dating

back to the first century CE) is the Piscina Mirabilis, located

in Baia, a cistern also excavated in tuff, used to store drinking

water. The two caves present some common features. They

share the same external climatic conditions, being located less

than 6 kilometers from each other, and similar viable algal

propagules can be dispersed into both caves by air currents

and transport by animals (Dobat, 1970). In addition, they

have been dug in the same geological material that originated

from the eruption of the Neapolitan Yellow Tuff (dated at

15 ka BP; Insinga et al., 2004), which produced the caldera

collapse of the bay of Pozzuoli (Scarpati et al., 1993).

On the other hand, the two caves differ in some char-

acteristics. The Sybil’s Cave is, in part, directly lightened by

daylight and is visited by numerous tourists throughout the

year, whereas the Piscina Mirabilis does not receive direct light

and is rarely open to the public. Moreover, it has been partially

filled for centuries with freshwater with a high carbonate

concentration, causing the formation of calcareous incrusta-

tions along the walls of the cave, and groundwater infiltrations

are still frequent. The Sybil’s Cave is a dry habitat, with very

little water infiltration. The similarities and differences present

an opportunity for observing how they influence the

composition of the algal assemblages in the two caves and

could help to clarify the contribution of microalgae to de-

terioration processes.

Biodeterioration in caves occurs as a consequence of

the presence of microbial communities, formed of algae,

bacteria, and fungi, that develop thick biofilms on any

rock surface, leading to decay (Albertano et al., 2003).

Subterranean algal communities are generally divided into
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the so-called lampenflora, formed by specialized organisms

that thrive only in underground habitats in the presence of

artificial light, and areophilic flora, composed by terrestrial

microalgae, mainly belonging to Chlorophyta and diatoms

that tolerate cave environmental conditions, especially at

the openings of caves (Mulec et al., 2008). Cyanobacteria

are the key organisms in the genesis of biofilms, being

able to produce exopolymeric substances that allow the

formation of the microbial community and its adhesion

to rocks (Stal, 2000). Cyanobacteria exposed to high light

intensities may have an endolithic phase of growth,

changing the mineral structure of the rock and determining

its decay (Asencio and Aboal, 2001).

In an attempt to ascertain the potential damage caused by

the algal flora on the underground monuments of Campi

Flegrei, a systematic survey of the algal flora from the two

anthropogenic caves has been attempted. At the same time,

considering that the algae living in these habitats cannot be

considered solely as a threat, but also as an important source

of biodiversity, an effort was undertaken to isolate and

maintain the strains in the algal collection of University

Federico II of Naples to study their ecophysiological features.

EXPERIMENTAL METHODS

The Sybil’s Cave, built in the fourth century BCE, is a

trapezoidal passage over 131 m long running parallel to the

side of the hill on which was built the Acropolis of Cuma at

Campi Flegrei (Fig. 1 B1, B2). It was cut out in the

volcaniclastic Neapolitan Yellow Tuff. The gallery leads to

a more enclosed polygonal hall; the main entrance and the

openings along the hallway ensure the entrance of light and a

continuous flux of air.

The Piscina Mirabilis, built in the first century CE, is a

cistern dug in the tuff , 70 m long, 25.50 m wide, and 15 m

deep (Fig. 1 C1, C2). The cavity has a rectangular layout with

forty-eight tuff pillars covered in opus reticulatum, a form of

brickwork used in ancient Roman architecture consisting of

diamond-shaped bricks of tuff placed around a core of con-

crete, and is divided into four corridors that compose the inner

part of the cistern. The outer walls, in opus reticulatum, are

covered with a thick layer of cocciopesto, mortar with pot-

sherds. The Piscina Mirabilis supplied drinking water for the

Roman fleet that was based in Misenum, near Baiae (Fig. 1 A).

Due to their orientation and position, the entrances of

both caves are directly illuminated throughout the year.

Moreover, the openings present in the Sybil’s Cave allow

penetration of light during the whole day, whereas the Piscina

Mirabilis is always shady. Six sampling points were selected

in each cave, on the basis of light, temperature, and relative

humidity data (Fig. 1 B2, C2). They showed evidence of

biodeterioration in the form of a green and brown patina. Ten

samplings were carried out within a 20 3 20 cm square at each

point.

Biofilm samples were collected in the autumn of 2009 by

scraping the walls of the caves with a sterile scalpel and

Figure 1. A, map of Phlegrean Fields. B1, picture of the Sybil’s Cave. B2, map of and locations of the sampling sites in the

Sybil’s Cave (Pagano et al., 1982). C1, picture of the Piscina Mirabilis. C2, map of and locations of the sampling sites in the

Piscina Mirabilis (Rajola et al., 1978).
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depositing materials into sterile vials containing either a

specific medium for Cyanobacteria (BG11; Castenholz,

1988) or BBM (Bold Basal Medium; Bischoff and Bold,

1963) for all other microalgae. Samples were collected in

September, October, and November (Table 1). Tempera-

ture, light intensity, and relative humidity were measured

at each sampling site by using appropriate instruments

(TESTO 174, TESTO 545, AG Germany). Light irradiance

at each sampling point was measured by using a LI-COR

radiation sensor (BIOSCIENCES).

The algal samples were inspected using an optical

microscope (Nikon Eclipse E800 equipped with Nomarski

interference, magnification 3100). Small fragments of

biofilms, after critical-point drying, were gold-coated in

an Emitech k550 Sputter Coater and observed by scanning

electron microscopy (Philips EM 208S).

Quantitative mineralogical analysis and the chemical

composition of rocks collected in the sampling areas were

determined by means of x-ray powder diffraction and

environmental scanning electron microscope. The x-ray

diffraction was performed with a Panalytical X’Pert Pro

modular diffractometer, and quantitative analyses were

obtained by the Rietveld method (Bish and Post, 1993).

Chemical elements were measured using a microanalysis

system (ZAFPB).

Quantitative estimations of the identified taxa were also

made. For algal counts, 0.5 g of fresh biofilm sample was

suspended and fixed in 100 mL of aqueous solution of

formaldehyde (3%) and counted with a hemocytometer

within 24 hours. To establish species compositions, part of

each suspension was put on a slide, and twenty randomly

chosen microscope fields were counted using a grid (LUCIA

version 4.60 System for Image Processing and Analysis); at

least one hundred cells were counted per slide. Three such

slides were counted for each sample, and the means were

analyzed for significant variance (Student’s t-test). The

relative standard error was never higher than 5%. The count

of filamentous Cyanobacteria was carried out by counting

filaments in transects of a chamber filled with a few

milliliters for sedimentation over night. Backcalculating to

a ml of sample was carried out by considering the volume of
the counting chamber and measuring the area of the

transects and of the chamber bottom (Lawton et al., 1999).

Additionally, the identification of the microbial compo-
nents of biofilms was accomplished by molecular tech-

niques. DNA was extracted using a procedure described by

Doyle and Doyle 1990. PCR amplification was carried out

on an estimated 10 ng of extracted DNA. For Cyanobac-

teria, the primer set for 16S rDNA (Dı́ez et al., 2001) was

used; for algae, the primer set for 18S rDNA indicated by

Huss et al. (1999) was used. PCR reactions were carried out

in a final volume of 50 mL containing 5 mL of 103 PCR
buffer, 100 mM of deoxynucleotide triphosphate, 2.5 mM of

magnesium chloride, 0.5 mM of primers, and 1U of Taq

polymerase (Quiagen, Hilden, Germany). The PCR pro-

gram consisted of an initial denaturation at 95 uC for 4 min

and 30 cycles including 1 min of denaturation at 94 uC, 45 s

of annealing at 56 uC, and 2 min extension at 72 uC. A final

extension of 7 min at 72 uC followed by cooling at 4 uC
terminated the PCR program.

The identification of the entire community was obtained

employing cloning libraries. An aliquot of purified PCR

product was ligated into the pGEM-T easy Vector system
(Promega, Vienna, Austria), and clones were screened and

sequenced with a 3130 genetic analyzer (Applied Biosys-

tems). The sequences obtained were compared with avail-

able sequences in the GeneBank database. Cluster analysis

to detect possible grouping of algal taxa in terms of en-

vironmental preferences was carried out by using the SYN-

TAX vers. 5.1 computer program for data analysis in

ecology and systematics (Podani, 2001).

RESULTS AND DISCUSSION

At all the sampling points, mean midday temperature

was 18 6 2 uC in the Sybil’s Cave (SC) and 16 6 1 uC in the

Piscina Mirabilis (PM). The mean amount of photosyn-
thetically active radiation in SC ranged from 0.0165 to

3.31 mE s21m22, whereas in PM values at sampling points 1

to 6 ranged from 0.049 to 2.61 mE s21m22 (Table 1).

Relative humidity in SC ranged from 69 to 72%; on the

other hand, the relative humidity of PM was in the range

75 to 86% (Table 1).

Light microscopy revealed the presence of taxa belong-

ing to Cyanobacteria, Chlorophyta, Bacillariophyta, and

Rhodophyta. The variations in relative abundance of these

taxa among the various sampling point in the two caves are

shown in Figure 2. Cyanophyta were the dominant taxa at
several sampling points, both in SC (sites 1 to 4) and in PM

(sites 1 to 4), where Cyanobacteria cell percentages ranged

from 50 to 80% in SC and from 70 to 85% in PM. At the

same sites, Chlorophyta represented a minor percentage

Table 1. Temperature, light intensity and relative humidity of

the Sybil’s Cave (SC) and the Piscina Mirabilis (PM)

sample sites.

Sample Sites

Temperature,

uC mE, m22 s21
Relative

Humidity, %

SC1 17 6 2 0.05 6 0.002 69 6 1

SC2 18 6 2 0.02 6 0.001 69 6 1

SC3 18 6 2 0.16 6 0.007 69 6 2

SC4 19 6 2 0.4 6 0.02 68 6 2

SC5 19 6 2 0.407 6 0.02 69 6 2
SC6 19 6 2 3.31 6 0.15 72 6 3

PM1 16 6 1 0.15 6 0.006 85 6 1

PM2 16 6 1 0.15 6 0.006 86 6 1

PM3 16 6 1 0.22 6 0.01 84 6 1

PM4 16 6 1 0.46 6 0.02 81 6 1

PM5 16 6 1 0.05 6 0.002 80 6 2

PM6 16 6 1 2.61 6 0.13 75 6 2
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(less than 25%) of the algal population, but at SC5, PM5,

and PM6, where cyanophytes were scarcely represented,

chlorophytes prevailed, with their relative abundance being

directly proportional to the increase in light intensity.

Bacillariophyta (diatoms) normally did not exceed 10% in

SC and in PM; at SC4, SC5, and PM6, however, they were

30 and 45% respectively. Rhodophyta were abundant only

at SC3, at relatively low light intensity, while in PM their

percentages never exceeded 10%.

Microanalyses of the substrate, always composed of

Neapolitan Yellow Tuff (NYT), revealed the presence of

the same elemental composition in both sites (Al, Ba, Cd,

Co, Cu, Fe, K, Mg, Mn, Na, Si, Sr, Ti, U, and Zn), albeit

elements were present at different concentrations. Miner-

alogical composition of investigated samples confirmed the

composition of NYT, mainly phillipsite, chabazite, and

analcime, and hydrous aluminosilicates pertaining to the

zeolite group, along with feldspars and minor amounts of

clay minerals (de’Gennaro et al., 2000). Data from the

literature (Morra et al., 2010) state high porosity values for

NYT, which is characterized, moreover, by the presence of

micropores causing a high capillary absorption of water

that allows microbial growth. SEM observations showed

that the microbial community is embedded in an exopoly-

saccharidic matrix that facilitates the establishment of

strong bonds between biofilm and substrate (Fig. 3). In

both sites, Cyanobacteria adhered strictly to NYT, offering

an ideal environment for the growth of other organisms,

giving endurance and thickness to the biofilm.

Identification of many algal strains is difficult because of

the scarcity of useful features and the homoplasious mor-

phology of some lineages. To minimize the risk of erroneous

identifications, molecular techniques were also used. Only

the most similar sequence matches (90% identity) with

GenBank have been considered. Sequencing revealed a total

of seventeen phylotypes for SC and thirteen for PM that

were assigned to Cyanophyta (eleven taxa), Rhodophyta

(two taxa), Chlorophyta (six taxa) and Bacillariophyta (two

taxa) (Table 2).

A hierarchical clustering was carried out on a dissimilarity

matrix based on the presence/absence of algal taxa in different

sampling sites at different light intensities and relative hu-

midities (Jaccard coefficient 1 2 a / (a + b +c)). Two classes of

humidity were defined for the analysis, low humidity (less than

Figure 2. Microbial composition of biofilms in the Sybil’s Cave and the Piscina Mirabilis.
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75%) and high humidity (77 to 82%), as well as three classes of

light intensities, low intensity (from 0.017 to 0.198 mE s21m22),

intermediate intensity (from 0.33 to 0.4125 mE s21m22), and

high intensity (above 2.607 mE s21m22 ). As shown in Figure 4,

algal strains are grouped in two distinct clusters: group A (eight

strains), which includes strains found only at low humidity;

Aphanotecae sp., Chroococcus lithophilus, Gloeocapsa sp.,

Gloeocystis sp., and Scenedesmus arcuatus sp. are grouped in

the same subgroup, since they have been found in sampling

sites with both medium and high light intensities. Pseudococ-

comya simplex and Cyanobium bacillare appear distantly

related to this subgroup, as these taxa colonize low intensity

sites and high intensity sites, respectively. A second cluster

(group B) includes two subgroups. In subgroup B1, all species

are not affected by humidity; Chroococcus varius, Navicula sp.,

Chlorella sp., Stichococcus sp. and Scotiellopsis terrestis are

ubiquitous strains, while Oscillatoria sp., Synechococcus sp.,

Cyanidium sp., and Phragnonema sordidum have been detected

only in sampling sites with low to medium light intensities. A

third group representing Subgroup B2 includes Leptolyngbya

fragilis, L. foveolarum, Lyngbya sp., and Nostoc commune;

these strains were detected only in PM, thus suggesting that

they are probably dependent on high humidity.

The Sybil’s Cave and the Piscina Mirabilis share some

important physico-chemical characters: location, anthropo-

genic origin, Mediterranean climate, and nature of the

substrate. Microbial colonization of rock substrates is highly

dependent on their features (Macedo et al., 2009), and in the

case of SC and PM, surface roughness, porosity, and mineral

composition of the rock promote in the same way the

establishment of microbial assemblages. Temperature, irra-

diation, and relative humidity are relevant differences

between SC and PM. In the inner part of the former, light

intensity is very reduced (, 0.01 mE s21m22), but temperature

and relative humidity are comparable to open-air values.

Similar values of relative humidity were reported by Hoffman

(1989) for another anthropogenic cave, the Roman necropolis

in Seville, Spain. SC cannot be considered a typical cave

environment, but rather a poorly illuminated aerial habitat,

where temperature and relative humidity are heavily influ-

enced by the external climatic conditions due to the presence

of large opening in the rock walls of the cave. On the other

hand, PM is a dim environment with a mild temperature and

a relative humidity comparable to that recorded from

numerous natural caves, whose values range from 76 to

96% (Couté and Yéprémian, 2002).

In the dark area of SC, Cyanophytes are the dominant

organisms, being represented by Synechococcus sp. and

Cyanobium bacillare and Oscillatoria sp. Oscillatoria has

been frequently encountered in European caves (Couté and

Yéprémian, 2002). It is a pioneer organism because of its

capacity to grow diazotrophically (Gallon et al., 1991).

Moreover, as other members of Oscillatoriales, it is well

adapted to extremely low irradiance compared to other

filamentous Cyanophyta (Albertano et al., 2000). The

presence of Synechococcus and of the closely related

Cyanobium bacillare in sampling points 1 and 2 of SC

confirms that the average temperature of SC during the

year is not particularly low, since this species does not

thrive in cold environments (Sakamoto and Bryant, 1999).

Synechococcus is not a typical cave organism: its occur-

rence has been reported on both marble and granite

monuments in different Mediterranean countries (Crispim

and Gaylarde, 2005), and it also can grow endolithically

(Saiz-Jimenez et al., 1990). Chroococcus lithophilus and C.

various, together with Gloeocapsa sp., are the dominant

Cyanobacteria in the whole Sybil Cave, where light in-

tensity is greater than 0.01 mE s21m22. The increase in

Chroococcacean species at low levels of irradiation seems

to be a standard feature of cave algal assemblages (Asencio

and Aboal, 2001), even though the occurrence of Chroo-

coccus and Gloeocapsa has been reported not only in dim

habitats, but also on monuments exposed to daylight

(Scheerer et al., 2009), confirming the tolerance of these

organisms to a wide range of environmental conditions.

The algal communities of PM can be split in two

types: the first, found in points 1 through 3, is mainly

composed by filamentous Cyanobacteria. Nostoc com-

mune is the dominant species, responsible for the

formation of thick mats containing also Leptolynbya

fragilis, L. foveolarum, and Lyngbya sp. filaments, along

with Chroococcacean species as Synechococcus sp. and

Cyanobium bacillare. The dominant presence of filamen-

tous cyanobacteria in stable conditions of low light

intensity and high relative humidity has been reported

for different caves (Martinez and Asencio, 2010; Roldàn

and Hernández-Mariné, 2009). Nostoc is a cosmopolitan

terrestrial genus that can endure desiccation, as well as

very low temperatures (Dodds et al., 1995). However, the

persistence of Nostoc commune seems to be determined

Figure 3. Scanning electron micrograph (SEM) showing

microbial community embedded in an esopolysaccharidic

matrix (arrow).

P. CENNAMO, C. MARZANO, C. CINIGLIA, G. PINTO, P. CAPPELLETTI, P. CAPUTO, AND A. POLLIO

Journal of Cave and Karst Studies, December 2012 N 247



by the occurrence of liquid water (Stal, 2000). This

feature could account for the sharp difference observed

in community composition between the Sybil’s Cave and

the Piscina Mirabilis; in the first, a dry habitat, Nostoc

commune was not recovered at any light intensity, where-

as in PM, an intense growth of this Cyanophyta was

observed where light intensity was low.

Chlorophyta and diatoms found in points 4 to 6 of both

SC and PM are typical members of algal aerial commu-

nities. Chlorophyta genera such as Chlorella, Stichococcus,

and Scotiellopsis and diatom genera such as Navicula, and

Pinnularia are ubiquitous and well-adapted to colonize a

wide range of substrata, regardless of microclimatic and

environmental conditions (Macedo et al., 2009). Pinnularia

obscura has been detected in thermoacidic environments of

Campi Flegrei (Ciniglia et al., 2007), and it is probably

widely distributed in the whole district.

The cluster analysis of algal distribution in the Sybil’s

Cave and the Piscina Mirabilis as related to light and

humidity showed that the most relevant differences in the

algal distributions was the detection of filamentous Cyano-

bacteria exclusively in the Piscina Mirabilis. This group of
organisms seems to prefer high and constant values of

relative humidity together with low light intensities, which

were not recorded in the Sybil’s Cave.

Also noteworthy is the presence in both caves of two

rare unicellular red algae, Cyanidium sp. and Phragno-

nema sordidum. The occurrence of P. sordidum in SC

was reported for the first time by Sieminska (1962), who

recovered the alga on a shady and damp wall of this

Table 2. List of algal taxa at sampling sites in the Sybil’s Cave (SC) and in the Piscina Mirabilis (PM).

Species

Sampling Sites

S SC2 SC3 SC4 SC5 SC6 PM1 PM2 PM3 PM4 PM5 PM6

PROKARYOTA

CYANOPHYTA
Aphanotecae sp. ??? ??? ??? X X X ??? ??? ??? ??? ??? ???

Chroococcus lithophilus Ercegović ??? ??? X X X X ??? ??? ??? ??? ??? ???

Chroococcus varius A. Braun in Rabehorst ??? ??? X X X X ??? ??? ??? X X X

Gloeocapsa sp. ??? ??? X X X X ??? ??? ??? ??? ??? ???

Leptolyngbya foveolarum (Rabenhorst ex

Gomont) Anagnostidis et komárek

??? ??? ??? ??? ??? ??? X X ??? ??? ??? ???

Leptolyngbya fragilis (Gomont)

Anagnostidis et komárek

??? ??? ??? ??? ??? ??? X X ??? ??? ??? ???

Lyngbya sp. ??? ??? ??? ??? ??? ??? X X ??? X ??? ???

Nostoc commune Vaucher ex Bornet &

Flahault

??? ??? ??? ??? ??? ??? ??? ??? X ??? ??? ???

Oscillatoria sp. X X ??? ??? ??? ??? X ??? X ??? ??? ???

Synechococcus sp. X X ??? ??? ??? ??? X X X ??? ??? ???

Synechococcus bacillaris Cyanobium

bacillare (Butcher) J. Komárek,

J. Kopeck & V. CepàK

X X ??? ??? ??? ??? ??? ??? ??? ??? ??? ???

EUKARYOTA

BACILLARIOPHYTA

Navicula sp. ??? ??? ??? X X X ??? ??? ??? X X X
Pinnularia obscura Krasske ??? ??? ??? X X ??? ??? ??? ??? ??? ???. ???

CHLOROPHYTA

Chlorella sp. Beijerinck ??? ??? ??? ??? X X ??? ??? X ??? X X

Gloeocystis sp. ??? ??? ??? X X X ??? ??? ??? ??? ??? ???

Stichococcus sp. ??? ??? ??? X X X ??? ??? ??? ??? X X

Scenedesmus arcuatus Lemmrmanm ??? ??? ??? ??? X X ??? ??? ??? ??? ??? ???

Scotiellopsis terrestris (H. Reislig)

Pucocharova & Kalina

??? ??? ??? ??? ??? X X ??? ??? ??? X ???

Pseudococcomya simplex (Mainx) Fott ??? ??? ??? ??? ??? X ??? ??? ??? ??? ??? ???

RHODOPHYTA

Cyanidium sp. X ??? X ??? ??? ??? X X ??? ??? X ???

Phragnonema sordidum Zopf X ??? X ??? ??? ??? X ??? ??? X ??? ???
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cave. In SC, P. sordidum is frequently associated with

Synechococcus, and it occurs in all the stages of its life

cycle. The presence of P. sordidum has been recorded in

other caves in the Mediterranean region (Friedmann,

1956), as well as on monuments in the Deux Sèvres

district, France, under low light intensity (Le Clerc et

al., 1983) and in hypogaean Roman archeological sites

(Albertano, 1993).

The genus Cyanidium encompasses unicellular algae re-

cently placed in the phylum Cyanidiophyta (Saunders and

Hommerstand, 2004) among the Rhodophyta. This genus

includes both thermoacidophilic organisms, such as the well

known C. caldarium, ubiquitously present in thermoacidic en-

vironments (Pinto et al., 2007), as well as mesophilic ones, as

reported by Schwabe (1936, 1944) on the walls of Chilean

coastal caves with no water seepage. According to Ott and

Seckbach (1994), the mesophilic strain is clearly different from

C. caldarium, on the basis of its mesophilic character and its

habitat, but its geographic distribution is presently not known.

Since the studies of Schwabe (1936, 1944), cave Cyanidium taxa

have been found in many other sites, from the Negev Desert,

Israel (Friedmann, 1956) to France and Italy (Hoffmann 1986,

Skuja, 1970).

CONCLUSIONS

The Campi Flegrei district presents many other

hypogean monuments that have not yet been explored

for their algal communities. Studies are in progress to

extend our knowledge of the algal biodiversity occurring in

these peculiar habitats.
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