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Abstract: As part of an extensive study of the caves in the Province of Alicante (SE
Spain), the distribution of cyanobacteria and physical data for the Gelada Cave are
presented. This cave is 9.4 m deep, 0.9 to 5.0 m high, 1.2 m wide, and is located in a karst
region. Photon flux density, relative humidity, and temperature were measured, and the
environmental ranges of conditions where growth occurred fluctuated between 0.0008—
0.06 uE.m ?s~', 55.0-95.0% and 5.4-18.0 °C, respectively. All the microorganisms
determined from the Gelada Cave were cyanobacteria. Other frequently observed groups
in caves, such as Bacillariophyta and Chlorophyta, were not detected because the cave
was too weakly illuminated and dry. Cyanobacteria were found to be grouped as blue,
brown, green, or gray patina according to the sampling sites and their constituent
organisms. The primary common stress factor on the distribution of algal communities in
the Gelada Cave is light shortage, followed by humidity, lack of nutrients, and
temperature. Twenty-two epilithic cyanobacteria were identified, ten of which have not
been previously reported in caves. The species studied are included in the Chroococcales
order (77.30%), followed by the Oscillatoriales order (13.60%) and by the Nostocales
(4.55%) and Stigonematales (4.55%) orders. The extreme values of the environmental

parameters are presented for each taxon in this cave.

INTRODUCTION

Caves present a microclimate that is characterized not
only by temperature and relative humidity values that remain
nearly constant all year round, but also by a luminous
intensity that varies from the entrance to the back of the cave.

There are data sets on algal flora in caves from many
countries and most continents. However, little information
is available about algal communities in Spanish caves, and
even less about the environmental conditions they require
(Aboal et al., 1994; Asencio and Aboal, 1996, 2000 a,b;
Asencio et al., 1996; Beltran and Asencio, in press,
Canaveras et al., 2001; Gracia-Alonso, 1974; Hernandez-
Mariné and Canals, 1994; Hernandez-Mariné et al., 1999;
Ruiz-Sanchez et al., 1991).

The purpose of this study conducted at the Gelada Cave
was to characterize the cyanobacterial communities and to
document their distribution within the cave in accordance
with environmental conditions as part of an extensive study
of caves in the Province of Alicante (SE Spain).

STUDY AREA

The Gelada Cave is located in the Font Roja Nature
Reserve (38°38'51"N, 0°32'46"W) at an altitude of 1050 m
in the municipality of Alcoy (Alicante, Spain). The climate
of this region is Mediterranean, with continental and
mountain influences depending on the altitude. Summers
are dry with not excessively high temperatures, while
winters are harsh with some snowfalls. Rainfall is relatively
high and variable depending on exposure and altitude, with

maximum precipitations in autumn (46 mm), winter
(39 mm) and spring (44 mm), and minimum precipitations
in summer (10 mm). The mean annual temperature is
between 12 °C and 15 °C. There are limestone rocks in the
area dating back to the Tertiary.

The entrance to the cave (Fig. 1) faces north and is 9.4 m
deep, 0.9 to 5.0 m high and 1.2 m wide.

MATERIAL AND METHODS

Prior to collecting from the surface of walls at nineteen
points at the Gelada Cave where colonization was evident,
photon flux density (Photosynthetically Active Radiation -
PAR), air temperature, and relative humidity measure-
ments were taken in winter and summer. An LI-1400
datalogger model (LICOR) with an LI-192 sensor and a
Delta Ohm HD 8501 H thermohygrometer, were used.
Electrodes were placed on the rock surface.

Samples were taken using a scalpel and were placed into
labeled plastic bags. Scraped material was used directly for
observation under a light microscope or as inoculate for
cultures in BG1l medium (Rippka et al. 1979). The
cultures were maintained at 25 °C, 70 uE.m s~ !, with a
photoperiod of 16 h light and 8 h darkness. Species were
determined by studying the material collected from the
field and the cultured material.

RESULTS AND DISCUSSION

The mean relative humidity in the Gelada Cave was
81.0% in both summer and winter. Values ranging between
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Figure 1. Geographical situation of Gelada Cave in Font
Roja Nature Reserve in Alcoy, Alicante (SE Spain).
Numbers show sampling sites.

a maximum of 95.0% inside the cave and a minimum of
55.0% at the entrance of the cave were recorded. These
values coincide with the Quingay Cave (Leclerc et al., 1983)
and the Vapor Cave (Hernandez-Mariné et al., 1999),
however, they differ from those recorded at other areas in
SE Spain, such as the Andragulla Shelter (Asencio and
Aboal, 1996), the La Serreta Cave (Asencio and Aboal,
2000a) and the L’Aigua Cave (Beltran and Asencio, in
press), given the poor exposure of the area to the exterior,
which modifies its environmental parameters.

The mean temperature in the Gelada Cave reaches 13.6
°C in summer and 6.2 °C in winter. Values ranging between
a maximum temperature of 18.0 °C in summer and a
minimum temperature of 5.4 °C in winter were recorded at
points close to the entrance. The differences in temperature
registered during the day varied between 1.7 °C in summer
and 1.2 °C in winter, which are similar to those recorded at
Quingay: 1 °C (Leclerc et al., 1983). These values differ
from those recorded during the most extreme seasons at
other arecas in SE Spain, such as the Andragulla Shelter
with a range of 20.6 °C to 6.0 °C (Asencio and Aboal,
1996), the La Serreta Cave with between 6.4 °C in summer
and 3.8 °C in winter (Asencio and Aboal, 2000a), and the
L’Aigua Cave with a range of 12.1 °C to 4.3 °C (Beltran
and Asencio, in press).

The mean PAR values recorded in the Gelada Cave
reached 0.01 uE.m 2.5~ in summer and 0.006 pE.m 2.s~!
in winter. Values ranging between a maximum of
0.06 uE.m 2.5~ ! in summer in the entrance and a minimum
of 0.0008 pE.m 2s”! in winter inside the cave were
recorded. These values were lower than those recorded at
the Quingay Cave where the maximum value reached was
0.2 uE.m %5~ ! (Leclerc et al., 1983). These values differ
from those recorded during the most extreme seasons at
other areas in SE Spain, such as the Andragulla Shelter:

1504.0 pEm s~ in summer and 1.4 pEm 2s! in
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winter (Asencio and Aboal, 1996), the La Serrcta Cave:
1241.0 pE.m 2s™! in summer and 0. pE.m 2s™ ! in
winter (Asencio and Aboal, 2000a), and the L’Aigua Cave:
1142 pE.m %5~ in summer and 0.3 pE.m~ %5~ in winter
(Beltran and Asencio, in press).

The fact that the relative humidity, temperature, and
PAR values recorded inside the Gelada Cave remained
more or less constant throughout the year indicates that
this is, strictly speaking, a cave in accordance with
Hoffmann (1989). This is in contrast to other caves and
shelters in SE Spain, which present a less constant
microclimate given their more direct exposure to the
exterior (Asencio and Aboal, 1996; Asencio and Aboal,
2000a and Beltran and Asencio, in press).

A total of twenty-two species have been identified and
characterized along with the environmental parameters in
the Gelada Cave (Appendix 1 and Table 1).

The cyanobacteria studied are included in the Chroo-
coccales order, where the most diversity has been verified
(77.30%), followed by the Oscillatoriales order (13.60%),
then by the Nostocales (4.55%) and Stigonematales (4.55%)
orders. The abundance of the Chroococcales species in the
Gelada Cave, along with the predominance of Oscillator-
iales, as opposed to Nostocales, coincides with some caves
in Belgium (Garbacki et al., 1999) with similar temperature
and humidity values.

Of the twenty-two species found, seventeen were
coccoid and five were filamentous species. At sampling
points 1, 8, 14, 15, 16 and 17, coccoid species were found
exclusively. Coccoid species, as opposed to filamentous
species, predominated at points 2, 3, 4, 5, 6, 7, 10 and 11.
Filamentous species, as opposed to coccoid species,
predominated at points 9, 13 and 18. A number of coccoid
and filamentous species coincided at points 12 and 19. The
predominance of coccoid species, as opposed to filamen-
tous species, at the Gelada Cave coincides with the findings
in the La Serreta Cave (Asencio and Aboal, 2000a), unlike
caves and shelters that are not so deep and where
filamentous species predominate (Asencio and Aboal,
1996). Coccoid forms are more abundant in dark areas,
whereas filamentous forms tend to be more diverse in
illuminated locations, unlike the findings of Vinogradova
et al., (1998) who considered the opposite scenario.

The collected species are characterised by the presence
of mucilaginous sheaths whose volume may vary consider-
ably. Sheaths act as water reservoirs to avoid drying and
prolong activity under drought conditions (Friedmann,
1972; Caiola et al., 1996; Nienow, 1996; Potts, 1999 and
Potts and Friedmann, 1981). Occasionally, sheaths appear
coloured because of pigments acting as filters to diminish
the amount of incident light, which is in accordance with
Krumbein and Potts (1978).

Of the thirteen identified genera, the genus that presents
the most different species is Gloeocapsa with four, followed
by Cyanosaccus and Leptolyngbya with three species each,
then by Chroococcus and Pleurocapsa with two each. The
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Table 1. Location of cyanobacteria at Gelada Cave and environmental conditions showing maxima and minima of PAR,
temperature, and relative humidity to which the different taxa grow. Numbers show sampling sites.

Relative Humidity

PAR. (WEm 257 Temperature (°C) (%)

Cyanobacteria Sampling Site max min max min max min
Aphanothece saxicola 6,10, 0.004 0.0008 14.3 5.5 91.0 76.0
Asterocapsa divina 1,2,3,4,5,6,7,8,11,13 0.03 0.001 18.0 5.4 95.0 55.0
Chroococcidium sp 4 0.01 0.004 16.0 54 84.0 77.0
Chroococcus spelaeus 1,4,5,6,14 0.02 0.003 18.0 5.4 92.0 55.0
Chroococcus westii 6,7,8,14 0.01 0.001 14.3 5.5 91.0 71.0
Cyanobacterium

cedrorum 5 0.003 0.005 15.5 5.7 92.0 73.0
Cyanosaccus aegeus 1,6,7,10,14 0.02 0.0008 18.0 5.5 91.0 55.0
Cyanosaccus atticus 11,18 0.03 0.002 13.4 5.6 90.0 71.0
Cyanosaccus sp 3 0.03 0.002 16.4 5.6 80.0 78.0
Cyanostylon

microcystoides 1,2,5,8 0.03 0.001 18.0 5.7 92.0 55.0
Gloeocapsa biformis 1,2,5,15 0.03 0.002 18.0 5.5 92.0 55.0
Gloeocapsa nigrescens 3 0.03 0.002 16.4 5.6 80.0 78.0
Gloeocapsa novacekii 2,8,17 0.03 0.0008 18.0 5.8 85.0 67.0
Gloeocasa rupicola 6,12,15,17,19 0.06 0.0008 14.3 5.5 91.0 69.0
Leptolyngbya “Albertanol

Kovacik-red” 3.4,7,10,11,12 0.03 0.0008 16.4 54 90.0 77.0
Leptolyngbya carnea 9 0.003 0.001 12.3 6.3 86.0 82.0
Leptolyngbya

leptotrichiformis 2,5,6,7,9,11,13,18 0.03 0.001 17.5 5.5 95.0 67.0
Pleurocapsa sp 16 0.009 0.0009 13.6 5.7 84.0 73.0
Pleurocapsa minor 8, 9,10,11 0.008 0.0008 13.1 5.6 90.0 81.0
Pseudocapsa dubia 1,2,3,4,8 0.03 0.001 18.0 5.4 85.0 55.0
Scytonema julianum 5,6,10,11,13,19 0.06 0.0008 15.5 5.5 95.0 69.0
Symphyonema

cavernicolum 18 0.03 0.002 134 5.8 83.0 71.0

remaining genera: Aphanothece, Asterocapsa, Chroococci-
dium, Cyanobacterium, Cyanostylon, Pseudocapsa, Scyto-
nema and Symphyonema presented one species each.

The fact that four Gloeocapsa species were present at
the Gelada Cave indicates that the algal colonization on
the walls is at an intermediate stage, and coincides with
Fritsch (1907), Diels (1914), Hayren (1940), Garty (1990)
and Pentecost (1992), who all considered these genera to be
pioneers in rock colonization. This contrasts with similar
works in which Gloeocapsa appears less abundantly
(Iliopoulou-Georgoudaki et al., 1993, Asencio and Aboal,
2000a, and Beltran and Asencio, in press).

Of the twenty-two species identified, the most common
are Asterocapsa divina found at ten points, Leptolyngbya
leptotrichiformis at eight points, and Scytonema julianum at
six points, while Chroococcidium sp, Cyanobacterium
cedrorum, Cyanosaccus sp, Gloeocapsa nigrescens, Lepto-
lyngbya carnea, Pleurocapsa sp and Symphyonema caverni-
colum were encountered at only one point each.

Those species which withstand less constant environ-
mental conditions at the Gelada Cave are: Cyanosaccus
aegeus  (0.02-0.0008 pE.m 2s” !, 91.0-55.0%, 18.0—
5.5 °C), Gloeocapsa novacekii (0.03-0.0008 pE.m 25!,
85.0-67.0%, 18.0-5.8 °C), Gloeocapsa rupicola (0.06—
0.0008 pE.m 25!, 91.0-69.0%, 14.3-5.5 °C), Leptolyng-
bya “‘AlbertanolKovacik-red” (0.03-0.0008 pE.m 2s™ !,
90.0-77.0%, 16.4-5.4 °C) and Scytonema julianum (0.06—
0.0008 puE.m 2s~ ! 95.0-69.0%, 15.5-5.5 °C), whereas
Cyanobacterium cedrorum (0.003-0.005 pE.m 25!, 92.0—
73.0%, 15.5-5.7 °C) and Leptolyngbya carnea (0.003—
0.001 pEm 2s™', 86.0-82.0%, 12.3-6.3 °C) withstand
more constant environmental conditions.

Scytonema julianum (Fig. 2) can resist extreme oscilla-
tions. It grows on well lit cave walls with maximum values
of 2000 uE.m 2.5~ ! and under very low light conditions in
some caves, where minimum values of 0.007 pE.m 2.s~"
were registered (Leclerc et al., 1983; Couté and Bury 1988
and Aboal et al. 1994).
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Plate 1. (Figures 2-13) Light micrographs [scale bar: 10 pm] of: 2- Scytonema julianum, 3- Symphyonema cavernicolum, 4-
Cyanobacterium cedrorum, S- Cyanosaccus aegeus, 6- Cyanosaccus atticus, 7- Cyanostylon microcystoides, 8- Gloeocapsa

nigrescens, 9- Gloeocapsa novacekii, 10- Gloeocapsa rupicola, 11- Leptolyngbya “Albertanol Kovdcik-red”, 12- Leptolyngbya
carnea, 13- Leptolyngbya leptotrichiformis.

14« Journal of Cave and Karst Studies, April 2010



A. MARTINEZ AND A.D. ASENCIO

Plate 2. (Figures 14-23) Light micrographs [scale bar: 10 pm] of: 14- Aphanothece saxicola, 15- Asterocapsa divina, 16-
Chroococcidium sp, 17- Chroococcus spelaeus, 18- Chroococcus westii, 19- Cyanosaccus sp, 20- Gloeocapsa biformis, 21-
Pleurocapsa sp, 22- Pleurocapsa minor 23- Pseudocapsa dubia.
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Table 2. Characterization, composition and location of cyanobacteria communities at Gelada Cave. Numbers show

sampling sites.

Sampling Sites

Cyanobacterial Comunities

Patina

1

Asterocapsa divina, Chroococcus spelaeus, Cyanosaccus aegeus,
Cyanostylon microcystoides, Gloeocapsa biformis, Pseudocapsa dubia

2 Asterocapsa divina, Cyanostylon microcystoides, Gloeocapsa biformis, G.
novacekii, Leptolyngbya leptotrichiformis, Pseudocapsa dubia
3 Asterocapsa divina, Cyanosaccus sp, Gloeocapsa nigrescens, Leptolyngbya
“AlbertanolKovacik-red”’, Pseudocapsa dubia
4 Asterocapsa divina Chroococcidium sp, Chroococcus spelaeus, Leptolyngbya
“Albertanol Kovacik-red”, Pseudocapsa dubia
5 Asterocapsa divina Chroococcus spelaeus, Cyanobacterium cedrorum,
Cyanostylon microcystoides, Gloeocapsa biformis, Leptolyngbya
leptotrichiformis, Scytonema julianum
6 Aphanothece saxicola, Asterocapsa divina, Chroococcus spelaeus, Ch. westii,
Cyanosaccus aegeus, Gloeocapsa rupicola, Leptolyngbya leptotrichiformis,
Scytonema julianum
7 Asterocapsa divina, Chroococcus westii, Cyanosaccus aegeus, Leptolyngbya
“AlbertanolKovacik-red”, L. leptotrichiformis
8 Asterocapsa divina, Chroococcus westii, Cyanostylon microcystoides,
Gloeocapsa novacekii, Pleurocapsa minor, Pseudocapsa dubia
9 Leptolyngbya carnea, Leptolyngbya leptotrichiformis, Pleurocapsa minor
10 Aphanothece saxicola, Cyanosaccus aegeus, Leptolyngbya ““Albertanol
Kovacik-red”, Pleurocapsa minor, Scytonema julianum
11 Asterocapsa divina, Cyanosaccus atticus, Leptolyngbya ““Albertanol
Kovacik-red”, Leptolyngbya leptotrichiformis, Pleurocapsa minor,
Scytonema julianum
12 Gloeocapsa rupicola, Leptolyngbya ““AlbertanolKovacik-red”
13 Asterocapsa divina, Leptolyngbya leptotrichiformis, Scytonema julianum
14 Chroococcus spelaeus, Chroococcus westii, Cyanosaccus aegeus
15 Gloeocapsa biformis, Gloeocapsa rupicola
16 Pleurocapsa sp
17 Gloeocapsa novacekii Gloeocapsa rupicola
18 Cyanosaccus atticus Leptolyngbya leptotrichiformis and Symphyonema
cavernicolum.
19 Gloeocapsa rupicola Scytonema julianum

greenish-bluish
greyish
greyish
greyish

bluish-greyish

bluish-greyish

brownish-grey
greenish-bluish

brownish-grey
bluish-greyish

bluish-greyish

brownish-grey
bluish-greyish
greenish-bluish
greenish-bluish
greenish-bluish
greenish-bluish
brownish-grey

bluish-greyish

In contrast, other filamentous cyanobacteria, such as
Symphyonema cavernicolum (Fig. 3), cited for the second
time in such settings, require more stable temperature,
relative humidity, and PAR values. This species at the
Gelada Cave withstands PAR values below the minimum
recorded at the La Serreta Cave during its epilithic
development (Asencio and Aboal, 2000a). This confirms
that this species does not withstand high light intensity
values and implies that it develops chasmoendolithically
when light peaks are very high (Asencio et al., 1996).

Of the twenty-two species identified, ten: Cyanobacter-
ium cedrorum (Fig. 4), Cyanosaccus aegeus (Fig. 5), C.
atticus (Fig. 6), Cyanostylon microcystoides (Fig. 7), Gloeo-
capsa nigrescens (Fig. 8), G. novacekii (Fig. 9), G. rupicola
(Fig. 10), Leptolyngbya “ Albertanol Kovacik-red” (Fig. 11),
L. carnea (Fig. 12), and L. leptotrichiformis (Fig. 13) have
not been previously cited in cave settings, but in places with
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weak incident radiation. Therefore, these results confirm
the importance of light in the distribution of algae species
and coincide with those of Jaag (1945) and Zehnder (1953).

Microscopic observations revealed that cyanobacteria
are arranged in a particular assemblage named patinas
which are blue, brown, green, or gray and continuous, and
are arranged mosaically inside the Gelada Cave. These
communities contain coccoid forms that are frequently
accompanied by filamentous forms that are irregularly
distributed and do not present stratification.

We may assume two different areas at the Gelada Cave.
a) One area is the entrance level, where the microclimate is
influenced by the exterior and attenuated light, temperature,
and relative humidity fluctuate throughout the year. Patina
is greenish-bluish formed by coccoid species only, and there
are also grayish patina constituted by coccoid and filamen-
tous species. b) The second area is the inside level with a



stable temperature and relative humidity and very low light.
The patina found are greenish-bluish formed by only
coccoids species, brownish-gray patina constituted by
coccoid forms and filamentous forms, and bluish-grayish
patina formed by coccoid forms and filamentous forms
where Scytonema julianum predominates.

The points in the Gelada Cave where the largest number
of species grow were 6 and 5 with eight and seven species
respectively, and the lowest number was at 16 with only
one species (Table 2). The diversity of cyanobacteria
communities diminishes with decreasing light.

The occurrence of a particular assemblage of cyano-
bacteria in the samples taken at the Gelada Cave suggests
some stability of species composition in these communities.
The network of filaments may contribute to maintain levels
of moisture during periods in which the relative humidity
of the air is low, thus favoring all community members.

There was a larger number of species growing at the
sampling locations facing west given the presence of holm
oaks, which prevent sun rays from passing to the sampling
locations facing east. The primary common stress factor on
the distribution of algal communities in the Gelada Cave is
light shortage, followed by humidity, lack of nutrients and
temperature, which is in accordance with Smith and Olson
(2007) for cave-like environments.
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APPENDIX 1.
TAXONOMIC LIST OF CYANOBACTERIAL FLORA FROM
GELADA CAVE

Aphanothece saxicola Nageli Fig. 14
Cylindrical cells, 2.0-3.0 ym wide and 2.5-3.5 um long,
grouped in a gelatinous mass with no clear shape. With the
sheath, they can become 2.5-3.5 um wide and 3.0-4.0 um
long. This species was cited by Seckt (1938), Margalef
(1952), Dor and Dor (1999), Smith and Olson (2007) and
by Beltran and Asencio (in press) as an epilithic species on
cave walls.
Asterocapsa divina Komarek Fig. 15
Spherical cells, 4.0-5.0(—6.0) um, surrounded by a hyaline
sheath, ornamented with wart-like structures, reaching a
diameter of 6.5-8.0(—9.0) um. They group to form colonies
reaching 30.0 um. Komarek (1993) described this species
on limestone rocks in Mexico. Aboal et al (2003) found this
species in a cave in Murcia, Spain.
Chroococcidium sp Fig. 16
Spherical, bluish-greenish 7.6 pum-diameter cells, which
may form groups as colonies of up to 14.0 um. They are
arranged as an undefined gelatinous mass.
Chroococcus spelaeus Ecergovic Fig. 17
Spherical, 9.0-10.0 um-diameter, violet or dark green cells
surrounded by a hyaline sheath which reaches 15.0 pum.
After division, groups of 2—4 cells appear with a diameter
of up to 20.0 pm. Komarek and Anagnostidis (1999) cited
this species as aerophytic, and they found it on humid
rocks in Croatia. Poulickova and Hasler (2007) noticed it
in caves in the Czech Republic.
Chroococcus westii Boye-Petersen Fig. 18
Violet spherical cells of 11.0 um diameter, surrounded by a
lamellate hyaline sheath reaching 15.0 um. After division,
groups of 2 to 4 cells appear to reach a diameter of 20.0—
25.0 um. Komarek and Anagnostidis (1999) cited this
species as subaerophytic and found it on humid rocks in
mountainous areas. Garbacki et al (1999) referred to it in
caves in Belgium.
Cyanobacterium cedrorum (Sauvageau) Komarek et al.
Fig. 4
Cylindrical bluish-greenish cells, either alone or in pairs,
4.5 um long and 2.0 um wide.
Komarek and Anagnostidis (1999) cited this species as
being subaerophytic on humid rocks of warm areas of the
temperate zone and in tropical countries. Uher et al (2005)
noted it on monuments in Murcia, Spain.
Cyanosaccus sp Fig. 19
Spherical or pyriform purple cells, 6.0 um. They are single
or form groups of 2-4, surrounded by a gelatinose, hyaline,
penduculated glass-shaped sheath of up to 20.0 um wide.
Presence of spherical nanocytes, 2.5(—3.0) um diameter.
Cyanosaccus aegeus Anagnostidis et Pantazidou Fig. 5
Ellipsoidal or pyriform violet cells with a granular content,
measuring 12.0 x 9.0 um. They are single or form groups of
2-4, surrounded by a mucilaginous, colourless and



penduculated sheath. These structures, measuring as much
as 37.0 um wide, form groups of 4 and appear dendriform.
Anagnostidis and Pantazidou (1985) described this species
as endolithic on carbonate rocks of the Aegean Sea.
Komarek and Anagnostidis (1999) cited it on the coast of
South Africa.

Cyanosaccus atticus Anagnostidis et Pantazidou Fig. 6
Spherical or pyriform purple cells of around 5.4 um. They
are single or form groups of 2 to 4, surrounded by a
mucilaginous, hyaline and pedunculated sheath of up to
15.0-20.0 um wide. Presence of spherical, 1.5(—2.0) um-
diameter nanocytes. Anagnostidis and Pantazidou (1988)
described this species as endolithic on carbonated rocks of
the Aegean Sea.

Cyanostylon microcystoides Geitler Fig. 7
Reddish, spherical 4.0 um-diameter cells which are either
alone or form groups of 2-4 cells, surrounded by a
mucilaginous and hyaline sheath which extends to become
penduculated. Komarek and Anagnostidis (1999) referred
to this species on the walls of alpine lakes and waterfalls in
Central Europe.

Gloeocapsa biformis Ecergovic Fig. 20
Bluish-greenish spherical cells with a diameter of 3.0—
4.0 um, surrounded by a hyaline or yellowish sheath
that reach up to 5.0-6.0 um. Golubic (1967) found
this species inside a cave in Croatia. Anagnostidis
et al. (1981) mentioned it in the Perama Cave at
Ioannina in Greece. Chang and Chang-Schneider (1991)
found it in caves in Germany, while Ilipoulou-Georgou-
daki et al. (1993) referred to it in a cave in Greece. Asencio
and Aboal (1996) found it in a cave in Murcia, Spain.
Garbacki et al. (1999) cited it in a cave in Belgium, whereas
Beltran and Asencio (in press) noticed it in a cave in
Alicante, Spain.

Gloeocapsa nigrescens Nageli in Rabenhorst Fig. 8
Spherical cells, 4.0-5.0 um, surrounded by a reddish
sheath reaching 6.0-7.0 um. They group to colonies
with a diameter of 10.0-20.0 um. Komarek and Ana-
gnostidis (1999) cited this species as aerophytic on
calcareous rocks in poorly illuminated areas and with a
high atmospheric humidity. It was cited by Uher and
Kovacik (2002) in epilithic subaerial populations of
Slovakia.

Gloeocapsa novacekii Komarek et Anagnostidis Fig. 9
Spherical cells, 5.2 um, surrounded by a hyaline or dark
red-coloured sheath reaching 6.5 um, which groups to form
colonies, 11.0-35.0um, with colourless or reddish mucila-
ginous, non-lamellated sheaths. Komarek and Anagnosti-
dis (1999) referred to this species as aerophytic on
periodically dampened serpentine rocks in the Czech
Republic. Rifén-Lastra (2000) cited on monuments of
historic interest in Galicia, Spain. Dominguez and Asencio
(in press) also cited it in gypsum areas of Alicante, Spain.
Gloeocapsa rupicola Kiitzing Fig. 10
Bluish-greenish spherical cells measuring 3.0-4.0 pm,
surrounded by a lamellated, 6.0 um-diameter reddish
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sheath. They may group to form colonies measuring
35.0-50.0 um. Komarek and Anagnostidis (1999) described
this species as being aerophytic on periodically dampened
rocks and on mountain walls in Central Europe. Dom-
inguez and Asencio (in press) cited it in gypsum areas of
Alicante, Spain.

Leptolyngbya “Albertanol Kovdcik-red” Fig. 11
Filaments with a diameter of 3.0 um formed by a hyaline
sheath and a constricted trichome formed by 2.0 um-
diameter and 2.0 um-long brownish-reddish cells. Conical
apical cell. Komarek and Anagnostidis (2005) cited this
species as subaerophytic on humid walls of poorly
illuminated areas.

Leptolyngbya carnea (Kiitzing ex Lemmermann) Anagnos-
tidis et Komarek Fig. 12
Densely interwoven filaments, 4.0 um, made up of a
hyaline sheath and non-constricted trichome with reddish
3.0 um isodiameterical cells. Rounded apical cell. Uher and
Kovacik, (2002) cited this species in subaerial epilithic
habitats in Slovakia. Komarek and Anagnostidis (2005)
noted it as a subaerophytic species on the walls of
greenhouses and on drenched rocks in Central Europe
and in North America.

Leptolyngbya leptotrichiformis (Krieger) Anagnostidis et
Komarek in Anagnostidis Fig. 13
Filaments, 2.0-3.0 um wide, with a hyaline sheath which
surrounds the trichome made up of cells that are longer
than they are wide, 2.0 um long and 1.0 um wide. Rounded
apical cell. Komarek and Anagnostidis (2005) cited this
species as an aerophytic species on walls made out of
humid rocks in Greece.

Pleurocapsa sp Fig. 21
Colonies made up of bluish-greenish pseudofilaments, 3.0—
4.0 um, joined laterally by gelatinous hyaline sheaths.
Rounded 2.0 um-diameter cells. Nanocytes, 0.8 um, group
as cenobio with a diameter of 5.0 um.

Pleurocapsa minor Hansgirg Fig. 22
Colonies formed of bluish-greenish pseudofilaments with a
diameter of 3.0-9.0 um with gelatinous hyaline sheaths
which surround the 3.0-4.0 um-diameter cells. This species
has been cited in the Perama Cave at loannina in Greece
(Anagnostidis et al., 1981). It has also been observed in the
L’Aigua Cave in Alicante, Spain (Beltran and Asencio, in
press).

Pseudocapsa dubia Ercegovic Fig. 23
Spherical cells of a 4.0 um diameter surrounded by a
hyaline sheath, reaching a size of 5.0 um. Cells vary in
number and group in more or less rounded colonies,
reaching 11.0-19.0 um. Nanocytes with a diameter of 1.5—
2.0 um. Palik (1938) mentioned Pseudocapsa dubia in a cave
in Hungary and Skuja (1970) observed it in a cave in Italy.
Arino et al. (1997) found it on Roman tombs in Seville,
Spain, while Asencio (1997) cited it as an epilithic and
casmoendolithic species in several caves in Murcia, Spain.
It also appeared in the L’Aigua Cave in Alicante, Spain
(Beltran and Asencio, in press).
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Scytonema julianum (Meneghini ex Frank) Richter Fig. 2
Greenish-bluish filament, 10.5 pum wide, surrounded
by a considerably thick calcium carbonate sheath
with which the filament reaches 13.0 um. Hyaline sheath.
Trichome formed by cells measuring 5.5-6.5 um wide
by 5.0-6.0 um long. Rectangular heterocytes (5.0 um x
7.0 um). Friedmann (1979) cited this species on the walls
of calcarecous caves. Couté and Bury (1988) found it
in numerous calcareous caves in France, while Hoffmann
(1989) considered it characteristic of areas close to
cave entrances. Iliopoulou-Georgoudaki et al. (1993)
referred to it in a cave in Greece and Aboal et al. (1994)
found it in a cave in Murcia, Spain. Arifio et al (1997) also
cited it on Roman tombs in Seville, Spain. Cafiaveras et al
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(2001) found it in caves at Altamira and Tito Bustillo,
Santander, Spain, whereas Smith and Olson (2007)
mentioned it in a cave in Kentucky, USA. Finally, Beltran
and Asencio (in press) found it at the L’Aigua Cave in
Alicante, Spain.
Symphyonema cavernicolum Asencio, Aboal and Hoffmann
Fig. 3
Filaments, diameter 5.0 um, made up of constricted
trichomes with tapering ends and with brownish cells
measuring 4.0 um wide and 11.0 um long, surrounded by a
hyaline sheath with calcium carbonate incrustations. They
present genuine V-, Y- and T-shaped branches (infre-
quent). This species was described by Asencio et al. (1996)
in cave settings in Murcia, Spain.



