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Distribution of Aerial Algae and Biological Classes in Five Stone
Cultural Properties of Korea

An Suk Lim and Ok-Min Lee*
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The purpose of research was to find aerial algae and to investigate the change of color in each class of
photosynthetic pigments in five stone cultural properties of Korea. It turned out to be a total of 29 taxa, including as
26 species, 1 variety and 2 unidentified species. Among them, Haplaosiphon fontinalis and Stigonema turfaceum were
found to be newly recorded species of Korea. The average Chl-a concentration from the change of color in the stone
cultural properties increased as its class; however, the class 5 showed lower values than the class 4, which was
shown in previous studies. From the studies of algal distribution, chlorophytes appeared earlier than cyanophytes
in stone cultural properties of algal infestation. Also, 50% or more of the five stone cultural properties already

appeared to have bio-pollution.
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Table 1. Sampling points and their Donner et al. (2002) classes of five stone cultural properties of Korea

Sampling points Foundation Body Roof stone
Heritage East West South  North East West South  North East West South North
A 0/5 3 0/2 4 - - - - - - - -
B 5 3 1 3 - - - - - - - -
C 0/3 0/5 0/5 0/1 - - - - 5 5 5 5
D 0/4 0/4 0/5 4 3 5 5 3 4 3 3 3
E 0/1 0/1 0/2 2 - - - - 5 5 5 5

A: Stupa in Godalsa Temple site, B: Stone pedestal for Buddhist statue, C: Three storied stone pagoda in Ha-ri Yeoju, D: Stupa of Buddhist
priest Bojejonja of Silleuksa Temple, F: Stone lantern in front of the stele to Buddhist priest Bojejonja
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Table 2. The algal list occurred at each class of five stone cultural properties of Korea

Species Class 0 Class 1 Class 2 Class 3 Class 4 Class 5
Cyanophyceae

Anabaena fertilissima +

Apanocapsa elachista + +
Chroococcus bituminosus ++ +
Chroococcus minor ++
Chroococcus minutus +

Chroococcus turgidus ++

Chroococcus varius + + +++ +++
*Hapalosiphon fontinalis + +
Lyngbya maior +

Oscillatoria tenuis +

Scytonema crispum ++ +
*Stigonema turfaceum ++ +
Synechococcus lividus +
Synechocystis aquatilis + + +++ + e
Synechosystis pevalekii +

Xenococcus acervatus + +
Chlorophyceae

Chlorella ellipsoidea +

Chlorella vulgaris +
Cosmarium decenes + +

Cylindrocapsa conferta ++ +
Klebsormidium sp. ++ ++
Protococcus viridis A ++ ++ -+ -+ -+
Trebouxia sp. + + +
Tretenpohlia aurea +

Ulothrix zonata ++ ++ + +++ +H++
Bacillariophyceae

Navicula capitata var. hungarica ++ + +
Navicula crytocephala +

Nitzchia brevissima +

Xanthophyceae

Botryococcus braunii +++ +H++

+: the numbers of sites occurred algae

Table 3. The chl-a concentrations in visual 6-step color scale for algal infestation intensity in five stone cultural properties of Korea

Donner et al. Schumann et al. this study
(2002) (2005)
Class Chl-a
Color Chl-a Chl-a Chl-a
(ug g™) (mg m) (mg m) (ug g™)
0 valid for surfaces without visible algae 1 5 1-15
light discoloration to be visually recognised by brighter
1 regular spots from plastered wall plugs or other specific 2 - 18-24
details
2 light green 7-20 17-62 - 20-55
3 green 10-70 38-244 32-74
4 dark green, red and /or brown 29-153 87-313 41-313 43-114
5 black with some dark green areas 37-74 114-177 25-119
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Fig. 1. lllustrations of Hapalosiphon fontinalis(a) and Stigonema
turfaceum(b) found in five stone cultural properties of Korea as
Korean unrecorded species.

Fig. 2. Photographs of Hapalosiphon fontinalis(a) and Stigonema
turfaceum(b) found in five stone cultural properties of Korea as
Korean unrecorded species.
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Fig. 3. The photosynthetic pigments concentrations of each class in
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Fig. 4. The distribution of each class in five stone cultural properties
of Korea(A: Stupa in Godalsa Temple site, B: Stone pedestal for
buddhist statue, C: Three storied stone pagoda in Ha-ri Yeoju,
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