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Abstract
This research includes the identification and cultivation of aerial algae from 33 sites located in Mt. Gwanggyo of Gyeong-

gi-do, Korea, from March 2011 to August 2012. The ecological factors of aerial algae were analyzed and a total of 29 taxa 

were identified in 4 phyla, 5 classes, 11 orders, 15 families, 19 genera, 28 species and 1 variety; 12 taxa of cyanophytes, 8 

taxa of chrysophytes, and 9 taxa of chlorophytes were found. As for newly recorded cyanophytes of Korea, Komvophoron 

jovis, Microcoleus steenstrupii, and Nostoc edaphicum appeared. Komvophoron jovis, previously known to grow on rocks 

and boulders, appeared in soil. Microcoleus steenstrupii, reported to appear in desert soils, appeared on the wet surface of 

the soil after rain. Nostoc edaphicum, in symbiosis with fungi, appeared on tree bark as the lichen. Thus, there are a total 

of 99 reported taxa of Korean aerial algae, including 3 species that were discovered in this study.
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INTRODUCTION
  

Aerial algae have been found in a vast range of envi-

ronments, including soils, rocks, tree barks and surfaces 

of buildings. Aerial algae contributes to carbon and ni-

trogen fixation, the release of organic material, and the 

coalescing of soil particles (Goyal 1997, Graham et al. 

2009). In order to adapt to land environments, aerial algae 

display simplified shapes, such as globular, oval and fila-

ments (Hoffmann 1989). Consequently, understanding 

the minute differences in form and alterations of shape 

is required to identify aerial algae based on morphology 

(Neustupa and Skaloud 2010).

Overseas, studies on distribution of soil algae have been 

performed in Texas (King and Ward 1977), North-Eastern 

Italy (Zancan et al. 2006), and Egypt (Mansour and Shaa-

ban 2010). Research on the distribution of algae on tree 

barks has been done in India (Mikter and Shukla 2006), 

Singapore (Neustupa and Skaloud 2010), and Brazil (Lem-

es-Da-Silva et al. 2010). Studies on distribution of aerial 

algae in specific locations and on the walls of buildings 

have been done in Latin America (Gaylarde and Gaylarde 

2000), Europe (Rindi and Guiry 2004), India (Samad and 

Adhikary 2008), Spain (Macedo et al. 2009) and the USA 

(Khaybullina et al. 2010). Domestically, with regard to 

aerial algae, research on distribution of soil algae in Seoul, 

Gyeonggi-do, Chungcheong-do has been done (Chang et 

al. 1998). In addition, studies by Klochkova et al. (2006), 

Lim and Lee (2008a, 2008b), and Kim et al. (2010, 2011) on 

aerial algae in Korean stone cultural heritages sites have 

been performed. In Korea, a total of 96 taxa, including 

39 taxa of cyanophytes, 14 taxa of chrysophytes, and 43 

taxa of chlorophytes have been found (Chung 1968, 1993, 

Chang et al. 1998, Lim and Lee 2008a, 2008b).
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kirch, Germany) was used to measure temperature and 

humidity, Testo 830-T1 (Testo) for surface temperature, 

and LX-1108 (Lutron, Taipei, Taiwan) for illumination.

The samples were collected using a soft brush and ster-

ilized spatula. All samples were collected and transport-

ed to the lab in sterilized distilled water in dark bottles 

(Crispim et al. 2004). Unialgal culture of aerial algae was 

done by separating it on agar medium using a pasteur-

pipette. For culture media, Bold 3N medium (Bold and 

Parker 1962), Bold basal medium (Bold and Wynne 1978), 

WEES medium (Kies 1967), and M chu No. 10 medium 

(Chu 1942) were used. An appropriate culture medium 

was used to culture aerial algae by manipulating factors 

such as[ph] (Stein 1979). The aerial algae increased a cell 

The current study aims to add newly recorded species 

of aerial algae, investigate the environmental factors of 

their habitats, and clarify the distribution of species in Mt. 

Gwanggyo of Gyeonggi-do, Korea.

MATERIALS AND METHODS

Aerial algae were collected from a total of 33 sites—5 soil 

sites, 14 tree bark sites, and 14 rock sites—in Mt. Gwang-

gyo from March 2011 to August 2012. Basic environmen-

tal factors such as air temperature, surface temperature, 

humidity, and intensity of illumination were analyzed 

when collecting the aerial algae. Testo 625 (Testo, Lenz-

Table 1. The 33 sampling sites and ecological factors in Mt. Gwanggyo of Gyeonggi-do, Korea, from March 2011 to August 2012

Site Date Location Biotope
Ta STb Illuc Hud

(°C) (°C) (Lux) (%)

1 Mar. 2011 37° 20ʹ 41.11ʺ N 127˚ 02ʹ 03.02ʺ E Rock 9.3 9 39,100 20.3

2 37˚ 20ʹ 45.11ʺ N 127˚ 01ʹ 51.76ʺ E Rock 4.3 3.5 62,600 18.5

3 37˚ 20ʹ 40.67ʺ N 127˚ 01ʹ 46.26ʺ E Rock 3.8            0 36,350 16.2

4 37˚ 20ʹ 37.05ʺ N 127˚ 01ʹ 42.62ʺ E Rock 6.5            5 35,000 45.2

5 37˚ 20ʹ 30.48ʺ N 127˚ 01ʹ 26.08ʺ E Tree bark 5.2 6.5 23,360 15.2

6 37˚ 20ʹ 05.94ʺ N 127˚ 01ʹ 06.27ʺ E Tree bark 7.1 9.5 30,980 18.1

7 Aug. 2011 37˚ 20ʹ 41.76ʺ N 127˚ 02ʹ 04.06ʺ E Rock 24.8 24.5 10,730 71.5

8 37˚ 20ʹ 42.12ʺ N 127˚ 01ʹ 59.00ʺ E Rock 24.5 23.5 7,560 70.7

9 37˚ 20ʹ 26.84ʺ N 127˚ 01ʹ 56.10ʺ E Tree bark 24.8 23.5 7,670 69.3

10 37˚ 20ʹ 23.18ʺ N 127˚ 01ʹ 47.21ʺ E Tree bark 25.2         25 3,885 67.5

11 37˚ 19ʹ 54.79ʺ N 127˚ 01ʹ 33.23ʺ E Tree bark 24.8 24.5 3,925 74.6

12 37˚ 19ʹ 50.40ʺ N 127˚ 01ʹ 24.53ʺ E Rock        27         27 10,210 67.3

13 Nov. 2011 37˚ 20ʹ 41.11ʺ N 127˚ 02ʹ 03.02ʺ E Rock 12.6 11.5 5,240         89

14 37˚ 20ʹ 45.11ʺ N 127˚ 01ʹ 51.76ʺ E Rock 11.9 10.5 2,262 91.4

15 37˚ 20ʹ 38.99ʺ N 127˚ 01ʹ 44.44ʺ E Rock 13.2         10 2,860 85.5

16 37˚ 20ʹ 30.48ʺ N 127˚ 01ʹ 26.08ʺ E Rock 14.7 10.5 1,585 76.6

17 37˚ 20ʹ 05.94ʺ N 127˚ 01ʹ 06.27ʺ E Rock 14.5         10 1,674         75

18 Feb. 2012 37˚ 18ʹ 38.83ʺ N 127˚ 01ʹ 20.92ʺ E Rock 4.3 0.5 4,500 48.5

19 37˚ 18ʹ 35.62ʺ N 127˚ 01ʹ 23.60ʺ E Rock 4.3            1 4,500 48.5

20 37˚ 18ʹ 31.25ʺ N 127˚ 01ʹ 25.09ʺ E Tree bark 4.3 1.5 4,500 48.5

21 37˚ 18ʹ 22.10ʺ N 127˚ 01ʹ 37.04ʺ E Tree bark 5.8 2.5 9,200 65.5

22 37˚ 18ʹ 14.50ʺ N 127˚ 01ʹ 41.03ʺ E Tree bark 5.8            3 9,200 65.5

23 37˚ 18ʹ 10.31ʺ N 127˚ 01ʹ 41.22ʺ E Tree bark 5.8 3.8 9,200 65.5

24 Aug. 2012 37˚ 17ʹ 56.21ʺ N 127˚ 02ʹ 18.67ʺ E Soil 22.2 24.5 8,510      100

25 37˚ 18ʹ 03.53ʺ N 127˚ 02ʹ 20.31ʺ E Tree bark 20.9 24.5 8,510 95.2

26 37˚ 18ʹ 17.78ʺ N 127˚ 02ʹ 03.10ʺ E Tree bark 28.5         23 1,654 64.6

27 37˚ 18ʹ 17.56ʺ N 127˚ 02ʹ 03.76ʺ E Tree bark 28.5 25.5 1,914 64.6

28 37˚ 18ʹ 17.47ʺ N 127˚ 02ʹ 03.77ʺ E Soil 28.5          25 2,018 64.6

29 37˚ 18ʹ 15.99ʺ N 127˚ 02ʹ 03.28ʺ E Tree bark 28.4 31.5 8,740 64.7

30 37˚ 18ʹ 09.95ʺ N 127˚ 01ʹ 59.21ʺ E Soil 24.5 16.5 524         69

31 37˚ 18ʹ 09.31ʺ N 127˚ 01ʹ 59.84ʺ E Tree bark        24         17 1,520 72.6

32 37˚ 18ʹ 08.69ʺ N 127˚ 02ʹ 00.52ʺ E Soil        24 16.5 1,950 70.5

33 37˚ 18ʹ 09.33ʺ N 127˚ 02ʹ 02.28ʺ E Soil 24.2         21 10,130 70.3
aT, Temperature(°C); bST, Surface temperature (°C); cIllu, intensity of illumination(Lux); dHu, humidity (%). 
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RESULTS AND DISCUSSION

Ecological factors

The ecological conditions of Mt. Gwanggyo, where the 

aerial algae were found, were measured (Table 1). Air tem-

perature ranged from 3.8°C to 28.5°C and surface temper-

ature ranged from 0°C to 31.5°C at the time of collection. 

Intensity of illumination ranged from 524 to 62,600 lux, 

and humidity ranged from 15.2% to 100% at the collec-

tion sites.

A total of 29 taxa were identified, with 4 phyla, 5 classes, 

11 orders, 15 families, 19 genera, 28 species and 1 variety. 

Among the taxa identified, there were 12 taxa of cyano-

number for three to five days in the algae culture room 

with a temperature of 25°C, photoperiodic control of 16:8, 

and intensity of illumination of 40 μm m-2 s-1.

Species were identified using optical microscope (BX41; 

Olympus, Tokyo, Japan) under ×400-1,000 magnification. 

Pictures of cells’ outer shape were captured by a digital 

camera (C-5060; Olympus) attached to the microscope. 

A drawing attachment (BX40F4; Olympus) was used for 

drawing of the morphologies. Prescott et al. (1972, 1977, 

1981, 1982), Prescott (1973), Hirose et al. (1977), Chung 

(1993), John et al. (2002), and John and Robert (2003) were 

used as references for each taxonomic group that ap-

peared. 

Table 2. The biotope types of the aerial algae appeared at Mt. Gwanggyo of Gyeonggi-do in Korea, from March 2011 to August 2012 

Species
Previous studies Sites of this study

aquatic aerial       Soil                      Tree bark Rock

CYANOPHYCEAE

Aphanothece naegelii + + 31

Chroococcus bituminosus + 2, 4

Chroococcus limneticus + 24

Chroococcus turgidus + + 17

Chroococcus varius + + 5, 10, 11, 21 3, 4, 19

*Microcoleus steenstrupii + + 33 25

*Nostoc edaphicum + + 22

Oscillatoria chlorina + + 22

*Komvophoron jovis + + 24

Scytonema crispum + + 22

Synechocystis aquatilis + + 6, 9, 25 12

Tolypothrix distorta + 23

Bacillariophyceae

Achnanthes convergens + 28

Cocconeis placentula var. lineata + 13, 18, 22

Hantzschia amphioxys + + 24, 28 22, 25

Navicula contenta + 24 25

Navicula goeppertiana + 28 26, 27

Nitzschia palea + 7, 17

Pinnularia borealis + 24 22, 25 17, 19

Pinnularia subcapitata + 28

Klebsormidiophyceae

Klebsormidium crenulatum + + 2, 12, 14, 15, 19

Klebsormidium dissectum + + 28, 30, 32 10, 20, 22, 23, 25, 26, 27, 29, 31 1, 4, 15, 17, 19

Klebsormidium flaccidum + + 24, 30 6, 9, 11, 22 1, 8, 12, 13, 14, 15, 17, 18

Klebsormidium klebsii + + 24 2

Zygnematophyceae

Cosmarium decedens + + 22, 28

Cylindrocystis brebissonii + + 22 2, 4

Trebouxiophyceae

Chlorella ellipsoidea + + 20, 22, 29 8, 12, 14, 15, 16, 17, 19

Chlorella minutissima + + 29 17

Chlorella vulgaris + + 28, 32, 33 5, 6, 22, 26, 19 13, 15, 16, 17, 18, 19

*Newly recorded aerial algae in Korea; +, the appearance; site numbers correspond to Table 1.
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CYANOPHYCEAE 

1. Aphanothece naegelii Wartmann (Fig. 1a)
Colony microscopic; cell spherical to ovoid, irregularly 

arranged in a mucilage (Chung 1993), 5-7 μm long, 3-4 

μm wide. 

This species, which has been reported to inhabit 

streams and moist rocks, and to symbiose with bryo-

phytes (Tilden 1901, 1902, MacCaughey 1917, 1918a, 

1918b, Chung 1993), appeared on tree bark (Site 31; see 

Table 1 for site number hereafter) in this study.

2. Chroococcus bituminosus (Bory) Hansgirg (Fig. 1b)
Colony containing 2-8 cells. The sheath contains 1-8 

cells (Chung 1993). Cells 2-4 μm excepting the sheath. 

This species has been reported to inhabit streams 

(Chung 1993), and appeared on rocks (Sites 2, 4) in this 

study.

phytes including 3 newly recorded species for Korea, 8 

taxa of chrysophytes and 9 taxa of chlorophytes. In soils, 

a total of 10 species—Achnanthes convergens, Chroococ-

cus limneticus, Cocconeis placentula var. lineata, Micro-

coleus steenstrupii, Oscillatoria chlorina, Komvophoron 

jovis, Pinnularia subcapitata, Hantzschia amphioxys, 

Cosmarium decedens, and Cylindrocystis brebissonii—

were found. In tree barks, a total of 4 species—Nostoc 

edaphicum, Scytonema crispum, Synechocystis aquatilis 

and Tolypothrix distorta—appeared. In rocks, 2 species—

Aphanothece naegelii and Chroococcus bituminosus—

were found. Chlorella ellipsoidea, C. vulgaris, Chroococ-

cus varius, Klebsormidium crenulatum, K. dissectum, K. 

flaccidum, and K. klebsii were found on a wide range of 

biotopes containing soils, tree barks and rocks (Table 2). 

The morphological and ecological factors for the 29 taxa 

found at Mt. Gwanggyo of Gyeonggi-do are described as 

follows (Guiry and Guiry 2013).

Fig. 1. The photographs and drawings of (a) Aphanothece naegelii, (b) Chroococcus bituminosus, (c) Chroococcus limneticus, (d) Chroococcus turgidus, and (e) 
Chroococcus varius, appeared from Mt. Gwanggyo of Gyeonggi-do, Korea, from March 2011 to August 2012. Scale bar, 10 μm.
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4. Chroococcus turgidus (Kützing) Nägeli (Fig. 1d).
Synonym: Gloeocapsa turgida (Kutz.) Hollerb.

Colony microscopic, usually 2-4 cells, with the outer-

most sheath layer forming the margin of the colony. Blue-

green or yellowish-green cells (John et al. 2002). Cells 

spherical or subspherical, 10-18 μm in diameter includ-

ing the sheath. In previous studies, this species has been 

3. Chroococcus limneticus Lemmermann (Fig. 1c)
Colony ovoid or irregular, cells occurring within the 

mucilage. Outer margin of the colony usually distinct, 

mucilage colourless. Cells subspherical, 8-10 μm.

In previous studies, this species has been reported to 

inhabit streams (Chung 1993), and appeared on the sur-

face of the soil (Site 24) in this study.

Fig. 2. The photographs and drawings of newly recorded species, (a-c) Microcoleus steenstrupii and (d-h) Nostoc edaphicum, appeared from Mt. Gwanggyo 
of Gyeonggi-do, Korea, from March 2011 to August 2012. Scale bar, 10 μm.
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8. Oscillatoria chlorina Kützing ex Gomont (Fig. 3a)
Colony yellowish-green and blue-green (Hirose et al. 

1977). Trichomes straight, cross-walls not narrowed. Fila-

ments 6-9 μm long, 4 μm wide. 

This species has been reported to inhabit Brackish wa-

ters and the surface of moist soil (Hirose et al. 1977). It ap-

peared on tree bark (Site 22) in this study. From the data, 

with humidity of 65.5% and appearance on tree bark with 

a water distance of 5 m, O. chlorina is thought to dwell in 

areas with high humidity. 

 

9. Komvophoron jovis (Copeland) Anagnostidis and 
Komárek (Fig. 3b): newly recorded species of Korea

Synonym: Oscillatoria jovis Copeland.

Trichomes lacking a mucous sheath, straight or loosely 

flexuous. End cell thin, spherical or conical (Komárek and 

Anagnostidis 2005). No cell granule, 3.4-4.2 μm wide.

Specimen: NIBRCY0000000449.

This species was first published in Anagnostidis and 

Komárek (1988), and was reported as inhabiting rocks, 

boulders, and roadside paths as Oscillatoria jovis (Protist 

Information Server 2007). In this study, it appeared in soil 

(Site 24). 

10. Scytonema crispum (C.Agardh) Bornet (Fig. 3d-3f)
Synonym: Scytonema cincinnatum Bornet et Flahault.

Colony brown or blue-green, often spread out. Fila-

ments firm with false branches, mostly arranged in pairs. 

Sheath colourless or yellowish-brown . Heterocyte oval 

or square, single or many (Chung 1993). Cells 12-25 μm 

wide, 3-7 μm long. Cross-walls narrowed. 

This species has been reported to inhabit the surfaces 

of buildings after rainfall (Samad and Adhikary 2008), and 

appeared on tree bark (Site 22) in this study.

11. Synechocystis aquatilis Sauvageau (Fig. 3c)
Unicellular or colonial (2-4 cells) and spherical 3-7 μm 

cells. 

This species has been reported as inhabiting fresh and 

brackish waters (John et al. 2002) and highly weathered 

sand stone (Makandar and Bhatnagar 2010). It appeared 

on tree barks (Sites 6, 9, 25) and rock (Site 12) in this study. 

12. Tolypothrix distorta Kützing ex Bornet and Flahault 
(Fig. 4)

Colony a mat or spread, blue-green or brown. Fila-

ments repeatedly branched, false branches often deeply 

or sharply erect (John et al. 2002). Cells 5-7 μm long, 12-15 

μm wide. Heterocyte single. 

In previous studies, this species has been reported as 

reported to inhabit streams, caves, rocks, and soil, and to 

symbiose with bryophytes (Chung 1993, John et al. 2002). 

It appeared on rock (Site 17) in this study. Although the 

cell diameter of C. turgidus is described as 8-32 μm with-

out sheath and 13-40 μm with sheath in Chung (1993), the 

organisms that appeared in this research were relatively 

smaller in size. 

5. Chroococcus varius A.Braun (Fig. 1e)
Colony microscopic, but forming large gelatinous 

groups of 2-4 cells embedded in mucilage. Mucilage col-

orless and the sheath displays a layered structure. Cells 

spherical or subspherical, 2-4 μm excepting the sheath, 

4-8 μm including the sheath. 

In previous studies, this species has been reported to 

inhabit streams and building walls (Samad and Adhikary 

2008). It appeared on tree barks (Sites 5, 10, 11, 21), and 

rocks (Sites 3, 4, 19) in this study.

6. Microcoleus steenstrupii Boye-Petersen (Fig. 2a-2c): 
newly recorded species of Korea

Trichomes loosely arranged with many filaments per 

sheath. Trichomes bright blue-green, tapering toward 

end, indistinctly constricted at the cross-walls. End cell 

not capitate, rounded-conical. Sheaths colourless. Cells 

3-8 μm long, 3-5 μm wide. 

Specimen: NIBRCY0000000450.

This species has been found to be distributed in desert 

soils (Komárek and Anagnostidis 2005). In this study, it 

was found at the surface of wet soil after rainfall (Site 33) 

but was not found in dry soils. Moreover, it was found in 

tree barks that had humidity of approximately 90% (Site 

25). Thus, this species showed low distribution in dry con-

ditions. 

7. Nostoc edaphicum Kondrat (Fig. 2d-2h): newly record-
ed species of Korea

Colony irregularly arranged in the mucilage. Filaments 

commonly flexuous, loosely entangled. Cells spherical 

or subspherical, 2-4 μm, blue-green or brownish-green 

(Komárek 2013). Heterocyte usually many. 

Specimen: NIBRCY0000000448.

This species appeared as an irregular colony surround-

ed by mucilage when collected, but appeared as a single 

strand colony in the culture medium. In previous studies, 

this species was reported to be a Cyanolichen—a lichen 

containing blue-green algae (Syiem et al. 2011). In this 

study, they were found as lichen in tree bark (Site 22).
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Fig. 4. The photographs (a-c) and drawing (d) of Tolypothrix distorta, Korea, from March 2011 to August 2012. Scale bar, 10 μm.

10 μm

a c db

Fig. 3. The photographs and drawings of (a) Oscillatoria chlorine, (b) Komvophoron jovis (: a newly recorded species), (c) Synechocystis aquatilis, and (d-f ) 
Scytonema crispum, appeared from Mt. Gwanggyo of Gyeonggi-do, Korea, from March 2011 to August 2012. Scale bar, 10 μm.
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BACILLARIOPHYCEAE

13. Achnanthes convergens H.Kobayasi (Fig. 5a)
Valve broadly linear, with simple rounded or slightly 

protracted ends. Striae in the central area parallel or ra-

dial in both valves (Chung 1993). Striae of raphe valve 15-

18 rows within 10 μm in the central area and 35-40 rows 

at the terminal ends. Valves 10-15 μm long and 4-4.5 μm 

wide. 

This species appeared in soils (Site 28) in this research.

living in attached or free-floating form in ponds and shal-

low lakes (John et al. 2002). It appeared on tree bark (Site 

23), humidity of 65.5%, in this study. Although the shape 

of Tolypothrix distorta is similar in air and under water, 

when they were grown on the culture medium, the dis-

tance between cells became tighter as the sheath was lost. 

This may be caused by the fact that the function of the 

sheath—to retain moisture—becomes useless when it is 

grown in liquid culture media; therefore, it is important 

to identify it as a sample before placing it on a growth me-

dium.

Fig. 5. The photographs and drawings of (a) Achnanthes convergens, (b) Cocconeis placentula var. lineata, (c) Nitzschia palea, (d) Hantzschia amphioxys, (e) 
Navicula contenta, (f ) Pinnularia borealis, (g) Navicula goeppertiana, and (h) Pinnularia subcapitata, appeared from Mt. Gwanggyo of Gyeonggi-do, Korea, 
from March 2011 to August 2012. Scale bar, 10 μm.
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19. Pinnularia borealis Ehrenberg (Fig. 5f)
Valve broad linear, terminal ends rounded. Median 

ends of the raphe turned slightly to one side, axial area 

narrow. Striae usually parallel, 4-6 rows in 10 μm (Chung 

1993). Valve 30-40 μm long, 8-12 μm wide.

This species appeared in soil (Site 24), and on tree barks 

(Sites 22, 25) and rocks (Sites 17, 19) in this research.

20. Pinnularia subcapitata W. Gregory (Fig. 5h)
Valve linear with capitate to subcapitate ends. Axial 

area narrow, central area rounded or elliptical (Chung 

1993). Striae somewhat radiating at the center of the 

valve, convergent at the ends. Striae, 12-13 in 10 μm; to-

ward the center of the valve, sometimes 10 in 10 μm. Valve 

24-42 μm long, 4-6 μm wide.

This species appeared in soil (Site 28) in this research.

KLEBSORMIDIOPHYCEAE

21. Klebsormidium crenulatum (Kützing) H.Ettl & Gärtner 
(Fig. 6a)

Cells cylindrical, walls thick. Chloroplast encircles up 

to about 80% of cell circumference (John et al. 2002). Cells 

7-15 μm long, 10-14 μm wide, 0.5-2 times longer than 

wide. 

This species has been reported to inhabit aquatic and 

subaquatic biotopes (John et al. 2002) and appeared on 

rocks (Sites 2, 12, 14, 15, 19) in this study. 

22. Klebsormidium dissectum (F.Gay) H.Ettl & Gärtner 
(Fig. 6b)

Filaments straight or slightly bent. Cell walls straight. 

Chloroplast encircling half to just over two-thirds of cell 

circumference. Cells 7-15 μm long, 5-8 μm wide. 

This species has been reported as inhabiting aquatic 

and subaquatic biotopes (John et al. 2002) and appeared 

mostly in aerial biotopes in this study. 

23. Klebsormidium flaccidum (Kützing) P.C.Silva, 
K.R.Mattox and W.H.Blackwell (Fig. 6c)

Filaments long, bent or twisted. Cells cylindrical, walls 

thin, chloroplast encircles up to about two-thirds of cell 

circumference. Cells 8-20 μm long, 6.5-7 μm wide, 1 to 3 

times longer than wide.

This species has been reported to inhabit aquatic and 

subaquatic biotopes (John et al. 2002) and appeared 

mostly in aerial biotopes in this study. 

14. Cocconeis placentula var. lineata (Ehrenberg) P. Cleve 
(Fig. 5b)

Cocconeis placentula var. lineata has fewer striae than 

Cocconeis placentula (Chung 1993). Valve ellipsoidal. The 

puncta are more distant forming several (up to 12) hyaline 

lines. Striae of raphe valve 19-23 rows within 10 μm, valve 

11-30 μm long and 12-14 μm wide. 

This species appeared in soils (sites 13, 18, 22) in this 

research.

15. Hantzschia amphioxys (Ehrenberg) Grunow (Fig. 5d)
Apical plane of valve asymmetry, arch-shaped. Fibulae 

4-11 rows within 10 μm, striae 11-28 rows in 10 μm. Valve 

40-60 μm long, 8-10 μm wide. The length of this species 

has been found to be up to 300 μm at the longest (Chung 

1993), but in this study, a maximum length of 60 μm was 

found. 

The species has been reported to grow both under 

water and in soil (Chung 1993, John et al. 2002, Lin et al. 

2013). In this research, it was found in soils (Sites 24, 28) 

and tree barks (Sites 22, 25).

16. Navicula contenta Grunow ex Van Heurck (Fig. 5e)
Valve ellipsoidal. The central area of the valve flattened, 

both ends broad and rounded. Striae parallel or slight ra-

dial, striae of the terminal area inverse radial, 25-40 rows 

within 10 μm (Chung 1993). Valve 6-10 μm long and 2-4 

μm wide. 

This species appeared in soil (Site 24) and tree bark 

(Site 25) in this research.

17. Navicula goeppertiana (Bleisch) H. L. Smith (Fig. 5g)
Synonym: Navicula mutica var. goeppertiana (Bleisch) 

Grunow in Van Heurck.

Valve ellipsoidal or narrow ellipsoidal, with terminal 

ends sharp or round (Chung 1993). Median ends of the 

raphe turned slightly to one side. Central area broad, stri-

ae punctate, about 15 rows within 10 μm. Valve 10-30 μm 

long, 4-10 μm wide.

In this research, this species appeared in soils (Site 28) 

and tree barks (Sites 26, 27).

18. Nitzschia palea (Kützing) W.Smith (Fig. 5c)
Valve narrow sharp or linear, apices of valve round or 

rostrate-capitate (Chung 1993). Fibulae 9-17 rows in 10 

μm, striae 20-40 rows in 10 μm. Valve 15-70 μm long, 2.5-5 

μm wide.

This species appeared on rocks (Sites 7, 17) in this re-

search.
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ZYGNEMATOPHYCEAE

25. Cosmarium decedens (Reinsch) Raciborski (Fig. 7a)
Cells twice as long as wide, medium-sized; median 

constriction shallow, the sinus open; semicells rectangu-

lar, the basal angles rounded, the lateral margins retuse to 

the apical angles, which are slightly more broadly round-

ed (John et al. 2002). Semicell 14-16 μm long, 13-15 μm 

24. Klebsormidium klebsii (G. M. Smith) P.C. Silva, 
K.R.Mattox and W.H.Blackwell (Fig. 6d)

Filament not branched. Chloroplast encircles about 

50% of cell circumference. Cells 12-25 μm long, 5-6 μm 

wide.

This species has been reported to inhabit aquatic and 

subaquatic biotopes (John et al. 2002) and appeared in 

soil (Site 24) and on rock (Site 2) in this study. 

Fig. 7. The photographs and drawings of (a) Cosmarium decedens, (b) Cylindrocystis brebissonii, (c) Chlorella ellipsoidea, (d) Chlorella minutissima, (e) 
Chlorella vulgaris, appeared from Mt. Gwanggyo of Gyeonggi-do, Korea, from March 2011 to August 2012. Scale bar, 10 μm. 

10 μm
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Fig. 6. The photographs and drawings of (a) Klebsormidium crenulatum, (b) Klebsormidium dissectum, (c) Klebsormidium flaccidum, (d) Klebsormidium 
klebsii, appeared from Mt. Gwanggyo of Gyeonggi-do, Korea, from March 2011 to August 2012. Scale bar, 10 μm.
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