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Preface

Adoption of the ‘Convention on Biological Diversity’ in 1992 started to allow to acknowledge
sovereign rights of the individual nations over biological and genetic resources, taking biological
resources into considerations as one of the common properties of humankind. As such, it is one of
the indicators for national competitiveness to create higher added-value of new variety, substance
and medicine utilizing biological resources. In addition, adoption of the ‘Nagoya protocol on access
to genetic resources and the fair and equitable sharing of benefits arising from their utilization’ in
2010 led to realization of international standards to fulfill biological sovereignty of the individual
nations, which had lacked compulsory legal effect.

As it is expected that international competitions over biological resources will be stronger, national
authorities on the globe have already begun to understand and organize the information of species
inhabitant in their territories in order to prove their sovereignty over those biological resources; in
this respect Korea seems to be outpaced by the advanced countries.

It is estimated that there are 100,000 or so of different species endemic to Korea among which about
38,000 species only are reported. Therefore, it is imperative to identify and organize indigenous bio-
logical resources known to date, as well as to strive continuously to discover new or unknown
species. Indigenous species living in Korea can have such a significant influence on our lives that we
must research them by and for ourselves.

Recognizing that it is the first priority to obtain and manage biological resources so as to secure the
initiative of biotechnology industry in the future, National Institute of Biological Resources of the
Ministry of Environment has been publishing Flora and Fauna of Korea for systematic and efficient
management of biological resources of our own. For the last 4 years, professional research groups
consisting of relevant professors and the like conducted systematic surveys and organizations for a
variety of and wide range of taxa. As a result, 37 issues of Flora and Fauna of Korea, both in Korean
and in English, covering 2,234 species and one issue of world monograph covering 173 species were
published for the period of 2009 to 2011, and 28 issues of Flora and Fauna of Korea, both in Korean and
in English, covering 1,475 species and one issue of world monograph covering 43 species are publish-
ed this year.

I think, that these efforts to identify indigenous species living in Korea provide, not only the im-
portant evidences to claim sovereign rights over indigenous biological resources in Korea and to
receive scientific certifications accordingly, but also provide the opportunity to prepare the frame-
work for biotechnological industrialization of biological resources.

In conclusion, I would like to express sincere appreciation for those who did not spare their efforts
to publish Biological Magazine and World Monograph; Professors I.H. Kim and H.S. Kim of
Gangneung-Wonju National University, Professor K.T. Park of The Korean Academy of Science and
Technology, Professor Y.J. Bae of Korea University, Dr. Y.S. Kwon of Korea National Park Service, Dr.
T.H. Kang of National Academy of Agricultural Science, Dr. ].N. Kim of National Fisheries Research



and Development Institute, Professor K.S. Lee of Dankook University, Professors J.G. Park and J.H.
Lee of Daegu University, Professor S.W. Choi of Mokpo National University, Professor K.W. Nam of
Pukyong National University, Professor S. Shin of Sahmyook University, Professor J.H. Lee of
Sangmyung University, Professor S.T. Kim of Seoul National University, Emeritus Professor J.I. Kim
of Sungshin Womens University, Professor J.H. Park of The University of Suwon, Professor H.S. Koh
of Silla University, Professor J.E. Lee of Andong National University, Professor ].W. Lee and Dr. B.H.
Jung of Yeungnam University, Professor M.K. Shin of Ulsan University, Dr. K.D. Han of Korea
University, Professors D.H. Kwon and K.J. Cho of Inje University, Professor Y.S. Bae of University of
Incheon, Professor ]J.Y. Park of Chonbuk National University, and Professor W.C. Lee and Dr. Tomis-

lav Karanovic of Hanyang University.

Yeonsoon Ahn
President
NIBR
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Introduction

The Cyanobacteria or Cyanoprokaryota (Cyanophyceae) are primitive unicellular, colonial or fila-
mentous organisms. These organisms are characterized by the absence of a nucleus and membrane-
bound organelles, and were the first photosynthetic organisms on earth 3.5 billion years ago.

Two main classification systems of Cyanobacteria are currently used (Table 1); the botanical classi-
fication system (Anagnostidis and Komérek 1988, 1990; Komdrek and Anagnostidis 1989, 1999, 2005)
and the bacteriological classification system (Castenholz 2001; Oren and Tindall 2005). Cyanobacteria
were traditionally classified on the basis of their cytomorphological and ecological characters (Hoff-
mann 1988), and named according to the International Code of Botanical Nomenclature (ICBN,
Greuter et al. 2000). It is currently impossible to describe a new species of a genus under the rules of
the International Code of Nomenclature of Prokaryotes (ICNP), because of the absence of ‘Approved
Lists’ under the code of the ICNP (Oren et al. 2009).

The taxonomy in this monograph follows the revisions of Komarek and Anagnostidis (Anagnostidis
and Komadrek 1988, 1990; Komdrek and Anagnostidis 1989, 1999, 2005).
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Table 1. Classification of cyanobacteria according to bacteriological and botanical systems.

Classification by Bergey’s Manual of
Systematic Bacteriology

(Castenholz 2001; Oren and Tindall 2005)

Classification by Komarek and Anagnostidis

(Anagnostidis and Komarek 1988, 1990;
Komaérek and Anagnostidis 1989, 1999, 2005)

Subsection (Order) I

- Unicellular or colonial

- Division by binary fission or budding

- 14 Form-genus : Microcystis, Synechococcus,
Synechocystis, etc.

- Not classified: Aphanocapsa, Merismopedia,
Woronichinia etc.

Subsection II

- Unicellular or colony

- Division by multiple fission or multiple plus
binary fission

- 6 Form-genus and Pleurocapsa-“group”

Chroococcales:
- Unicellular or colonial
- 13 Families
Family Synechococcaceae: Aphanothece,
Cyanobium, Synechococcus etc.
Family Merismopediaea: Apanocapsa, Cyanotetras,
Snowlla, Synechocystis etc.
Family Microcystaceae: Eucapsis, Gloecocapsa,
Mycrocystis etc.

Subsection IIT

- Filament without heterocyst or akinete

- 17 Form-genus: Lyngbya, Limnothrix, Oscillatoria etc.

- Not classified: Planktolyngbya

Oscillatoriales
- Filament without heterocysts or akinete
- 6 Families

Family Pseudanabaenaceae

Family Phormidiaceae

Family Oscillatoriaceae

Subsection IV
- Filament with heterocyst and without branch

- 14 Form-genus: Anabaena, Aphnizomenon etc.

Nostocales
- Filament with heterocyst, akinete and pseudobranch

Family Nostocaceae: Anabaena, Aphnizomenon etc.

Subsection V
- Filament with heterocyst and branching

- 11 Form-genus: Stigonema etc.

Stigonematales
- Filament with heterocyst, akinete and true
branching




Materials and Methods

Cyanobacteria from Korea were sampled from phytoplankton and periphytic or attached algae in
lakes, ponds, reservoirs, streams and water ways. Phytoplankton or metaphytic algae were prepared
by the sedimentation of 1 liter water sample or netting (mesh size 20 um). The samples were preserved
in formaldehyde solution to final concentration 2.5%.

Cyanobacteria were examined under DIC (differential interference contrast) compound microscope
(Nikon Eclipse 80i, Japan). Images were captured with digital camera (Nikon DS-5M, Japan) and a
computer. The resolution of digital image was 2560 x 1920 pixels. The terminology used was following
Komadrek and Anagnostidis (1999), Whitton (2002), Komdrek and Anagnostidis (2005) and McGregor
(2007).






Taxonomic Notes

Family Merismopediaceae Elenkin 1933: 19.

Coccal, solitary, mucilaginous colonies with irregular or tubular or spherical shape. Mucilage
mainly colorless, structureless or sometimes with the central stalk system, around cells. Cells
spherical, obovate, oval or rod-shaped. Cell division by binary fission, always in two planes per-
pendicular to one another, cells reaching more or less the original form and size before next division.
Reproduction by disintegration of colonies.

GENERA AND SPECIES: There are 23 genera and 179 species are currently accepted as valid taxa
(Guiry and Guiry 2010). Genera containing none or one species number 11 taxa. Major genera are
Aphanocapsa (53 species), Merismopedia (31 species), Synechocystis (25 species) and Woronichinia
(15 sepcies).

DisTrIBUTION: Worldwide, planktonic, epiphytic, aerophytic in freshwater or brackish water.

KEeY REFERENCE: Chung (1993), Cronberg and Komdrek (1994), Komdrek and Anagnostidis (1999).
Komaérek and Komaérkov4 (2002), Whitton (2002), Sant’anna et al. (2004), Hind4k (2008).

Key to the genera of family Merismopediaceae

1. Cells spherical and solitary, or in irregular or tabular colonies <« seererrerrimnn 2
— Spherical colonies with cells arranged radially and more or less peripheral monolayer -« 5
2. Cells solitary and free-flOating « -+ -+ wssseessrssusimiiiiie s Synechocystis
— Spherical cells in COIONIES OF IN GIOUPS +++-++wswsesresseressrmsssstinssis e, 3
3. Colonies irregular and mucilaginous with irregular arranged cells «««--eeeeeeeeeeeeene Aphanocapsa
— Colonies tabular with regular arranged cells in perpendicular rOws «««--seeeeeeereeeieniinnn. 4
4. Cells spherical or hemispherical after diviSion - «-sesssesssmsisinisiisiie, Merismopedia
— Cells elongate and Slightly OVOILA corrrrrrerrmnrnrneaeeneentntateeertateeertareneieatanrnseneanensnens Cyanotetras
5. Cells spherical and attached to the ends of thin pseudodichotomously divaricate stalks,

usually clearly visible without staining, colonies spherical and free-floating -+« Snowella

— Cells slightly elongated spherical or obovoid, attached to the ends of more or less wide
mucilaginous stalks, which are sometimes invisible without staining, colonies free-floating -+
----------------------------------------------------------------------------------------------------------------------------- Woronichinia

Genus Aphanocapsa Nageli 1849: 52.

Colonies benthic or peiphytic, planktonic or metaphytic, microscopic or macroscopic, spherical,
irregular or flat, cell arrangement irregular, sparsely or densely. Mucilage mainly colorless and
homogeneous, usually diffuse with indistinct margin, cells without individual envelopes. Cells
spherical or hemispherical after division, sometimes with granular content, pale or bright blue-
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green without aerotopes, freshwater planktonic species 0.5-3.0 um in diameter. Cell division by
binary fission in two perpendicular planes in successive generations, and reach the original size
and shape before the next division. Reproduction by disintegration of colonies.

HovroTYPE: Aphanocapsa parietina Nageli 1849.

SPECIES: About 104 species (infraspecific) are reported up to date, 53 species are currently accepted
as taxonomically valid taxa (Guiry and Guiry 2010).

DisTRIBUTION: Worldwide, planktonic in freshwater.

KEY REFERENCE: Cronberg and Komdrek (1994), Komérek and Anagnostidis (1999), Whitton (2002),
Komarek (2003).

Key to the species of genus Aphanocapsa

1. Cells 1.0-1.5 um in diameter and densely arranged in irregular colonies ««+----«++s-xe+--- A. holsatica
— Cells 0.8-1.2 um in diameter and loosely arranged in irregular colonies «««+---«++- A. delicatissima

1. Aphanocapsa delicatissima West et G.S. West 1912: 431 (Figs. 1A-D).

Chung 1993: 194. f. 11-a, 11-b. Komadrek and Anagnostidis 1999: 151. f. 171. Whitton 2002: 32.
Sant’anna et al. 2004: 215. f. 13. Hu and Wei 2006: 52. pl. II-5-7. Hindak 2008: f. 49-52.

SYNONYM: Microcystis pulverea £. delicatissima (West et G.S. West) Elenkin 1938.
Microcystis delicatissima (West et G.S. West) Starmach 1966.

Colonies free-floating, spherical, ellipsoidal or irregular, with more or less loosely and evenly
arranged cells. Mucilage colorless and diffluent. Cells spherical, gray or pale blue-green, without
aerotopes, 0.8-1.2 um in diameter.

TypPE: Uncertain.

DisTrIBUTION: Worldwide.

KoreA: Han River (Chung et al. 1968); JB (Chung 1976); Beopsu marsh in GN (Kim 2008).

SPECIMEN EXAMINED: Nammaeji in GB (35°49'32"'N, 128°44'39"E), 31.viii.2010; Sowolji in GB (35°
56'29"'N, 128°50'08"E), 31.viii.2010.

EcoLogy: Freshwater, planktonic in lakes and ponds.

REMARKS: Common but recorded mainly from temperate regions (Komdrek and Anagnostidis
1999). The planktonic group of Aphanocapsa comprising cells of 0.5-2.0 um in diameter, so which
differ by colony type and cell density.

2. Aphanocapsa holsatica (Lemmermann) Cronberg et Komdrek 1994: 333
(Figs. 2A-E).

Komadrek and Anagnostidis 1999: 152. f. 176-178. Sant’anna et al. 2004: 215. f. 5. Hindak 2008: f.
57, 58.
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Fig. 1. A-D. Aphanocapsa delicatissima.
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Fig. 2. A-E. Aphanocapsa holsatica.
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BasionyM: Clathrocystis holsatica Lemmermann 1903.
SYNONYM: Microcystis holsatica (Lemmermann) Lemmermann 1907.

Colonies free-floating, early more or less spherical, later irregular, elongate or clathrate, densely
aggregated cells. Mucilage colorless and diffluent margin. Cells spherical, pale grey-blue or
grayish blue-green, 1.0-1.5 um in diameter.

TyPE: Uncertain.

DisTRIBUTION: Worldwide.

KOREA: Previously unrecorded species.

SPECIMEN EXAMINED: Yusangji in GB (35°55'45"'N, 128°58'23"E), 28.ix.2010.
EcoLoGy: Freshwater, planktonic in eutrophic and mesotrophic water bodies.

Genus Cyanotetras Hindak 1988: 291.

Colonies free-floating or metaphytic, microscopic, flat and plate-like with one-layered usually 4-
16 cells arranged in short perpendicular rows, Mucilage fine and colorless, delimited or diffluent
margin. Cells oval, irregular ovoid, slightly elongated, arranged in two or flat tetrads, pale blue-
green with homogeneous contents, 1.5-5.0 um long and 1.0-4.5 um wide. Cells division by binary
fission in two perpendicular planes in successive generations. Reproduction by disintegration of
colonies.

Hovrotyre: Cyanotetras fusca Hindak 1988.

SpeciEs: Among the three species are reported up to date, three species are currently accepted as
taxonomically valid taxa (Guiry and Guiry 2010).

DisTRIBUTION: Central Europe, central America (Cuba, Mexico) and southern Canada.

KEY REFERENCE: Komadrek and Anagnostidis (1999), Komarek (2003).

3. Cyanotetras crucigenielloides Komarek 1995: 87 (Figs. 3A, C).
Komadrek and Anagnostidis 1999: 185. f. 231. Komadrek 2003: 87. f. 7C.

Colonies metaphytic, mircoscopic, flat and plate-like with one-layered regularly 4-8 (32) cells
arranged in short perpendicular rows. Mucilage fine and colorless, delimited or diffluent margin.
Cells slightly elongated and irregular ovoid, pale blue-green and homogeneous content without
aerotopes, 1.5-2.8 um X 1.0-2.4 um in diameter.

TyPE: Uncertain.

DISTRIBUTION: Central America (Cuba and Mexico).

KoOREA: Previously unrecorded species.

SPECIMEN EXAMINED: Upo in GN (35°32'59"'N, 128°24'57"E), 27.vii.2010.



14 Algal Flora of Korea - Freshwater Cyanoprokaryota I

EcoLoGy: Freshwater, metaphytic in alkaline water bodies.
REMARKS: This species is poorly known and was previously known only from swamps in Cuba.
The present report is the first for Asia.

Genus Merismopedia Meyen 1839: 440.

Colonies free-floating, microscopic, rarely macroscopic, usually more or less squared or rectangular
plate-like, flattened or slightly waved with one layer of cells, densely or loosely arranged cells
arranged in one plane, in rows more or less perpendicular one to another, colonies with 4-16 cells
but several species with up to several hundreds cells, in old stages sometimes irregular in outline.
Mucilaginous fine and colorless, usually diffluent at the margin, rarely limited, cells sometimes with
individual gelatinous envelopes. Cells spherical or widely elliptical before division, after division
hemispherical, pale or bright blue-green with homogeneous content, in several planktonic species
one or more aerotopes, 1.2-14.0 um in diameter. Cell division by binary fission in two perpendic-
ular planes in successive generations, cells alignment not change after division, and reach the
original size before next division. Reproduction by the dissociation of colonies.

HoLoTYPE: Merismopedia punctata Meyen 1939.

SPECIES: Among 66 species (infraspecific) are reported up to date, 31 species are currently accepted
as taxonomically valid (Guiry and Guiry 2010).

DisTriBUTION: Worldwide.

KEY REFERENCE: Komdrek and Anagnostidis (1999), Whitton (2002), Komérek (2003).

Key to the species of genus Merismopedia

1. Cells smaller than 2.0 um in diameter, in rectangular colonies «««---«--eeeeeveeeeeeenns M. tenuissima
— Cells greater than 2.0 um in dlameter ..................................................................................... 2
2. Cells 2.5-3.5 um in diameter in quadrate colonies, usually 16, 32 cells ------xxeeereeeeeee M. punctata
— Cells greater than 5.0 um in dlameter ..................................................................................... 3

3. Cells 6.5 um x 4.5 um in diameter with more or less quadrangular-rounded outline -------+-------
------------------------------------------------------------------------------------------------------------------------------ M. angularis
— Cells 5.0-14.0 um x 5.0-11.0 um in diameter with ellipsoidal, colonies more or less flat ------------
--------------------------------------------------------------------------------------------------------------------------------- M. eleguns

4. Merismopedia angularis Thompson 1938 (Figs. 3B, D).
Komadrek and Anagnostidis 1998: 181. f. 228.

Colonies metaphytic, microscopic, flat and plate-like, with up 32-256 cells, in a thin and firm
gelatinous envelope. Mucilage colorless and distinctly limited, extending slightly beyond the cell
clusters. Cells rounded rectangular, densely arranged in perpendicular rows, bright blue-green,
4.0-8.0 um x 4.0-4.4 um.
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TypE: Uncertain.

DISTRIBUTION: Northern temperate zone.

KoOREA: Previously unrecorded species.

SPECIMEN EXAMINED: Mokpo in GN (35°33'28"'N, 128°24'13"E), 28.v.2010.

EcoLoGY: Freshwater, metaphytic in acidic swamps and moors.

ReMARKS: This species sparsely recorded in cold temperate and subarctic regions (Komdrek 2003).

5. Merismopedia elegans A. Braun in Kiitzing 1849: 472 (Figs. 3E, F, 4A-C).
Chung 1993: 199. f. 37. Komadrek and Anagnostidis 1998: 180. f. 227. Whitton 2002: 51. pl. 31.

Colonies metaphytic or tychoplankton, small to large (16-4000 cells), usually rectangular and
wavy with cells densely arranged in perpendicular rows, in old colonies with a large number of
cells sometimes slightly irregularly arranged. Mucilage more or less firm with a distinct margin.
Cells subspherical or ellipsoidal, hemispherical after division. with homogeneous or finely granular
content, bright blue-green or greenish, 4.0-7.0 um x 5.0-9.0 um.

TyYPE: “in fossis turfosis Germaniae australioris”, Freiburg im Breisgau, Baden-Wiirttemberg,
Germany (Silva et al. 1996).

DISTRIBUTION: Probably worldwide.

KOREA: Pyeongtaek reservoir in GG (Shin 2003).

SPECIMEN EXAMINED: Jinchonji in GB (35°57'13""N, 128°49'17"'E), 31.viii.2008 and 11.x.2010;
Wongokji in GB (35°51'50"'N, 128°51'29"E), 31.viii.2008.

EcoLoGgy: Wide range freshwater and brackish waters, metaphytic and epipelic in benthos of
stagnant or flowing waters, occasionally tychoplanktic in slightly acidic waters.

ReEMARKS: This species overlaps in cell size with Merismopedia glauca (Ehernberg) Kiitzing (3.0-6.0
um in diameter). But It differs from M. glauca in cell number in colony and colony shape. M. glauca
is generally 64 cells and flat colony, M. elegans is more than 64 cells and more or less wavy colony.

6. Merismopedia punctata Meyen 1939: 440 (Fig. 5A).

Chung 1993: 199. f. 38-a, 38-b. Komadrek and Anagnostidis 1999: 175. f. 222. Whitton 2002: 51.
Sant’anna et al. 2004: 219. f. 6. Hu and Wei 2006: 58. pl. II-7-8. Hinddk 2008: f. 199.

SYNONYM: Merismopedia kuetzingii Nageli 1849.
Merismopedia convoluta f. minor Wille 1922.
Merismopedia haumanii Kufferath 1942.

Colonies planktonic and metaphytic, more or less flat and squared plate-like, usually 16-32 (64)
cells, generally in regular rows with more or less loosely arranged cells. Mucilage colorless and
diffluent margin, extending slightly beyond the cells. Cells spherical, widely oval or hemispherical
after division, pale blue-green, without individual gelatinous envelopes and aerotopes, 2.5-3.5 um
in diameter.
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Fig. 3. A, C. Cyanotetras crucigenielloides; B, D. Merismopedia angularis; E, F. Merismopedia elegans.
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Fig. 4. A-C. Merismopedia elegans.

100 um

17



18 Algal Flora of Korea - Freshwater Cyanoprokaryota I

TypPE: Uncertain.

DisTrRIBUTION: Worldwide, more widely distributed in tropical and subtropical regions.

KoreA: Han River (Chung et al. 1968); JB (Chung 1976); Nakdong River (Cho et al. 1993); Togyo
reservoir in GW (Lee and Kim 2003); Lake Unmun in GB (Kim et al. 2007).

SPECIMEN EXAMINED: Sowolji in GB (35°5629""N, 128°50'08"E) 31.viii.2010.

EcoLoGy: Freshwater, planktonic and meaphytic in wide range waters, typically in mesotrophic
water bodies.

REMARKS: This species is similar to M. hyalina (Ehrenberg) Kiitzing from which it differs in cell
arrangement and number of cells, M. hyalina has a more or less irregular cell arrangement and
generally no more than 16 cells (Sant’anna et al. 2004).

7. Merismopedia tenuissima Lemmermann 1898 (Figs. 5B, C, ]).

Yamaghshi and Akiyama 1984b: 2: 50. Chung 1993: 199. f. 39. Komadrek and Anagnostidis 1998:
174. £. 219. Whitton 2002: 51. Sant’anna et al. 2004: 219. f. 21. Hu and Wei 2006: 56. pl. II-7-7.

Colonies free-floating, flat and rectangular plate-like, sometimes slightly wavy or forming an
aggregation of subcolonies each typically with 16 cells, through sometimes up to 100 cells, with more
or less densely aggregated cells. Mucilage colorless and hyaline, distinct or diffluent. Cells spherical
or oval, hemispherical after division, pale grey-blue or blue-green without aerotopes, 0.4-1.6 um
in diameter.

TyPE: Uncertain.

DisTRIBUTION: Worldwide.

KoRrEA: All provinces in Korea; JB (Chung 1976); JN (Wui and Kim 1987); Lake Chungju in CB
(Kim et al. 1988); Paldang dam reservoir in GG (Chang and Jeon 1996); Togyo reservoir in GW (Lee
and Kim 2003); Lake Daecheong in CB (Park and Lee 2005); Galgok stream and Incheon river in JN
(Lee et al. 2008).

SPECIMEN EXAMINED: Gulhyeongyo in GG (37°34'23"N, 126°44'16"E) 05.viii.2010 and 20.viii.2010.

EcoLoGy: Freshwater, common in stagnant eutrophic and brackish waters, near the bottom silt.

REMARKS: Because of small size of cells, samples should be carefully examined.

Genus Snowella Elenkin 1938: 278.

Colonies mainly planktonic or metaphytic, microscopic, more or less spherical or irregularly oval,
Mucilage colorless and homogeneous, distinct wide margin or indistinct margin. Within the
colonies there is thread-like mucilaginous stalks system radiating from the colonial center, pseudo-
dichotomously branched and sometimes fasciculating stalks. Cells spherical or slightly elongated,
joined to the ends of stalks during the entire life cycle, distant from one another, sometimes slightly
radially shifted relative to one another, cells pale grayish blue-green, yellowish or pinkish, 0.6-4.2
um in diameter. Cell division by binary fission in two planes, in two directions in successive gen-
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erations. Reproduction by disintegration of colonies.
HoLoTYPE: Snowella rosea (Snow) Elenkin 1938.

SPECIES: Seven species are reported and currently accepted as taxonomically valid taxa (Guiry
and Guiry 2010).

DISTRIBUTION: Probably worldwide.

KEY REFERENCE: Komdrek and Anagnostidis (1999), Whitton (2002), Komadrek (2003).

8. Snowella litoralis (Hayrén) Komadrek et Hinddk 1988: 212 (Figs. 5D, E, G, H).

Hind4k, f. and Moustaka 1988: 510. f. 10: 2. Komdrek and Anagnostidis 1999: 207. f. 269. Rajaniemi-
Wacklin et al. 2005: 229. f. 1(a-c). f. 2(a). Willame et al. 2006: 1327. f. 5(k). Hind&k 2008: f. 235,
236, 239, 240.

BAsioNYM: Gomphosphaeria litoralis Hayrén 1921.

Colonies free-floating, more or less spherical, generally to 30 um, always with cells distant from
one another, cells arranged radially and located at the ends of pseudodichotomously branched
stalks. Cells spherical or hemispherical after division, with pale grayish blue-green content without
aerotopes, 2.4-4.0 um in diameter.

Type: Uncertain.

DISTRIBUTION: Temperate zones.

KoREA: Previously unrecorded species.

SPECIMEN EXAMINED: Sowolji in GB (35°56'29"N, 128°50'08"E), 31.viii.2010.

EcoLoGY: Freshwater, common planktonic in higher conductivity water bodies, and slightly
salty waters.

REMARKS: Snowella occurs commonly dominant cyanobacterial taxa in oligotrophic and mesotro-
phic Finnish lakes (Rajaniemi et al. 2006), but dose not form blooms (Willame et al. 2006). The genus
Snowella was separated from Gomphosphaeria because of the different stalk system and the pattern
of cells division and cell cycles (Cronberg and Komérek 1994).

Genus Synechocystis Sauvageau 1892: CXV.

Cells solitary, never forming colonies, spherical, hemispherical and in pairs for a short time after
division, without mucilage or sometimes enveloped by a thin, fine, colorless, diffluent mucilaginous
envelope. Cells spherical or widely oval, with homogeneous content or with one to several granules,
pale or bright blue-green or olive-green. 0.7-15.0 um in diameter. Cell division by binary fission
in two perpendicular planes in successive generations, hemispherical daughter cells reach the
original size and shape before next division. Reproduction by solitary cells. Several species are
planktonic in fresh water or in saline or marine waters, other growing in metaphyton of pools, of
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thermal and mineral springs.
HovLoTYPE: Synechocystis aquatilis Sauvageau 1892.

Species: Of the 30 species (infraspecific) reported up to date, 25 species are currently accepted as
taxonomically valid taxa (Guiry and Guiry 2010).

DisTrIBUTION: Worldwide.

KEY REFERENCE: Komdrek and Anagnostidis (1999), Whitton (2002), Komadrek (2003).

9. Synechocystis aquatilis Sauvageau 1892: CXVI (Figs. 5F, I, K).
Komadrek and Anagnostidis 1999: 143. f. 154, 162. Whitton 2002: 57. Hind4k 2008: f. 83, 84.

Cells free-floating, spherical or widely oval, hemispherical after division, solitary or in pairs, with
pale blue-green content, sometimes with a thin individual mucilaginous envelope, 4.5-7.0 um in
diameter.

Type: Uncertain.

DISTRIBUTION: Probably worldwide.

KOREA: JN (Wui and Kim 1987); Beopsu marsh in GN (Kim 2008); Yeoju in GG (Lim and Lee
2008a, 2008b); Galgok stream and Incheon river in JN (Lee et al. 2008).

SPECIMEN EXAMINED: Naesuri in GB (36°05'19"N, 129°15'04"E), 01.vi.2010; Yusuji in GG (37°
33'56"N, 126°37'03"E), 23.vi.2010 and 05.viii.2010.

EcoLoGy: Freshwater, planktonic and metaphytic in small water bodies, usually slightly polluted
or with a relatively high content of nutrients.

REMARKS: Synechocystis pevalekii is similar to S. aquatilis in cell size and morphology but which is
aerophytic algae. So records from aerophytic habitats are incorrect. The cells are motile (Komdrek
and Anagnostidis 1999). Generally, the smaller type occurs in brackish waters (John et al. 2002).
There are records of S. pevalekii from Galgok stream and Incheon river in JN (Lee et al. 2008), Yeoju
in GG (Lim and Lee 2008a, 2008b).

Genus Woronichinia Elenkin 1933: 28.

Colonies free-living, spherical or irregular oval, often composed of subcolonies. Within colonies
is developed a system of parallel and radially oriented tube-like stalks, more or less originating all
from the centre of a colony, stalks usually thick as wide as the width of cells, commonly densely
packed, the stalk system sometimes diffluent within old colonies, cells arranged radially and located
at the ends of mucilaginous stalks, in the old colonies very densely and radially aggregated in the
peripheral layer. Mucilage fine and colorless, diffluent or distinct margin. Cells usually slightly
elongate, oval or obovoid, rarely more or less spherical, pale blue-green, olive green, some species
with aerotopes. Cell division by binary fission in two perpendicular planes in successive generations
on the surface of colony. Reproduction by the disintegration of colonies and by the liberation of
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Fig. 5. A. Merismopedia punctata; B, C, J. Merismopedia tenuissima; D, E, G, H. Snowella litoralis; E, 1,
K. Synechocystis aquatilis.
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solitary cells.
Hovrotype: Woronichinia naegeliana (Unger) Elenkin 1933.

Species: Of the 16 species (infraspecific) reported up to date, 15 are currently accepted as taxonom-
ically valid taxa (Guiry and Guiry 2010).

DisTrIBUTION: Worldwide.

KEY REFERENCE: Komdrek and Anagnostidis (1999), Whitton (2002), Komadrek (2003), Rajaniemi-
Wacklin et al. (2005).

Key to the species of genus Woronichinia

1. Cells Cells commonly with numerous aerotopes, 4.5-7.0 um X 1.5-5.0 um, colonies to more than

100 ‘Ll/m in diameter ............................................................................................... W naegeliana
— Cells without aerotopes and obovoid, at the apical end obtuse rounded, 3.0-5.6 um X 3.5 um,
Colonles to 80 Mm 1n dlameter ................................................................................. W Compacta

10. Woronichinia compacta (Lemmermann) Komdrek et Hinddk 1988: 216
(Figs. 6A, B).

Komadrek and Anagnostidis 1999: 210. f. 271. Hu and Wei 2006: 61. pl. II-8-5.

BasioNym: Gomphosphaeria lacustris var. compacta Lemmermann 1899.
SYNONYM: Gomphosphaeria compacta (Lammermann) Strom 1923.
Gomphosphaeria lacustris f. compacta (Lemmermann) Elenkin 1938.

Colonies free-floating, more or less spherical or oval, up to 80 um in diameter, cell arranged densely
and radially aggregated in the peripheral of colony, in one layer. Mucilage wide and colorless,
diffluent at the margin. Cells obovoid, at the apical end obtuse rounded, rarely oval, grayish blue-
green without aerotopes, 3.0-6.0 yum x 3.5 um.

TyPE: Uncertain.

DiSTRIBUTION: Temperate zones.

KOREA: Previously unrecorded species.

SPECIMEN EXAMINED: Bujeji II in GB (35°50'16"N, 128°49'22"E), 13.x.2006; Naengsuri in GB (35°
05'19"N, 129°15'04"E), 25.vi.2010.

EcoLogy: Freshwater, planktonic in lakes and ponds.

ReMARKS: This species differs with Woronichinia naegeliana on aerotopes. W. naegeliana have
numerous aerotopes but W. compacta don’t have aerotopes (Komdrek and Anagnostidis 1999).

11. Woronichinia naegeliana (Unger) Elenkin 1933: 30 (Figs. 6C-H).

Yamaghshi and Akiyama 1985a: 3: 16. Komadrek and Anagnostidis 1999: 210. f. 273. Whitton 2002:
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Fig. 6. A, B. Woronichinia compacta; C-H. Woronichinia naegeliana.
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58. pl. 5C, D. Komdrek 2003: 89. f. 9(B)a, 9(B)b. Rajaniemi-Wacklin et al. 2005: 230. f. 2(b).
Willame et al. 2006: 1327. f. 5(1). Hinddk 2008: f. 103-107, 247, 248, 386, 387.

BasioNyM: Coelosphaerium naegelianum Unger 1854.
SYNONYM: Gomphosphaeria naegeliana (Unger) Lemmermann 1907.

Colonies free-floating, microscopic, spherical or subspherical, kidney-shaped or irregular lobate,
up to 180 um in diameter, with more or less densely and radially arranged cells in the periphery of
colony, one layer of cells attached at the ends of gelatinous tubular stalks, stalk system forming
typical radial lamellation in the colony center. Mucilage colorless or slightly yellowish, sometimes
distinctly delimited, occasionally cells with individual and narrow gelatinous envelopes. Cells
obovoid or ellipsoid, blue-green with numerous aerotopoes, 5.0-7.0 yum x 2.5-3.5 um.

TyPE: Uncertain.

DisTRIBUTION: Temperate zones.

KOREA: Probably all provinces in Korea; Lake Chungju in CB (Kim 1988); Lake Daecheong in CB
(Park and Lee 2005).

SPECIMEN EXAMINE: Oechonji in GB (39°49'49"N, 128°46'50"E), 12.vii.2007; Naengsuri in GB (35
05'19"N, 129°15'04"E), 25.vi.2010; Nammaeji in GB (35°49'32""N, 128°44'39"E), 30.viii.2010.

EcoLoGyY: Freshwater, planktonic in eutrophic lakes and ponds, sometimes forming water blooms.

REMARKS: Blooms by Woronichinia naegeliana have been reported to occur under ice (Wacklin,
2006). Tropical records need reassesment (Komdrek and Anagnostidis, 1999). Harmful speices
(Guiry and Guiry, 2010). W. naegeliana is reported to form blooms in eutrophic Czech reservoirs
(Rajaniemi et al. 2006). Reference record from Yamaghshi and Akiyama (1985a) is as Coelosphaerium
naegelianum Unger.

Family Microcystaceae Elenkin 1933: 19.

Colonies microscopic, free-floating or attached to the substrate. Cells spherical or hemispherical
after division, arranged irregularly or in three dimensional perpendicular rows in mucilageinous
colonies, with or without individual gelatinous envelops, with or without aerotopes. Mucilage
homogenous or stratified. Cell division in three perpendicular planes in regular cubic arrangements,
cells reach the original size and shape before next division. Reproduction by disintegration of
colonies.

GENERA AND SPECIES: There are 8 genera and 160 species are currently accepted as valid taxa (Guiry
and Guiry 2010). Genera containing none or one species are three taxa. Major genera are Gloeocapsa
(89 species) and Microcystis (52 species).

DisTRIBUTION: Worldwide, planktonic, epiphytic, aerophytic in freshwater or soil.

KEY REFERENCE: Komadrek (1991), Chung (1993), Komdrek and Anagnostidis (1999), Komdrek and
Komadrkova (2002), Sant’anna et al. (2004), Hind4k (2008).
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Genus Microcystis Kiitzing ex Lemmermann 1907: 45.

Colonies microscopic, often becoming macroscopic, free-floating or attached to the substratume,
spherical, oval, lobate to irregular, or elongate, in several species irregularly net-like, sometimes
composed of subcolonies, sometimes densely arranged cells in common mucilage. Mucilage fine,
colorless, usually homogenous, sometimes reflective margin, cells irregularly distributed within a
common sheath without individual gelatinous envelopes. Cells spherical or hemispherical after
division, in several planktonic species with numerous aerotopes, pale blue-green but appear brown-
ish due to the aerotopes, 0.8-6(9.4) um in diameter. Cell division in three perpendicular planes in
regular cubic arrangements, cells grow into the original size and shape before next division. Repro-
duction by dissociation of colonies. Toxicity: Several Microcystis strains toxic.

LECTOTYPE: Microcystis aeruginosa (Kiitzing) Kiitzing 1846.

SpecIes: Of the 127 species (infraspecific) reported up to date, 52 species are currently accepted
as taxonomically valid (Guiry and Guiry 2010).

DisTRIBUTION: Worldwide.

KEY REFERENCE: Komadrek (1991), Komadrek and Anagnostidis (1999). Komdrek and Komadrkova
(2002).

Key to the species of genus Microcystis

1. Cells 2.0-3.2 um in diameter, colonies with wide mucilaginous, indistinct margin ««--«--«--eeeeeee-

.......................................................................................................................... M. ichthyoblabe

— Cells over 3.0 tm in dIamEter «««+-s+sseeerertrtmtitit et 2
2. Colonies more or less spherical, without holes, with sparsely arranged cells, distance between
cells usually more than the cell diameter - +-wwserreersmerimeisin s M. smithii

— Colonies more or less irregular, at least in later stages with more or less densely packed cells -
............................................................................................................................................... 3

3. Colonies composed of packet-like subcolonies, sometimes aggregated together «««-----eveeeeeeees 4
— Colonies irregular, usually elongated, lobate and clathrate when old, reaching macroscopic
GIZE ++rrvreeerrree et it e e e eea e e e e e e e e b e e e e aa e e e e b e e e e aa e e e et e e e e e aae e e e 6

4. Mucilage with indistinct margin, diffluent, not exceeding cells, cells very densely packed,
colonies usually irregular-spherical in OULHNE «++++swsessesersessmssmimisinsiniee M. flos-aquae

— Mucilage distinct or indistinct, but always distinctly exceeding the outline of cell cluster by
more than 1 gm wide Margin -+« - e e 5

5. Mucilage forms around more or less spherical, or subspherical colonies wide margin with dif-
fluent of indistinctly delimited outline, colonies sometimes composed of subcolonies, separated

DY SIHITIE +++esesesesessese sttt M. novacekii
— Mucilage more or less copies outline of the packet-like clusters of cells about 1-5 um wide,
WiIth delimuited coreeeeererrererormnrentatenrtitraeettitrueertetenreataneaetatansnesearensasseonsnsnsstonsnsnennes M. viridis
6. Colonies enveloped by diffluent, sometimes indistinct slime ««++-seeeeseveeereeeeeneneee. M. aeruginosa

— Colonies enveloped by distinctly delimited mucilage, usually refractive on the margin -«
--------------------------------------------------------------------------------------------------------------------------- M. wesenbergii
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12. Microcystis aeruginosa (Kiitzing) Kiitzing 1846: 6 (Figs. 7A-C, 8A-C).

Yamaghshi and Akiyama 1984a: 1: 59. Komadrek 1991: 122. f. 7, 8. Chung 1993: 193. f. 7-a, 7-b, 7-c.
Komadrek and Anagnostidis 1999: 232. f. 304. Komédrek and Komdrkova 2002: 18. tab. 9. Whitton
2002: 52. pl. 3K, L. Sant’anna et al. 2004: 221. f. 22, 30C. Hu and Wei 2006: 68. pl. II-10-2.
Hindéak 2008: f. 39, 40, 112, 217-219.

BAsioNyM: Micraloa aeruginosa Kiitzing 1833.

SYNONYM: Diplocystis aeruginosa (Kiitzing) Trevisan 1848.
Clathrocystis aeruginosa (Kuitzing) Henfrey 1856.
Microcystis ochracea (Brand) Forti 1907.

Anacystis cyanea (Kitzing) Drouet et Daily 1952.

Colonies free-floating, microscopic, more or less spherical or elongate, later macroscopic,
irregular, lobate, distinctly elongate, usually 0.5-1.0 mm, old stage usually net-like clathrate with
holes, or composed of sub colonies, with irregularly arranged and more or less densely packed
cells. Mucilage colorless, diffuse, sometimes forming a distinct, wide (about 5 um) and diffluent
margin around cells. Cells spherical or subspherical, pale blue-green but brownish due to numer-
ous aerotopes, 4.0-6.5 um in diameter.

Typre: Uncertain.

DistrIBUTION: Worldwide, exception of polar and subpolar region.

KOREA: All provinces in Korea; Han River (Chung et al. 1968); JB (Chung 1976); Geum River
(Chung and Lee 1979); JN (Wui and Kim 1987); Lake Chungju in CB (Kim et al. 1988); Nakdong
River (Cho et al. 1993; Lee et al. 1997); Paldang reservoir in GG (Chang and Jeon 1996); Togyo
reservoir in GW (Lee and Kim 2003); Pyeongtaek reservoir in GG (Shin 2003); Lake Daecheong in
CB (Park and Lee 2005); Lake Unmun in GB (Kim et al. 2007); Beopsu marsh GN (Kim 2008); Galgok
stream and Incheon river in GN (Lee et al. 2008).

SPECIMEN EXAMINED: Lake Chungju in CB, 21.vii.2004; Hagokji in GB (35°49'32"N, 128°44'39"E),
25.vi.2010; Nammaeji in GB (35°49'32"N, 128°44'39"E), 30.viii.2010; Sindongji in GB (36°05'51"N,
128°28'32"E), 12.ix.2010.

EcoLoGy: Planktonic in eutrophic freshwater and sometimes forms extensive water blooms.

REMARKS: Very polymorphic species, occurring in numerous modifications and seasonal variants
(Komadrek and Anagnostidis 1999). Toxic populations and strains are known (Komdrek 1991).

13. Microcystis flos-aquae (Wittrock) Kirchner 1898 (Figs. 9A-C).

Yamaghshi and Akiyama 1984a: 1: 59. Komadrek 1991: 119. f. 3, 4. Chung 1993: 193. . 8. Komadrek
and Anagnostidis 1999: 228. f. 300, 301. Komdrek and Komdrkovd 2002: 16. tab. 7. Whitton 2002:
52. pl. 3. Hu and Wei 2006: 67. pl. II-10-1. Hindak 2008: f. 220, 221.

BasioNym: Polycystis flos-aquae Wittrock 1879.
SYNONYM: Microcystis prasina (Wittrock) Lemmermann 1904.
Microcystis aeruginosa £. flos-aquae (Wittrock) Elenkin 1938.
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Fig. 7. A-C. Microcystis aeruginosa.
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Fig. 8. A-C. Microcystis aeruginosa.
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Colonies free-floating, usually microscopic, more or less spherical or irregular in outline, not
lobate, with very densely aggregated cells, only sometimes with indistinct holes in old colonies.
Mucilage fine and colorless, forms a very narrow and diffluent margin around the cells. Cells
spherical, with aerotopes, 3.5-4.8 (5.6) um in diameter.

TyPE: Uncertain.

DISTRIBUTION: Probably worldwide, the whole temperate zone, particularly in northern regions.

KOREA: Probably all provinces in Korea; JN (Wui and Kim 1987); Beopsu marsh in GN (Kim
2008); Galgok stream and Incheon river in JN (Lee et al. 2008).

SPECIMEN EXAMINED: Nammaeji in GB (35°49'32""N, 128°44'39"E), 30.viii.2010; Sindongji in GB
(36°05'51"N,, 128°28'32"E), 12.ix.2010.

EcoLoGyY: Planktonic, usually together with other planktonic algae and eutrophic water, typically
of less eutrophic water than M. aeruginosa.

REMARKS: without neurotoxins (Komdrek and Anagnostidis 1999), not very common, usually
subdominant of other water blooms (Komdrek and Komdrkova 2002). M. flos-aquae differ from M.
aeruginosa in cell density in colonies and diameter of cells. Reference record from Yamaghshi and
Akiyama (1984a) is as Microcystis aeruginosa f. flos-aquae (Wittrock) Elenkin.

14. Microcystis ichthyoblabe Kiitzing 1843: 170 (Figs. 10A-D).

Komadrek 1991: 117. f. 1, 2. Komdrek and Anagnostidis 1999: 232. f. 207. Komadrek and Komarkova
2002: 12. tab. 3. Hu and Wei 2006: 65. pl. II-9-5. Willame et al. 2006: 1327. f. 5(i), 99, 100, 215, 216.

Colonies free-floating, microscopic, irregular—spherical, usually composed of subcolonies, embed-
ded in wide gelatinous envelops, in older stages the subcolonies disintegrate into homogeneous
and amorphous mass of cells, sometimes remaining as small groups of aggregated cells, cell distri-
bution in colonies is irregular. Mucilage fine and colorless, homogeneous, diffluent margin. Cells
spherical, 2.0-3.2 um in diameter.

TyPE: Uncertain.

DisTRIBUTION: Commonly in northern regions of the temperate zone, probably not occurring in
tropical zone.

KOREA: Probably all provinces in Korea; Nakdong River (Lee et al. 1997; Shin and Cho 1997);
Pyeongtaek reservoir in GG (Shin 2003); Lake Daecheong in CB (Park and Lee 2005).

SPECIMEN EXAMINED: Muncheonji in GB (35°53'56"N, 128°5027"E), 30.vii.2010; Pungrakji in GB
(35°56'40"N, 128°51'14"E), 03.ix.2010; Unmun reservoir in GB (35°43'11"N, 128°57'04"E), 01.x.2010.

EcoLoGy: Freshwater, planktonic in mesotrophic and eutrophic water, but not polluted water
bodies, sometimes forms heavy water blooms.

ReMARKS: Toxic strains are known (Komdrek and Anagnostidis 1999). Very common in Japan
(Komadrek 1991).
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Fig. 9. A-C. Microcystis flos-aquae.
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Fig. 10. A-D. Microcystis ichthyoblabe.
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15. Microcystis novacekii (Komérek) Compere 1974: 3, 4 (Figs. 11A-D).

Komadrek 1991: 120. f. 5, 6. Chung 1993: 193. f. 9. Komadrek and Anagnostidis 1999: 230. f. 302.
Komadrek and Komadrkova 2002: 15. tab. 6. Hu and Wei 2006: 63. pl. II-8-9. Sant’anna et al. 2004:
221. f. 23. Hindak 2008: f. 209-212.

BasioNyM: Diplocystis novacekii Komdrek 1958.

SYNONYM: Microcystis marginata (Meneghini) Kiitzing 1846.
Microcystis aeruginosa f. marginata (Meneghini) Elenkin 1938.
Anacystis montana f. montana Drouet et Daily 1956.

Colonies free-floating, microscopic, spherical or lenticular, later irregularly spherical or slightly
elongate, without holes in a colony, colonies are not lobate, in old colonies groups of packed cells
gathered in common mucilage. Mucilage colorless or pale yellowish, about 10-15 um wide and
delimited margin around cell clusters, not refractive margin. Cells spherical, blue-green or brownish
due to aerotopes. 3.0-5.5 um in diameter.

TypPE: Uncertain.

DisTRIBUTION: Common in the tropical zone, especially in temperate zone in summer seasons.

Korea: Nakdong River (Lee et al. 1997; Shin and Cho 1997); Beopsu marsh GN (Kim 2008); Yeoju
in GG (Lim and Lee 2008b).

SPECIMEN EXAMINED: Muncheonji in GB (35°53'56"N, 128°50'27"E), 30.vii.2010; Nammaeji in GB
(35°49'32"N, 128°44'39"E), 30.viii.2010; Sindongji in GB (36°05'51"N, 128°28'32"E), 12.ix.2010.

EcoLoGY: Freshwater, planktonic in mesotrophic and eutrophic water, sometimes forming or
participating in water blooms.

REMARKS: This species is similar to Microcystis viridis (A. Braun) Lemmermann. It differs from
M. viridis in mucilage. M. viridis more or less copies outline of cells, M. novacekii more or less
spherical or subspherical wide margin outline. Reference record from Hu and Wei (2006) is as
Microcystis marginata (Meneghini) Kiitzing.

16. Microcystis smithii Komérek et Anagnostidis 1995: 21 (Figs. 12A-C).

Chung 1993: 193. f. 16-a, 16-b. Komadrek and Anagnostidis 1999: 228. f. 299. Komdrek and
Komarkova 2002: 17. tab. 8. Hu and Wei 2006: 53. pl. II-6-6.

SYNONYM: Aphanocapsa pulchra (Kiitzing) Rabenhorst 1865.

Colonies free-floating, microscopic, spherical or slightly irregular without holes, rarely slightly
elongated, not becoming clathrate, gelatinous, rarely densely arranged cells. Mucilage fine and
colorless, distinctly delimited and rarely diffuse, homogeneous, margin not refractive. Cells
spherical or hemispherical, single or in pairs after division, arranged more or less sparsely and
evenly situated in the colony, blue-green or olive-green, facultatively brownish due to aerotopes,
3.2-5.6 ym in diameter.
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Fig. 11. A-D. Microcystis novacekii.
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Fig. 12. A-C. Microcystis smithii.
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TyPE: Uncertain.

DIsTRIBUTION: Worldwide in temperate zones.

KoRreA: Han River (Chung et al. 1968); Lake Chungju in CB (Kim et al. 1988); Galgok stream and
Incheon river in JN (Lee et al. 2008).

SPECIMEN EXAMINED: Muncheonji in GB (35°53'56"N, 128°50'27"E), 30. vii.2010; Nammaeji in GB
(35°49'32""N, 128°44'39"E), 30.viii.20100; Sowolji in GB (35°56'29"N, 128°50'08"E), 31.viii.2010.

EcoLoGy: Freshwater, planktonic in clear, mesotrophic to eutrophic water.

ReEMARKS: Toxic strains are known (Komdrek and Anagnostidis 1999). Distribution records from
Korea include records as Aphanocapsa pulchra (Kiitzing) Rabenhorst (Chung et al. 1968; Kim et al.
1988; Lee et al. 2008). Reference records from Chung (1993) and Hu and Wei (2006) are as Aphano-
capsa pulchra (Kiitzing) Rabenhorst.

17. Microcystis viridis (A. Braun in Rabenhorst) Lemmermann 1903: 342
(Figs. 13A, B).

Yamaghshi and Akiyama 1984a: 1: 61. Komdrek 1991: 124. {. 9, 10. Komadrek and Anagnostidis
1999: 230. f. 303. Komarek and Komadrkova 2002: 19. tab. 10. Hinddk 2008: f. 224-226.

BASIONYM: Polycystis viridis A. Braun in Rabenhorst 1862.
SYNONYM: Microcystis aeruginosa f. viridis (A. Braun) Elenkin 1938.
Diplocystis viridis (A. Braun) Komdrek 1958.

Colonies free-floating, microscopic, packet-like and three-dimensional colonies, later sometimes
macroscopic with irregular clusters, but without holes, irregularly spherical or elongate densely
aggregated cells. Mucilage colorless, slightly distant from cell clusters and waved margin by more
or less replicating the cell outline, usually 5-10 um wide delimited and slightly refractive margin.
Cells spherical, with aerotopes, 3.5-7.0 um in diameter.

TyPE: Uncertain.

DisTRIBUTION: Worldwide.

Korea: Nakdong River (Lee et al. 1997; Shin and Cho 1997); Beopsu marsh in Haman-gun GN
(Kim 2008).

SPECIMEN EXAMINED: Pungrakji in GB (35°56'40"N, 128°51'14"E), 03.ix.2010; Sindongji in GB (36°
05'51"N, 128°28'32"E), 12.ix.2010.

EcoLoGy: Freshwater, planktonic in mesotrophic and slightly eutrophic water bodies, sometimes
participates in water blooms.

ReMARKS: Harmful species, toxic (Komdrek and Anagnostidis 1999). M. viridis occurs in two cell
sizes, 3.5-4.5 um and 4.5-7.0 um (Komadrek 1991).
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Fig. 13. A, B. Microcystis viridis; C, D. Microcystis wesenbergii.
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18. Microcystis wesenbergii (Komdrek) Komdrek in Kondrateva 1968: 32
(Figs. 13C, D, 14A-D).

Yamaghshi and Akiyama 1984a: 1: 62. Komadrek 1991: 124. . 11, 12. Komdrek and Anagnostidis
1999: 232. f. 305. Komadrek and Komdrkovd 2002: 21. tab. 12. Whitton 2002: 52. Sant’anna et al.
2004: 223. f. 32. Hinddk 2008: f. 227-234.

BasioNYM: Diplocystis wesenbergii Komdrek 1958.

Colonies free-floating, microscopic, spherical, cells arranged near the colonial margin, later macro-
scopic, elongate and intensely lobate with distinct holes, sometimes irregularly composed of sub-
colonies, cells arranged irregularly the whole colonies, but rarely densely. Mucilage colorless and
homogeneous with distinctly delimited, not diffluent, smooth and firm but with refractive margin,
gelatinous and margin extending 3-6 um. Cells spherical or slightly elongate before division, blue-
green in color but frequently brownish due to numerous aerotopes, 4.0-7.0 um in diameter.

TypPe: Uncertain.

DistriBUTION: Worldwide, except of circumpolar regions.

KOREA: Probably all provinces in Korea; Nakdong River (Lee et al. 1997; Shin and Cho 1997);
Beopsu marsh in GN (Kim 2008).

SPECIMEN EXAMINED: Muncheonji in GB (35°53'56"N, 128°5027"E), 30.vii.2010; Gulhyeonkuo in
GG (37°34'23"N, 126°44'16"E), 05.viii.2010; Nammaeji in GB (35°49'32"N, 128°44'39"E). 30.viii.2010.

EcoLogy: Freshwater, planktonic in eutrophic water bodies with other planktonic cyanobacteria.

REMARKS: Several size and morphological modification. Possibly toxic populations occur, but
only non-toxic populations are reported from Japan (Komdrek and Anagnostidis 1999). Harmful
species.

Family Pseudanabaenaceae Anagnostidis et Komarek 1998: 379.

Trichomes solitary or forming mat-like colonies, without sheath or with fine and colorless sheath
(Leptolyngbya, Leibleinia and Planktolyngbya), cylindrical, straight or slightly flexuous, unbranched,
1.0-4.0 um wide. Cells mainly longer than wide, rarely isodiametrical or shorter than wide, with
or without aerotopes. Heterocytes and akinetes absent. Cell division by binary fission in the per-
pendicular long axis of a trichome, cells reaching the original size before the next division. Repro-
duction by disintegration of trichomes without help of necridic cells.

GENERA AND SPECIES: There are 15 genera and 328 species are currently recognized as valid taxa
(Guiry and Guiry 2010). Genera containing none or one species are five taxa. Major genera are
Leptolyngbya (131 species), Spirulina (48 species), Geitlerinema (32 species), Jaaginema (28 species) and
Pseudanabaena (27 species).

DisTRIBUTION: Worldwide, planktonic, benthic, periphytic in freshwater, brackish and saline
waters.
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KEY REFERENCE: Anagnostidis and Komdrek (1988), Whitton (2002), Komdrek and Anagnostidis
(2005), Willame et al. (2006), McGregor (2007), Hindék (2008).

Key to the genera of family Pseudanabaenaceae

1.

|9

o

Trichomes without sheaths, or very fine diffluent mucilaginous envelopes «:----«-seeeeeeeieenee 2

— Trichomes with fine or firm sheaths in Vegetative SEAGE «wrerrerrrressini 5
Trichomes with or without constricted at cross-walls, cells with or without polar or central
AETOTOPES ++++rrrserersessess sttt 3
Trichomes usually cylindrical and not constricted at cross-walls, without aerotopes but
sometimes With Granules in Cells -« e wrrerrmsmemimmieiei 4

. Trichomes solitary and straight, usually constricted at cross-walls, cells without aerotopes -+
........................................................................................................................... Pseudanabaena
Trichomes solitary, usually containing aerotopes, not constricted or slightly constricted at
CPOSS-WALLS ++veerrveeemmreimteiitie ittt ettt st s s aa e aa e e e Limmnothrix
Cell contents homogeneous and rarely granular, mainly in clusters but sometimes in mats -+
.................................................................................................................................. Jagginema
Cell contains granules, mainly in mats but sometimes in clusters «:----sseseeeeeseeeeenns Geitlerinema
Filaments planktonic, sheath extended beyond the both ends of trichomes -+ Planktolyngbya
Filaments benthic, creeping on the substrate or forming TNAL cvererrererorrnrsararsnrneneanenenenenesnsenees 6
Filaments usual]y epiphytic ........................................................................................ Leibleinia

— Filaments forming ClUSEETS OF TNIATt tveevrrererererrerentrmtiiiiiiiiiiiiiiiiiiiiiiiiiiieiiaieas Leptolyngbya

Genus Geitlerinema (Anagnostidis et Komarek)
Anagnostidis 1989: 35.

Thallus delicate, sometimes fascicle-like, usually forming microscopic thin mats and later macro-
scopic. Mucilaginous sheath absent. Trichomes isopolar and cylindrical, straight or slightly
flexuous, usually unconstricted or slightly constricted at the cross-walls, usually narrowed and
slightly bent to the ends, motile, 1.0-4.0 um wide. Cells mainly longer than wide, contents pale
blue-green, yellowish green, without aerotopes, but usually with several large granules. Apical
cell conical, hooked, bent, mostly acuminate or rounded. Heterocytes and akinetes absent. Cell
division by binary fission in perpendicular long axis of a trichome, daughter cells reach the original
size before the next division. Reproduction by disintegration of trichomes without the help of
necridic cells.

HovrotYPE: Geitlerinema splendidum (Greville ex Gomont) Anagnostidis 1989.

Species: Of the 37 species (infraspecific) reported to date, 32 species are currently accepted as
taxonomically valid taxa (Guiry and Guiry 2010).

DISTRIBUTION: Planktonic, benthic or periphytic in freshwater, brackish and marine waters.

KEY REFERENCE: Komdrek et al. (2003), Komdrek and Anagnostidis (2005), Willame et al. (2006),
McGregor (2007).
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Key to the species of genus Geitlerinema

1. Trichome end cells not attenuated, commonly with 1-2 cyanophycin granules on either or both
side Of Cross_walls ------------------------------------------------------------------------------------------------- G. amphibium
— Trichome end Cells attenuated ............................................................................. G lemmermanll

19. Geitlerinema amphibium (C. Agardh ex Gomont) Anagnostidis 1989: 38
(Figs. 15A, B).

Komadrek and Anagnostidis 2005: 127. f. 136. McGregor 2007: 22. f. 3D. pl. 1I. Hinddk 2008: f. 388.

BasioNYM: Oscillatoria amphibia C. Agardh ex Gomont 1892.

SYNONYM: Oscillatoria amphibia C. Agardh 1827, nom. inval.

Lyngbya amphibia (C. Agardh) Hansgirg 1884, nom. inval.

Lyngbya amphibia (C. Agardh) Hansgirg ex Gomont 1892.

Lyngbya laminosa var. amphibia (C. Agardh ex Gomont) Hansgirg ex Elenkin 1949.
Phormidium amphibium (C. Agardh ex Gomont) Anagnostidis et Komdrek 1988.
Geitlerinema unigranulatum (R.N. Singh) J. Komadrek et M.T.P. Azevedo 2000.

Thallus benthic, metaphytic, tychoplanktonic, bright to deep blue-green, usually forming large
and thin mats. Trichomes cylindrical, straight or slightly flexuous, rarely curved, pale to bright
blue-green, unconstricted at the usually translucent cross-walls, not attenuated or very slightly
attenuated at the ends, not capitate, motile, 1.2-4.0 um wide. Cells 2-3 times longer than wide,
2.0-9.0 um long, 1.2-4.0 um wide, cell contents pale blue-green, commonly with 1-2 cyanophycin
granules on either or both side of cross-walls. Apical cell rounded, rarely flat-rounded, sometimes
slightly bent and attenuated, without calyptra or thickened outer cell wall.

TypEe: Carlsbad (Karlovy Vary), Czech Republic (Silva et al. 1996).

DisTrIBUTION: Worldwide.

Korea: All provinces in Korea; JB (Chung 1976); western coast in Korea (Park and Kim 1990);
Muchangpo and Maryangri in CN, western coast of Korea (Yoo and Kim 1990); Mid-western coast
of Korea (Kim et al. 1995); Inchon dock (Yoo et al. 1996); Lake Chungju in CB (Kim et al. 1988); Geum
River (Kim et al. 2000); Pyeongtaek reservoir in GG (Shin 2003); Dongbaekseom in Busan (Yoo 2003a);
Yeongil Bay in GB, eastern coast of Korea (36°00'50"N, 129°28'35"E; 36°02'15"N, 129°34'50"E) (Yoo
2003b).

SPECIMEN EXAMINED: Yusuji in GG (37°33'56"'N, 126°37'03"E). 05.viii.2010.

EcoLoGy: Freshwater, brackish water and marine, benthic, usually periphytic in stagnant waters.

REMARKS: The trichome endings of this species in culture are narrowed, sometimes slightly curved
and rounded-capitate (Romo 1993). Geitlerinema. amphibium and G. unigranulatum (R.N. Singh) J.
Komdrek and M.T.P. Azevedo overlap in morphological properties (Do Carmo Bittencourt-Oliveira
et al. 2009). Distribution records from Korea are generally as Oscillatoria amphibia C. Agardh
(Chung 1976; Kim et al. 1988; Park and Kim 1990; Yoo and Kim 1990; Kim et al. 1995; Yoo et al. 1996;
Kim et al. 2000; Shin 2003; Yoo 2003a, 2003b).
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20. Geitlerinema lemmermannii (Woloszynska) Anagnostidis 1989: 39
(Figs. 15C-F).

Komadrek and Anagnostidis 2005: 136. f. 149. McGregor 2007: 22. £. 3f. pl. 1K. Hindak 2008: f. 391.

BasioNyM: Oscillatoria lemmermannii Woloszynska 1911.
SYNONYM: Jaaginema lemmermannii (Woloszynska) Anagnostidis et Komadrek 1988.

Trichomes free-floating or metaphytic, solitary, cylindrical, straight or slightly bent, flexuous,
rarely curved, pale to bright blue-green, unconstricted at the cross-walls, gradually attenuated at
the ends and curved, 2.0-2.5 um wide. Cells 2-3 times longer than wide, 4.0-6.0 um long, 1.2-4.0
um wide, cell content homogeneous, cross-walls often granulated. Apical cell slightly narrowed,
curved and rounded, without calyptra.

TyPE: Uncertain.

DISTRIBUTION: Probably worldwide.

KoREA: Previously unrecorded species.

SPECIMEN EXAMINED: Jjokjiubul in GN (35°32'41"'N, 128°23'54"'E), 17.ix.2010.

EcoLogy: Freshwater, planktonic or benthic, common in marshes of tropical regions.

REMARKS: Komadrek and Anagnostidis (2005) reported that the records from other biotopes except
tropical zones were probably incorrect, however, the morphological properties of G. lemmermanii
in Korean material - cells 4.9 um long, 2.0 um wide, apical cell slightly narrowed - are full agreement
with this species.

McGregor (2007) reported that G. lemmermanii is mostly mat-forming, and rarely planktonic, but
Komdrek and Anagnostidis (2005) that mainly planktonic. There were many trichomes of G. lem-
mermanii in the sample, Jjokjiubul (17.ix.2010), which was a net sample, so G. lemmermanii is regard-
ed as plankton, metaphytic or tychoplankton in Korea.

Genus Leibleinia (Gomont) L. Hoffman 1985: 77.

Filaments epiphytic, solitary, delicate, isopolar, wavy or irregularly spirally coiled, creeping on
the substratum, usually coiling about other filamentous cyanobacteria or other algae and attached
to them by the central part, later having both ends free, 1.5-11.0 um wide. Sheath firm, fine and
colorless, enveloping the trichome and opened at the apex, unbranched. Trichomes unconstricted
or constricted at the cross-walls in the central part, not attenuated, nonmotile. Cells cylindrical,
more or less isodiametric, slightly shorter or to distinctly longer than wide, pale greyish, blue-green
or yellowish, without aerotopes. Apical cell rounded, usually undifferentiated, without thickened
cell wall or calyptra. Heterocytes and akinetes absent. Cells divide by symmetrical, crosswise
binary fission, cells grow into the original size before next division. Reproduction by nonmotile
hormocytes separating without the help of necridic cells.

A little known genus, not yet isolated into culture. Leibleinia differs from Leptolyngbya and Plank-
tolyngbya by the special epiphytic mode of life (Anagnostidis and Komadrek 1988).

HoLoTYPE: Leibleinia baculum (Gomont) Hoffmann 1985.
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Species: Of the 51 species (infraspecific) reported up to date, 11 are currently accepted as taxono-
mically valid taxa (Guiry and Guiry 2010).

DISTRIBUTION: Probably worldwide, epiphytic in freshwater, brackish and salt water.

KEY REFERENCE: Anagnostidis and Komadrek (1988), Komdrek and Anagnostidis (2005), McGregor
(2007).

21. Leibleinia epiphytica (Hieronymus) Compere 1985: 487
(Figs. 15G-1, K, 16H, I).

Komadrek and Anagnostidis 2005: 170. f. 210. McGregor 2007: 26. f. 5E. pl. 2B. Hinddk 2008: f. 419,
420.

BAsIONYM: Lyngbya epiphytica Hieronymus in Kirchner 1898.

Epiphytic, growing attached, twisted around other filamentous algae and cyanobacteria along
their entire length. Filaments solitary or more aggregated, 1.5-2.0 um wide. Sheaths fine and
colorless. Trichomes blue-green, not or rarely slightly constricted at the cross-walls, 1.0-1.5 um
wide. Cells isodiametric or longer than wide, 1.0-2.0 um long, content not granular. Apical cell
rounded and nearly hemispherical, not attenuated, without calyptra.

Type: Uncertain.

DISTRIBUTION: Probably worldwide.

KoREA: Inchon dock (Yoo et al. 1996).

SPECIMEN EXAMINED: Daeseongji waterway in GB (35°54'10"'N, 128°54'26"'E), 03.ix.2010.

EcoLoGy: Freshwater, brackish and salt water, epiphytic in stagnant and flowing waters.

REMARKS: The occurrence in fresh, marine and salt water is rather problematic (Komdrek and
Anagnostidis 2005). This is not a well-known species, but may be widespread and common in
flowing and stagnant waters attached to algae and aquatic macrophytes (McGregor 2007). Distri-
bution records from Korea are as Lyngbya epiphytica Hieronymus in Kirchner (Yoo et al. 1996).

Genus Limnothrix Meffert 1988: 269.

Trichomes free-floating, solitary or in small regular fascicles, isopolar and cylindrical, straight or
slightly curved, unconstricted or slightly constricted at the cross-walls, not attenuated at the ends,
1.0-6.0 um wide. Mucilaginous sheath absent or very fine and colourless. Cells isodiametric or
longer than wide, pale blue-green, with aerotopes at the ends or in the center. Apical cell usually
cylindrical without calyptra. Heterocytes and akinetes absent. Cell division by crosswise binary
fission, daughter cells reaching the original size before the next division. Reproduction by
disintegration of trichomes without help of necridic cells.

HoLOTYPE: Limnothrix redekei (van Goor) M.E. Meffert 1988.

SPECIES: Among 18 species (infraspecific) are reported up to date, 15 species are currently accepted
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as taxonomically valid (Guiry and Guiry 2010).

DISTRIBUTION: Temperate zone, benthic or metaphytic in freshwater.

KEY REFERENCE: Anagnostidis and Komadrek (1988), Komdrek et al. (2003), Komdrek and Anagno-
stidis (2005), McGregor (2007).

22. Limnothrix guttulata (van Goor) I. Umezaki et M. Watanabe 1994: 207
(Figs. 16B, C).

Anagnostidis and Komdrek 1988: 387. . 23: 10. Komdrek and Anagnostidis 2005: 100. f. 88. McGre-
gor 2007: 33. £. 5C. pl. 4A.

BasioNyM: Oscillatoria guttulata van Goor 1918.
SYNONYM: Limnothrix guttulata (van Goor) Anagnostidis 2001, nom. inval.

Trichomes benthic and metaphytic, solitary or in fascicles, isopolar and cylindrical, flexuous,
unconstricted or slightly constricted at the slightly visible cross-walls, not attenuated at the ends,
3.0-4.5 um wide. Cells more or less isodiametric to twice longer than wide, 3.5-8.0 um long, pale
blue-green, with many refractive granular like aerotopes. Apical cell cylindrical and rounded,
without calyptra.

TyPE: Uncertain.

DISTRIBUTION: Africa, Europe, Asia and North America.

KOREA: Previously unrecorded species.

SPECIMEN EXAMINED: Mokpo in GN (35°33'28"N, 128°24'13"E), 22.xii.2010.

EcoLoGy: Freshwater, benthic on muddy bottom of lakes.

REMARKS: This species known from sulphurous muddy substrata (Komérek and Anagnostidis
2005; McGregor 2007). Reference record from Anagnostidis and Komdrek (1988) is as Oscillatoria
guttulata van Goor.

Genus Leptolyngbya Anagnostidis et Komarek 1988: 390.

Filaments benthic or metaphytic, solitary or coiled into clusters and macroscopic tangled mats,
isopolar and long, 0.5-3.5 um wide. Sheath firm and colorless, enveloping usually one trichome
and opened at the apex, unbranched or rarely false branching. Trichomes cylindrical, unconstricted
or constricted at the cross-walls, usually not attenuated to the ends or slightly attenuated, nonmotile.
Cells isodiametric or longer than wide, pale blue-green, grayish, olive-green, without aerotopes.
Heterocytes and akinetes absent. Apical cell conical or rounded, without thickened cell wall or
calyptra. Cells division by symmetrical, crosswise binary fission, cells reach the original size before
next division. Reproduction by fragmentation without help of necridic cells.

HoLoTYPE: Leptolyngbya boryana (Gomont) Anagnostidis et Komdrek 1988.
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SPECIES: Among 149 species (infraspecific) are reported up to date, 131 species are currently
accepted as taxonomically valid taxa (Guiry and Guiry 2010).

DisTRIBUTION: Worldwide, freshwater or subaerophytic.

KEY REFERENCE: Anagnostidis and Komadrek (1988), Komdrek and Anagnostidis (2005), McGregor
(2007).

23. Leptolyngbya foveolara (Montagne ex Gomont) Anagnostidis et Komarek
1988: 391 (Figs. 15], 16A).

Komadrek and Anagnostidis 2005: 188. f. 229. McGregor 2007: 30. f. 4f.

BAsiONYM: Phormidium foveolarum Montagne ex Gomont 1892.
SYNONYM: Anabaena mollis Kiitzing 1849, nom. inval.

Leptothrix foveolarum Montagne 1849, nom. inval.

Hypheothrix foveolarum (Montagne) Rabenhorst 1865, nom. inval.
Oscillaria foveolarum (Montagne) Hansgirg 1885, nom. inval.
Lyngbya foveolarum (Montagne) Hansgirg 1887, nom. inval.
Phormidium molle Gomont 1892.

Oscillatoria foveolarum Hansgirg ex Hansgirg 1892.

Lyngbya mollis (Gomont) Compere 1974.

Filaments benthic, flexuous, variously curved or sometimes straight. Sheath firm and colorless,
attached to the trichome. Trichomes distinctly constricted at the cross-walls, usually not attenuated
at the ends, 1.0-2.5 um wide. Cells slightly barrel-shaped or more or less isodiametric, 1.5-2.3 um
long. pale blue-green. Apical cell rounded, without calyptra.

TyPE: Uncertain.

DisTrIBUTION: Worldwide.

KOREA: Previously unrecorded species.

SPECIMEN EXAMINED: Nammaeji waterway in GB (35°49'44"'N, 128°44'32"), 30.viii.2010.

EcoLogy: Freshwater, submerged to subaerophytic.

REMARKS: The scientific name in Komdrek and Anagnostidis (2005) and McGregor (2007) is
Leptolyngbya foveolarum, but Leptolyngbya is feminine therefore the epithet should end in ‘a’. So the
scientific name of this species is Leptolyngbya foveolara (Guiry and Guiry 2010).

Genus Planktolyngbya Anagnostidis et Komarek 1988: 414.

Filaments planktonic, solitary. Sheath firm and colorless, distinct and extending beyond the
trichome ends. Trichomes cylindrical and isopolar, straight or flexuous, irregularly or regularly
coiled, generally constricted at the cross-walls, usually not attenuated to the ends, nonmotile, up
to 3 um wide. Cells usually longer than wide, pale gray-blue, blue-green, without aerotopes. Apical
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Fig. 15. A, B. Geitlerinema amphibium; C-F. Geitlerinema lemmermannii; G-I, K. Leibleinia epiphytica; ].
Leptolyngbya foveolara.
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50 um 100 um

Fig. 16. A. Leptolyngbya foveolara; B, C. Limnothrix guttulata; D-F. Planktolyngbya limnetica; G.
Pseudanabaena catenata; H, 1. Leibleinia epiphytica.
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cell rounded, without calyptra. Cell division by the crosswise binary fission, cells reach the original
size before next division. Reproduction by fragmentation of trichomes without necridic cells.
HovrotYPE: Planktolyngbya limnetica (Lemmermann) Komadrkové-Legnerovd et Cronberg 1992.

Species: Of the 17 species (infraspecific) are reported up to date, 15 are currently accepted as tax-
onomically valid (Guiry and Guiry 2010).

DisTRIBUTION: Worldwide, planktonic in freshwater.

KEY REFERENCE: Anagnostidis and Komadrek (1988), Komdrek and Anagnostidis (2005), McGregor
(2007).

24. Planktolyngbya limnetica (Lemmermann) Komarkova-Legnerova et
Cronberg 1992: 23 (Figs. 16D-F).

Komadrek and Anagnostidis 2005: 158. f. 193. McGregor 2007: 34. f. 4C. pl. 4Hii.

BAsioNYM: Lyngbya limnetica Lemmermann 1898.
SYNONYM: Planktolyngbya subtilis (West) Anagnostidis et Komdrek 1988.
Oscillatoria splendida var. limnetica (Lemmermann) Playfair 1938.

Filaments free-floating, solitary, straight or flexuous, 1.0-2.0 um wide. Sheath firm and colorless,
distinct and extending beyond the trichome ends. Trichomes cylindrical and isopolar, unconstricted
at the slightly visible cross-walls, not attenuated to the ends, 1.0-1.5 um wide. Cells cylindrical,
3.0-7.0 um long, pale blue-green, without aerotopes, sometimes solitary granules. Apical cell
rounded.

Type: Uncertain.

DisTRIBUTION: Worldwide.

Korea: Nakdong River (Cho et al. 1993); Beopsu marsh in GN (Kim 2008).

SPECIMEN EXAMINED: Sindongji in GB (36°05'51"'N, 128°28'32"E), 12.ix.2010.

EcoLoGy: Freshwater, planktonic in lakes and reservoirs in with stagnant waters.

REMARKS: Previous distribution records from Korea are as Lyngbya limnetica Lemmermann (Cho
et al. 1993; Kim 2008).

Genus Pseudanabaena Lauterborn 1915: 437.

Trichomes planktonic or benthic, solitary or in fine mats, isopolar and cylindrical, usually straight
or curved, more or less short, consisting of very few to several cells, or long with many cells, usually
with conspicuous constrictions at cross-walls, without branching, 0.8-3.0 um wide. Mucilaginous
sheath absent. Cells mainly longer than wide, usually cylindrical with rounded ends, without or
with polar aerotopes. Apical cell not differentiated. without calyptra and thickened outer cell
wall, sometimes slightly attenuated at the apex. Cell division by binary fission in one plane, per-
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pendicular to the long axis, daughter cells reach the original size before the next division. Repro-
duction by trichome fragmentation, without necridic cells.
HoOLOTYPE: Pseudanabaena catenata Lauterborn 1915.

Species: Of the 42 species (infraspecific) reported up to date, 27 are currently accepted as taxo-
nomically valid (Guiry and Guiry 2010).

DisTRIBUTION: Worldwide.

KEY REFERENCE: Anagnostidis and Komdrek (1988), Komdrek et al. (2003), Komdrek and Anagno-
stidis (2005), McGregor (2007).

Key to the species of genus Pseudanabaena

1. Trichomes short, consist of within 8 (12) cells or more, mainly within the mucilage of colonial

cyanobacteria ......................................................................................................................... 2

— Trichomes long, consist of more than 8 cells, planktonic, metaphytic or benthic «-«e-oeeeeeeeeeee 3
2. Trichomes 2-4 celled, cells 1.0-3.0 um long, 1.3-1.5 um wide «-«eeoeeeeemmmnminnin P. westiana
— Trichomes to 8 and more celled, cells 3.2-3.6 um long, 1.3-2.0 um wide ««--+---eveeeeeee P. mucicola
3. Trichomes up to 2.5 um wide with intensely constricted at thickened cross-walls, cells 1.5 times
JONGET tRAN W@ «++++++rsessssrss st P. minima

— Trichomes up to 2.0 um wide with generally constricted at cross-walls, cells 3-8 times longer
AT TR VA To LT E T LT 4

4. Cells 2.0-6.0 um long, 1.2-2.0 um wide, 1.5-3 times longer than wide, mainly benthic -+
................................................................................................................................. P catenata

— Cells 4.0-12.0 um long, 1.2-1.5 um wide, 2.5-8 times longer than wide, mainly planktonic ------
................................................................................................................................. P. limnetca

25. Pseudanabaena catenata Lauterborn 1915: 437, 438 (Figs. 16G, 17A, B).
Whitton 2002: 84. pl. 13A. Komdrek and Anagnostidis 2005: 83. f. 59. McGregor 2007: 36. f. 2f.

Trichomes benthic or tychoplanktonic, solitary or aggregated into small mats, straight and flexu-
ous, isopolar and cylindrical, usually with conspicuous constrictions at cross-walls, 1.2-2.0 um wide.
Cells usually 1.5-3.0 times longer than wide, rarely isodiametric or shorter than wide, 2.0-6.0 um
long, cell content pale blue-green, homogeneous without aerotopes. Apical cell rounded or slightly
conical truncate.

TyPE: Bobenheim [Rhineland-Palatinate], Germany (Silva et al. 1996).

DistriBUTION: Worldwide.

KOREA: Previously unrecorded species.

SPECIMEN EXAMINED: Naengsuri in GB (36°05'19"'N, 129°15'04"), 01.vi.2010; Sowolji in GB (36° 56
40""N, 129°50'00"), 31.viii.2010; Jjokjibul in GN (35°32'41"N, 128°23'54""), 17.ix.2010; Mokpo in GN
(35°33'28""N, 128°24'13""), 22.vii.2010.

EcoLoGy: Benthic, epipelic, sapropelic or periphytic, secondarily tychoplanktic in fresh, brackish,
thermal and salt water bodies.

ReEMARKS: Harmful species (Guiry and Guiry 2010).
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26. Pseudanabaena limnetica (Lemmermann) Komdrek 1974: 162 (Fig. 17C).

Komadrek and Anagnostidis 2005: 84. f. 60. Willame et al. 2006: 1328. f. 5(r). McGregor 2007: 37. f.
3A. pl. 4L, M. Hinddk 2008: £. 382, 383.

BasioNYM: Oscillatoria limnetca Lemmermann 1900.

Trichomes planktonic, solitary, straight or slightly flexuous, consisting of less than 20 cells, motile,
usually with conspicuous constrictions at cross-walls or slightly constricted, not attenuated at the
ends, 1.2-2.0 um wide. Cells long and cylindrical, 2.5-8.0 times longer than wide, 4.0-12.0 um long,
pale blue-green, cell content homogeneous without aerotopes. Apical cell bluntly rounded.

TyPE: Berlin, Germany (Silva et al. 1996).

DISTRIBUTION: Probably worldwide in temperate and tropical zones.

KoREeA: All provinces in Korea; JB (Chung 1976); Lake Chungju in CB (Kim et al. 1988); Paldang
dam reservoir in GG (Chang and Jeon 1996); Pyeongtaek reservoir in GG (Shin 2003), Lake Daecheong
in CB (Park and Lee 2005); Galgok stream and Incheon river in JN (Lee et al. 2008).

SPECIMEN EXAMINED: Jinchonji in GB (35°57'13"N, 128°49'17"E), 11.x.2010.

EcoLoGY: Freshwater, planktonic in ponds, artificial reservoirs and lakes, often in polluted waters.

REMARKS: Distribution records from Korea are as Oscillatoria limnetca Lemmermann (Chung 1976;
Kim et al. 1988; Chang and Jeon 1996; Shin 2003; Lee et al. 2008) except for Lake Daecheong (Park
and Lee 2005).

27. Pseudanabaena minima (G.S. An) Anagnostidis 2001: 360 (Figs. 17D-G).
Komadrek and Anagnostidis 2005: 81. f. 56.
BasioNnyM: Achroonema minimum G.S. An 1992.

Trichomes benthic and epipelic, metaphytic, solitary or crowded in clusters, straight, intensely
constricted at thickened cross-walls, not attenuated at the ends, 1.3-2.5 um wide. Cells up to 1.5
times longer than wide, 1.5-4.0 um long, pale blue-green, cell content homogeneous without aero-
topes. Apical cell widely rounded without aerotopes.

TyPE: Uncertain.

DISTRIBUTION: Probably temperate zone.

KOREA: Sorim-li in North Korea (Komdrek and Anagnostidis 2005).

SPECIMEN EXAMINED: Upo in GN (35°32'59"N, 128°24'57"), 23.ix.2006; Mokpo in GN (35°33'28"'N,
128°24'13""), 22.xii.2010.

EcoLoGy: Freshwater, in mud benthic and epipelic in pond.

REMARKS: Known only from North Korea (Komdrek and Anagnostidis 2005), this species is similar
to Pseudanabaena catenata Lauterborn and P. limnetica (Lemmermann) Komadrek, but it differs from
P. catenata and P. limnetica in the constriction of cross-walls and the wideth of the trichome. P. minima
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hyaline constricted at thickened cross-walls and up to 2.5 um wide, P. catenata and P. limnetica
constricted at cross-walls and up to 2.0 um wide.

28. Pseudanabaena mucicola (Naumann et Huber-Pestalozzi) Schwabe
1964: 32 (Figs. 171, ], 18B, C).

Yamaghshi and Akiyama 1985a: 3: 73. Anagnostidis and Komdrek 1988: 381. f. 21: 4, 5. Hinddk
and Moustaka 1988: 516.f.2:7,£.3:1, 3, 4, f. 4: 5, f. 6: 2. Komdrek and Anagnostidis 2005: 78. f. 51.
McGregor 2007: 37. f. 2H. Hinddk 2008: f. 218, 376.

BASIONYM: Phormidium mucicola Naumann et Huber-Pestalozzi (in Huber-Pestalozzi and Naumann)
1929.

SYNONYM: Lyngbya naumannii Iltis 1972.

Pseudanabaena mucicola (Naumann et Huber-Pestalozzi) Bourrelly 1973.

Trichomes endogloeic, solitary or sometimes many together in mucilaginous groups, short, con-
sisting of 3-8 (12) celled usually 10-30 um long, straight or slightly bent, nonmotile, diffluent and
colorless mucilaginous envelops, pale blue-green, usually with conspicuous constrictions at cross-
walls, not attenuated at the ends, 1.3-2.0 um wide. Cells cylindrical, usually longer than wide,
3.2-4.6 um long, cell contents homogeneous without aerotopes. Apical cell cylindrical with conical-
rounded or rounded end, lacking aerotopes and calyptra.

TyPE: Uncertain.

DistrRIBUTION: Worldwide.

KOREA: Probably all provinces in Korea; Han River (Chung et al. 1968); JB (Chung 1976); JN (Wui
and Kim 1987); Nakdong River (Cho et al. 1993).

SPECIMEN EXAMINED: Nammaeji in GB (35°49'32"'N, 128°44'39'E), 30.viii.2010.

EcoLoGy: Freshwater, brackish and salty waters, endogloeic, epiplanktic, mainly within or on
the surface of mucilage of planktonic cyanobacteria.

REMARKS: The occurrence of this species is frequently observed in mucilage of Microcystis spp. in
Korea. This species differs from Pseudanabaena westiana Anagnostidis 2001 in the number of cells.
P. westiana has 2-4 cells but P. mucicola has 8 cells or more. Distribution records from Korea are as
Phormidium mucicola Naumann et Huber-Pestalozzi (in Huber-Pestalozzi et Naumann). Reference
report in Yamaghshi and Akiyama (1985a) is as Phormidium mucicola Naumann et Huber-Pestalozzi
(in Huber-Pestalozzi and Naumann).

29. Pseudanabaena westiana Anagnostidis 2001: 360 (Figs. 17H, 18A).
Komadrek and Anagnostidis 2005: 77. f. 50. Hinddk 2008: £. 386, 387.

SYNONYM: Aphanothece nidulans var. endophytica W. West et G.S. West 1938.
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Fig. 17. A, B. Pseudanabaena catenata; C. Pseudanabaena limnetica; D-G. Pseudanabaena minima; H.
Pseudanabaena westiana; 1, ]. Pseudanabaena mucicola.

Phormidium endophyticum (W. West et G.S. West) Skuja 1956.
Borzia endophytica (W. West et G.S. West) Anagnostidis et Komdrek 1988.

Trichomes endogloeic, solitary or occasionally clumping together in mucilaginous groups, very
short, consisting of 2-4 celled, straight, nonmotile, diffluent and colorless mucilaginous envelops,
usually with conspicuous constricted at cross-walls, not attenuated at the ends, 1.3-1.5 um wide.
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Cells short-cylindrical to rod-like with rounded ends, pale blue-green, cell content homogeneous
without aerotopes. Apical cell cylindrical with rounded end, without aerotopes and calyptra.

TyPE: Uncertain.

DISTRIBUTION: Probably temperate zone.

KOREA: Previously unrecorded species.

SPECIMEN EXAMINED: Muncheonji in GB (35°53'56"'N, 128°50'27"'E), 30.vii.2010; Sindongji in GB
(36°05'51"'N, 128°28'32"E), 12.ix.2010.

EcoLoGy: Freshwater, endogloeic, within the mucilage of Woronichinia naegeliana and Microcystis
aeruginosa, planktonic in lakes.

REMARKS: The trichome of Pseudanabaena westiana has 2-4 cells, P. mucicola has up to 8 cells and
more.

Family Phormidiaceae Anagnostidis et Komarek 1998: 400.

Filaments benthic or metaphytic, unbranched, rarely solitary, usually forming gelatinous mat.
Sheaths absent or present, fine or firm, thin or thickened, colorless, usually open at the ends,
generally containing one trichome. Trichomes cylindrical, straight or variously coiled, constricted
or unconstricted at the cross-walls, motile, mainly 4.0-12.0 um wide. Cells mainly isodiametric or
more or less slightly longer or shorter than wide. Apical cell rounded, attenuated or pointed,
without or with calyptra. Heterocytes and akinetes absent. Cell division by the transverse fission,
cells reaching their original size before the next division. Reproduction by disintegration of the
trichome into motile hormogonia with help of necridic cells.

GENERA AND SPECIES: There are 21 genera and 328 species are currently accepted as valid taxo-
nomically (Guiry and Guiry 2010). Five genera contain none or one species. Major genera are
Phormidium (161 species), Symploca (22 species), Pseudophormidium (21 species) and Microcoleus (20
species).

DisTRIBUTION: Worldwide, benthic or metaphytic in freshwater, brackish and salty waters, includ-
ing extreme environments.

KEY REFERENCE: Gomont (1892), Anagnostidis and Komadrek (1988), Chung (1993), Canter-lund and
lund (1995), Whitton (2002), Komdrek and Anagnostidis (2005), McGregor (2007), Hind4k (2008).

Genus Phormidium Kiitzing ex Gomont 1892: 156.

Filaments benthic or metaphytic, rarely solitary, usually forming gelatinous mat-like leathery
strata, not pseudobranched. Sheaths present or absent, fine or firm, usually colorless, not lamellated,
adherent to the trichome, opened at the ends, containing always a single trichome. Trichomes
isopolar and long, more or less straight, irregularly coiled or slightly waved, slightly constricted or
unconstricted at the cross-walls, motile, 4.0-12.0 um wide. Cells more or less isodiametric or slightly
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shorter or longer than wide, usually blue-green, without aerotopes. Apical cell rounded, attenuated
or pointed, without or with calyptra. Heterocytes and akinetes absent. Cell division by the trans-
verse fission, cells reach to the original size before the next division. Reproduction by disintegration
of the trichome into motile hormogonia with help of necridic cells.

LECTOTYPE: Phormidium lucidum Kiitzing ex Gomont 1892.

SPECIES: Among 635 species (infraspecific) are reported up to date, 161 species are currently accept-
ed as taxonomically valid taxa (Guiry and Guiry 2010).

DisTrRIBUTION: Worldwide, benthic or metaphytic in freshwater, brackish and salty waters.

KEY REFERENCE: Anagnostidis and Komadrek (1988), Whitton (2002), Komdrek and Anagnostidis
(2005), McGregor (2007).

Key to the species of genus Phormidium

1. Apical cell with calyptra, trichomes cylindrical, 5.5-9.0 um wide, periphytic on rocks and stones

1L SEEEAIILS ++++++vrrereerrenrereeeesanssereessanseeeessaaneteessaasseesessennneteeseassseesessensseressesnnseenessannes P. uncinatum
_ Apical cell without Calyptra .................................................................................................... 2
2. Trichome end narrowed and OFften DENt «-r-ct-eeeerreraearaerriertarieitrtrriitatrtrereetanenertorsneiearansnsenens 3
— Trichomes cylindrical, constricted at cross-walls, apical cell rounded ««--««-eeeeeeeeenerienininn. 4
3. Trichomes 3.8-6.5 um wide, cells more less isometric, benthic species --«---eeeeeveeeee: P. formosum
— Trichomes 7.0-13.0 um wide, slightly constricted at cross-walls «:--eeeeeeeeeeeneeenee P. chalybeum
4. Trichomes 3.5-6.0 um wide, epiphytic and metaphytic species «-««--seeeererreermieeiiinnn. P. hamelii
— Trichomes 5.0-13.0 um wide, common periphytic species ««-«wweerreemimmiinn P. puteale

30. Phormidium chalybeum (Mertens ex Gomont) Anagnostidis et Komarek
1988: 405 (Figs. 19A-D).

Whitton 2002: 74. Komadrek and Anagnostidis 2005: 422. f. 604. McGregor 2007: 55. . 9D. pl. 7D.

BasioNym: Okscillatoria chalybea Mertens ex Gomont 1892.
SYNONYM: Oscillatoria chalybea Mertens 1822, nom. inval.
Lyngbya chalybea (Mertens) Hansgirg 1887, nom. inval.
Lyngbya chalybea (Mertens) Hansgirg ex Hansgirg 1892.

Filaments benthic or periphytic, dark blue-green, attached to the substratum, rarely free-floating.
Sheaths absent. Trichomes straight to curved, slightly and clearly constricted at the cross-walls,
slightly attenuated and bent at the ends, motile, 7.0-13.0 um wide. Cells shorter than wide, 3.5~
7.0 um long, contents finely granulated. Apical cell conical or widely rounded, without calyptra
or thickened outer cell wall.

TyPE: Uncertain.

DisTRIBUTION: Worldwide.

KOREA: JB (Chung 1976); Kwangyang bay, southern coast of Korea (Song 1986); JN (Wui and Kim
1987); Cheju island (Lee et al. 1990).
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SPECIMEN EXAMINED: Naengsuri in GB (35°05'19"'N, 129°15'04"'E), 25.vi.2010.

EcoLoGY: Freshwater, periphytic and benthic, sometimes tychoplanktonic in stagnant polluted
and salty waters.

REMARKS: Reference record from Whitton (2002) is as Oscillatoria chalybea Mertens ex Gomont.
Distribution records from Korea are as Oscillatoria chalybea Mertens ex Gomont (Chung 1976; Song
1986; Wui and Kim 1987; Lee et al. 1990).

31. Phormidium formosum (Bory de Saint-Vincent ex Gomont)
Anagnostidis et Komarek 1988: 405 (Figs. 19E-1).

Chung 1993: 220. f. 99. Whitton 2002: 74. pl. 11D. Komdrek and Anagnostidis 2005: 421. f. 602.
McGregor 2007: 55. f. 9f. pl. 7F, G.

BasioNYM: Oscillaria formosa Bory de Saint-Vincent 1827, nom. inval.
SYNONYM: Okscillatoria formosa Bory de Saint-Vincent ex Gomont 1892.
Oscillatoria tenuis var. formosa Kiitzing ex Gomont 1892.

Filaments benthic, dull blue-green to blackish-green, mat-forming. Sheaths thin, rarely developed,
usually absent. Trichomes more or less straight or slightly curved, long, bright blue-green, some-
times more or less constricted at the cross-walls, slightly attenuated at the ends and bent, motile,
3.8-6.5 um wide. Cells nearly isodiametric or up to twice shorter than wide, 2.5-5.6 um long, con-
tents finely granulated, or with large cyanophycin granules. Apical cell narrowed, rounded-
conical, not capitate, without calyptra or thickened outer cell wall.

TypPe: Chaudfontaine, Doubs, France (Silva et al. 1996).

DISTRIBUTION: Worldwide.

Korea: JB (Chung 1976); JN (Wui and Kim 1987); Lake Chungju (Kim et al. 1988).

SPECIMEN EXAMINED: Isolated into culture at Daegu University from Lake Juam in JN 2009.

EcoLoGY: Freshwater, blackish and salty water, periphytic and benthic in stagnant waters.

REMARKS: Harmful species (Guiry and Guiry 2010). Reference record from Whitton (2002) is as
Oscillatoria formosa (Bory de Saint-Vincent) Gomont. Reference record from Chung (1993) is as
Oscillatoria formosa Bory de Saint-Vincent. Distribution records from Korea are as Oscillatoria formosa
Bory de Saint-Vincent (Chung 1976; Wui and Kim 1987; Kim et al. 1988).

32. Phormidium hamelii (Frémy) Anagnostidis et Komadrek 1988: 405
(Figs. 20A, B).

Komadrek and Anagnostidis 2005: 450. f. 659. McGregor 2007: 56. f. 10A. pl. 8A.

BasioNyM: Oscillatoria hamelii Frémy 1930.
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Fig. 19. A-D. Phormidium chalybeum; E-1. Phormidium formosum.
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Sheaths absent. Trichomes benthic, solitary or in clusters, straight to flexuous, pale blue-greeen,
slightly and clearly constricted at the cross-walls, not attenuated at the ends, 3.5-6.0 um wide. Cells
nearly isodiametric or up to twice longer than wide, 6.0-8.0 um long, contents finely granulated,
or with large cyanophycin granules. Apical cell rounded without calyptra.

TyPE: Uncertain.

DisTRIBUTION: Worldwide.

Korea: Lake Chungju in CB (Kim et al. 1988).

SPECIMEN EXAMINED: Yusangji in GB (36°55'45"'N, 128°58'23"E), 28.ix.2010.

EcoLoGy: Freshwater, periphytic in stagnant and flowing waters.

REMARKS: Reference record from Whitton (2002) is as Oscillatoria hamelii Frémy. Distribution
records from Korea are as Oscillatoria hamelii Frémy (Kim et al. 1988).

33. Phormidium puteale (Montagne ex Gomont) Anagnostidis et Komérek
1988: 408 (Figs. 20C, D).

Chung 1993: 232. f. 152. Komadrek and Anagnostidis 2005: 456. f. 665. McGregor 2007: 57. f. 10f. pl.
8F, G.

BasioNyM: Lyngbya putealis Montagne ex Gomont 1892.

SYNONYM: Lyngbya putealis Montagne 1840, nom. inval.

Lyngbya putealis var. minor Geitler 1933.

Lyngbya putealis var. geitleri G. De Toni 1939.

Lyngbya putealis f. multigranulata B.N. Prasad, R.K. Mehrotra et Y. Singh 1978.

Filaments benthic, yellowish-green to dirty green, forming bundles. Sheaths thin, firm and
colorless, open at the ends. Trichomes long and flexuous, distinctly constricted at the cross-walls,
not attenuated, 5.0-13.0 um wide. Cells more or less isodiametric, 3.0-8.0 um long, contents finely
granulated. Apical cell rounded, without calyptra or thickened outer cell wall.

TyPE: Uncertain.

DisTRIBUTION: Worldwide.

Korea: Chung (1993).

SPECIMEN EXAMINED: Daeseongji in GB (36°57'21""N, 129°22'45"'E), 03.ix.2010.

EcoLoGy: Freshwater, periphytic in stagnant and flowing waters.

ReEMARKS: This species grows loosely among filaments algae and cyanobacteria in slow-flowing
waters (McGregor 2007). A similar morphotype with unconstricted trichomes belong probably to
another species (Komdrek and Anagnostidis 2005). Reference record from Chung (1993) is as
Lyngbya putealis Montagne.
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34. Phormidium uncinatum (C. Agardh) Gomont ex Gomont 1892: 184
(Figs. 20E, F).

Chung 1993: 229. f. 139. Komdrek and Anagnostidis 2005: 481. f. 719. McGregor 2007: 60. f. 11A.
pl. 8L.

BasioNyM: Oscillatoria uncinata C. Agardh 1827, nom. inval.

SYNONYM: Phormidium uncinatum (C. Agardh) Gomont 1890, nom. inval.
Oscillatoria uncinata C. Agardh ex Gomont 1892.

Lyngbya uncinata (C. Agardh ex Gomont) Compeére 1980.

Filaments benthic and metaphytic, straight to irregularly bent, blue-green or dirty green. Sheaths
fine and colorless. Trichomes unconstricted at the cross-walls, briefly attenuated at the ends and
hooked, motile, 5.5-9.0 um wide. Cells shorter than wide, 2.0-6.0 um long. Apical cell capitate,
with rounded or obtuse calyptra.

Type: Uncertain.

DisTriBUTION: Worldwide.

KoreA: ]JB (Chung 1976); Lake Unmun in GB (Kim et al. 2007).

SPECIMEN EXAMINED: The waterway of Seongryugul in GB (36°57'21"'N, 129° 22'45"E), 27.vi.2010.

EcoLoGy: Freshwater, periphytic in littoral zones of flowing and stagnant waters.

REMARKS: Reference record from Whitton (2002) is as Phormidium autumnale (C. Agardh) Gomont.
Because P. uncinatum and P. autumnale are very similar on morphological properties except on
width range of trichome, which overlaps (P. uncinatum 5.5-9.0 um wide and P. autumnale, 4.0-7.0
um wide), P. uncinatum is sometimes regarded as a synonym of P. autumnale (Whitton 2002).

Family Oscillatoriaceae Engler 1898: 6.

Filaments isoploar or heteropolar, forming layered and prostrate mats, solitary or in clusters.
Sheaths lacking (Oscillatoria), or occurring (Lyngbya), firm and sometimes lamellated, generally
containing one trichome. Trichomes cylindrical, straight or flexuous, 6-20 (-80) um wide, uncon-
stricted or slightly constricted at the cross-walls. Cells discoid, always shorter than wide, without
aerotopes. Apical cell usually with a thickened outer cell wall or with a calyptra. Heterocytes and
akinetes absent. Cell division transversal to the trichome axis in a rapid sequence, the cells not
reaching their original size before the next division. Reproduction by disintegration of trichomes
into short motile hormogonia, with the help of necridic cells.

GENERA AND SPECIES: 22 genera and 164 species are currently accepted as valid taxa (Guiry and
Guiry 2010). Genera containing none or one species number 15. Major genera are Lyngbya (83
species) and Oscillatoria (40 species).

DisTRIBUTION: Worldwide, planktonic or benthic in freshwater, brackish and salty waters.

KEY REFERENCE: Gomont (1892), Chung (1993), Anagnostidis and Komdrek (1988), Canter-lund
and lund (1995), Whitton (2002), Komédrek and Anagnostidis (2005), McGregor (2007), Hinddk (2008).
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Genus Oscillatoria Vaucher ex Gomont 1982: 198.

Thallus planktonic or benthic, usually forming macroscopic smooth layered mats, sometimes
solitary trichomes. Mucilaginous sheath generally absent. Trichomes isopolar, cylindrical, straight
or slightly curved, sometimes a little screw-like coiled at the ends, often motile by gliding and
oscillating, usually unconstricted at the cross-walls, mainly 6.0-20.0 um wide (up to 80 um wide).
Cells short, discoid, always more than 2-times shorter than wide, cell content fine granulation or
with solitary granules, without aerotopes. Apical cell widely rounded, sometimes capitate or with
narrow calyptra. Cell division transversal to the trichome axis in a rapid sequence, cells dividing in
rapid before reach the original size. Reproduction by disintegration into short motile hormogonia,
by help of necridic cells.

LecTOTYPE: Oscillatoria princeps Vaucher ex Gomont 1892.

SpeciEs: Among 1019 species (infraspecific) names reported up to date, 40 species are currently
accepted as taxonomically valid taxa (Guiry and Guiry 2010).

DisTRIBUTION: Worldwide, planktonic or benthic in freshwater, brackish and salty waters.

KEY REFERENCE: Anagnostidis and Komadrek (1988), Whitton (2002), Komdrek and Anagnostidis
(2005), McGregor (2007).

Key to the species of genus Oscillatoria

1. Apical cell without calyptra or thickened cell Wall -c-ceerererereerararaemrnerirreiireeeireeeeeenaenes 2
— Apical cell with calyptra or thickened cell Wall «-c-eeeeerererreeaearmneientrruiierereeiertetreienterenrnenesnanens 5
2. Trichomes to 10.0 um wide, sometimes slightly constricted at cross-walls ««---eeeeeeeereeeeneenneens 3
— Trichomes OVer 10.0 fm Wide «««--s-sesesesesertrermmirieieieii e 4
3. Trichomes usually pale, yellow-gray, cells usually 1.0-2.0 um long «-«--eeeeeeeeeeeeen. O. subbrevis
— Trichomes usually blue-green or gray-violet, cells usually 2.0-3.5 um long --«+--+-eeeeee- O. tenuis
4. Trichomes 10.0-17.0 Um Wide - --s-seseeeeremmmmmmmiiiiii O. curviceps
— Trichomes 20.0-50.0 (m Wide «eeeseseserememsmmmmmmiit e O. princeps
5. Trichomes 10.0-20.0 um wide, with thickened outer cell wall -------veeeeeeeeeeerimmnnnniineee O. limosa
— Trichomes end usually slightly curved and narrowed, with distinct calyptra -+« O. proboscidea

35. Oscillatoria curviceps C. Agardh ex Gomont 1892: 213 (Figs. 20G, ], K).

Chung 1993: 219. f. 98. Komadrek and Anagnostidis 2005: 589. f. 879. McGregor 2007: 76. f. 141. pl.
12A.

SYNONYM: Oscillatoria curviceps C. Agardh 1824, nom. inval.

Thallus benthic, usually solitary or in small mats. Trichomes more or less straight, long, blue-
green, not constricted at the cross-walls, often bent and not attenuated at the ends, motile, 10.0-17.0
um wide. Cells 1/3-1/6 times as long as wide, 2.0-5.0 um long, cross-walls sometimes granulated.
Apical cell flat-rounded, not capitate, sometimes with slightly thickened cell wall.
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TyYPE: Uncertain.

DISTRIBUTION: Probably worldwide, widely distributed in north temperate zones.

Korea: Han River (Chung et al. 1968); JB (Chung 1976); Geum River (Chung and Lee 1979); JN
(Wui and Kim 1987); Beopsu marsh in GN (Kim 2008).

SPECIMEN EXAMINED: Upo in GN (35°32'59"N, 128°24'57"), 11.ii.2006; Dangyangji in GB (35°50'48"
N, 128°38'54"E), 29.vii.2008.

EcoLoGy: Freshwater, occasionally brackish and salty waters, periphytic in stagnant or flowing
waters, sometimes solitary among other cyanobacteria.

REMARKS: Reference record from Chung (1993) is Oscillatoria curviceps C. Agardh.

36. Oscillatoria limosa C. Agardh ex Gomont 1892: 210 (Figs. 20H, I).

Chung 1993: 221. f. 104. Whitton 2002: 75. pl. 11G, H. Komdrek and Anagnostidis 2005: 593. f. 886.
McGregor 2007: 76. f. 15B. pl. 12B, C. Hinddk 2008: f. 394, 453-455.

Thallus benthic, attached to the substratum, occasionally free-floating mat with other algae.
Trichomes more or less straight, rarely weakly curved, blue-green, brown or olive-green, uncon-
stricted at cross-walls, not attenuated at the ends, 10.0-20.0 um wide. Cells 1/3-1/6 times as long
as wide, 1.5-5.0 um long, contents mostly finely granular and cross-walls often granulated. Apical
cell rounded or flattened, mostly with slightly thickened outer cell wall, without calyptra.

TyPE: Uncertain.

DisTrRIBUTION: Worldwide.

KoreA: Han River (Chung et al. 1968); JB (Chung 1976); JN (Wui and Kim 1987); Lake Chungju
in CB (Kim et al. 1988); Geum River (Chung and Lee 1979; Kim et al. 2000); Pyeongtaek reservoir in
GG (Shin 2003); Lake Daecheong in CB (Park and Lee 2005); Beopsu marsh in GN (Kim 2008);
Galgok stream and Incheon river in JN (Lee et al. 2008).

SPECIMEN EXAMINED: Ucheolji in GB (35°59'00"'N, 128°55'39"E), 22.ii.2009; Mokpo in GN (35° 33’
28""N, 128°24'13"E), 22.xii.2010; Sajipo in GN (35°33'34"'N, 128°25'56"'E), 22.xii.2010.

EcoLoGy: Freshwater, brackish water, benthic or metaphytic in stagnant or slowly flowing water.

REMARKS: Numerous varieties and forms have been described, but their taxonomic value requires
assessment (Komdrek and Anagnostidis 2005). Some populations can form a sheath and then resem-
ble Lyngbya aestuarii. The two species are perhaps closely related (Whitton 2002).

37. Oscillatoria princeps Vaucher ex Gomont 1892: 206 (Figs. 21]J, K).

Yamaghshi and Akiyama 1985b: 4: 60. Chung 1993: 222. f. 109. Whitton 2002: 75. Komdrek and
Anagnostidis 2005: 590. f. 883. McGregor 2007: 78. f. 15C, D. pl. 12D, E. Hindak 2008: f. 456.

SYNONYM: Oscillatoria princeps Vaucher 1803, nom. inval.
Trichophorus princeps (Vaucher) Desvaux 1809, nom. inval.
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Fig. 20. A, B. Phormidium hamelii; C, D. Phormidium puteale; E, F. Phormidium uncinatum; G, J, K.

Oscillatoria curviceps; H, 1. Oscillatoria limosa.
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Oscillatoriella princeps (Vaucher) Gaillon 1833, nom. inval.
Lyngbya princeps Vaucher ex Hansgirg 1892.

Thallus benthic or tychoplanktonic, dark blue-green or black-green. Trichomes mostly straight or
slightly curved, very long, olive-green to dark blue-green, unconstricted at the cross-walls, slightly
attenuated at the ends, more or less bent, motile, 20.0-50.0 um wide. Cells 1/4-1/11 times as long
as wide, 2.5-6.5 um long, contents mostly finely granular. Apical cell flatly rounded, truncate,
without or with slightly thickened outer cell wall, without calyptra.

TypE: Vosges, France (Drouet 1968). Lectotype: CN (in Herbarium Lenormand).

DisTrIBUTION: Worldwide.

KOREA: JB (Chung 1976); Geum River (Chung and Lee 1979; Kim et al. 2000); Lake Chungju in
CB (Kim et al. 1988).

SPECIMEN EXAMINED: Jungdaeji in Daegu city (35°59'27"'N, 128°38'14"E), 30.ix.2008; Otongnaeji in
GB (35°52'31'N, 128°53'12"E), 31.xii.2008; Jeongyangji in GN (35°32'59"'N, 128°10'05"E), 16.x.2010.

EcoLoGy: Freshwater, benthic or tychoplanktonic in stagnant or slowly flowing water.

REMARKS: The typical species probably only occurs in temperate zones, but not in marine
habitats or in the tropical zone (Komdrek and Anagnostidis 2005). Reference records from Chung
(1993) and Yamaghshi and Akiyama (1985b) are as Oscillatoria princeps Vaucher.

38. Oscillatoria proboscidea Gomont 1892: 209 (Fig. 21D).

Chung 1993: 222. f. 110. Komdrek and Anagnostidis 2005: 596. f. 891. McGregor 2007: 78. f. 15E, f.
pl. 121, 13A, B.

Thallus benthic, dark green to blackish blue-green. Trichomes more or less straight, bright blue-
green, unconstricted at the cross-walls, distinctly curved and attenuated at the ends, motile, 11.0-
18.0 wide. Cells 1/3-1/6 times as long as wide, 2.0-4.0 um long, contents mostly finely granular.
Apical cell flat-rounded, hemispherical, with slightly thickened outer cell wall, sometimes with
calyptra.

TyPE: Uncertain.

DisTRIBUTION: Worldwide.

KOREA: ]B (Chung 1976).

SPECIMEN EXAMINED: Naengsuri in GB (35°05'19"'N, 129°15'04"'E), 25.vi.2010.
EcoLoGy: Freshwater, benthic in stagnant and slowly flowing waters.

39. Oscillatoria subbrevis Schmidle 1901: 243 (Figs. 21E, F).

Chung 1993: 224. f. 117. Whitton 2002: 76. pl. 11M, N. Komadrek and Anagnostidis 2005: 587. f. 877.
McGregor 2007: 79. f. 15G, 16C.
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Trichomes solitary, straight or slightly flexuous, yellow-gray to green-yellowish, sometimes
slightly constricted at the cross-walls, not attenuated at the ends, 5.0-8.0 um wide. Cells shorter
than wide, 1.0-2.0 um long, not granulated at cross-walls. Apical cell rounded, without calyptra.

TYPE: Mbete, Tanzania (Silva et al. 1996).

DISTRIBUTION: distributed worldwide, perhaps cosmopolitan. Several records are known from
tropical regions.

KoREA: JB (Chung 1976); lake Chungju in CB (Kim et al. 1988); Geum River (Kim et al. 2000).

SPECIMEN EXAMINED: Daeseongji in GB (35°54'10"'N, 128°54'26"), 03.ix.2010.

EcoLoGy: Freshwater, planktonic or epilithic, epipelic in eutrophic streams and ponds.

40. Oscillatoria tenuis C. Agardh ex Gomont 1892: 220 (Figs. 21G-1I).

Chung 1993: 224. f. 118. Whitton 2002: 78. pl. 11K. Komadrek and Anagnostidis 2005: 587. f. 878.
McGregor 2007: 79. f. 16D. pl. 13E, f. Hinddk 2008: f. 449-452.

Thallus benthic and metaphytic, blue-green or olive-green. Trichomes cylindrical, straight or
slightly bent, blue-green or grayish-violet, unconstricted at cross-walls, not attenuated at the ends,
4.0-10.0 um wide. Cells always shorter than wide, up to one-third as long as wide, 2.0-3.5 um
long, contents finely granular, usually without granulation at cross-walls. Apical cell rounded,
with slightly thickened cell wall in mature trichomes.

TyPE: Uncertain.

DisTrRIBUTION: Worldwide.

KoreA: Han River (Chung et al. 1968); JB (Chung 1976); JN (Wui and Kim 1987); Lake Chungju
in CB (Kim et al. 1988); Geum River (Chung and Lee 1979; Kim et al. 2000); Togyo reservoir in GW
(Lee and Kim 2003); Lake Unmun in GB (Kim et al. 2007); Yeoju in GG (Lim and Lee 2008a).

SPECIMEN EXAMINED: Upo in GN (35°32'59"'N, 128°24'57"), 23.ix.2006; Otongnaeji in GB (35°52'31"
N, 128°53'12"E), 31.xii.2008; Naengsuri in GB (35°05'19"'N, 129°15'04"'E), 25.vi.2010; Danghyeonji
in Daegu city (35°49'27"'N, 128°39'33"E), 06.xi.2010.

EcoLoGy: Freshwater, benthic and metaphytic.

ReMARKS: This species is similar to Oscillatoria subbrevis Schmidle, from which it differs in cell
size and color: O. tenuis is 2.0-3.5 um long and blue-green or gray-violet, and O. subbrevis is 1.0-2.0
um long and yellow-gray to green-yellowish.
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50 um

Fig. 21. A-C. Oscillatoria limosa; D. Oscillatoria proboscidea; E, F. Oscillatoria subbrevis; ],
Oscillatoria princeps; G-1. Oscillatoria tenuis.
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A

Achroonema minimum 49
Anabaena 6

mollis 44
Anacystis cyanea 26
Anacystis montana f. montana 32
Aphanocapsa 6,9, 10

delicatissima 10, 11

holsatica 10, 12

parietina 10

pulchra 32, 35
Aphanothece 6

nidulans var. endophytica 50
Aphnizomenon 6

B

Borzia endophytica 51

C

Clathrocystis aeruginosa 26

Clathrocystis holsatica 13

Coelosphaerium naegelianum 24

Cyanobium 6

Cyanotetras 6,9, 13
crucigenielloides 13, 16
fusca 13

D
Diplocystis aeruginosa 26
Diplocystis novacekii 32

Diplocystis viridis 35
Diplocystis wesenbergii 38

E

Eucapsis 6

G

Geitlerinema 38, 39, 40
amphibium 40, 45
lemmermannii 41, 45
splendidum 39
unigranulatum 40

Gloecocapsa 6

Gomphosphaeria 19
compacta 22
lacustris f. compacta 22
lacustris var. compacta 22
litoralis 19
naegeliana 24

H

Hypheothrix foveolarum 44

J

Jaaginema 38
lemmermannii 41

L

Leibleinia 38, 39, 41
baculum 41
epiphytica 42, 45, 46

Leptolyngbya 38, 39, 41, 43, 44
boryana 43
foveolara 44,45, 46
foveolarum 44

Leptothrix foveolarum 44

Limnothrix 6, 39, 42
guttulata 43, 46
redekei 42

Lyngbya 6,58
aestuarii 60
amphibia (n) 40
chalybea 54
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epiphytica 42
foveolarum 44

laminosa var. amphibia 40
limnetica 47

mollis 44

naumannii 50

princeps 62

putealis 57

putealis f. multigranulata 57
putealis var. geitleri 57
putealis var. minor 57
uncinata 58

Merismopedia 6,9, 14

angularis 14, 16
convoluta f. minor 15
elegans 15,16, 17
glauca 15

haumanii 15

hyalina 18

kuetzingii 15
punctata 14, 15, 21

@)

Oscillaria formosa 55
Oscillaria foveolarum 44
Oscillatoria 6, 58, 59
amphibia 40
chalybea 54, 55
curviceps 59, 60, 61
formosa 55
foveolarum 44
guttulata 43
hamelii 55, 57
lemmermannii 41
limnetca 49
limosa 60, 61, 64
princeps 59, 60, 62, 64
proboscidea 62, 64
splendida var. limnetica 47
subbrevis 62, 63, 64
tenuis 55, 63, 64
tenuis var. formosa 55
uncinata 58
Oscillatoriella princeps 62

tenuissima 18, 21 P
Micraloa aeruginosa 26
Microcoleus 53 Phormidium 53, 54
Microcystis 6, 24, 25, 50 amphibium 40

aeruginosa 25, 26, 27,28, 53
aeruginosa f. flos-aquae 26, 29
aeruginosa f. marginata 32
aeruginosa f. viridis 35
delicatissima 10

flos-aquae 26, 30

holsatica 13

ichthyoblabe 29, 31
marginata 32

novacekii 32, 33

ochracea 26

prasina 26

pulverea £. delicatissima 10
smithii 32, 34

viridis 32, 35, 36
wesenbergii 36, 38

autumnale 58
chalybeum 54, 56
endophyticum 51
formosum 55, 56
foveolarum 44
hamelii 55, 61
lucidum 54
molle 44
mucicola 50
puteale 57, 61
uncinatum 58, 61

Planktolyngbya 6, 38, 39, 41, 44

limnetica 46, 47

subtilis 47
Polycystis flos-aquae 26
Polycystis viridis 35
Pseudanabaena 38, 39, 47, 48



catenata 46, 48, 49, 51
limnetica 49, 51
minima 49, 51
mucicola 50, 51, 52
westiana 50, 51, 52, 53
Pseudophormidium 53

S

Snowella 9,18, 19
litoralis 19, 21
rosea 19

Spirulina 38

Stigonema 6

Symploca 53
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Synechococcus 6
Synechocystis 6,9, 19
aquatilis 20, 21

pevalekii 20

T

Trichophorus princeps 60

W

Woronichinia 6,9, 20, 22
compacta 22,23
naegeliana 22, 23, 24, 53
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