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Abstract

The cyancbacterial/cyanoprokaryetic mostocalean planktic genus Cylindrospermopsis
(type species = C, raciborskif) was originally described as Arnabaena by WOLOSZYNSKA
(1912), later inchuded in the genus Anabaenapsis (terminal heterocytes) by ELENKIN (1923),
and at last separated as a special genus by SEENAYYA & SUBBA RAU (1972) in respect to
special frichomne morphology and a special strategy of trichome development. It has a
pantropical distribution. Eight new species were described recently, mainly from tropical
freshwater planktic habitats. C. raciborskii has tendency to invade intensely temperate zones,
where it forms heavy water-blooms, particutarly in warmer regions. The intense production of
toxic compounds was detected in this species, which classifies it among important and
ecologically remarkable cyancbacteria requiring careful studies. The present paper yields a
short current literary review of phenotype divemsity of this genus, as a background to the
further investigation. This study was supported by the grants EU-“MIDI-CHIP” no. EVK2-
1999-00213, K6005114 and A6005380.

History

The type species of the cyanobacterial planktic nostocalean genus
Cylindrospermopsis (C. raciborskii) was originally described as Arabaena by
WOLOSZYNSKA (1912) from lakes in Java, Indonesia (Fig. 1). Later on, this
species was transferred by ELENKIN (1923) in the genus Anabaenopsis
(described by MILLER 1923) respecting the formation of terminal heterocytes.
Under this generic name other related taxa indicating the wide diversity of this
cyanobacterial type were described (TAYLOR 1932, GEITLER & RUTTNER 1935,
SzALAI 1942, PRESCOTT & ANDREWS 1955, KoGaN 1956, CLAUs 1961,
OBUCHOVA & KOSENKO 1964, HAMAR 1977). Similar populations were
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described also as members of related genera, e.g., Aphanizomenon kaufmannii
SCHMIDLE in BRUNNTHALER (1914) from Egypt (river Nile) and
Cylindrospermum doryphorum BRUHL & BISWAS (1922) from India. This whole
cluster of taxa (Fig. 2) is presented in various extends in all the following
manuals, usually under the generic name Anabaenopsis or under criginal generic
and specific names (e.g., in GEITLER 1932, HUBER-PESTALOZZI 1938,
DESIKACHARY 1959, STARMACH 1966, KONDRATEVA 1968). The current
synonymics was reviewed by DROUET (1978; under dnabaenopsis).

In 1972, SEENAYYA & SuBBA RAJU separated the genus
Cylindrospermopsis (with only one species C. raciborskii) from Anabaenopsis,
respecting the special trichome morphology and a special heterocyie and
trichome development as important generic characters. Asymmetrical division
of cells before the heterocyte formation in both genera 4nabaenopsis and
Cylindrospermopsis is principally similar ({SINGH 1962); however, whereas
heterocytes arise primarily metamerically in twins in Anabgenopsis, the
heterocytes in Cylindrospermopsis develop solitary after the asymmetrical
division from primarily terminal cells (Fig. 3). The validity of the genus
Cylindrospermopsis was supported by 16S rRNA sequencing (WILSON & al.
2000, RuD1 & al. 1997, SCHEMBRI1 & al. 2001, CASTENHOLZ 2001, International
Data Bank 2002) (Fig. 4). Several other Cylindrospermopsis species maiuly
from tropicai or warm temperate freshwater biotopes were recognized and
described in the last years {(KOMAREK & KLING 1991, WATANABE 1995,
KOMARKOVA-LEGNEROVA & TAVERA 1996, KOMAREK & KOMARKOVA-
LeaNEROVA 2002, COUTE & al. 2003, CRONBERG & KOMAREK 2003); in
majority of them the authors found wide distribution and variability. Recent
morphological details of this genus were published in KoMARER &
ANAGNOSTIDIS (1989), KOMARKOVA (1998), KOMAREX {2002) and COUTE & al.
(2003).

Morphological deseription of the genus

Filaments free-floating, solitary, straight, bent or screw-like coiled, in
several species narrowed towards ends, without sheaths. Trichomes isopolar
(heteropolar only in trichomes with only one heterocyte), subsymmetrical, with
or without constrictions at cross-walls. Cells are ¢ylindrical or barrel-shaped,
usually distinetly longer than wide, pale blue-green, yellowish or olive-green,
facultatively with aerotopes; end cells are conical or bluntly or sharply pointed.
Heterocytes only terminal, oval, ovoid or conical, sometimes slightly curved and
drop-like, unipored; they develop after + asymmetrical division of the end cells,
usually asynchronously at both ends of the trichome. Akinstes are ellipsoidal or
cylindrical, in coiled specimens usually slightly curved, developing usually
slightly distant from heterocytes, rarely adjscent to apical heterocytes.
Reproduction by trichome fragmentation and by akinetes, — Nine species are
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recently accepted (Fig. 3), but more morphotypes can be recognise in future
{comp. Fig. 2).

Disiribution

Cylindrospermopsis is primarily a tropical genus. The type species,
“Anabaena” (= Cylindrospermopsis) raciborskii, was found and described in
1912 from Indonesia (Java), and this species was later recorded under various
names from almost all tropical regions, from Indiz (BRUHL & Biswas 1922,
DESIKACHARY 1959, SINGH 1962, HORTOBAGYT 1969, SEENAYYA & SUBA RAJU
1972), Philippines (TAYLOR 1932, BEHRE 1956: fa. maior and fa. minor), Egypt
(BRUNNTHALER 1914), Japan (NEGORO 1953), Brazil ( CRONBERG 1978,
BRANCO & SENNA 1991, SANT’ANNA 1991, Bouvy & al. 2060), Cuba
(KOMAREK 1984), Australia (HAWKINS & al. 1985, BAXER & FABBRO 1995),
etc. Recently, numerous data exist about heavy water blooms of the pantropical
Cylindrospermopsis raciborskii from the whole tropical Asia, Africa, Australia,
central and South America and from numerous Oceanic Islands. Moreover, the
7 new common Cylindrospermopsis species described in the period of 1990-
2003, almost all spread in different areas of tropical regions, prove the
diversification ability and ecological potential of this genus.

Another indication of development and vitality of Cylindrospermopsis is
the invasive pressure of C. raciborskii into temperate zones, and the formation
of different morphotypes in different parts of its wide geographic area. Already
KoGAN (1956), OBUCHOVA & KOSENKO {1964) and PROSKINA-LAVRENKO &
MAKAROVA (1968) described several species from central Asia (Turkmenistan,
Kazakhstan, Caspic Sea), which all belong to the vicinity of C. raciborskii, but
their stability and relations are unclear (Fig. 2). In 1955, PRESCOTT & ANDREWS
described one probably Cylindrospermopsis species from Kansas (Wooster
Lake) in North America (dnabaenopsis seriaia). Later, since the studies of HL
(1970, from Minnesotta lakes), several north American localities of
Cylindrospermaopsis are known, particularly from southern states of USA and
Mexico. The first European record of C. raciborskii (sub Anabaenopsis) was
published probably by SKUJA (1937) from the lake Kastoria in Greece (Tab.
6B). In 1942, Szat AT registered the first population of Cylindrespermopsis from
Hungary (Arabaenopsis raciborskii ver. longiscellula, Tig, 2H). Further
populations from Pannonian district were registered by HAMAR (1977), JEEI
Bal & al. (1977), ScumMIDT (1977), HORECKA & KOMAREK (1979), PADISAK
(1991, 1997) and others. C. raciborskii forms now common regular populations
in the lowland of Danube river. KONDRATEVA (1968) recorded localities from
southern Ukraine (Odessa district, basin of Danube river) and AKSENOVA (1974)
from the river Don, Further records are known from lakes in Danube delta
(KaStovsky, orig. data). The species collected also from Slovakia and
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Moravian part of the Czech Republic by HINDAK (1988), and from Austria by
CLaus (1961; “Anabaenopsis woloszynskae™; Fig. 2G) DOKULIL & MAYER
(1996), and DOKULIL & TEUBNER (2000). In 2002 there were reported localities
also from Germany (NIXDORF and MISCHKE, pers. comm.). The next European
localities are known from Italy (VENTURA pers. comm.), and from central and
southern France (CouTE & al. 1997, 2003) (Fig. 5).

Diversity and variability

The morphological variability of Cylindrospermopsis is wide, as results
from changes, recognized during the life cycles (KOMARKOVA & al. 1999), from
diversity of populations of most common species (C. raciborskii, but also C.
cuspis and C. aficana; SINGH 1962, HORECKA & KOMAREK 1979, KOMAREK
1984, HNDAK 1988, FABBRO & al. 1996, and many others), and from the
common infrageneric variability (Fig. 2, Tab. 1-2). The wide variation in
straight and coiled filaments follows already from the first description of
WoLOSZYNSKA (1912} (Fig. 1).

The coiling is commonly considered as particularly variable, non-
taxonomic character. In spite of it, few species were characterized by mainly
straight or coiled trichomes. From this point of view, the most problematic are
the separating features between C. raciborskii and C. philippinensis. The coiling
itself can hardly be the diacritical feature between the mentioned species,
because also the populations with completely coiled filaments appear in €'
raciborskii (BAKER & FABBRO 1999). The differences between these types must
be revised in future; however, the existence of C. philippinensis could be
supported by other characters than coiling (Tab. 1). Both coiled and + straight
filaments occur in majority of morphospecies, and the revision of the stability of
other morphological characters is therefore important (Tab. 2). The main
studies of this phenomenon are included in papers of BOOKER & WALSBY
(1979), KOMAREK (1984), KOMARKOVA-LEGNEROVA & TAVERA (1996),
KOMARKOVA (1998), SAKER & al. (1999), MCGREGOR & FABBRO (2000),
CRONBERG & KOMAREX (2003), efc.

Other changes in morphology can arise under stress conditions (high
conductivity, lack of nutrients, etc; FABBRO & al. 1996, KOMARKOVA & al.
1999, MCGREGOR & FABBRO 2000); such populations are characterized mostly
by irregularly undulated filaments (KOMARKOVA & al. 1999). However, COUTE
& al. (2003) described similar stable type with flexuous trichomes, as a special
species from southern France. The variability and stability of characters in
various Cylindrospermopsis-types is not well known yet.
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Ecology

All Cylindrospermopsis species are known from plankton of freshwater
eutrophic reservoirs in tropical, subtropical or temperate regions (in summer),
where they form sometimes water-blooms. In tropics, the appearance is often
connected with nitrogen limitation of phytoplankton. With increasing data about
distribution and importance appeared a necessity of detailed autecological
studies of C. raciborskii. We select several important ecological articles for
information: BAXTER (1996), BORMANs (1999), DoKULIL & MAYER (1996),
FABBRO & DUIVENVOORDEN (1996), PADISAK (1991, 1999, 2002), PRESING &
al. (1996), KOMARKOVA & al. (1999), GOrRz0 (1987), VOROS (1995).

Significance

As a water-bloom forming species, Cyfindrospermopsis (particularly C.
raciborskii) belongs to important dominant cyanobacterial plankters of eutrophic
reservoirs in all tropical regions, and recently also in tempetate zone. Majority
of populations produce cyanotoxins (cylindrospermopsin), which insert this
genus among the most important cyanobacterial types in the present water
management. Already wide literature exists about toxicity of
Cylindrospermopsis (see special papers); we list here only the basic titles (in an
alphabetic order): BAKER (1996), CARMICHAEL & al. (2001), CHISWELL & al.
(1999), CHORUS & BARTRAM (1999), EAGLESHAM & al. (1999), FALCONER
{1996), FALCONER & al. (1999), FRANCIS (1878), HAWKINS & al. {1985), LAGOS
& al. (1997, 1999), MCGREGOR & EVERDING (1998), OHTAN! & al. (1992),
SEAWRIGHT & al. (1999), SAKER & EAGLESHAM (1999), SCHEMBRI & al. (2001),
SENOGLES & al. (2000), SHAW & al. (1999, 2000), SKULBERG & al. (1993),
THOMAS & al. (1998), VOROS (1995) and many others, The review of phenotype
diversity and further study of Cylindraspermopsis in nature is most requested,
as the existence of all the described species should be verified. Vice versa,
Cylindrospermopsis is very plastic, and new types can be recognised. Basic
images for such a studies are given in this paper.

References

AKSENOVA E.L (1974): Redkie predstaviteli sinezelenych vodoroslej planktona
niznego Dona i Cimljanskogo vodochranili$¥a (Cyanophyceae rarac in
plankto tanaidis inferioris (Nizhnij Don) inventae. — Novosti Sist. Nizsich
Rast., Izd. “Nauka”, Moskva, p. 76-84.



6 Komérek & Komérkové: Cylindrospermopsis

BAXER P.D. & FABBRO L.D. (1999) : A guide to the identification of common
blue-green algae (Cyanoprokaryotes) in Australian freshwaters. — Cooper
Res. Centre Freshw. Ecology, Ident. Guide No. 25: 42 pp.

BAKER P.D. (1996): Occurrence of Cylindrospermopsis in South-Eastern
Australia. — In: Cylindrospermopsis - A New Toxic Algal Bloom Challenge
for Australia, Agricultural and Resource Management Council of Australia
and New Zeeland, Brisbane.

BAXTER G. (1996): Understanding the processes affecting Cylindrospermopsis
in lakes. — In: Cylindrospermapsis - A New Toxic Algal Bloom Challenge
for Australia, Agricultural and Resource Management Council of Australia
and New Zealand, Brisbane,

BeHRE K. (1956): Die Siisswasseralgen der Wallacea-Expedition. - Arch,
Hydrobiol., Suppl. 23(1).

BOOKER MLI. & WALSBY A.E. (1979): The relative form resistance of straight
and helical blue-green algal filaments. — Br, Phycol. J. 14: 141-150.

BORMANS M. (1999): Controlling algal blooms in the Fitzroy River, — Rivers for
the Future 10: 26-29,

Bouvy M. FALCO D., MARINHO M., PAGANO M. & MOURA A. (2000): Occurrence
of Cylindrospermopsis (cyanobacteria) in 39 Bragzilian tropical reservoirs
during the 1998 drought. — Aquat. Microbiol. Ecol. 23: 13-27.

Branco CW.C., & SENNA P.A.C. (1991): The taxonomic elucidation of the
Parancd Lake (Brasfliz, Brazil) problem: Cylindrospermopsis raciborskdi. -
Bull. Jard. Bot. Nat, Belg. 61: 85-91,

BRUHL P. & Biswas K. (1922): On a new species of Cylindrospermum from
Bengal-Cylindrospermum doryphorum Bruhl et Biswas. — J. & Proc. Asiatic
Soc. Bengal, n.s. 13(10); 577-580.

BRUNNTHALER J. (1914): Beitrag zur Silsswasser-Algenflora von Agypten. —
Hedwigia 54: 219-225.

CARMICHAEL. W.W., AZEVEDO SM.F.0., AN J.8., MoLicA R.LR., JOCHIMSEN
EM., LAu S, RINEHART K.L., SHAW G.R,, EAGLESHAM G.K. (2001):
Human fatalities from cyanobacteria: chemical and biological evidence for
cyanotoxins. — Environmental Health Perspectives, 109: 663-668.

CASTENHOLZ R.W, (2001): Phylum BX. Cyanobacteria. Oxygenic
Photosynthetic Bacteria. — In: BOONE D.R. & CASTENHOLZ R.W. (eds.),
Bergey’s Manual of Systematic Bacteriology, 2* Edition, Springer, 473-
599,

CHISWELL RK., SHAW G.R., EAGLESHAM G. & al. (1999): Stability of
cylindrospermopsin, the toxin from the cyanobacterium, Cylindrospermopsis
raciborskii: effect of pH, temperture, and sunlight on decomposition. —
Environm. Toxicol. 14; 155-161. ...

CHORUS 1. & BARTRAM J. (eds.)(1999): Toxic Cyanobacteria in Water: A
Guide to their Public Health Consequences, Monitoring and Management. -
E & PN Spon, London, World Health Organization, Geneva, 416 pp.



Czech Phycology, Olomoug, 3: 1-30, 2003 7

CLAUS G. (1961): Contribution to the knowledge of the blue-green algae of the
Salziackengebiet in Austria. — Internat. Rev. pes. Hydrobiol. 46(4): 514-
541.

CoutE A., LEITAO M. & MARTIN C, (1997); Premiére observation du genre
Cylindrospermopsis  (Cyenophyceae, WNostocales) en France. -
Cryptogamie/Algologie 18(1): 57-70.

CouTE P.A., LErTao M. & SERMENTO H. (2003): Cylindrospermopsis sinuosa
spec. nova {Cyanophyceae, Nostocales), une nouvelle espece du sud-ouest
de la France. — Arch. Hydrobiol /Algolog. Studies (in press).

CRONBERG G, (1978): The Lagoa Paranca Restoration Project. Phytoplankton
Ecology and Taxonomy. - Project PAHO/WHO/77/WT/BRA/2341/04,
Brazil, pp. 5-39.

CRONBERG G. & KOMAREK J. (2003): Some nostocalean Cyanoprokaryotes
from lentic habitats of eastern and southern Africe. - Nova Hedwigia (in
press).

DESIKACHARY T.V. (1959): Cyanophyta. - In: LC.A.R. Monographs on algae,
New Delhi, 686 pp.

DOKULIL M, & MAYER 1. (1996): Population dynamics and photosynthetic rates
of a Cylindrospermopsis — Limnothrix association in a highly eutrophic
urban lake, Alte Donau, Vienna, Austria. — Arch. Hydrobiol./Algolog.
Studies 83: 179-195.

DokuL. M. & TreusNER K. (2000): Cyanobacterial dominance in lakes. —
Hydrobiologia 438: 1-12.

DroueT F. (1978): Revision of the Nostocaceae with constricted trichomes. —
Beih. Nova Hedwigia 57: 258 pp.

EAGLESHAM G.K., NormiS R.L., SHAW GR. & al. (1999): Use of HPLC-
MS/MS to monitor cylindrospermopsin, a blue-green algal toxin for public
hezith purposes. — Environm. Toxicol. 14: 151-154,

ELENKIN A.A. (1923): De gencre Anabasnopsis (Wolosz.) Miller notula. — Not.

Syst. Inst. Crypt. Horti Bot. Petropolit. 2(1-2): 73-75.

FABBRO L.DD, KLING HJ. & DUIVENVOORDEN L.J, (1996): Morphological
variation of Cylindrospermopsis in natural populations. . - Inm:
Cylindrospermopsis - A New Toxic Algal Bleom Challenge for Australia,
Agricultural and Resource Management Council of Australia end New
Zealand, Brisbane, Australia.

FABerO LD.& DurveNvoODEN L.J. (1996): Profile of a bloom of the
cyanobacterium Cylindrospermopsis raciborskii (Woloszynska) Seenaya
and Subba Raju in the Fitzroy River in tropical Central Queensland. — Mar.
Freshw. Res. 47: 635-694.

FALCONER LR. (1996): Cyfindrospermopsis — A health risk or just a nuisance? —
In: Cylindrospermopsis - A New Toxic Algal Bloom Challenge for
Australia, Agricultural and Resource Management Council of Australia and
New Zealand, Brisbane, Australia.



3 Komdrek & Komérkové: Cylindrospermopsis

FALCONER LR., HARDY S.J., HUMPAGE A R., FrRosClo S.M., TOZER G.J. &
Hawkins P.R. (1999): Hepatic and renal toxicity of the blue-green alga
{Cyanobacterium) Cylindrospermopsis raciborskii in male Swiss albino
mice. — Environm. Toxicol. 14: 143-150.

FrRANCIS G. (1878): Poisonous Australian lake. — Nature 18: 11-12.

GEITLER L. (1932): Cyanophyceae. - In: Rabenhorst's Kryptog.-Fl. 14: 1196

pp., Leipzig.

GrmLER L. & RUTINER F. (1935):. Die Cyanophyceen der Deutschen
limnologischen Sunda-Expedition, ihre Morphologie, Systematik und
Okologie. — Arch. Hydrobiol./ Suppl. 14 (Tropische Binnengew.) 6: 308-
369, 371-483.

GORZO G. (1987): Fizikai és kémiai faktorok hatisa a Balatonban eléforduld
heterocisztds cianobaktériumok spordainak csirdzdséra. [The influence of
physical and chemical factors on the germination of spores of heterocystic
cyanobacteria in Lake Balaton.] — Hidrolégiai Koztony 67: 127-133.

HaMar 1. (1977): Data on knowledge of the blue-green alga Anabaenopsis
raciborskii Wolosz. — Tiscia 12: 17-20.

HAWKINS P.R., RUNNEGAR M.T.C., JACKSON A.R.B. & FALCONER LR. (1985):
Severe hepatotoxicity caused by the tropical cyanobacterium (blue-green
alga) Cylindrospermopsis raciborskii (Woloszynska) Seenaya and Subba
Raju isolated from a domestic water supply reservoir. — Appl. Environm.
Microbiol. 50: 1292-1295.

HILL H. (1970); Anabaena raciborskii Woloszynska in Minnesota lakes. ~
Minnesota Acad. Sci. 36: 80-32.

HINDAK F. (1988): Planktic species of two related genera Cylindrospermopsis
and Anabaenopsis from western Slovakia. — Arch. Hydrobiol./Algolog.
Studies 50-53: 283-302.

HORECKA, M. & I. KOMAREK. (1979): Taxonomic position of three planktonic
blue-green algae from the genera Aphamizomenon and Cylindrospermopsis.
— Preslia, Praha, 51: 289-312.

HORTOBAGYI T. (1969): Phytoplankton organisms from three reservoirs on the
Jamura River, India. — Stud. biol. Hung., Budapest, 8: 1-80.

HUBER-PESTALOZZ], G. {1938): Das Phytoplankton des Siisswassers. Systematik
und Biologie. 1. — Die Binnengew#isser 16: 1-342.

INTERNATIONAL DATABASE BANK (2002).

K0GAN 8.Y. (1956): Species algarum curiosae e Turkmenia. — Not. Syst.Sect.
Cryptog. Inst. Bot. Acad. Sci. USSR, Moskva 2: 33-35.

KOMAREK, J. (1984): Sobre las cianoficeas de Cuba: (3) Especies plancténicas
que forman florecimientos de las aguas. — Acta Bot. Cubana 19: 1-33.

KOMAREK J. (2002): Problems in cyanobacterial taxonomy; implication for most
common toxin producing species - In: MELCHIORRE 8., VIAGGIU E. &
BRUNC M. ed., Rapporti ISTISAN (Istituto Superiore di Sanit4), Roma 2000,
pp. 6-43.



Czech Phycology, Olomoue, 3: 1-30, 2003 9

KOMAREK J. & ANAGNOSTIDIS K. (1989): Modern approach to the classification
system of cyanophytes 4 — Nostocales. — Arch. Hydrobiol./Algolog. Studies
56: 247-345,

KOMAREK, J. & H. KLING (1991): Variation in six planktonic cyanoprokaryote
genera in Lake Victoria (East Africa). — Arch. Hydrobiol/Algolog. Studies
61:21-45,

KoMmAREK J. & KOMARKOVA-LEGNEROVA J. (2002): Contribution to the
knowledge of natural populations of planktic cyanoprokaryotes from central
Mexico, - Preslia, Praha, 74: 207-233.

KOMARKOVA J. (1998): The tropical planktonic genus Cylindrospermopsis
(Cyanophytes, Cyanobacteria). — In: AZEVEDO M.TP. (ed.): Ann. IV®
Latino-Amer. Phycol. Congr., S8o Paulo, Brazil, pp. 327-340.

KOMARKOVA J., LAUDARES-SILVA R. & SENNA P.A.C. (1999): Extreme
morphology of Cylindrospermopsis raciborskii (Nostocales, Cyanobacteria)
in the Lagoa do Peri, a freshwater coastal lagoon, Santa Catarina, Brazil. —
Arch. Hydrobiol /Algolog. Studies 94: 207-222,

KOMARKOVA-LEGNEROVA, J. & R. TAVERA (1996): Cyanoprokaryota
(Cyanobacteria) in the phytoplankion of Lake Catemaco (Veracruz,
Mexico). — Arch. Hydrobiol./Algolog. Studies 83 403-422.

KONDRATEVA N. (1968): Sin‘o-zeleni vodorosti — Cyanophyta. - Viznad.

prisnov, Vodorost. Ukr. RSR 1(2): 1 —524.

LAGOS N., ONODERA H., ZAGATTO P.A., ANDRINOLO D., AZEVEDO SM.F.Q. &
OsHiMa Y. (1997): First evidence of paralytic shellfish toxins in the
freshwater cyanobacterium Cylindrospermopsis raciborskii isolated from
Brazil. — Abstr., VIIL Internat. Conf. Harmful Algae, June 25-29, 1997, Vigo,
Spain, p. 115.

LAGOS N,, ONODERA H., ZAGATTO P.A., ANDRINOLO D., AZEVEDO SM.F.Q. &
OsHMA Y. (1999): The first evidence of paralytic shellfish toxins in the
freshwater cyancbacterium Cylindrospermopsis raciborskii, isolated from
Brazil. — Toxicon 37: 1359-1373.

MCGREGOR G.B. & EVERDING K.L. (1998): Blue-Green Algae Monitoring
Program: Monitoring Program Report October 1997-June 1998. - Freshwater
Biological Monitoring Report No 6, Queensland Department of Natural
Resources, Brisbane, Australia.

MCGREGOR G.B. & FABBRO L.D. (2000): Dominance of Cyfindrospermopsis
raciborskii (Nostocales, Cyanoprokaryota) in Queensland tropical and
subtropical reservoirs: Implications for monitoring and management. -
Lakes & Reservoirs: Research and Management 2000 (5): 195-205.

MILLER V. V. (1923): X sistematike roda 4nabaena Bory. [To the systematics of
the genus Anabaena Bory]. — Archiv Russk. Protistol. Obsg, 2: 116-126.

NEGORO K. (1953): Phytoplankion of Formosan Lakes. — Acta Phytotax,
Geobot., Kyoto, 15(5): 135-138.



10 Komérek & Komarkova: Cylindrospermopsis

OBUCHOVA V.M. & KOSENKO Z.P. (1964): Novye vidy Anabaenopsis (Wolosz.)
V. Miller. [New species of Anabaenopsis (Wolosz.) V. Miller] —
Botaniteskie Mat. Herbar. Inst, Bot. Akad. Nauk Kazachskoi SSR 2: 74-85.

OneTANMI [, MOORE REE. & RUNNEGAR M.T.C. (1992); Cylindrospermopsin: a
potent hepatotoxin from the blue-green alga Cylindrospermopsis raciborskii.
—J. Am. Chem. Soc. 114: 7941-7942. _

PADISAK 1. {1991): Occurrence of Anabaenopsis raciborskii Wolosz. in the
pond Tumalom near Sopron, Hungary. — Acta Bot. Hung. 36(1-4): 163-165.

PADISAK 1. (1997): Cylindrospermopsis raciborskii (Woloszynska) Seenayya et
Subba Raju, an expanding, highly adaptive cyanobacterium: worldwide
distribution and a review of this ecology. — Arch. Hydrobiol./ Monogr.
Studies 4: 563-593.

PADISAK J. (2002): Estimation of minimum sedimentary inoculum (akmete) pool
of Cylindrospermopsis raciborskii: a morphology based method,
NASELLI FLORES L. (ed.), Abstracts 132 Workshop IAP, Castelbuono, p- 44

PRESING M., HERODEK S., VOROS L. & KOBOR I, (1996): Nitrogen fixation,
ammonium and nitrate uptake during a bleom of Cylindrospermopsis
raciborskii in Lake Balaton. — Arch. Hydrobiol. 136: 553-562.

PRESCOTT G.W. & ANDREWS T.F. (1955): A new species of Anabaenapsis in a

_ Kansas Lake with notes on limnology. — Hydrobiologia 7: 60-63.

PROSKINA-LAVRENKO AL & MAKAROVA LV. (1968): Vodorosli planktona

.Kaspijskogo morja. [Planktic algae of the Caspian Sea.] — Izd. “Nauka™,
Leningrad, 291 pp.

Rupl K., SKULBERG OM., LARSEN F. & JACOBSEN K.8. (1997): Strain
characterization and classification of oxyphotobacteria in clone cultures on
the basis of 168 rRNA sequences from the variable regions V6, V7 and V8.
— Appl. Environm. Microbiol. 63(7): 2593-2599.

SAKER M.L. & EAGLESHAW .GX. (1999): The accumulation of
cyﬁndrospermopsm from the cyanobacterium Cylindrospermopsis
raciborskii in tissues of the redclaw crayfish Cherax quadricarinatus. —
Toxicon 37: 1065-1077.

SAKER M.L., NEILAN B.A. & GREFFITHS D.J. {1999): Two morphological forms
of Cylindrospermopsis raciborskii (Cyanobacteria) isolated from Solomon
Dam, Palm Island, Queensland. — I, Phycol. 35: 599-606.

SANT’ANNA CL. (1991): Two new taxa of Anabaena and other Nostocaceae
(Cyanophyceae) from the State of S#o Paulo, southern Brazil. — Arch.
Hydrobiol./Algolog. Studies 64: 527-545.

SCHEMBRI M.A., NEILAN B.A. & SAINT C.P. (2001): Identification of genes
implicated in toxin production in the cyanobacterium Cylindrospermopsis
raciborskii. — Environm. Toxicol. 16: 413-421.

SCHMIDT A. (1977): Adatok dél-magyarorszdgyi vizek algdinak ismeretéhez 1.

(Confributions to the knowledge about the algae of water of southern
Hungary L.} — Bot. KSzlem., Budapest, 64(3): 183-195.



Crech Phycology, Olomouc, 3: 1-30, 2003 11

SEAWRIGHT A.A., NoLaN C.C, SHAw G.R., CHISWELL RK., NORRIS R.L.,
MOORE M.R., & SMITH M.J.(1999): The original toxicity for mice of the
tropical cyanobacterium Cylindrospermopsis raciborskii (Woloszynska).
— Environm. Toxicol. Water Qual. 14(1). 7

SEENAYYA G. & SUBBA RasuN. (1972): On the ecology and systematic position
of the alga known as Anabaenopsis raciborskii (Wolosz.) Elenk, and a
critical evaluation of the forms under the genus Anabaenopsis. — In:
DESIKACHARY V.T. {ed.): Taxonomy and biology of blue-green algae,
Madras, p, 52-57.

SENOGLES P., SHAW G. & SMITH M. & al. (2000): Degradation of the
cyanobacterial foxin cylindrospermopsin, from Cylindrospermopsis
raciborskii, by chlorination. — Toxicon 38: 1203-1013.

SHAW G.R., SEAWRIGHT A.A., CHISWELL RK. & NoLAN C.C. (1997): Report
to the South East Queensland Water Board on Cylindrospermopsis research
project by NRCET, National Research Centre for < Environmental
Toxicology, Queensland, Australia.

Suaw GR.,, SUKENIK A, LIVNE A. & al. (1999): Biocoms of the
cylindrospermopsin ~ containing  cyancbacterium,  Aphanizomenon
ovalisporum (Forti), in newly constructed lakes, Queensland, Australia. —
Environm. Toxicol. 14: 167-177. -

SHAW G.R., SEAWRIGHT A.A., MOORE MM. & Lam PK.S. (2000):
Cylindrospermopsin, a cyanobacterial alkaloid: evaluation of its toxicologic
activity. — Therap. Drug. Mon. 22: $9-92.

SINGH R.N. (1962): Seasonal variations of Anabaenopsis raciborskii Wolosz. —
Hydrobiologia 20: 87-91,

Skua H. (1937): Siisswesseralgen aus Griechenland und Kleinasien. —

Hedwigia 77: 15-70.

SKULBERG OM.,, CARMICHAEL W.W., CobD G.A. & SKULBERG R.(1993):
Taxonomy of toxic Cyanophyceae {Cyanobacteria). — In: FALCONER LR.
(ed.): Algal Toxins in Seafood and Drinking Water, Academic Press Ltd.,
London, pp. 145-164.

STARMACH, K. (1966): Cyanophyta — sinice. - Flora stodkow. Polski 2: 1-108.

SzA1A1 L. {1942); Adatok a K&résSk pseudophytoplanktonja ismeretéhez. [Data
to the knowledge of pseudophytoplankton of the K&rds rivers.] — Acta Univ.
Szeged., Pars Bot. 1: 113-154.

TAYLOR R.W, (1932); Notes on the genus Anabaenopsis. — Amer. J. Bot. 19:

454-463.

THOMAS A.D., SAKER M.L., NORTON JH. & OuseN R.D. (1998):
Cyanobacterium Cyiindrospermopsis ractborskii as a probable cause of
death in cattie in northern Queensland. — Aust, Vet. J. 76: 592-594.

VORGS L. (1995): Factors affecting the Growth and Toxicity of Cyvanobacteria. —
Ministry for Environment and Regional Affairs, Budapest, Res. Report, pp.
204.



12 Komirek & Komdrkové: Cylindrospermopsis

WATANABE M. (1995): Studies on plankfonic blue-green alga 5. A new species
of Cylindrospermopsis (Nostocaceae) from Japan. — Bull. Nat. Sci, Mus.
Ser. B, 21(2): 45-48.

WiLsoN K. M., SCHEMBRI M.A., BAKER P.D. & SamNT P.S. (2000): Molecular
characterization of the toxic cyanobacterium Cylindrospermopsis raciborskii
and design of a species-specific PCR. — Appl. Environ. Microbiol. 66: 332-
338.

WOLOSZYNSKA J. (1912): Das Phytoplankton einiger javanischer Seen mit
Berlicksichtigung des Sawa-Planktons. — Buli. Int. Acad. Sci. Cracovie, Ser.
B, 6: 649-709.
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and usnally with constrictions at the cross walls.
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Fig. 2. Main Cylindrospermopsis-like taxa, described in the period 1914 to 1980: A.
Anabaenopsis kogamii OBUCHOVA et KOSENKO 1964 (a — afier SINGH 1962, b — afier KOGAN
1956). ~ B. Anabaenopsis wustericum OBUCHOVA et KOSENKO 1964 (& — after OBUCHOVA &
KOSENKO 1964, b — after PRESCOTT & ANDREWS 1955). — C, Anabaenopsis maksimilianii
OBUCHOVA et KOSENKO 1964 (after OBUCHOVA & KOSENKO 1964). — D. Anabaenopsis
seriata PRESCOTT ot ANDREWS 1955 (after PRESCOTT & ANDREWS 1955). -~ E.
Cylindrospermum (?) kaufinarmii (SCHMIDLE) HUBER-PESTALOZZI 1938 (after BRUNNTHALFR,
1914). — F. Cylindrospermum doryphorion BRUHL et BISWAS 1922 (after BRUHL & BiSWAS
1922). — G. Anabaenopsis raciborskii (A. woloszynskae) sensu CLAUS 1961 (after CLAUS
1961). = H. Anabaenopsis raciborskii var. longiscellula SZALAT 1942 (after SzalLA1 1942). -
From HUBER-PESTALOZZI (1938), SZALAL (1942), DESIKACHARY (1959), STARMACH (1966),
and KONDRATEVA (1968).
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Fig. 3. Generic characters of CVindrospermopsis (after KOMARKOVA 1998), and list of
recently accepted species. K

L2 3} HTC

—-—'ﬁ'yp -—-‘.:»
— — -ﬁ.f

occasional
-~ fragmentation AK

o & i

| ]
L
subsymmetrie trichoma
{fully coveloped with hotarocytes and aldnotes)

| = F
- /_,/
I
e ETC

1. C QfficAna cecccroresrsesancrecsasasisosamnnnnsrssnssansns Teb. 4
2. O CUSPIS ceeerusreinannnuresansonessssassunsimessssnsnaras Tab. 5
3a. C. raciborskii (selected drawings) .ccveeseessrresassess Tab. 6
3b. C. raciborskii (morphological variability) ..ueeaeeeess Tab. 7
4, C. SIHUOSA cevevonsensesnnennsossesacsrsssnnsnsnsrasasasnns Tab. 8
5. C CUrVISPOT@ cevesssersvassimiommcrrarnsrzsaremesenssennes Tab. 9

6a. C. philippinensis {(concepts of different authors) .... Tab. 10
6b. C. philippinensis (concept of recent authors) «v...... Tab. 11
7o C. laVErae evsuviravenssansrssssusansersssnnsnnsesssasasass Tab. 12



Crech Phycology, Olomouc, 3: 1-30, 2003 15

Fig. 4. Example of molecular evaluation (part of a distance tree) of heterocyious
cygnobactwial genera according to SATTOU & NEI (1987) and VAN DE PEER & al. (1993); from
CASTENHOLZ (2001}. Important genera for our review are marked by armows.
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Fig. S. Invasion of C. raciborskii in Europe. Main selected records.
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straight flexuous coiled known
or bent or scraw-ike akinetes
T e D
\ AN
C. afnicana . +
C. cuspis '
C. raclborskii - +
Australian populations
C. sinuosa +
C. curvispora R
C. philippinensis g +
C. taverag ‘
C. catemaco
C. helicaidea
I = ua! occurrence (whole populations)
_tmslonally common In populations
R rare cccumence in populetions of other ype
[:aniﬂaxy ogeumence in popuiations cf other type
{exceptionally)
Table 2.

Oceurrence of straight and coiled morphotypes in various Cylindrospermopsiz Specics;,
presence of akinetes
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Table 3. Key to the identification of accepted species.

1a Trichomes strictly cylindrical and mainly straight (very rarely arcuated or slightly screw
like coiled), only the apical cell confcal or pointed ... .2
1b Trichomes straight, arcuated, screw-like or spirally oolled, 1f stralght, shghr.ly narmwed

2a Heterocytes ovoid or elliproidal, rounded; terminal cell rounded ............... €. cﬁicma
3a Trichomes mainly straight or flexucus, rarely bent or screw-like coiled ................... 4
3b Trichomes screw-like or spirally coiled, very rarely & straight orbent ..................... §

4a Trichomes mainly straight or slightly arcuated, very rarely flesaous or screw-like coiled,
heterocytes oval or ovoid, rounded at the end; cells 2.5-12(16) x 1.7-4 pm .. C. raciborskii
4b Trichomes obhgmry ﬂaxouous, heterocytm dmp-lfkc, + pomted at the end, cells

5-10x 1.5-2pum ... . .. C, sinuosa
Sa Trichomes mainly in wide and Iow coiles (“circular” in outling) ... ......ccciiiiiiinnnns 6
5b Trichomes distinctly screw-like coiled, sometimes very densely ... ... 7

6a Cells 3.5-7 x 3.2-3.8 pm, trichomes slightly constricted at cross walls; akinetes usually
in twaos, rarely solitary, swsags-}ike armanged in the “center” of coiled trichomes ..
.C cw'wspm-a
6b Oells (3 6)6-18(22) X (1 5)1 9 5 ;.Lm, tnchomes unoonsmc'bed orvery shghtly consiricted at
cross-walls; skinetes ocour rarcly, usually solitary, rarely in twos, cylindrical end arcuated,
joined to heterocytes in the trichome axis ... ... s C. philippinensis

7a Trichomes mainly screw-like coiled, very rarsly straight, constricted at cross-walls; cells
almost isodismetric up to 2-times longer than wide ... . C. taverae

7b Trichomes screw-like coiled or (rarely) irregularly ﬂexuous, moonsmcted at cross-wa]ls
cells always more than 2-times Jonger than wide .. - N -

8a Trichomes freely screw-like coiled, pointed at the ends, 0.8-1.6 pm wids, ¢longated
heterocytes in axes of trichomes, mainly only at one end of a trichome ........ C. catemaco
8b Trichomes usually densely coiled, rarely irregulmly ﬂmzous,mundedattheends,
2-25;1mmde,mnm1yova]oruvmd, declined from the trichome axis, often at both
ends of a trichome .. e re e r e e .. C. helicoidea



0 Komérek & Komérkova: Cylindrospermopsis

Table 4.

Cvlindraspermopsis gfricane KOMAREX et KLING, Algolog. Stud. £1: 38, 1991.

Trichomes: cylindrical, mainly + straight, very rarely screw-like coiled, in different poputations corstricted or
unconstricted at cross walls.

Cells: cylindrical, 4.2-22.4 x 1 — 2.5 pm.

Apical cells: cylindrical and + rounded.

Heterocytes: oval, ovoid or drop-like, rounded at the end.

Alkimetes: rare, cylindrical with rounded ends, 8-15 x 2.5-4 ym.

Distribution: East and scuthern Africa.

A - after KOMAREK & KLING (1991)
B - afler CRONBERG & KOMAREK (2003)
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pis KOMAREK et KLING, Algolog. Stud. 61: 38, 1991,

Trichomres: cylindrical, mainly + straight, rarely slightly flemous or irregularly screw-like coiled (Brazilian
populations), slightly constricted at cross-vealls.

Cells: cylindrical, 4.2-19.5 x 0.8-1.2 (-2.1 in Brazil).

Apical cells: cylindrical to narrowed and pointed et ends.

Heterecytes: drop-like to narrow-conical, pointed.

Akinetes: unknown

Distribution: trop. E Africa (large lakes), central America (Mexico, USA-Florida), Brazil.

A ~ after KOMAREK & KLING (1991)
B - specimens from E Brazil (orig.)}

[
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ling ermopsis raciborskii (WOLOSZYNSKA) SEENAYYA et SUBBA RAJU in DESIKACHARY ed., Taxon.
Blne-greenAlgaf.,MldrlS,p.SS,lm

Synonyms: Anabaena raciborskii WOLOSZYNSKA, Bull, Int. Acad. Sci. Cracovie, Ser. B, 6: 684, 1912

(basiomym).
Anabaenopsis  raciborskii  (WOLOSZYNSKA) ELENKIN, Not. syst. Inst. oypt. Horti
bot. Petropolit. 2(1-2): 73-75. 1923,

Trichomes: cylindrical, tapering to the ends, straight, slightly bent, less frequently irregulalry screw-like coiled
(esp. Australian populations), irregularly and indistinctly constricted at cross walls.

Cells: cylindrical to slightly barrel-shaped, 2.5-12(16) x (1.7)2-4 um.

Apieal cells; conically narrowed and rounded,

Heterocytes: drop-like, with rounded-pointed ends.

Akinetes: cylindrical-oval, {7)8.5-18(22) x (2.4)3-5{5.5)pm.

Distributiox: pantropical, warmer regions of temperate zones, often forming water blooms.

A — after WOLOSZYNSKA (1912) from
KONDRATEVA (1968)
B —after Skua (1937)
B C - after SINGH (1962); spegial
D — after HORECKA & KOMARER (1979)
E — after KOMAREK (1984}
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Table 8.

Cvlindrospermopsis sinuosa COUTE et al., Algological Studies 111: in press, 2003.

Trichomes: * cylindrical, irvegularly flexuous, uncanstricted or very indistinctly constricted
at cross-walls,

Cells: cylindrical, 5-10 x 1.5-2 pm

Apical cells: slightly attenuated, without aerctopes, rounded at the end.

Heterocytes: drop-like, pointed at the end.

Alinetes: cylindrical to oval with irregular sides, 8.5-15 x 2.5-5 pm,

Distribution: SW France,

A — after COUTE et al. (2003).
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Table 9,

Cylindrospermonsis curvispora M. WATANABE, Bull. Nat. Sei, Mus, Ser. B, 21(2):48, 1995,

Synonyms: Cylindrospermopsis allantoidispora KOMARKOVA in AZEVEDO ed., Ann. 1V.
Lat.-Amer. Phycol. Congr., p. 338, 1998; nomen nudum (populations from Sri Lanka
and Africa).

Trichomes: irregulalry spirally coiled (circular in outling), with up to 2(2.5) coils, cylindrical,
unconsiricted or constricted at cross walls, not attemated towards ends.

Cells: cylindrical (Japanese populations) to cylindrical-barrel-shaped (populations from Sri
Lanka and Africa), 3.5-7 x 3.2-3.8 pm.

Apical cells: + cylindrical rounded.

Heterocytes: ovoid or oval, sometimes curved, rounded at ends,

Akinetes: cylindrical-kidney-shaped, in the “center” of spirals.

Distribution: described from central Japan, slightly different populations known from Sri
Lanka and southern Africa.

A —after M, WATANARBE (1995)
B— after CRONBERG & KOMAREK (2003)
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Table 11,

Cylindrospermopsis phifippinenis (TAYLOR ) KOMAREK, Acta Bot. Cubana, 19: 29, 1984,
Synonyms: Anabaenopsis philippinensis TAYLOR, Amer. J. Bot., 19: 462, 1932 (basionym).

Trichomes: cylindrical, spirelly coiled, slightly tapering towards ends, unconstricted or
slightly constricted at cross walls; celis + 20-25 pm in diameter.

Cells: cylindrical, (3.6)6-18(22) x (1.5)1.9-3(5) um,

Aplcal cells; long, narrowed to the ends, pointed-rounded.

Heterocytes: drop-like to conical, pointed-rounded at the ends.

Akinetes: cylindrical, arcuated in the trichome axis, not attenuated.

Distribution: tropical regions; Cuba, Indonesia, Mexico, Philippines.

A — after KOMARKOVA-LEGNEROVA & TAVERA (1996)
B - after KOMAREX & KOMARKOVA-LEGNEROVA (2002)
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Table 12,

KOMAREK et KouAnxovA—i.mmovA, Preslia (Praha) 74:
229, 2002.

Trichomes: screw-like coiled, very rarcly almost straight, shortly narrowed to the ends,
slightly constricted at cross walls.

Cells: cylindrical to barrel-shaped, 2.4-6.9 x 2.7-3.2 ym.

Apical cells: narrowed, conical, rounded.

Heterocytes: drop-like, narrowed and rounded at ends, usually slightly curved.

Akinetes: unknown,

Distribution: cutrophic pools, central Mexico.

after KOMAREK & KOMARKOVA-LEGNEROVA (2002)
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Table 13.

7 i KOMARKOVA-LEGNEROVA et TAVERA, Algolog, Stud 83:
413-414, 1996.

Trichomes: screw-like coiled, cylindrical, tapering toward ends and pointed.

Cells: cylindrical, 5-10(32) x 0.8-1.2(1.6) pm.

Apical cells: elongated, narrowed, arcuated, pointed at the end.

Heterocytes: drop-like, arcuated, pointed_rounded at the ends.

AKkinetes: unknown.

Distribution: lekes in central America (USA — Southern California, Mexico, Belizo).

A-C - after KOMARKOVA-LEGNEROVA & TAVERA
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Table 14.

Cyiindrospermopsis kelicoldea CRONBERG et KOMAREK, Novz Hedwigia, in press, 2093.

Trichomes: densely, less frequently freely screw-like coiled, cylindrical, not constricted at
cross walls; coils 7-8 pm in Jfameter.

Cells: cylindrical, -5 x 1.4-2 pm.

Apical cells: cylindrical, slightly narrowed and rounded.

Heterocytes: oval to drop-like, rounded at the ends, usuafly declined from the coiled
trichome axis.

Akinetes: unknown.

Distribution: in crater lakes of eastern Africa (Uganda).

after CRONBERG & KOMAREK (2003)
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