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ABSTRACT - (Cyanobacteria from coastal lagoons in southern Brazil: non-heterocytous filamentous organisms). This study
describes and illustrates non-heterocytous filamentous cyanobacteria found in lagoon systems on the coastal plains of Rio
Grande do Sul State. Collections were carried out in different freshwater bodies along the eastern (Casamento Lake area)
and western (Tapes City area) margins of the Patos Lagoon (UTM 461948-6595095 and 542910-6645535) using a plankton
net (25 pm mesh) in pelagic and littoral zones as well as by squeezing submerged parts of aquatic macrophytes, during both
the rainy and dry seasons, from May to December/2003. Twenty two species belonging to the families Phormidiaceae (eight
taxa), Pseudanabaenaceae (seven taxa), Oscillatoriaceae (six taxa), and Spirulinaceae (one taxon) were identified. Among these
species, five are reported for the first time from Rio Grande do Sul State: Leptolyngbya cebennensis, Microcoleus subtorulosus,

Oscillatoria cf. anguina, O. curviceps and Phormidium formosum.

Key-words - Oscillatoriaceae, Phormidiaceae, Pseudanabaenaceae, Spirulinaceae, taxonomic survey

INTRODUCTION

Coastal regions are complex environmental systems
because they constitute transition zones between
continental and oceanic environments that respond to
interactions and exchanges between terrestrial, oceanic
and atmospheric factors.

The coastal plains of Rio Grande do Sul State
hold an important system of coastal lagoons covering
an area of approximately 33,000 km? (Tomazelli et
al. 2000, Weschenfelder et al. 2005). This subtropical
region comprises a mosaic of heterogeneous terrestrial
ecosystems with great biological diversity.

Freshwater habitats in subtropical Brazil are
relatively poorly known from a phycological perspective,
although freshwater cyanobacteria from Rio Grande
do Sul State have been documented by Callegaro
et al. (1981), Torgan et al. (1981, 1995), Franceschini
(1983, 1990), Werner (1984, 1988, 2002), Torgan &
Garcia (1989), Werner & Rosa (1992), Torgan & Paula
(1994), Garcia & Vélez (1995), Torgan (1997), Werner &
Sant’Anna (1998, 2000, 2006), Cardoso & Motta-Marques
(2003, 2004), Carvalho et al. (2008), Werner et al. (2008),
and Werner & Laughinghouse (2009).
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Cyanobacteria are often significant components of
benthic, periphytic and floating microphyte communities,
contributing to the productivity of aquatic ecosystems
and, in some cases, providing most of the carbon sources
that sustain aquatic food webs (Bunn et al. 2003).

Non-heterocytous filamentous cyanobacteria are
known to cause livestock mortality, can adversely affect
human health (Fastner et al. 1999, Baker et al. 2001,
Tellez et al. 2001, Prati et al. 2002, Sant’Anna et al.
2008), and are recognized as important contributors
to ecosystem degradation (or one of the consequences
of that degradation) (McGregor 2007). But in spite of
their ecological importance, there have been very few
comprehensive regional studies of these organisms.

This paper is the second contribution to studies of
the cyanobacteria flora in lagoons on the coastal plains of
Rio Grande do Sul State, and specifically deals with non-
heterocytous filamentous forms. The first manuscript
dealt with unicellular forms (Martins et al. 2012).

MATERIAL AND METHODS

Collections were made in various freshwater bodies
along the eastern (Casamento Lake area) and western (Tapes
City area) margins of the Patos Lagoon (UTM 461948 —
6595095 and 542910 - 6645535) (table 1, figure 1). The study
area is dominated by wetlands ecosystems; with freshwater,
shallow (Burger & Ramos 2007), and slightly acidic lagoons
(Bicca 2007).

The samples were collected during the period from May
to December/2003 using phytoplankton nets (25 pm mesh) in
pelagic and littoral zones and by squeezing submerged parts
of aquatic macrophytes.
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Figure 1. Map of the Casamento Lake and Tapes City areas on the coastal plains of Rio Grande do Sul State, Brazil (modified
from Burger & Ramos 2007).
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Table 1. Collection locations and their respective samples. (CL = Casamento Lagoon area; TC = Tapes City area; UTM =
Universal Transverse Mercator coordinate system; HAS = Herbario Alarich Schultz code).

Area

UT™M

HAS

CL  Wetlands between Capivari and Casamento lakes
CL  Capivari Lake
CL  Casamento Lake — margin

CL  Casamento Lake — margin
CL  Casamento Lake — pelagic zone
CL  Gateados Lake — margin

CL  Gateados wetlands

CL  Spillway

CL  Gateados Lake — margin
CL  Gateados Lake — margin

CL  Gateados Lake — pelagic zone
CL  Rincao do Anastacio wetlands
TC  Capivaras Lake — margin

TC  Sphagnum wetlands

TC  Dunas Lagoon

TC  Dunas wetlands
TC  Charutdo Lake — margin
TC  Charutdo Lake — pelagic zone

TC  Séao Miguel Lagoon

TC Redonda Lake
TC  Araga

541830-6654326
542910-6655896
541607-6654229

541719-6654246
542604-6650282
532524-6621750

531876-6628854

532831-6631257

532053-6624520
532285-6624514

533263-6624909
530749-6639690
473595-6629067
473385-6628689
473435-6628655

473603-6628803
465956-6623899
465745-6623421
464203-6623642

465503-6622735
461948-6626264

HAS104092, HAS104339, HAS104340
HAS104098, HAS104343

HAS104103, HAS104112, HAS104117,
HAS104348, HAS104350, HAS104356,
HAS104369, HAS104396

HAS104106, HAS104360

HAS104351, HAS104352

HAS104171, HAS104172, HAS104174,
HAS104394

HAS104125, HAS104127, HAS104131,
HAS104132, HAS104134, HAS104366,
HAS104402

HAS104163, HAS104167, HAS104381,
HAS104386, HAS104391, HAS104392
HAS104142, HAS104193

HAS104178, HAS104179, HAS104180,
HAS104376, HAS104414

HAS104150, HAS104399

HAS104124, HAS104362

HAS104209, HAS104213, HAS104435
HAS104223

HAS104227, HAS104230, HAS104442,
HAS104445

HAS104232, HAS104234, HAS104449
HAS104195

HAS104202, HAS104425, HAS104450,
HAS104451

HAS104203, HAS104207, HAS104427,
HAS103431

HAS104235, HAS104240, HAS104455

HAS104242

The material was examined by bright-field microscopy
using Olympus BH2 and Leica DMLB microscopes. The
classification proposed by Hoffmann et al. (2005) as modified
by Komarek (2006) was adopted for systematic taxonomic
arrangements above the family level, and Komarek &
Anagnostidis (2005) for family and lower taxonomic levels.

Taxonomic descriptions, photomicrographs, and the
occurrence of each species in the aquatic environments
studied are presented.

Voucher samples were deposited in the Prof. Alarich
Schultz Herbarium (HAS) of the Natural Sciences Museum

Order Pseudanabaenales

Key to the identification of species of Pseudanabaenales

1. Trichomes without sheaths .........ccccccccovvviiiiiiiiiiiinnns
1. Trichomes with sheaths .........ccoeevvviiiiiiiiiiiieien,

of the Zoobotanical Foundation in Porto Alegre, Rio Grande
do Sul State, Brazil, and their registry numbers are presented
with the species descriptions.

RESULTS AND DISCUSSION

Twenty-two species of non-heterocytous filamentous
cyanobacteria belonging to the orders Pseudanabaenales
(seven species) and Oscillatoriales (15 species) were
encountered in the aquatic environments sampled.
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2. Trichomes distinctly constricted ..........c.ccccvvenneennn.
2. Trichomes not (or only slightly) constricted .........
3. Apex cells rounded ........cccoeevieeiiiiiiiiiiecee e
3. Apex cells hooked, arcuated, long and narrow ...........
4. Filaments entangled, cells up to 2.5 um in length
4. Filaments solitary, cells longer than 2.4 pm...........
5. Trichomes more than 2.5 pum wide .........ccoeeeevvreennnnnns
5. Trichomes up to 2.5 pm Wide ....c.coevvvvvieeciieecrireiieens
6. Filaments in twisted coils ........cccooirieiiiniinienens
6. Filaments straight ..........ccccococoviiiiiiiieiiieieeeee,

Pseudanabaenaceae

Geitlerinema amphibium (Agardh ex Gomont)
Anagnostidis, Pl. Syst. Evol. 164: 35, 37 1989.

Figure 2

Trichomes solitary, straight or flexuous, not
constricted at the usually translucent cross-walls, not (or
only very slightly) attenuated, 1.6-2.8 pm wide; cells
1.5-2.9 times longer than wide, 2.0-5.5 um long; cell
content blue-green, homogenous, 1-2 granules on either
or both sides of the cross-walls; apical cell round, without
calyptra or thick outer cell wall.

Material examined: BRAZIL. Rio GRANDE DO
Sur: Palmares do Sul, spillway, 7-V-2003, VR Werner
s.n. (HAS104167), 30-X-2003, SM Alves-da-Silva
s.n. (HAS104391); Gateados wetlands, 28-X-2003,
SM Alves-da-Silva s.n. (HAS104366); Casamento
Lake, 18-XI-2003, LS Cardoso s.n. (HAS104352),
19-X1-2003, LS Cardoso s.n. (HAS104356);
Mostardas, Gateados Lake, 9-V-2003, VR Werner
s.n. (HAS104171); Tapes, Capivaras Lake, 4-VI-
2003, VR Werner s.n. (HAS104213); Sao Miguel
Lagoon, 18-X1-2003, LS Cardoso s.n. (HAS104427);
Redonda Lake, 19-XI-2003, LS Cardoso s.n.
(HAS104455).

Comments: As discussed by Komarek &
Azevedo (2000), Geitlerinema amphibium and
G. unigranulatum Komarek et Azevedo are very
similar species. They can be distinguished by their
cell dimensions and the morphology of their apical
cells and thick cross-walls. Bittencourt-Oliveira et
al. (2007), however, suggested that G. unigranulatum
was synonymous with G. amphibium. Bittencourt-
Oliveira et al. (2009) showed that these species have
overlapping morphological characteristics based on
morphological and molecular data that make their
taxonomic discrimination difficult. Molecular data
likewise revealed a high similarity between the two
species, and indicated that they could be considered
synonymous.

................................................. Geitlerinema amphibium
.................................................................. G. splendidum

................................................ Leptolyngbya cebennensis
................................................................... L. lagerheimii
................................................. Planktolyngbya contorta
...................................................................... P. limnetica

Geitlerinema  splendidum (Greville ex Gomont)
Anagnostidis, Pl. Syst. Evol. 164: 35, 1989.
Figure 3

Trichomes solitary, straight or flexuous, not
constricted at cross-walls, gradually attenuated and
slightly bent at apex, 2.2-3.0 um wide; cells 1.3-2.9
times longer than wide, 3.7-6.5 um long; cell content
blue-green, homogenous, usually granulated on either or
both sides of the cross-walls; apical cell hooked, slightly
spherically capitate.

Material examined: BRAZIL. Rio GRANDE DO
Sur: Capivari do Sul, wetlands between Capivari
and Casamento Lakes, 5-V-2003, VR Werner s.n.
(HAS104092), 27-X-2003, SM  Alves-da-Silva
s.n. (HAS104339, HAS104340); Palmares do Sul,
Casamento Lake, 7-V-2003, LC Torgan s.n. (HAS104112,
HAS104117), 28-X-2003, SM Alves-da-Silva s.n.
(HAS104369); Gateados wetlands, 7-V-2003, LC Torgan
s.n.(HAS104131); Spillway, 7-V-2003, LC Torgan s.n.
(HAS104163, HAS104167), 30-X-2003, SM Alves-da-
Silva s.n. (HAS104391), 19-X1-2003, LS Cardoso s.n.
(HAS104386); Rincdo do Anastacio wetlands, 29-X-
2003, SM Alves-da-Silva s.n. (HAS104362); Gateados
Lake, 20-XI-2003, LS Cardoso s.n. (HAS104399);
Mostardas, Gateados Lake, 9-V-2003, VR Werner s.n.
(HAS104171, HAS104174, HAS104179), LC Torgan
s.n. (HAS104180, HAS104193), 31-X-2003, SM Alves-
da-Silva s.n. (HAS104394); Tapes, Charutdo Lake, 3-VI-
2003, LC Torgan s.n. (HAS104202); Sphagnum wetlands,
4-VI-2003, VR Werner s.n. (HAS104223); Redonda
Lake, 4-VI-2003, VR Werner s.n.(HAS104240); Araga,
4-VI1-2003, VR Werner s.n.(HAS104242); Sdo Miguel
Lagoon, 2-X11-2003, LS Cardoso s.n. (HAS104427).

Leptolyngbya cebennensis (Gomont) Umezaki &
Watanabe, Jap. J. Phycol. 42: 203, 1994.
Figure 4

Filaments entangled, straight or flexuous, 2.5-
3.5 um in diameter; sheaths thin, homogenous, colorless;
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trichomes not (or only slightly) constricted at the usually
translucent cross-walls, cylindrical, not attenuated,
1.8-2.5 um wide; cells 0.7-1.2 times longer than wide,
1.0-2.5 um long; cell content blue-green, homogenous,
without granulation, without aerotopes; apical cells
rounded.

Material examined: BRAZIL. Rio GRANDE DO SUL:
Mostardas, Gateados Lake, 8-V-2003, VR Werner s.n.
(HAS104142),9-V-2003, VR Werner s.n. (HAS104171);
Palmares do Sul, Casamento Lake, 19-XI-2003, LS
Cardoso s.n. (HAS104356, HAS104360); Tapes,
Sdao Miguel Lagoon, 2-XII-2003, LS Cardoso s.n.
(HAS104427).

Comments: This species is known to form a
subaerophytic thallus on wet rocks and moist or
submerged stones. The specimens in this study were
found in the metaphyton of the shallow lagoons, forming
great tangles of filaments. Reported here for the first
time in Rio Grande do Sul State.

Leptolyngbya lagerheimii (Gomont) Anagnostidis &
Komarek, Algolog. Stud. 50-53: 391, 1988.
Figure 5

Filaments entangled, regularly or irregularly spiraled,
or in screw-like coils, rarely flexuous, 1.5-2.5 um in
diameter; sheaths thin, homogenous, colorless; trichomes
not constricted at their usually thick and translucent
cross-walls, cylindrical, not attenuated, 1.5-2.0 um wide;
cells 0.9-1.5 times longer than wide, 1.5-2.5 pm long;
cell content blue-green, homogenous, 1 granule on both
sides of the cross-walls, without aerotopes; apical cells
rounded.

Material examined: BRAZIL. Rio GRANDE DO SUL:
Mostardas, Gateados wetlands, 8-V-2003, VR Werner
s.n. (HAS104134).

Comments: Most of the populations showed
regularly twisted filaments, with one granule on each
side of the translucent cross-walls.

Planktolyngbya contorta (Lemmermann) Anagnostidis
& Komarek, Algolog. Stud. 50-53: 394, 1988.
Figure 6

Filaments solitary, free-floating, regularly or
irregularly spiraled, 1.6-2.0 um wide; sheaths firm,
narrow, colorless; trichomes cylindrical, not constricted
at cross-walls, not attenuated, 1.3-1.7 pm wide; cells 1.7-
3.5 times longer than wide, 2.8-4.5 um long; cell content
blue-green, homogenous, sometimes with 1 granule on
each side of the cross-walls; apical cell without calyptra
or thickened outer cell wall.

Material examined: BRAZIL. Rio GRANDE DO
SuL: Capivari do Sul, Capivari Lake, 5-V-2003, LC
Torgan s.n. (HAS104098), 18-X1-2003, LS Cardoso
s.n. (HAS104343); Palmares do Sul, Casamento Lake,
5-V-2003, VR Werner s.n. (HAS104103), 27-X-2003,
SM Alves-da-Silva s.n. (HAS104348), 18-X1-2003, LS
Cardoso s.n. (HAS104351, HAS104352), LC Torgan s.n.
(HAS104106), 7-V-2003, LC Torgan s.n. (HAS104112,
HAS104117); Gateados wetlands, 7-V-2003, VR Werner
s.n. (HAS104132); spillway, 7-V-2003, LC Torgan s.n.
(HAS103163, HAS104167), 30-X-2003, SM Alves-
da-Silva s.n. (HAS104391), 18-X1-2003, LS Cardoso
s.n. (HAS104381); Gateados wetlands, 28-X-2003,
SM  Alves-da-Silva s.n. (HAS104366); Rincdao do
Anastacio wetlands, 29-X-2003, SM Alves-da-Silva
s.n. (HAS104362).

Comments: Planktolyngbya contorta can be
confused with P. circumcreta (G.S. West) Anagnostidis
et Komarek or with P. regularis Komarkova-Legnerova
et Cronberg, but P. contorta has longer cells than P.
circumcreta and filaments with less regular twisting than
seen in P. regularis (Komarkova-Legnerova & Tavera
1996).

Planktolyngbya limnetica (Lemmermann) Komarkova-
Legnerova & Cronberg, Algolog. Stud. 67:21, 22,
1992.

Figure 7

Filaments solitary, free-floating, straight or flexuous,
1.0-2.0 um wide; sheaths firm, narrow, colorless;
trichomes cylindrical, not constricted at cross-walls,
not attenuated, 0.8-1.7 um wide; cells 1.6-5.0 times
longer than wide, 3.0-5.0 um long; cell content blue-
green, homogenous, sometimes with one granule on each
side of the cross-walls; apical cell without calyptra or
thickened outer cell wall.

Material examined: BRAZIL. Rio GRANDE DO
SuL: Capivari do Sul, Capivari Lake, 5-V-2003, LC
Torgan s.n. (HAS104098), 18-X1-2003, LS Cardoso
s.n. (HAS104343); Palmares do Sul, Casamento
Lake, 5-V-2003, VR Werner s.n. (HAS104103), LC
Torgan s.n. (HAS104106), 7-V-2003, LC Torgan s.n.
(HAS104112, HAS104117), 27-X-2003, SM Alves-
da-Silva s.n. (HAS104348, HAS104350), 29-X-2003,
SM Alves-da-Silva s.n. (HAS104396), 18-X1-2003, LS
Cardoso s.n. (HAS104351, HAS104352), 19-X1-2003,
LS Cardoso s.n. (HAS104356); spillway, 7-V-2003, LC
Torgan s.n. (HAS104163, HAS104167); 30-X-2003,
SM Alves-da-Silva s.n. (HAS104391), 19-X1-2003, LS
Cardoso s.n. (HAS104381, HAS104386); Gateados
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wetlands, 7-V-2003, VR Werner s.n. (HAS104127, Mostardas, Gateados Lake, 8-V-2003, VR Werner
HAS104131, HAS104132), 28-X-2003, SM Alves-da- s.n. (HAS104142), LC Torgan s.n. (HAS104150),
Silva s.n. (HAS104366); wetlands between Capivari 9-V-2003, VR Werner s.n. (HAS104174, HAS104179),
and Casamento Lakes, 27-X-2003, SM Alves-da-Silva LC Torgan s.n. (HAS104180), 19-X1-2003, LS Cardoso
s.n. (HAS104340); Rincao do Anastacio wetlands, s.n. (HAS104376), 20-X1-2003, LS Cardoso s.n.
29-X-2003, SM Alves-da-Silva s.n. (HAS104362); (HAS104414).

I
l 12)

Figures 2-12. 2. Geitlerinema amphibium. 3. G. splendidum. 4. Leptolyngbya cebennensis. 5. L. lagerheimii. 6. Planktolyngbya
contorta. 7. P. limnetica. 8. Pseudanabaena catenata. 9. Spirulina laxissima. 10. Microcoleus subtorulosus. 11. Phormidium

aerugineo-caeruleum. 12. P. autumnale. Bar = 10 pm (2-9, 11, 12); 20 um (10).
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Pseudanabaena catenata Lauterborn, Verh. Naturh.-med.
Ver. Heidelb. 13(2): 437, 1916.
Figure 8

Trichomes solitary, straight or flexuous, deeply
constricted at the thick and translucent cross-walls,
not attenuated, 1.6-2.4 um wide; cells 1.3-3.0 times
longer than wide, 2.0-6.2 pm long; cell content blue-
green, homogenous or differentiated into chromate- and
centroplasm; apical cell rounded.

Material examined: BRAZIL. Rio GRANDE DO SUL:
Palmares do Sul, Gateados wetlands, 7-V-2003, VR

Order Oscillatoriales
Key to the identification of species of Oscillatoriales

Werner s.n. (HAS104125); wetlands between Capivari
and Casamento Lakes, 27-X-2003, SM Alves-da-Silva
s.n. (HAS104340); Mostardas, Gateados wetlands,
8-V-2003, VR Werner s.n. (HAS104134); Gateados Lake,
9-V-2003, VR Werner s.n. (HAS104171, HAS104174);
Tapes, Charutdo Lake, 4-VI-2003, VR Werner s.n.
(HAS104202); Capivaras Lake, 4-VI-2003, VR Werner
s.n. (HAS104209); Araga, 4-VI-2003, VR Werner s.n.
(HAS104242); Sao Miguel Lagoon, 2-XII-2003, L.S.
Cardoso s.n. (HAS104427); Dunas Lagoon, 3-XII-
2003, LS Cardoso s.n. (HAS104442); Redonda Lagoon,
3-X11-2003, LS Cardoso s.n. (HAS104455).

1. Trichomes up t0 2.0 M WA ..ccveevviiiiiiieieeie ettt e e sneesenesenes Spirulina laxissima
1. Trichomes Wider than 2.0 [LIN .......cceeeuieiiiiiieie ettt e tesae e staeesbessaessaessaesssesssesssesssesssesssesssesssensaeas 2
2. Cells isodiametric or only slightly shorter or longer than Wide ..........c.cccceviiivieiiieciecieeee e 3
2. Cells distinctly shorter than I0NE ........cccvevieiiiiieiieieeeee et et e sseesseessae s 10
3. Sheaths with more than one trichOme ...........cccocveeiieeieciieiicice e Microcoleus subtorulosus
3. Sheaths with only one trichome, or sheath 1acking ..........c.ccccooviiiiiiiiiiiiici e 4
4. Trichomes in MIiCTOSCOPIC fASCICIES ....ccvvevvieriieriieiieriiecie et Trichodesmium lacustre
4. Trichomes USUALLY SOLILATY .....iccvieriieiieiieieeie ettt ettt e e e et eeae et e esbeesbessaesssesssesssessseessessaesssesssesssesssessnens 5
5. CellS With QCTOTOPES ...vvevieiieiieiieriiesiiesieesteesteesteesseesteesseesseesseesseesseesseessaesseesseesssesseesseessanns Planktothrix isothrix
5. CellS WIthOUL QETOTOPES ...ecvvieereeriieiieiieteeteeteeteetessteeeteesteesseasseassessseasseassesssesssesssesssesssesssesssesssesssesssesssesssesssens 6
6. TrichOme NAITOW tOWATAS QDEX ...veeverieriieriieriesiestestesetesttestaessaessaesssesssesseesssesssesssesssesssesssesssesssesssesseessnens 7
6. Trichome not NArTOWed tOWAIAS APEX ....cueeviirierierierieiieetesteetestestesseessaestaessaesssesssesssessaesssesssesssesssesseens 8
7. Apical cell With CAlYPLIA ..ocveeviiiiieiieieieceeree et Phormidium autumnale
7. Apical cell WIthOUt CALYPLIA ....ocvvieiieiieiieiece ettt ettt seesseesseense e P. formosum
8. Trichomes With Sheaths ..........ccccceviiiiiiiiiiee e P aerugineo-caeruleum
8. Trichomes Without SHEATNS ..........ooiiiiiiiii ettt 9
9. Trichomes Up t0 4.5 M WIAE ..o.viiiiieiiiiiiiiiie ettt e s sta e teesseesraessaessaesseesaeseas P granulatum
9. Trichomes Wider than 4.5 LM ......ccceeciiiiiiiiiie ettt steestae e e ssaesseesaeseas P. tergestinum
10. Trichomes With ShEathis ...........ccoociriiiiiiiiiiiiie e Lyngbya cf. martensiana
10. Trichomes WithOUt SHEANS .......eeiiiiiiiiiieii ettt ettt eees 11
11. TrichOmES MOt NAITOWEA ......euiiiieiiiiiet ettt ettt ettt e a et e bt ae et et e s bt es e et e bt saeenteteebeeneeneensenneas 12
11. Trichomes narrowed or only SIightly NArrOWed ..........cccverieriierieiieieierereeee e 13
12.TrichOme apeX arcUALEA .......c.cccveeverieriieierie e eieete e seresaesaeseaesesessreesaessnessnesssessnesnnes Oscillatoria ornata
12.TrichOme apeX StTAIZNT ......cciiiieiierierieieeeree sttt ettt et este e e e e esseesaeseessaesseenseenseenseenseens O. tenuis
13.Trichomes up t0 9.0 LM WIAE@ ..eveevuiiriiiiieiieciecieeree ettt see e e stae st staestaesraessaessnenens O. cf. anguina
13. Trichomes Wider than 9.0 LM .......ccooeiiiiiiiieiiei ettt et e steeste e te e se e seeseessaessaesseenseenseeseeseenes 14
14. Trichomes 9.0-16.0 M WIAE .....ecviiiiiiiiieiie ettt aeeae s b e e esseesseerseesseenns O. curviceps
14. Trichomes 19.0-26.5 LM WIAE ....c.eevieriieriieriieiiesiestesteeeite sttt steete e e eseesseesseeseessaessaeseensens O. princeps
Spirulinaceae high, distance between coils 8.0-12.5 um; cell content

Spirulina laxissima G. S. West, Jour. Linn. Soc. Bot.:
78, 1907.
Figure 9

Trichomes solitary, loosely spiraling, not constricted
atcross-walls, notattenuated, 1.4-2.0 pmwide,5.0-6.2 um

blue-green, homogenous.

Material examined: BRAZIL. Rio GRANDE DO SUL:
Mostardas, Gateados wetlands, 8-V-2003, VR Werner
s.n. (HAS104134).

Comments: The population showed trichomes wider
than those cited by Komarek & Anagnostidis (2005), but
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was in agreement with those observed by Desikachary
(1959) and Sant’Anna & Azevedo (1995).

Phormidiaceae

Microcoleus subtorulosus Gomont ex Gomont, Ann. Sci.
nat. Sér.7, 16:360, 1892.

Figure 10

Filaments solitary, flexuous, not branched; sheath
homogenous, firm, colorless, containing 1-8 trichomes;
trichomes arranged in parallel rows, distinctly constricted
at the ungranulated cross-walls, 6.0-7.5 um wide; cells
0.5-0.9 times longer than wide, 4.0-7.2 (8.0) um long;
cell content blue-green, granulated; apical cell rounded
or rounded-conical.

Material examined: BRAZIL. Rio GRANDE DO SuUL:
Mostardas, Gateados Lake, 9-V-2003, VR Werner s.n.
(HAS104171, HAS104172).

Comments: From a morphological point of view,
the specimens studied agreed well with the description
provided by Gomont (1892a). Microcoleus subtorulosus
has been recorded in lotic (Branco et al. 1999, Branco
& Pereira 2002, Peres 2007) and lentic environments
(Sant’Anna & Azevedo 1995) in Brazil. Although M.
subtorulosus is known to be benthic, it was observed
among the plankton in the present study. Reported here
for the first time in Rio Grande do Sul State.

Phormidium aerugineo-caeruleum (Gomont)
Anagnostidis & Komarek, Algolog. Stud. 50-53: 407,
1988.

Figure 11

Filaments solitary, straight or flexuous, 5.6-8.0 um
wide; sheaths thin, firm, homogenous, colorless;
trichomes not attenuated, not constricted at their
sometimes granulated cross-walls, 4.0-7.0 um wide;
cells 0.4-1.3 times longer than wide, 3.0-7.0 um long;
cell content blue-green, homogenous, sometimes with
prominent granules; apical cell rounded.

Material examined: BRAZIL. Rio GRANDE DO
SuL: Palmares do Sul, Casamento Lake, 7-V-2003, LC
Torgan s.n. (HAS104112), 19-X1-2003, LS Cardoso
s.n. (HAS104369); Spillway, 30-X-2003, SM Alves-
da-Silva s.n. (HAS104391), 19-X1-2003, LS Cardoso
s.n. (HAS104381, HAS104386); Tapes, Capivaras
Lake, 4-VI-2003, VR Werner s.n. (HAS104213); Araca,
4-V1-2003, VR Werner s.n. (HAS104242).

Comments: From a morphological point of view, the
specimens studied agreed with the description of the type
material provided by Gomont (1892b); slight differences
were observed regarding the trichomes, which were

wider in the population studied. This species has an
ample distribution and has been reported from a large
variety of habitats (Komarek & Anagnostidis 2005).

Phormidium autumnale (Agardh) Trevisan ex Gomont,
Ann. Sci. nat. Sér. 7, 16: 187, 1982.
Figure 12

Trichomes solitary, straight or flexuous, bent
and strongly attenuated at apex, not (or only slightly)
constricted at their granulated cross-walls, 4.5-6.0 um
wide; cells 0.5-1.0 times longer than wide, 4.0-5.5 pm
long; cell content blue-green, homogenous to slightly
granulated; apical cell somewhat elongated, capitated,
with rounded or truncated calyptra.

Material examined: BRAZIL. Rio GRANDE DO
SuLr: Palmares do Sul, Rincdo do Anastacio wetlands,
7-V-2003, VR Werner s.n. (HAS104124); Casamento
Lake, 19-X1-2003, LS Cardoso s.n. (HAS104356,
HAS104369); Mostardas, Gateados Lake, 8-V-2003,
VR Werner s.n. (HAS104142), 9-V-2003, VR Werner
s.n. (HAS104171).

Comments: Phormidium autumnale and P. amoenum
Kiitzing ex Anagnostidis et Komarek are very similar.
Both have trichomes with narrow and bent apices, with
apical cells calyptrate. P. autumnale has wider trichomes
and rounded or truncated calyptra, however, while P
amoenum has smaller trichomes and conical calyptra.

Phormidium formosum (Bory ex Gomont) Anagnostids
& Komarek, Algolog. Stud. 50-53: 405, 1988.
Figure 13

Trichomes solitary, straight or flexuous, slightly
attenuated and curved at the apex, not (or only slightly)
constricted at their granulated or ungranulated cross-
walls, 4.5-6.5 um wide; cells 0.4-1.1 times longer
than wide, 2.8-5.8 um long; cell content blue-green,
homogenous; apical cell rounded-conical.

Material examined: BRAZIL. Rio GRANDE DO SUL:
CapivaridoSul,wetlandsbetween Capivariand Casamento
Lakes, 5-V-2003, VR Werner s.n. (HAS104092);
Palmares do Sul, Rincdo do Anastacio wetlands, 7-V-
2003, VR Werner s.n. (HAS104124); spillway, 30-X-
2003, SM Alves-da-Silva s.n. (HAS104391); Casamento
Lake, 19-X1-2003, LS Cardoso s.n. (HAS104369);
Mostardas, Gateados wetlands, 8-V-2003, VR Werner s.n.
(HAS104134); Gateados Lake, 9-V-2003, VR Werner s.n.
(HAS104171,HAS104174, HAS104178, HAS104179),
LC Torgan s.n. (HAS104180), 20-X1-2003, LS Cardoso
s.n. (HAS104399); Tapes, Dunas wetlands, 4-VI-2003,
VR Werner s.n. (HAS104234), 3-X1-2003, LS Cardoso
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s.n. (HAS104449); Charutdao Lake, 2-XI-2003, LS
Cardoso s.n. (HAS104425), 3-X1-2003, LS Cardoso
s.n. (HAS104450); Sao Miguel Lagoon, 2-X1-2003,
LS Cardoso s.n. (HAS104427).

Comments: Phormidium formosum is a cosmopolitan
species, mainly benthonic, occurring in both lotic
and lentic environments. According to Komarek &
Anagnostidis (2005), this species is very similar to P.
breve (Kiitzing ex Gomont) Anagnostidis et Komarek
but has shorter cells (1.5-3.0 um long). Reported here
for the first time in Rio Grande do Sul State.

Phormidium granulatum (Gardner) Anagnostidis, Preslia
3:370,2001.
Figure 14

Trichomes solitary, straight or flexuous, not
attenuated, not (or only slightly) constricted at their
granulated cross-walls, 3.0-4.5 um wide; cells 0.7-1.0
times longer than wide, 2.5-5.0 um long; cell content
blue-green, homogenous, 2-4 prominent granules on
both sides of the cross-walls; apical cell rounded.

Material examined: BRAZIL. Rio GRANDE DO
SuL: Palmares do Sul, spillway, 7-V-2003, LC Torgan
s.n. (HAS104163), 30-X-2003, SM Alves-da-Silva
s.n. (HAS104391); Casamento Lake, 19-X1-2003, LS
Cardoso s.n. (HAS104369); Tapes, Charutao Lake,
3-VI-2003, VR Werner s.n. (HAS104195); Capivaras
Lake, 4-VI-2003, VR Werner s.n. (HAS104213); Dunas
wetlands, 4-VI-2003, VR Werner s.n. (HAS104234);
Dunas Lagoon, 3-XII-2003, LS Cardoso s.n.
(HAS104442); Charutao Lake, 3-X11-2003, LS Cardoso
s.n. (HAS104451); Redonda Lake, 3-XII-2003, LS
Cardoso s.n. (HAS104455).

Comments: The distinguishing feature of
Phormidium granulatum is the presence of two to five
prominent granules at the cross-walls (Gardner 1927,
Komarek & Anagnostidis 2005).

Phormidium tergestinum (Kiitzing) Anagnostidis &
Komarek, Algolog.Stud. 50-53: 406, 1988.
Figure 15

Trichomes solitary, straight or flexuous, not
attenuated, constricted or not, 4.8-7.5 um wide; cells
0.4-1.0 times longer than wide, 3.0-6.5 um long; cell
content blue-green, homogenous; apical cell rounded.

Material examined: BRAZIL. Rio GRANDE DO
SuL: Capivari do Sul, wetlands between Capivari
and Casamento lakes, 5-V-2003, VR Werner s.n.
(HAS104092); Palmares do Sul, Casamento Lake,
7-V-2003, LC Torgan s.n. (HAS104117), 19-X1-2003,

LS Cardoso s.n. (HAS104369); spillway, 7-V-2003, LC
Torgan s.n. (HAS104167), 30-X-2003, SM Alves-da-
Silva s.n. (HAS104391, HAS104392); 19-X1-2003, LS
Cardoso s.n. (HAS104381, HAS104386); Rincao do
Anastacio, 7-V-2003, VR Werner s.n. (HAS104124);
Gateados wetlands, 28-X-2003, SM Alves-da-Silva
s.n. (HAS104366), 31-X-2003, SM Alves-da-Silva s.n.
(HAS104402); Gateados Lake, 30-X-2003, SM Alves-da-
Silva s.n. (HAS104394); Mostardas, Gateados Lake, 9-
V-2003, VR Werner s.n. (HAS104178, HAS104179), LC
Torgan s.n. (HAS104180); Tapes, Sao Miguel Lagoon, 3-
VI-2003, LC Torgan s.n. (HAS104203); Dunas Lagoon,
4-VI1-2003, VR Werner s.n. (HAS104227, HAS104230),
3-XI1-2003, LS Cardoso s.n. (HAS104445); Dunas
wetlands, 4-VI-2003, VR Werner s.n.(HAS104232,
HAS104234); Redonda Lake, 4-VI-2003, VR Werner s.n.
(HAS104235); Charutao Lake, 3/12/2003, LS Cardoso
s.n. (HAS104450).

Comments: This species is widely distributed and
has been reported to have ample morphological variation.
According to Komarek & Anagnostidis (2005), numerous
morphological varieties have seen described, but they
probably represent a single species.

Planktothrix isothrix (Skuja) Komarek et Komarkova,
Czech Phycol. 4: 14, 2004.
Figure 16

Trichomes solitary, straight or flexuous, not
attenuated, not constricted at their sometimes granulated
cross-walls, 4.0-10.0 pm wide; cells 0.3-1.0 times longer
than wide, 2.0-5.0 pm long; cell content green-brownish,
numerous aerotopes; apical cell rounded.

Material examined: BRAZIL. Rio GRANDE DO SuL:
Palmares do Sul, Rincdo do Anastacio wetlands, 7-V-2003,
VR Werner s.n. (HAS104124); spillway, 7-V-2003, LC
Torgan s.n. (HAS104163, HAS104167), 30-X-2003,
SM Alves-da-Silva s.n. (HAS104391); Gateados Lake,
9-V-2003, VR Werner s.n. (HAS104174, HAS104179);
Tapes, Charutdo Lake, 3-VI-2003, VR Werner s.n.
(HAS104195); Sao Miguel Lagoon, 3-VI-2003, LC
Torgan s.n. (HAS104203), 4-V1-2003, VR Werner s.n.
(HAS104207); Dunas wetlands, 4-VI-2003, VR Werner
s.n. (HAS104234).

Comments: From a morphological point of view, the
specimens studied here agreed well with the descriptions
provided by Komarek & Komarkova (2004). This species
is primarily benthic, later forming blooms, present in
eutrophic to hypertrophic stagnant bodies of water and
lakes in tropical and temperate regions (Davis et al. 2003,
Stefaniak et al. 2005, Pérez et al. 2009).
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0

Figures 13-24. 13. Phormidium formosum. 14. P. granulatum. 15. P. tergestinum. 16. Planktothrix isothrix. 17. Trichodesmium
lacustre. 18. Lyngbya cf. martensiana. 19-20. Oscillatoria cf. anguina. 21. O. curviceps. 22. O. ornata. 23. O. princeps. 24.
O. tenuis. Bar = 10 um (13-16, 18-22, 24); 20 um (17, 23).

Trichodesmium lacustre Klebahn, Flora: 82, 1895. attenuated (or not) at their apices, distinctly constricted at

Figure 17 cross-walls, 4.5-7.0 um wide; cells 0.7-1.3 times longer

than wide, 4.5-7.0 um long; cell content brownish-green,

Trichomes arranged in parallel lines, forming fascicles,  finely granulated, numerous aerotopes; apical cell elongated
straight or flexuous, 35.0-61.0 pm wide; trichomes straight,  and slightly narrowed, up to 9.5 um long.
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Material examined: BRAZIL. Rio GRANDE DO SUL:
Tapes, Capivaras Lake, 4-VI-2003, VR Werner s.n.
(HAS104209); Dunas Lagoon, 4-VI-2003, VR Werner
s.n. (HAS104227).

Comments: This species is typically planktonic
and was reported in Brazil by Sant’Anna & Azevedo
(1995). Some of the trichome cells showed no aerotopes,
as was also noted by Komarek & Anagnostidis
(2005).

Oscillatoriaceae

Lyngbya cf. martensiana Meneghini ex Gomont, Ann.
Sci. nat. Sér. 7, 16: 145, 1892.

Figure 18

Filaments solitary, straight or flexuous, 8.0-13.5 um
wide; sheaths hyaline, thick, colorless to yellowish,
lamellate; trichomes not attenuated, not constricted at
the granulated cross-walls, 6.5-9.0 um wide; cells 0.2-
0.5 times longer than wide, 2.0-4.0 um long; cell content
blue-green; apical cell rounded.

Material examined: BRAZIL. Rio GRANDE DO SuUL:
Palmares do Sul, Casamento Lake, 7-V-2003, LC Torgan
s.n. (HAS104112); Rincdo do Anastacio, 7-V-2003,
VR Werner s.n. (HAS104124); Mostardas, Gateados
wetlands, 8-V-2003, VR Werner s.n. (HAS104134);
Tapes, Charutdo Lake, 3-VI-2003, LC Torgan s.n.
(HAS104202); Dunas wetlands, 4-VI-2003, VR Werner
s.n. (HAS104232, HAS104234).

Comments: From a morphological point of view,
the specimens studied here agreed well with the
description of the type material provided by Gomont
(1892b) that note the occurrence of this species in
European thermal springs. Komarek & Anagnostidis
(2005), in agreement with other authors, consider this
species to be metaphytic and periphytic in stagnant and
flowing waters, with many morphotypes, and possibly
with cosmopolitan distribution; these authors recommend
a taxonomic revision of the species. Thus, even though
the species demonstrated morphological correspondence,
the ecological delimitations of L. martensiana
are not clear and the populations encountered were
treated as cf.

Oscillatoria cf. anguina Bory ex Gomont, Ann. Sci. nat.
Sér. 7, 16: 214, 1892.
Figures 19-20

Trichomes solitary, straight, curved and gradually
narrowing at the apex, not constricted at the granulated
cross-walls, 6.4-9.0 um wide; cells 0.2-0.4 times longer
than wide, 1.3-3.0 um long; cell content blue-green;

apical cell capitate or rounded, with a thick outer
cell wall.

Material examined: BRAZIL. Rio GRANDE DO SuUL:
Palmares do Sul, Gateados Lake, 9-V-2003, VR Werner
s.n. (HAS104179), LC Torgan s.n. (HAS104180).

Comments: The observed specimens were
morphologically similar to Oscillatoria anguina,
however, the populations studied were identified as O.
cf. anguina as they showed trichomes slightly wider
than those described for O. anguina by Komarek &
Anagnostidis (2005). Reported here for the first time
in Rio Grande do Sul State.

Oscillatoria curviceps Agardh ex Gomont, Ann. Sci.
nat. Sér. 7, 16: 213, 1892.
Figure 21

Trichomes solitary, straight, curved and gradually
narrowing at the apex, not constricted at their granulated
cross-walls, 9.0-16.0 um wide; cells 0.1-0.4 times
longer than wide, 1.7-3.5 um long; cell content blue-
green; apical cell capitate or rounded, with thick outer
cell wall.

Material examined: BRAZIL. Rio GRANDE DO
SuL: Mostardas, Gateados wetlands, 8-V-2003, VR.
Werner s.n. (HAS104134); Gateados Lake, 9-V-2003,
VR Werner s.n. (HAS104174).

Comments: Although the specimens studied here
had trichomes that were slightly smaller than those
reported for Oscillatoria curviceps, their morphological
features were in agreement with the description provided
by Gomont (1892b). Reported here for the first time in
Rio Grande do Sul State.

Oscillatoria ornata Kiitzing ex Gomont, Ann. Sci. nat.
Sér. 7, 16: 214, 1892.
Figure 22

Trichomes solitary, straight or flexuous, curved at
apex, not attenuated, constricted at the ungranulated or
granulated cross-walls, 8.0-10.0 um wide; cells 0.2-0.4
times longer than wide, 1.8-3.5 um long; cell content
blue-green, homogenous; apical cell rounded.

Material examined: BRAZIL. Rio GRANDE DO SUL:
Mostardas, Gateados Lake, 9-V-2003, VR Werner s.n.
(HAS104178).

Comments: Komarek & Anagnostidis (2005)
noted that Oscillatora ornata has trichomes whose
apices are usually coiled in a screw-like fashion. This
feature was not observed by Werner (1988), Werner &
Rosa (1992), Sant’Anna & Azevedo (1995), or in the
present study.



336 MD Martins et al.: Non-heterocytous filamentous Cyanobacteria from coastal lagoons

Oscillatoria princeps Vaucher ex Gomont, Ann. Sci.
nat. Sér.7, 16: 206, 1892.
Figure 23

Trichomes solitary, straight or curved, and slightly
narrowed at apex, not (or only slightly) constricted,
19.0-26.5 um wide; cells up to 0.4 times longer
than wide, 2.5-4.0 um long; cell content blue-green,
homogenous or slightly granulated; apical cell rounded,
hemispherical or truncate, with or without a thick outer
cell wall.

Material examined: BRAZIL. Rio GRANDE DO
SuL: Palmares do Sul, Casamento Lake, 7-V-2003,
LC Torgan s.n. (HAS104117); Gateados wetlands,
7-V-2003, VR Werner s.n. (HAS104125, HAS104131);
spillway, 7-V-2003, LC Torgan s.n. (HAS104167);
Mostardas, Gateados Lake, 9-V-2003, VR Werner s.n.
(HAS104178); Tapes, Sao Miguel Lagoon, 3-VI-2003,
LC Torgan s.n. (HAS104203); Redonda Lake, 4-VI-
2003, VR Werner s.n. (HAS104235); Dunas Lagoon,
3-X1I-2003, LS Cardoso s.n. (HAS104445); Charutao
Lake, 3-XII-2003, LS Cardoso s.n. (HAS104450,
HAS104451); Redonda Lake, 3-VII-2003, LS Cardoso
s.n. (HAS104455).

Oscillatoria tenuis Agardh ex Gomont, Ann. Sci. nat.
Sér. 7, 16: 220, 1892.
Figure 24

Trichomes solitary, straight or flexuous, not
attenuated, not (or only slightly) constricted at the
granulated or ungranulated cross-walls, 6.5-11.0 pm
wide; cells up to 0.2-0.4 times longer than wide, 2.0-
3.8 um long; cell content blue-green, homogenous;
apical cell rounded.

Material examined: BRAZIL. Rio GRANDE DO
SuL: Palmares do Sul, Casamento Lake, 7-V-2003, LC
Torgan s.n. (HAS104117), 19-X1-2003, LS Cardoso
s.n. (HAS104360); Rincdo do Anastacio, 7-V-2003,
VR Werner s.n. (HAS104124); Gateados wetlands,
7-V-2003, VR Werner s.n. (HAS104125); Mostardas,
Gateados wetlands, 8-V-2003, VR Werner s.n.
(HAS104134), Gatealdos lake, 9-V-2003, VR Werner
s.n. (HAS104174); Tapes, Sao Miguel Lagoon, 3-VI-
2003, LC Torgan s.n. (HAS104203), 4-VI-2003, VR
Werner s.n. (HAS104207), 2-X11-2003, LS Cardoso
s.n. (HAS104431); Capivaras Lake, 4-VI-2003, VR
Werner s.n. (HAS104213), 3-X11-2003, LS Cardoso
s.n. (HAS104435); Dunas Lagoon, 3-XII-2003, LS
Cardoso s.n. (HAS104442); Charutao Lake, 3-XII-
2003, LS Cardoso s.n. (HAS104451); Redonda Lake,
3-XI1-2003, LS Cardoso s.n. (HAS104455).

Acknowledgment — The authors thank CNPq for the research
grant awarded to LHZB (Proc. 307243/2006-0).

REFERENCES

Baker PD, Steffensen DA, Humpage AR, Nicholson BC,
Falconer IR, Lanthois B, Ferguson KM, Saint CP. 2001.
Preliminary evidence of toxicity associated with the
benthic cyanobacterium Phormidium in South Australia.
Environmental Toxicology 16:506-511.

Bicca AB. 2007. A familia Eunotiaceae Kiitzing (Eunotiales,
Bacillariophyta) nas areas da lagoa do Casamento dos
Butiazias de Tapes, planicie costeira do RS: taxonomia
e distribuicao. Dissertagdo de mestrado, Universidade
Federal do Rio Grande do Sul, Porto Alegre.

Bittencourt-Oliveira MC, Massola NS, Hernandez-Marine
M, Romo S, Moura AN. 2007. Taxonomic investigation
using DNA fingerprinting in Geitlerinema species
(Oscillatoriales, Cyanobacteria). Phycological Research
55:214-221.

Bittencourt-Oliveira MC, Moura AN, Oliveira MC, Massola
NS. 2009. Geitlerinema species (Oscillatoriales,
Cyanobacteria) revealed by cellular morphology,
ultrastructure, and DNA sequencing. Journal of
Phycology 45:716-729.

Branco LHZ, Necchi Junior O, Branco CC. 1999.
Cyanophyceae from lotic ecosystems of Sao Paulo State,
southeastern Brazil. Algological Studies 94:63-87.

Branco LHZ, Pereira JL. 2002. Evaluation of macroalgal
communities along a gradient of organic pollution
in a tropical stream. Archive fiir Hydrobiology 115:
147-161.

Bunn SE, Davies PM, Winning ME. 2003. Sources of
organic carbon supporting the food web of an arid zone
floodplain river. Freshwater Biology 48:619-635.

Burger MI, Ramos RA. 2007. Areas importantes para a
conservacdo na planicie costeira do Rio Grande do Sul.
In Biodiversidade do Rio Grande do Sul: regides da
lagoa do Casamento e dos Butiazais de Tapes, planicie
costeira do Rio Grande do Sul (FG Becker, RA Ramos,
LA Moura, eds.). Ministério do Meio Ambiente, Brasilia,
p.-46-58.

Callegaro VLM, Rosa ZM, Werner VR. 1981. Comunidades
fitoplanctonicas das lagoas Tramandai ¢ do Armazém,
Tramandai, Rio Grande do Sul, Brasil. Theringia, Série
Botanica 28:3-16.

Cardoso LS, Motta-Marques DML. 2003. Rate of change of
the phytoplankton in Itapeva lake (North of Rio Grande
do Sul, Brazil) based on the wind driven hydrodynamic
regime. Hydrobiologia 497:1-12.

Cardoso LS, Motta-Marques DML. 2004. Structure of the
phytoplankton community in Itapeva lake (North coast
of Rio Grande do Sul, Brazil) and its relationship to
hydrodynamic aspects: seasonal composition. Acta
Limnologica Brasiliensia 16:401-416.



Brazilian Journal of Botany 35(4):325-338, 2012 337

Carvalho LR, Pipole F, Werner VR, Laughinghouse IV HD,
Camargo ACM, Rangel M, Konno K, Sant’Anna CL.
2008. A toxic cyanobacterial bloom in an urban coastal
lake, Rio Grande do State, southern Brazil. Brazilian
Journal of Microbiology 39:761-769.

Davis PA, Dent M, Parker J, Reynolds CS, Walsby AE. 2003.
The annual cycle of growth rate and biomass change
in Planktothrix spp. in Blelham Tarn, English Lake
District. Freshwater Biology 48:852-867.

Desikachary TV. 1959. Cyanophyta. Indian Council of
Agricultural Research, New Delhi.

Fastner J, Erhard M, Carmichacl WW, Sun F., Rinehart
KL, Ronicke H, Chorus I. 1999. Characterization
and diversity of microcystins in natural blooms and
strains of the genera Microcystis and Planktothrix
from German freshwaters. Archive fiir Hydrobiology
145:147-163.

Franceschini IM. 1983. Levantamento das Nostocophyceae do
Rio Seco, Torres, Rio Grande do Sul, Brasil. Dissertagao
de mestrado, Universidade Federal do Rio Grande do
Sul, Porto Alegre.

Franceschini IM. 1990. Flora de Cyanophyceae do Rio Seco,
Torres, Rio Grande do Sul, Brasil. Napaea 7:1-39.
Frémy P. 1930. Les Myxophycées de I’ Afrique équatoriale

frangaise. Archives des Botanique Mémoirs 3:1-493.

Garcia M, Vélez E. 1995. Algas planctonicas da lagoa
Emboaba, planicie costeira do Rio Grande do Sul:
avaliacdo qualitativa. Boletim do Instituto de Biociéncias
da Universidade Federal do Rio Grande do Sul 54:
75-114.

Gardner NL. 1927. New Myxophyceae from Porto Rico.
Memoirs of the New York Botanical Garden 7:1-444.

Gomont MM. 1892a. Monographie des Oscillari¢es
(Nostocacées homocystées). Annales des Sciences
Naturelles Botanique. Série 7, 15:263-368.

Gomont M.M. 1892b. Monographie des Oscillariées
(Nostocacées homocystées). Annales des Sciences
Naturelles Botanique. Série 7, 16:91-264.

Hoffmann L, Komarek J, Kastovsky J. 2005. System of
cyanoprokaryotes (Cyanobacteria) — state in 2004.
Algological Studies 117:95-115.

Komarek J. 2006. Cyanobacterial taxonomy: current
problems and prospects for the integration of traditional
and molecular approaches. Algae 21:349-375.

Komarek J, Anagnostidis K. 2005. Cyanoprokaryota 2. Teil:
Oscillatoriales. /n Siipwasserflora von Mitteleuropa
19/2 (B Biidel, L Krienitz, G Gértner, M Schagerl, eds.).
Elsevier Spektrum Akademischer Verlag, Miinchen, p.1-
759.

KomarekJ,Azevedo MTP. 2000. Geitlerinemaunigranulatum,
a common tropical cyanoprokaryote from freshwater
reservoirs in Brazil. Algological Studies 99:39-52.

Komarek J, Komarkova J. 2004. Taxonomic review
of the cyanoprokaryotic genera Planktothrix and
Planktothricoides. Czech Phycology 4:1-18.

Komarkova-Legnerova J, Tavera R. 1996. Cyanoprokaryota
(Cyanobacteria) in the phytoplankton of the lake
Catemaco (Vera Cruz, Mexico). Algological Studies
83:403-422.

Martins MD, Branco LHZ, Werner VR. 2012. Cyanobacteria
from coastal lagoons of Southern Brazil: coccoid
organisms. Brazilian Journal of Botany 35:31-48.

McGregor GB. 2007. Freshwater Cyanoprokaryota of North-
Eastern Australia. I: Oscillatoriales. Goanna Print,
Australian Biological Resources Study.

Peres CK. 2007. Macroalgas de ambientes 16ticos da Serra
da Prata, leste do estado do Parana: flora, distribui¢ao
ambiental e dindmica temporal. Dissertagao de mestrado,
Universidade Federal do Parana, Curitiba.

Pérez MC, Maidana NI, Comas A. 2009. Phytoplankton
composition of the Ebro River estuary, Spain. Acta
Botanica Croatica 68:11-27.

Prati M, Molteni M, Pomati F, Rossetti C, Bernardini G.
2002. Biological effect of the Planktothrix sp. FP1
cyanobacterial extract. Toxicon 40:267-272.

Sant’Anna CL, Azevedo MTP. 1995. Oscillatoriaceae
(Cyanophyceae) from Sao Paulo State, Brazil. Nova
Hedwigia 60:19-58.

Sant’Anna CL, Azevedo MTP, Werner VR, Dogo CR, Rios
FR, Carvalho LR. 2008. Review of toxic species of
cyanobacteria in Brazil. Algological Studies 126:
251-265.

Stefaniak K, Kokocinski M, Messyasz B. 2005. Dynamics
of Planktothrix agardhii (Gom.) Anag. et Kom.
blooms in polimictic lake Laskownick and Grylewskie
(Wielkopolska region) Poland. Oceanological and
Hydrobiological Studies 34:125-136.

Tellez MR, Schrader KK, Kobaisy M. 2001. Volatile
components of the cyanobacterium Oscillatoria
perornata (Skuja). Journal of Agricultural and Food
Chemistry 49:5989-5992.

Tomazelli LJ, Dillenburg SR, Villwock JA. 2000. Late
Quaternary geological history of Rio Grande do Sul
coastal plain, southern Brazil. Revista Brasileira de
Geociéncias 30:474-476.

Torgan LC. 1997. Estrutura e dinamica da comunidade
fitoplanctonica na laguna dos Patos, Rio Grande do
Sul, Brasil, em um ciclo anual. Tese de doutorado,
Universidade Federal de Sao Carlos, Sao Carlos.

Torgan LC, Buselato TC, Ferraz GC. 1981. Floragdo de
Aphanizomenon flos-aque (L.) Ralfs ex Born. et Flah.
(Cyanophyceae) na represa de Itatiba, Rio Grande do
Sul, Brasil. Iheringia, Série Botanica 26:45-64.

Torgan LC, Garcia M. 1989. Novas ocorréncias (Cyanophyta
e Chlorophyta) para a ficoflora plancténica no Rio
Grande do Sul, Brasil. Hoehnea 16:57-64.

Torgan LC, Garcia-Baptista M, ODebrecht C, Moller OO.
1995. Distribuicao vertical do fitoplancton na laguna
dos Patos, Rio Grande do Sul, Brasil (verdo de 1986).
Acta Limnologica Brasiliensia 7:67-77.



338 MD Martins et al.: Non-heterocytous filamentous Cyanobacteria from coastal lagoons

Torga, LC, Paula MCF. 1994. Geitlerinema amphibium
(Ag.ex Gom.) Anagn. (Cyanophyta-Pseudanabaenaceac)
em um lago no sul do Brasil. Iheringia, Série Botanica
45:75-87.

Werner VR. 1984. Cyanophyceae (=Nostocophyceae)
planctonicas da Lagoa de Tramandai e da
Lagoa do Armazém, Rio Grande do Sul, Brasil:
contribuigdo a taxonomia. Dissertagdo de mestrado,
Universidade Federal do Rio Grande do Sul,
Porto Alegre.

Werner VR. 1988. Cianoficeae planctonicas da Lagoa de
Tramandai ¢ da Lagoa do Armazém, Rio Grande do Sul,
Brasil. Theringia, Série Botanica 37:33-70.

Werner VR. 2002. Cyanophyceae/Cyanobacteria no sistema
de lagoas e lagunas da planicie costeira do estado
do Rio Grande do Sul, Brasil. Tese de doutorado,
Universidade Estadual Paulista Julio de Mesquita Filho,
Rio Claro.

WernerVR, Laughinghouse IV HD. 2009. Bloom-forming
and other planktonic Anabaena (Cyanobacteria)
morphospecies with twisted trichomes from Rio
Grande do Sul State, Brazil. Nova Hedwigia
89:17-47.

Werner VR, Rosa ZM. 1992. Cyanophyceae da Estacao
ecologica do Taim, Rio Grande do Sul, Brasil. Revista
Brasileira de Biologia 52:481-502.

Werner VR, Sant’Anna CL. 1998. Morphological variability
in Gloeotrichia natans Rabenhorst ex Bornet et Flahault
(Cyanophyceae, Nostocales) from southern Brazil.
Revista Brasileira de Biologia 58:79-84.

Werner VR, Sant’Anna CL. 2000. A new species of
Aphanothece (Cyanophyceae, Chroococcales) from a
shallow coastal lagoon, south Brazil. Nova Hedwigia
70:113-125.

Werner VR, Sant’ Anna CL. 2006. Ocurrence of the rare genus
Microcrocis P. Richter (Chroococcales, Cyanobacteria)
in a coastal lagoon from southern Brazil. Revista
Brasileira de Botanica 29:183-186.

Werner VR, Sant’Anna CL, Azevedo MTP. 2008.
Cyanoggregatum brasiliense gen. et. sp. nov., a new
chroococcal Cyanobacteria from southern Brazil.
Revista Brasileira de Botanica 31:491-497.

Weschenfelder J, Corréa ICS, Aliota S. 2005. Elementos
arquiteturais do substrato da Lagoa dos Patos revelados
por sismica de alta resolugdo. Pesquisas em Geociéncias
32:57-67.



