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Figure 3. A: Closterium calosporum; B: C. dianae var. minus; C: C. exiguum; D: C. incurvum; E: C. leibleinii; F: 
C. moniliferum; G: C. venus; H: C. venus var. westii; I: C. ehrenbergii var. immane; J: C. navicula; K: C. tortum; L: 
C.  tumidum var. nylandicum; M: C. cornu, N: Netrium digitus; P: Gonatozygon aculeatum; Q: G. brebissonii; R: 
G. monotaenium; S: G. pilosum; T: Penium margaritaceum. Scar barrs = 10 µm.
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Distribution in Brazil: Amazonas: Lopes 
and Bicudo (2003); Cunha  et  al. (2013). Bahia: 
Oliveira et al. (2013). Mato Grosso: Borge (1925); 
De-Lamonica-Freire and Heckman (1996). Paraná: 
Felisberto and Rodrigues (2007); Biolo et al. (2008); 
Bortolini et al. (2009); Aquino et al. (2014). São 
Paulo: Borge (1918); Bicudo and Bicudo (1962); 
Bicudo and Castro (1994); Sormus and Bicudo 
(1994). Rio de Janeiro: Marinho and Huszar 
(1990); Sophia (2009).

Closterium navicula (Brébisson) Lutkemuller, 
Beitr. Biol. Pfl. Breslau, v. 8, n. 3, p. 395, 405, 
408. 1902.

Cells 3-4 times longer than wide, line, elliptical 
or fusiform; truncated-rounded poles; smooth cell 
wall; axial chloroplast, 1-3 pyrenoids arranged in an 
axial axis or dispersed. L: 56-69.6 µm; W: 16-19.2 
µm. Figure 3J.

Distribution in Brazil: Amazonas: Förster 
(1969, 1974); Scott  et  al. (1965); Lopes and 
Bicudo (2003); Melo and Souza (2009). Bahia: 
Oliveira et al. (2013). Minas Gerais: Bicudo (1969); 
Soares et al. (2007). Pará: Scott et al. (1965); Förster 
(1969). Paraná: Felisberto and Rodrigues (2007); 
Bortolini  et  al. (2009); Menezes  et  al. (2011); 
Aquino et al. (2014). Rio de Janeiro: Bicudo and 
Picelli-Vicentim (1988); Sophia (2009). Rio Grande 
do Sul: Ungaretti (1981); Sophia et al. (2005). São 
Paulo: Borge (1918); Bicudo and Bicudo (1962); 
Bicudo (1969); Bicudo and Castro (1994); Sormus 
and Bicudo (1994).

Closterium tortum Griffiths, J Linn Soc Lond, 
p. 90, pl. 1, figs 4-6. 1925.

Cells 6.8-11 times longer than wide, sigmoid; 
acuminate poles; smooth cell wall; axial chloroplast, 
6 pyrenoids arranged in an axial axis. L: 81.6-176 
µm; W: 12-16 µm. Figure 3K.

Distribution in Brazil: Amazonas: Lopes and 
Bicudo (2003); Cunha et al. (2013).

Closterium tumidum Johnson var. nylandicum 
Grönblad, Acta Soc. Fauna Flora Fenn, p. 7, pl. 5, 
figs. 38-41. 1921.

Cells 7.8-12.3 times longer than wide, slightly 
curved, with a subfusiforme middle part, attenuating 
gradually to the apex; rounded truncated poles; axial 
chloroplast, 2-5 pyrenoids arranged in an axial axis. 
L: 56.4-77 µm; W: 6-8 µm. Figure 3L.

Distribution in Brazil: Amazonas: Cunha et al. 
(2013). São Paulo: Bicudo and Castro (1994).

Closterium venus Kützing ex Ralfs, Brit. 
Desm., p. 220, pl. 35, fig. 12. 1848.

Cells 5.2-7.3 times longer than wide, strongly 
curved, 160-170° of arc; somewhat medially 

medially inflated; axial chloroplast, numerous 
pyrenoids dispersed. L: 323.4-408.6 µm; W: 68.6-
102.9 µm. Figure 3I.

Distribution in Brazil: Paraná: Felisberto and 
Rodrigues (2007).

Closterium incurvum Brébisson, Mém. Soc. 
imp. Sci. nat. Cherbourg, v. 4, p. 150, pl. 2, fig. 
47. 1856.

Cells 4.7-6.6 times longer than wide, strongly 
curved, 160-170 of arc; rounded poles, smooth cell 
wall; axial chloroplast, 2-3 pyrenoids arranged in an 
axial axis. L: 52-104 µm; W: 11-18 µm. Figure 3D.

Distribution in Brazil: Amazonas: Lopes 
and Bicudo (2003); Cunha  et  al. (2013). Bahia: 
Oliveira  et  al. (2013). Paraná: Picelli-Vicentim 
(1984); Bittencourt-Oliveira and Castro (1993); 
Felisberto and Rodrigues (2007); Biolo et al. (2008); 
Bortolini  et  al. (2009); Bortolini  et  al. (2010). 
Rio Grande do Sul: Bicudo and Ungaretti (1986); 
Sophia et al. (2005). São Paulo: Bicudo and Castro 
(1994); Sormus and Bicudo (1994).

Closterium laterale Nordstedt, Wittr. & 
Nordst. Alg., exsic. 8, n. 383. 1880.

Cells 7-8.3 times longer than wide, lunate 
almost straight; truncated poles; striated cell wall 
(12-13 in 10 µm); scores on cell apices, with polar 
thickening; axial chloroplast, numerous pyrenoids 
dispersed. L: 448.8-455.7 µm; W: 54-68.8 µm. 
Figure 3O.

Distribution in Brazil: Paraná: Felisberto and 
Rodrigues (2007). São Paulo: Sormus and Bicudo 
(1994).

Closterium leibleinii Kützing ex Ralfs, Brit. 
Desm., p. 167, pl. 28, fig. 4. 1848.

Cells 2.5 times longer than wide, strongly 
curved, 160-170 of arc; sometimes is medially 
inflated; acuminate-rounded poles; smooth cell 
wall with polar thickening; axial chloroplast, 5-8 
pyrenoids arranged in an axial axis. L: 98 µm; W: 
38 µm. Figure 3E.

Distribution in Brazil: Minas Gerais: Soares et al. 
(2007). Paraná: Felisberto and Rodrigues (2007); 
Bortolini et al. (2009); Menezes et al. (2011). Rio 
Grande do Sul: Sophia  et  al. (2005). São Paulo: 
Bicudo and Castro (1994); Sormus and Bicudo 
(1994).

Closterium moniliferum (Bory) Ehrenberg 
ex Ralfs, Brit. Desm., p. 166, pl. 27, fig. 3. 1848.

Cells 5.6-5.8 times longer than wide, curved, 
90-140° of arc; sometimes medially inflated; 
acuminate-rounded poles; smooth cell wall; axial 
chloroplast, 4-7 pyrenoids arranged in an axial axis. 
L: 162.5-211.2 µm; W: 31.2-38.4 µm. Figure 3F.
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with thin spines, 1axial chloroplast, with 7-17 
pyrenoids. L: 74.4 -170.4 µm; W: 9.6-18 µm. 
Figure 3S.

Distribution in Brazil: Amazonas: Förster 
(1969); Lopes and Bicudo (2003); Cunha  et  al. 
(2013). Paraná: Bortolini et al. (2010). São Paulo: 
Bicudo et al. (1997).

Netrium digitus (Ehrenberg) Itzigsohn & 
Rothe, Alg. Sachsen, p. 508. 1856.

Cells 3.7-4.9 times longer than wide, elliptical, 
attenuated to the truncate-rounded apex; margins 
laterals convex; smooth cell wall, axial chloroplast, 
with longitudinal denticulate projections 
proeminent. L: 146-196.8 µm; W: 38-49.5 µm. 
Figure 3N.

Distribution in Brazil: Amazonas: Scott  et  al. 
(1965); Martins (1982). Mato Grosso: De-
Lamonica-Freire and Heckman (1996); Paraná: 
Bortolini  et  al. (2008); Felisberto and Rodrigues 
(2008); Bortolini  et  al. (2010). Rio de Janeiro: 
Bicudo and Bicudo (1969); Sophia (1991). Rio 
Grande do Sul: Ungaretti (1981); Rosa et al. (1987, 
1988); Franceschini, 1992).

Penium margaritaceum (Ehrenberg) Brébisson 
ex Ralfs, Brit. Desm. 149. 1848.

Cells 10.4-17.8 times longer than wide; 
cylindrical, elongated, median constriction missing 
or not clear; round poles; cell wall irregularly 
punctuated. L: 146-213.6 µm; W: 12-15 µm. 
Figure 3T.

Distribution in Brazil: Paraná: Biolo  et  al. 
(2008); Aquino et al. (2014). Rio de Janeiro: Sophia 
(1991). Rio Grande do Sul: Sophia et al. (2005). 
São Paulo: Bicudo et al. (1997).

Among the 35 species with abundance in 
April, Closterium moniliferum and Gonatozygon 
monotaenium (two and three individuals; cm–2, 
respectively) were plenty found in the riverine 
region, while G. aculeatum (49) and G. brebissonii 
(48) were abundant in lacustrine region. Among the 
19 species with abundance in August, Closterium 
moniliferum (19) and Gonatozygon monotaenium 
(64) were plenty found in the riverine and lacustrine 
regions, respectively (Felisberto and Rodrigues, 
2005b).

Comparing the two samples analyzed in different 
regions of the Rosana Reservoir, the most taxa were 
recorded in the lacustrine region for both sampling 
periods (Table 2). Closterium incurvum was more 
frequent, being present in all regions (100%), 
Gonatozygon monotaenium ocorred in 83.3% of 
regions, while Gonatozygon aculeatum, Closterium 

inflated, obtuse-rounded poles; smooth cell wall; 
axial chloroplast, 1-2 pyrenoids arranged in an axial 
axis. L: 42-49 µm; W: 6-8 µm. Figure 3G.

Distribution in Brazil: Amazonas: Förster 
(1969). Bahia: Oliveira et al. (2013). Mato Grosso: 
Borge (1903, 1925). Rio Grande do Sul: Borge 
(1903). São Paulo: Bicudo and Bicudo (1962); 
Bicudo (1969); Sormus and Bicudo (1994).

Closterium venus Kützing ex Ralfs var. westii 
W. Krieger, p. 274, pl. 16, fig. 9. 1935.

Cells 8.2-11 times longer than wide, curved, 
120-130° of arc, attenuating gradually to the apex; 
acuminate poles; smooth cell wall; axial chloroplast, 
1-2 pyrenoids arranged in an axial axis. L: 56.4-77 
µm; W: 6-8 µm. Figure 3H.

Distribution in Brazil: first register.
Gonatozygon aculeatum Hastings, Amer. 

Month. Microsc. Jour., p. 29. 1892.
Cells 9-18.8 times longer than wide, cylindrical, 

elongate; apex dilated, truncate; thick apical angles, 
slightly rounded; cell wall ornamented with spines; 
2 axial chloroplasts, with many pyrenoids. L: 
204-323.4 µm; W: 16-21.6 µm; Spines: 10 µm. 
Figure 3P.

Distribution in Brazil: Amazonas: Förster (1969, 
1974). Mato Grosso: Borge (1925).

Gonatozygon brebissonii De Bary, Untersuch. 
Conjugaten: 77, p. 28, pl. 4, figs. 26-27. 1858.

Cells 14.6-34.8 times longer than wide, elongate, 
fusiform; apex dilated, truncate; thick apical angles, 
slightly rounded; cell wall ornamented with 
granules, axial chloroplast, with 8-10 pyrenoids. L: 
88-198 µm; W: 4-7.2 µm. Figure 3Q.

Distribution in Brazil: Amazonas: Förster 
(1974).

Gonatozygon monotaenium De Bary, Alg. 
Sachsen: 539. 1856.

Cells 8-20 times longer than wide, cylindrical, 
elongate; apex slightly dilated, truncate; thick apical 
angles, slightly rounded; cell wall ornamented with 
granules, axial chloroplast, with 9-19 pyrenoids. L: 
64-192 µm; W: 8-12.5 µm. Figure 3R.

Distribution in Brazil: Amazonas: Scott  et  al. 
(1965); Förster (1969). Mato Grosso: Borge (1903, 
1925). Pará: Grönblad (1945). Paraná: Felisberto 
and Rodrigues (2008); Bortolini et al. (2010). Rio 
de Janeiro: Sophia (1991). São Paulo: Borge (1918); 
Bicudo (1969); Bicudo et al. (1997).

Gonatozygon pilosum Wolle, Bull. Torrey Bot. 
Club, p. 27, pl. 13, fig. 16. 1882.

Cells 8.2-14.2 times longer than wide, 
cylindrical, elongate; apex dilated, truncate; thick 
apical angles, slightly rounded; cell wall ornamented 
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the first two axes. In August, Closterium incurvum, 
C. Cornu, C. navicula, Gonatozygon monotaenium 
and Closterium ehrenbergii var. immane were 
related to higher values ​​of total phosphorus and 
nitrate to the lacustrine and intermediate regions 
(Figure 4). Still in the first axes, in April, a group 
of species formed for Closterium dianae var. minus, 
C. exiguum, C. laterale, C. venus, Gonatozygon 
aculeatum and Penium margaritaceum were 
related to lacustrine region, with higher values ​​of 
conductivity (Figure 4).

In the second axes, in April, a group of species 
formed for Closterium calosporum, Gonatozygon 
pilosum, C. tumidum var. nylandicum and Netrium 
digitus were related to intermediate region, with 
higher values of conductivity. While, in August the 
species Closterium moniliferum, C. venus var. westii 
and Gonatozygon brebissonii were related to riverine 

cornu, C. exiguum, C. dianae var. minus, and C. 
laterale showed only 16.6% of regions (Table 2).

The greater richness and relative abundance 
of species recorded in the lacustrine region of the 
Rosana Reservoir for both collection periods, parts 
must be related to the lentic water conditions, 
higher nutrient​​s values, and the greater amount of 
substrate and water transparency (Felisberto and 
Rodrigues, 2005a, 2005b).

Furthermore, near of the tropics, the water 
temperature has values ​​close to the optimum values ​​
for the development of desmids, i.e. around 25 - 30 
°C (Coesel and Wardenaar, 1990), this explains the 
diversity of flora, both in species and in genera. This 
fact was observed in the lacustrine region of Rosana 
Reservoir (26.8 °C, seen Felisberto and Rodrigues 
2005a, 2005b).

The canonical correspondence analysis (CCA) 
summarized 62.2% of total data variability of taxa in 

Figure 4. Ordination by the Canonical correspondence analysis (CCA) of abiotic variables and species, analyzed for 
the six sampling sites along the Rosana Reservoir, from April/2002 and August/2002.
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region, with higher values of total phosphorus 
(Figure 4).

Thus, besides the conditions evidenced in the 
CCA, the largest water transparency, lentic waters 
coupled with higher amount of substrate available 
for colonization of algae in the lacustrine and 
intermediate region benefited certain species, such as 
Closterium cornu, C. dianae var. minus, C. ehrenbergii 
var. immane. C. exiguum, C. incurvum, C. laterale, 
C. navicula, C. venus, Gonatozygon aculeatum, G. 
monotaenium and Penium margaritaceum.

Therefore, the formation of groups evidenced 
PCA and the CCA is given depending on the 
region along the longitudinal axis, then the seasonal 
period and relative abundance of species, which 
was related to increased availability of nutrients, 
turbidity, conductivity and diversity of substrate, 
lentic waters and higher water transparency mainly 
for the month of April (late summer and early fall). 
Closterium venus var. westii is first register for Brazil.
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