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Abstract: Massive cyanobacterial blooms frequently occur in the Uruguay River, one of the largest rivers in 
South America. A heterocytous morphospecies of unique morphology has been repeatedly observed in the river 
since 2006 in rather high abundances. This morphospecies was preliminarily reported as Anabaena spiroides 
and Dolichospermum cf. pseudocompactum, but its morphology does not fully correspond with the description 
of these species, neither with definitions of any Dolichospermum species described so far. A clonal strain 
designated “strain7” was isolated in 2010 from the Lower Uruguay River and thoroughly characterised from 
morphological and phylogenetic points of view. An establishment of D. uruguayense spec. nov. was proposed.
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Introduction 

Cyanobacterial classification has been rapidly deve-
loping and has recently undergone substantial revisi-
ons. Anabaena–like cyanobacteria represent one of the 
most complicated groups from the taxonomic point of 
view. 

The traditional genus Anabaena was origi-
nally composed of a wide variety of morphospecies 
with and without gas vesicles. Their classification 
at the species level was based on morphometric pa-
rameters, i.e. length and width of all cell types, their 
shapes, akinete arrangement and the general morpho-
logy of filaments (for the reviews see Komárek & Ko-
márková 2006; Komárek & Zapomělová 2007, 2008; 
Komárek 2013). However, phylogenetic analyses of 
planktic (gas–vacuolate) and benthic (non–gas–vacuo-
late) representatives revealed pronounced differences 
between these two groups (Rajaniemi et al. 2005a, b; 
Halinen et al. 2008) and resulted in reclassification of 
the main phylogenetic clade of planktic morphospecies 
into the new genus Dolichospermum (Ralfs ex Born. 
et Flah.) Wacklin et al. (Wacklin et al. 2009). Fur-

thermore, two separated phylogenetic lineages of the 
planktic Anabaena–like cyanobacteria were recogni-
zed later and new generic entities Sphaerospermopsis 
Zapomělová et al. (Zapomělová et al. 2009, 2010a) and 
Chrysosporum Zapomělová et al. (Zapomělová et al. 
2012) were established.

However, the classification of Dolichospermum 
at the species level remains unsolved. The genus en-
compasses approximately 80 freshwater morphospeci-
es (Komárek 1996) but many of them are not clearly 
morphologically delimited (Zapomělová et al. 2007, 
2008, 2009, 2010b). A relatively small part of the va-
lidly described species has been so far characterized 
from the phylogenetic point of view. The sequence si-
milarities of 16S rDNA and some other genes are very 
high within this genus (Rajaniemi et al. 2005a; Zapo-
mělová et al. 2011). 

The Uruguay River is one of the largest rivers 
in South America (>1,800 km; annual discharge 6,230 
m3.s–1). It belongs to the La Plata Basin and forms the 
boundary of three countries, Brazil, Argentina and 
Uruguay. One of the main factors affecting the water 
quality of the Lower Uruguay River is the construction 
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of more than twenty hydropower dams. Other human 
activities, such as increasing urbanization and the ex-
pansion of agriculture, have recently favoured the pro-
liferation of massive blooms of planktic cyanobacteria 
(Ferrari et al. 2011). 

The cyanobacterial blooms of the Lower Uru-
guay River usually contain several Dolichospermum 
morphospecies. High abundances of a compactly 
coiled morphospecies, preliminarily reported as D. cf. 
pseudocompactum (Ferrari et al. 2011), have been re-
peatedly observed in the river since 2006 (Table 1). It 
commonly occurs mainly along a lower part of the river 
during spring and summer time (Ferrari et al. 2011). 
The identical morphospecies was reported under a 
name Anabaena cf. spiroides from Río de la Plata estu-
ary (Table 1; Sienra & Ferrari 2006). Compactness of 
filament coiling of this morphospecies is similar to D. 
pseudocompactum Watanabe 1996, but its other mor-
phological features do not fully correspond with the 
description of this species, neither with definitions of 
any Dolichospermum species described so far. 

The main goal of this study was therefore to 
provide a detailed polyphasic characterization of the 
investigated cyanobacterium, to confirm its phyloge-
netic affiliation to Dolichospermum, to compare it with 
other Dolichospermum species and to clarify its taxo-
nomic status.

Material and Methods 

Sampling. The studied area comprises three sites along the 
Lower Uruguay River: Nuevo Berlín (NB), Fray Bentos (FB) 
and Las Cañas (LC). A transect line was established across 
the width of the river at each of the three sites, and divided 
into littoral, center and channel zones in each case. Seaso-
nal samplings were carried out from July 2006 to November 
2014 according to a biological monitoring program (Boccar-
di et al. 2010; Ferrari et al. 2011). Two extra samplings were 

performed in summer 2009 and spring 2010, reflecting the 
occurrence dynamics of cyanobacterial blooms. To acquire 
the cyanobacterial strain for purposes of this study, living 
phytoplankton samples were taken in Fray Bentos site (GPS 
coordinates: 33°06’ 24.94”S, 58°15’ 36.56”W) in Novem-
ber 2010 using a 20–µm mesh plankton net. A living sample 
was used for the strain isolation, cultivation and evaluation 
of morphology. A non–concentrated sample for quantitative 
analyses was collected from the same site with a bottle and 
fixed with Lugol solution, following Sournia (1978).

Phytoplankton quantification in environmental sam-
ples. The taxonomic identification was carried out with 
light microscope Olympus CX41, using a 1000× mag-
nification. The organisms were measured and photogra-
phed with a DXM 1200 and Infinity1 digital camera. The 
counts were performed with an Olympus CKX41 inver-
ted microscope, following the methodology described by 
Utermöhl (1958). Counts included at least 100 cells of 
the most abundant species, to yield a confidence inter-
val of 95% with a counting error under 20% (Lund et al. 
1958).

Isolation and cultivation. A clonal strain was isolated from 
a sample collected in November 2010 at Fray Bentos sam-
pling site using a glass capillary and an inverted microsco-
pe (Olympus IX 71). The strain was designated by a name 
“strain 7” and maintained in WC medium (Guillard & 
Lorenzen 1972) under constant culture conditions (21  °C, 
70 mmol .m–2 .s–1 light intensity, 16 h/8 h light–dark cycle).

Morphology in the environmental sample and under cul-
ture conditions. Morphology of the studied cyanobacterium 
was evaluated from the environmental sample. Micropho-
tographs of more than 30 fresh trichomes were taken with 
a digital camera (Olympus DP 70, magnification 400×). 
Five vegetative cells per trichome were measured in 30 tri-
chomes. Dimensions of heterocytes and akinetes could not 
be acquired, as these cell types were regularly missing in the 
environmental sample. But their dimensions were measured 
previously by Ferrari et al. (2011) in another environmental 
sample from the Lower Uruguay River (Nuevo Berlín, No-
vember 2010). Dimensions of vegetative cells and heterocy-

Table 1. Summary of references on the occurrence of  D. uruguayense. References: (1) De León & Chalar (2003); (2) Sienra & Ferrari 
(2006); (3) Chalar et al. (2002); (4) Ferrari unpublished data; (5) Bordet et al. (2012).

Taxonomic name given in  
the referred literary sources

Date Locality Cell density 
(cells.ml–1)

References

Anabaena sp. Mar–92 Salto Grande dam, Uruguay River 1600 (1)

Anabaena cf. spiroides 05–Jan–01 Ramirez Beach – Montevideo, Río 
de la Plata

7960 (2)

Anabaena cf. spiroides 25–Jan–01 Ramirez Beach – Montevideo, Río 
de la Plata

412472 (2)

Anabaena sp. Mar–02 Salto Grande dam, Uruguay River n.d. (3)

Anabaena cf. spiroides 27–Jan–04 Pocitos Beach – Montevideo, Río de 
la Plata

10000 (2)

Anabaena cf. spiroides 06–Feb–09 Fray Bentos, Uruguay River 418000 (4)

Anabaena sp. 27–Jan–10 Salto Grande dam, Uruguay River 322300 (5)



tes were also measured in the cultivated strain shortly after 
its isolation.  Akinete formation was not observed during the 
cultivation. Length:width ratios of vegetative cells, hetero-
cytes and akinetes were used as a rough approximation of 
the cell shapes. All size measurements were performed using 
image analysis (Olympus DP Soft). Basic statistical charac-
teristics such as mean values, 25% and 75% percentiles and 
extreme values were computed for the morphological para-
meters. 

PCR and sequencing. The 16S rRNA gene and ITS region 
were amplified directly from a small sample of biomass of 
strain 7 added to the PCR master mix. The poor growth of 
the strain in culture made it impossible to obtain a higher 
amount of biomass for the DNA extraction. Primers 16S27F 
and 23S30R (Taton et al. 2003) were used and the amplifica-
tion was carried out as follows: one cycle of 5 min at 94 °C; 
10 cycles of 45 s at 94 °C, 45 s at 57 °C, and 2 min at 72 °C; 
25 cycles of 45 s at 94 °C, 45 s at 54 °C, and 2 min at 72 °C; 
and a final elongation step of 7 min at 72 °C. PCR product 
was used as a template for sequencing with primers 16S27F, 
23S30R (Taton et al. 2003), primer CYA781F(a) (Nübel et 
al. 1997), and the reverse complement of Primer 14 (Wilmo-
tte et al. 1993). 

Phylogenetic analyses. Partial sequences of the 16S rRNA 
gene (1410 bp) were aligned using the program BioEdit 

version 7.0.9.0 (Hall 1999) and the alignment was edited 
manually. Phylogenetic trees were constructed by maxi-
mum–likelihood (ML) maximum parsimony (MP) and 
neighbour–joining (NJ) (Saitou & Nei 1987) algorithms in 
the program PAUP* version 4.0b10 (Swofford 2003). The 
topology for the phylogenetic tree was derived from ML. The 
GTR+I+G evolutionary model of substitution was found for 
the best fit to the data using ModelTest 3.7 (Posada 2008). 
The parameters (base frequencies, rate matrix of sub-
stitution types and shape of gamma distribution) were 
estimated from the data. 100, 1000 and 1000 bootstrap 
replicates were performed for ML, MP and NJ analysis, 
respectively. The nucleotide sequence was deposited at Gen-
Bank under the accession number KC297495. P–distances 
(%) based on the 16S rRNA gene sequences (1270 bp) were 
computed in BioEdit for selected strains representing species 
morphologically similar to D. uruguayense strain 7 and/or 
closest megablast matches from GenBank.

Comparison with similar strains from the Czech Re-
public. Morphology of the Uruguayan strain 7 was com-
pared with selected Dolichospermum strains with coiled tri-
chomes from the Czech Republic that were highly similar 
both from morphological and phylogenetic points of view. 
The list of Dolichospermum strains used in this study is pro-
vided in Table 2. The polyphasic approach was applied on 
these strains using the same methods as were used for the 

Table 2. Dolichospermum strains used in this study. Abbreviations: (acc. no.) accession number; (CZ) Czech Republic; (D.) Dolichospermum. 
Detailed characteristics of the strains except of strain 7 were published by Zapomělová (2008).

Strain
code

Species
(morphospecies)

Sampling site Year of
isolation

GenBank
acc. no.Locality name GPS coordinates

Strain7 D. uruguayense 
sp. nov.

Lower Uruguay 
River, Uruguay

33°6'24.94"S, 58°15'36.56"W 2010 KC297495

04–21 D. crassum Homolský 
fishpond, CZ

48°57'47.84"N, 14°23'24.96"E 2004 KC297496

04–22 D. circinale Husinec 
reservoir, CZ

49°2'17.62"N, 13°59'33.80"E 2004 FN691910

04–26 D. crassum Jesenice 
reservoir, CZ

50°5'1.88"N, 12°28'29.71"E 2004 AM940218

04–28 D. circinale Hodějovický 
fishpond, CZ

48°56'36.63"N, 14°29'35.88"E 2004 AM940219

04–29 D. crassum Hodějovický 
fishpond, CZ

48°56'36.63"N, 14°29'35.88"E 2004 KC297497

04–46 D. circinale Svět fishpond, 
CZ

49°0'2.30"N, 14°46'17.05"E 2004 KC297498

04–53 D. flos–aquae Švarcenberk 
fishpond, CZ

49°8'52.5"N, 14°42'31.68"E 2004 FM242088

04–56 D. crassum Vajgar fishpond, 
CZ

49°8'32.32"N, 15°0'14.22"E 2004 KC297499

04–58 D. circinale Vajgar fishpond, 
CZ

49°8'32.32"N, 15°0'14.22"E 2004 KC297500

04–59 D. circinale Valcha fishpond, 
CZ

49°14'34.14"N, 15°10'30.32"E 2004 FN691911

05–09 D. crassum Římov reservoir, 
CZ

48°50'59.94"N, 14°29'29.03"E 2005 KC297501
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strain 7. Their nucleotide sequences were deposited at Gen-
Bank under the accession numbers KC297496–KC297501. 
Morphological and molecular characteristics of strains 
04–22, 04–26, 04–28, 04–53, and 04–59 were previously 
published by Zapomělová et al. (2008, 2010b, 2011) while 
strains 04–21, 04–29, 04–46, 04–56, 04–58, and 05–09 are 
newly characterized in this study. 

Results

Morphology
Morphometric characteristics of the studied Dolicho-
spermum morphospecies are summarized in Table 3. 
Morphologies under natural conditions and during the 
cultivation are also demonstrated in Figs 1–10. 
The Uruguayan Dolichospermum morphospecies dis-
played compactly coiled trichomes, having the coils 
closely attached to each other. Pairs and triple strands 
of trichomes interlaced with each other were frequent-
ly observed (Figs 1, 3, 4) and in these cases, coils wi-
thin one and the same trichome were more distant be-
cause of geometric reasons. This could be observed at 
the ends of these double and triple strands where the 

filaments were sometimes disentangled (Fig. 9), or in 
cases where the trichomes were intertwined but their 
axes of coiling did not overlapped (Figs 3, 4, 10). Ho-
wever, neighbouring coils of the two or three interlaced 
filaments always touched or were situated very close 
to each other, analogously to neighbouring coils of 
solitary trichomes. Vegetative cells were spherical to 
barrel–shaped, under environmental conditions more 
or less isodiametric while under culture conditions sli-
ghtly elongated. Heterocytes and akinetes were extre-
mely rare in natural populations but some heterocytes 
were observed in culture, where they were spherical 
or slightly elongated. The mucilaginous envelope was 
developed only under culture conditions (Figs. 6, 8). 

16S rRNA gene phylogeny
Phylogenetic analyses based on the 16S rRNA gene 
sequences revealed that the studied strain appeared wi-
thin a clade of the genus Dolichospermum. Clustering 
with the closest megablast matches from GenBank, ho-
wever, did not receive significant bootstrap supports in 
any of the three phylogenetic methods used (ML, MP, 
NJ; Fig. 12). The highest detected percentage 16SrR-
NA gene sequence similarity of the studied strain 7 and 
some other Dolichospermum strains was 98.3% (Ta-

Table 3. Morphometric parameters of the original population of the studied Dolichospermum sp., morphology of the isolated strain under 
culture conditions, and a comparison with morphology of the same Dolichospermum sp. observed by Ferrari et al. (2011). The order of the 
data is as follows: (minimum) 25% quartile–mean–75% quartile (maximum). The values are in micrometers (mm), except of the length:width 
ratios that are absolute values.

Morphometric parameters Original natural population 
(November 2010)

Isolated strain (strain 7)  
(isolated in November 
2010, measured  in May 
2012)

Morphology observed 
in 2009 in the Uruguay 
River (Ferrari et al., 
2011)

Vegetative cells

Length (mm) (4.7) 7.0–8.1–9.8 (12.0) (5.4) 8.9–9.5–10.8 (12.3) 6.0–8.0

Width (mm) (7.1) 8.1–8.6–8.9 (9.7) (7.1) 8.2–8.8–9.8 (11.1) 7.6–8.3

Length:width ratio (0.5) 0.8–1.0–1.1 (1.5) (0.6) 1.0–1.1–1.2 (1.4)

Heterocytes

Length (mm) n.o. (8.8) 9.8–10.6–11.3 (13.3) 9.0–12.0

Width (mm) n.o. (8.1) 9.3–10.2–10.7 (11.7) 9.0–12.0

Length:width ratio n.o. (1.0) 1.0–1.1–1.1 (1.2)

Akinetes

Length (mm) n.o. n.o. 22.3–25.0

Width (mm) n.o. n.o. 10.0–12.6

Length:width ratio n.o. n.o.

Trichome coiling   Diameter (19.6) 28.4–29.5–30.8 (41.2) (22.6) 26.7–28.5–30.1 (33.0) 27.0–30.0

Distance (0.0) 0.0–0.2–0.7 (3.0) (0.0) 0.2–0.4–1.2 (3.0)
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Fig. 1–10. The studied Dolichospermum morphospecies under natural conditions (1–5, 7, 9, 10) and in culture (6, 8). Fig. 9 by Haakonsson & 
Pérez. Scale bars represent 10 mm. Symbols: white arrows, heterocytes; black arrow, akinete.

ble 4; strains of D. circinale, D. mucosum, D. smithii, 
D. spiroides, and D. viguieri). The similarity with D. 
pseudocompactum was 97.3% (Table 4). 

Morphological comparison of strain 7 and similar 
strains from the Czech Republic
The majority of the closest megablast matches from 
GenBank with the Uruguayan strain 7 were Dolichos-
permum strains from the Czech Republic. We therefore 

performed a detailed morphological comparison of the 
most similar strains that clustered together with strain 7 
in the phylogenetic tree (cluster 1, Fig. 12) to see how 
similar or different the morphology of strain 7 is.
Vegetative cell length of strain 7 was comparable with 
Czech strains from the morphological complex of spe-
cies D. circinale and D. crassum while its vegetative 
cell width was at the lower limit of their diversity (Fig. 
13). 
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Similarly, akinete length of the Uruguayan cyanobac-
terium was comparable with Czech D. circinale and D. 
crassum strains. On the contrary, its akinetes were ob-
viously narrower than akinetes of the Czech D. circina-
le and D. crassum strains. The values of akinete width 
of strain 7 lay somewhere between akinete widths of 
the D. circinale / D. crassum strains and the strain D. 
flos–aquae 04–53 (Fig. 13).

Trichome coil diameters of strain 7 were at the 
lower limit of coil diameters of Czech D. circinale and 
D. crassum strains. The distances between adjacent tri-
chome coils of strain 7 were significantly lower than 
coil distances in all other strains used for the compari-
son in this study. This parameter ranged from 0.0 mm 
to 3.0 mm (mean value 0.2 mm) in solitary trichomes of 
strain 7, while trichome coil distance of D. flos–aquae 
04–53 strain was 3.8–12.3 mm (mean value 8.3 mm). 
This parameter was even higher in the D. circinale and 
D. crassum strains: 12–94 mm, with mean values be-
tween 22.2 mm and 67.3 mm (depending on the strain; 
Fig. 14).

Occurrence frequency of the studied Dolichosper-
mum sp. in the Lower Uruguay River
The occurrence of the studied Dolichospermum mor-
phospecies in the Lower Uruguay River has been re-
ported since 2006 during spring and summer (Table 
5). The highest abundance (4.2 × 105 cells.ml–1) was 
observed during a Microcystis aeruginosa bloom near 
Fray Bentos site in summer 2009.

Discussion

Morphological features of the studied strain from Uru-
guay did not correspond to any of the Dolichosper-
mum species described so far. The dimensions of all 
cell types, in combination with kidney–shaped akine-

tes, distinguish it from other compactly coiled species 
like D. pseudocompactum, D. compactum, Anabaena 
eucompacta, and Sphaerospermopsis reniformis. Re-
garding dimensions of all cell types, the most similar 
species to strain 7 appears to be D. circinale and D. 
crassum (Table 6). The specific characteristic of the 
Uruguayan morphospecies, however, is the compact 
trichome coiling and kidney–shaped akinetes.

The pronounced morphological difference 
of strain 7 was also apparent in comparison with the 
closest GenBank megablast matches.  D. circinale 
and D. crassum strains and a strain of D. flos–aquae 
04–53 from the Czech Republic differed from strain 7 
in the morphology of trichome coiling. Morphologies 
of other closest matches such as D. affine, D. planc-
tonicum, D. smithii, and D. viguieri were markedly 
different. D. affine, D. planctonicum, D. smithii, and 
D. viguieri strains were characterized by straight tri-
chomes, D. affine formed typical bundles of trichomes 
(morphology of these strains published by Zapomělová 
et al. 2011).

The highest detected percentage 16S rRNA 
gene sequence similarity between the studied strain 7 
and another Dolichospermum representative was 98.3 
% (Table 4). At present, a prokaryotic species is consi-
dered to be a group of strains (including the type strain) 
that are characterized by a certain degree of phenoty-
pic consistency, showing over 97% of 16S ribosomal 
RNA (rRNA) gene–sequence identity (Vandamme et 
al. 1996). From this point of view, strain 7 does not 
fulfill the conditions to be considered a separate spe-
cies, as its similarity to other Dolichospermum species 
is higher than 97%. On the other hand, even higher 
similarities can be observed among obviously different 
and accepted species within the genus Dolichosper-
mum (Table 4). 

To describe and unambiguously classify the 
unique morphospecies of Dolichospermum from the 

Fig. 11. Dolichospermum uruguayense, morphology of trichome coiling, vegetative cells, a heterocyte and an akinete. The scale bar represents 
10 mm. Holotype.
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Table 4. Matrix showing P–distances (%) based on the 16S rRNA gene sequences (1270 bp). All positions containing alignment gaps were only 
eliminated in pairwise sequence comparison. Strains representing species morphologically similar to D. uruguayense strain 7 were selected for 
the matrix, as well as representatives of cluster 1 of the herein presented phylogenetic tree (Fig. 12). The studied strain D. uruguayense strain 
7 is in bold.

1 2 3 4 5 6 7 8 9 10 11 12

1 D. uruguayense 
strain 7

2 D. pseudocompactum 
TAC 538

97.3

3 D. compactum 04–17 97.2 97.7

4 D. compactum 
ANACOM–KOR

97.2 97.7 100.0

5 D. flos–aquae 04–53 98.0 98.1 98.3 98.3

6 D. affine 04–44 98.0 98.7 98.4 98.4 98.9

7 D. affine 05–03 97.6 98.6 98.3 98.3 98.8 99.8

8 D. circinale 04–21 98.3 98.2 98.0 98.0 98.7 99.0 98.7

9 D. circinale 04–56 98.1 98.2 97.9 97.9 98.7 99.0 98.7 99.7

10 D. mucosum 08–09 98.3 98.3 98.0 98.0 98.7 99.1 98.9 99.8 99.8

11 D. smithii 05–05 98.3 98.3 97.9 97.9 98.7 99.1 98.8 99.9 99.8 99.9

12 D. spiroides 04–51 98.3 97.8 97.5 97.5 98.1 98.6 98.3 99.3 99.4 99.4 99.4

13 D. viguieri 08–04 98.3 98.1 97.8 97.8 98.6 98.9 98.7 99.8 99.8 99.8 99.8 99.4

Uruguay River, a taxonomic name is necessary. We 
decided to erect a new species because we suppose an 
establishment of a variety would not be appropriate in 
this case, as it is unclear which one of the existing 
species should include this potential variety. As was 
demonstrated in this study, the Dolichospermum mor-
phospecies from the Uruguay River differs from all 
existing species, although morphological similarities 
with several of them can be found.

Akinetes and heterocytes of this new Dolicho-
spermum species are extremely rare in natural po-
pulations and we therefore decided to select a figure 
as a holotype instead of a preserved sample. This is 
in accordance with rules of the International Code of 
Nomenclature for Algae, Fungi and Plants (Art. 40.5.; 
McNeill et al., 2012). The species is well recogniza-
ble in natural samples even without the specialized 
cells, according to the typical morphology of trichome 
coiling. We tried to induce heterocyte and akinete for-
mation of strain 7 in culture conditions (desiccation, 
modified N or P concentrations, varied light intensi-
ties). Heterocytes differentiated easily under low nit-
rogen while we did not manage to induce akinete for-
mation. This indicates the low ability to form akinetes 
might be an ecological or ecophysiological feature of 
this species, or maybe a genetic feature or a kind of 
adaptation.

This species has been reported from the lower 
Uruguay river (Table 5) and from the Río de la Plata 

estuary (Sienra & Ferrari 2006), in both cases during 
spring and summer periods, reaching high densities to-
gether  with other cyanobacteria as Microcystis aeru-
ginosa. Abundances observed in January 2001 in Río 
de la Plata,  in February 2003 and 2009 at Fray Bentos 
site and in January 2010 at Salto Grande dam, Uruguay 
River (Table 1, Table 5) demonstrate that this cyano-
bacterium can even dominate water blooms, which has 
to be considered when the role of this species in the 
ecosystem is assessed or discussed.

Dolichospermum uruguayense, sp. nov. Kozlíková–
Zapomělová, Ferrari et Pérez 

Description: Coiled trichomes of varying length, 
not attenuated towards ends, without mucilaginous 
sheaths, solitary or in couples and sporadically in tri-
ples, one filament twisted inside another (Figs. 3, 4, 
7, 9), constricted at the cell walls. Diameter of coil-
ing (19.6) 28.4–29.5–30.8 (41.2) mm, distances be-
tween adjacent coils of solitary filaments 0.0–0.2–3.0 
mm. Terminal cells undifferentiated. Vegetative cells 
with finely granular contents and aerotopes, spherical 
or barrel–shaped, compressed during division, (7.1) 
8.1–8.6–8.9 (9.7) mm wide. Heterocytes only interca-
lary, solitary, spherical, (8.1) 9.3–10.2–10.7 (11.7) mm 
wide. Akinetes kidney–shaped, 22.3–25.0 mm long and 
10.0–12.6 mm wide, distant from heterocytes, very rare 
both in the natural population and under culture condi-
tions. Planktic.
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Table 5. Average abundance of Dolichospermum uruguayense (cells.
mL–1) in the Uruguay River from October 2006 to November 2014 
at three sampling sites.

Nuevo 
Berlín

Fray 
Bentos

Las Cañas

Oct–06 55 30 16

Nov–07 27 82

Feb–08 509 624 1451

Feb–09 68 143380 108

Feb–10 30

Nov–10 6903 1414 1597

Feb–11 83 11

Nov–11 1164 494 816

Feb–13 29 29 29

Nov–14 13

Autapomorphic characteristics: Compactness of tri-
chome coiling in combination with the dimensions of 
vegetative cells and akinete shape.
Etymology: The name of the species is derived from 
the Uruguay River, South America, from where the 
type population was described.
Holotype: In accordance with rules of the Internation-
al Code of Nomenclature for Algae, Fungi and Plants 
(Art. 40.5.; McNeill et al., 2012) represented by dried 
material A–055–1, herbarium CBFS, University of 
South Bohemia, České Budějovice, Czech Republic.
Iconotype: Fig. 11.
Type strain: deposited in two official culture collec-
tions: CCALA, Institute of Botany, AS CR, Třeboň, 
Czech Republic, accession no. CCALA987; Culture 
Collection of Algae at Goettingen University (SAG), 
Goettingen, Germany, accession no. SAG 2498.

Diagnosis: Trichomata libere natantia, brevia vel 
longa, circinata, ad apices non attenuata, sine vagi-
nis mucosis, solitaria vel paralleliter in duos vel tres 
conjunctae, inter trichomatibus aliis spiralis inter-
mixta vel contorta, ad septa constricta; spirae (19.6) 
28.4–29.5–30.8 (41.2) mm latae, dense dispositae, ad 
trichomata solitaria 0.0–0.2–3.0 mm distantes; cellu-
lae sphericae vel barriliformes, plus minusve isodia-
metricae, (7.1) 8.1–8.6–8.9 (9.7) mm latae, ante divisi-
onem depressae, ad apices trichomatis non dissimiles. 
Protoplasmate subtiliter granulari cum aerotopis. 
Heterocytae et akineta rare. Heterocytae intercalares, 
sphaericae, solitariae (8.1) 9.3–10.2–10.7 (11.7) mm 
latae. Akineta reniformia, 22.3–25.0 × 10.0–12.6 mm, 
ab heterocytis remota.

Holotypus: Figura nostra 11.

Locus classicus: In plancto fluminis Uruguay, Uru-
guay, America Meridionalis.
Ethymologia: Species secundum locum classicum 
nominata.
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Fig. 13. Morphological comparison of D. uruguayense strain 7 (indicated by arrows) and similar strains from the Czech Republic (for their 
detailed characterization see Table 2). All of these strains clustered together in cluster 1 of the ML phylogenetic tree based on the 16S rRNA 
gene sequences (Fig. 12). Whiskers represent minimal and maximal values, boxes symbolize 25% and 75% percentiles and lines inside boxes 
show mean values.
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