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Abstract
The Hydrodictyaceae family comprises unicellular to colonial 
organisms found mainly in lentic freshwater, oligotrophic or 
eutrophic freshwater environments. We investigated and documented 
the occurrence, frequency, and geographical distribution of 
Hydrodictyaceae in Goiás state, Brazil. A total of 14 infrageneric 
taxa were identified there, including 10 species, 3 varieties, and 1 
taxonomic form, all of which were rare. Pediastrum duplex var. duplex 
f. cohaerens and Pediastrum argentinense were observed in oligo- or
mesotrophic aquatic environments, while Sorastrum americanum
was found in eutrophic waters. Notably, taxa such as Lacunastrum
gracillimum, Parapediastrum biradiatum var. biradiatum, and P. duplex
var. duplex f. cohaerens demonstrated significant plasticity both in
their natural habitats and under laboratory conditions. We discuss
here the taxonomic implications of findings concerning these species 
as well as others within the family Hydrodictyaceae.
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Resumo
A família Hydrodictyaceae compreende organismos unicelulares 
a coloniais, registrada principalmente em ambientes de água 
doce, oligotrófico ou eutrófico. Investigamos e documentamos a 
ocorrência, frequência e distribuição geográfica de Hydrodictyaceae 
no estado de Goiás, Brasil. Um total de 14 táxons infragenéricos 
foram identificados, incluindo 10 espécies, 3 variedades e 1 forma 
taxonômica, todos raros. Pediastrum duplex var. duplex f. cohaerens 
e Pediastrum argentinense foram observados em ambientes aquáticos 
oligotróficos ou mesotróficos, enquanto Sorastrum americanum 
foi encontrado em águas eutróficas. Notavelmente, táxons como 
Lacunastrum gracillimum, Parapediastrum biradiatum var. biradiatum 
e P. duplex var. duplex f. cohaerens demonstraram plasticidade 
significativa tanto em seus habitats naturais quanto em condições 
de laboratório. Discutimos aqui as implicações taxonômicas das 
descobertas relacionadas a essas espécies, bem como outras dentro 
da família Hydrodictyaceae.
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Introduction
The Hydrodictyaceae family includes taxa 

ranging from unicellular to coenobial forms, 
widely distributed globally. The main diacritical 
characteristics of this family are detailed in 
Loaiza-Restano & Bicudo (2014) and Krienitz & 
Bock (2012). This family is commonly observed 
in many oligotrophic to eutrophic aquatic 
environments (Komárek & Fott 1983; Comas 1996). 
The geographical distribution of Hydrodictyaceae 
can be further categorized based on latitude, 
reflecting the cladogenesis of taxa in temperate and 
tropical zones and indicating recent in the family’s 
phylogenetic history (McManus & Lewis 2011).

The Hydrodictyaceae family consists 
of 15 genera (Guiry & Guiry 2021), whose 
cytomorphological characteristics, as well as 
their vegetative and reproductive stages, have 
been described by Parra (1979), Komárek & Fott 
(1983), Loaiza-Restano & Bicudo (2014), Garduño-
Solórzano et al. (2016), and Ramos et al. (2016). The 
molecular characteristics of the family have also 
been studied by Buchheim et al. (2005), McManus 
& Lewis (2005, 2011), and McManus et al. (2011), 
supporting the monophyly of Hydrodictyaceae.

Taxonomy within Hydrodictyaceae is 
primarily based on the analysis of vegetative 
stages and diacritical characters, with phylogenetic 
analysis providing additional support for some 
taxa. However, evolutionary convergence and 
phenotypic plasticity may introduce classification 
errors, resulting in ongoing discussions and 
revisions (e.g., Buchheim et al. 2005).

The first records of Hydrodictyaceae in Brazil 
date to the late 19th century (Bohlin 1897), and its 
taxa have since been documented in all regions of 
that country, particularly in floristic inventories 
(Silva et al. 2001; Paiva et al. 2006; Perbiche-Neves 
et al. 2007; Monteiro et al. 2009; e.g., Rodrigues et 
al. 2010; Silva et al. 2023). Recent studies focusing 
exclusively on the family notably include those by 
Loaiza-Restano & Bicudo (2014) and Ramos et al. 
(2016). Hydrodictyaceae was reported in the central 
region of Brazil in studies conducted by Bohlin 
(1897), Borge (1925), De-Lamônica-Freire (1989), 
De-Lamônica-Freire & Sant’Anna (1993), Nogueira 
& Leandro-Rodrigues (1999), Oliveira & Calheiros 
(2000), Felisberto et al. (2001), Silva et al. (2001), 
Nogueira et al. (2008), Freitas & Loverde-Oliveira 
(2013), D’Alessandro & Nogueira (2017) and Dunck 
et al. 2018, focusing primarily on inventories and 
taxonomy.

Although taxa within Hydrodictyaceae are 
common, some representatives can be difficult 
to differentiate at the species level, as noted by 
Loaiza-Restano & Bicudo (2014). Therefore, further 
taxonomic studies across different locations in 

Brazil are essential for a deeper understanding of 
the family’s diacritical characteristics.

While a few publications have mentioned the 
presence of this family in Goiás state, only a limited 
number of areas have been surveyed. The present 
study, therefore, inventoried and documented the 
occurrence and frequency of Hydrodictyaceae in 
diverse aquatic environments in Goiás State. To 
better understand the morphology of certain some 
taxa within of the family, they were cultivated.

Material and Methods
Goiás state is located in the central-western 

region of Brazil (16°00’23”S, 49°29’08”W) and 
covers a total area of 340,087 km2, with elevations 
ranging from 186 to 1,670 m (IBGE 2010). The state 
experiences a wide range of climatic conditions, 
including types Am, Aw, Cwa, and Cwb according to 
the Köppen classification, with the Aw classification 
being the most prevalent. The mean regional 
temperature is 23.4 ºC, with an annual rainfall rate 
of approximately 1,500 mm, with distinct dry (May 
to September) and wet seasons (October to April) 
(Cardoso et al. 2014). The aquatic environments in 
the state are distributed across three hydrographic 
basins: the Paraná, Tocantins-Araguaia, and São 
Francisco (Fig. 1), with the sampling points being 
found in the first two river basins. The majority 
of the study area consists of neotropical savanna 
vegetation and forests, characteristic of the Brazilian 
Cerrado, which is being impacted by ongoing 
deforestation and degradation of its water resources 
related to agricultural activities (Bayma & Sano 
2015; Latrubesse et al. 2019). The environments 
studied and their characteristics are mentioned in 
Tables 1 and 2.

A total of 425 samples were collected from 
82 municipalities during this study, although 
with Hydrodictyaceae being recorded only in 
10 municipalities and 38 localities (Tab. 2). The 
data sampling and analysis were conducted 
between 2000 and 2018 and represent two of 
the state’s three hydrographic regions (Paraná, 
Tocantins-Araguaia). Phytoplankton samples 
were collected using a 20 μm mesh plankton net, 
and phycoperiphyton samples were obtained by 
scraping various substrates. All samples were fixed 
in Transeau solution (1:1) in transparent glass flasks 
(Bicudo & Menezes 2017) and subsequently stored 
in the Herbarium UFG.

In 2018, material collected from the 
municipality of Britânia was cultivated in ASM1 
culture medium (Jacinavicius et al. 2013) and 
Lacunastrum gracillimum (West & G.S. West) H.A. 
McManus, Pediastrum duplex Meyen var. duplex 
f. cohearens Bohlin, and Parapediastrum biradiatum 
(Meyen) E. Hegewald in Buchheim et al. were 
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subsequently isolated into unialgal cultures 
(Anderson & Kawachi 2005). Lago dos Tigres was 
selected to study the Hydrodictyaceae taxa due to 
the greater occurrence of species from this family.

Part of the algae culture was set aside for 
ultrastructural analysis of the sporopollenin layer. 
That material was fixed in 2% glutaraldehyde, 
dehydrated in an increasing alcohol series (20, 40, 
50, 60, 80, 100%), and then gold-coated for Scanning 
Electron Microscopy (SEM - JSM 6610, JEOL Ltd., 
Tokyo, Japan), following the method adapted 
from Buchheim et al. (2005). The SEM analysis was 
conducted using an electrical potential of 7 to 10 KV, 
at a distance of 11 mm, with a spot size of 25-40 mm.

T h e  t a x o n o m i c  i d e n t i f i c a t i o n  o f 
Hydrodictyaceae taxa was based on the works of 

Komárek & Fott (1983), Parra (1979), and Buchheim 
et al. (2005), using both fixed and live material. 
Approximately 10 slides were prepared from each 
sample and subsequently examined under a optical 
microscope (OM - Zeiss Axioskop 40) equipped 
with a Zeiss Axiocam 350 color digital camera (at 
magnifications of 400 or 1,000). Microphotographs 
and morphometric analyses were performed via 
Zen blue lite 2.5 software. Nomenclatural updates 
and classification followed Krienitz & Bock (2012) 
and the Algaebase system (Guiry & Guiry 2021). 
The terminology recommended by Komárek & 
Jankovská (2001) was used to describe the algae 
observed under SEM. Taxa descriptions included 
metric, morphological, and meristic characteristics, 
and Figures were prepared from both optical and 

Figure 1 – Map showing the the hydrographic regions of Goiás state, along with all sampled municipalities and those 
surveyed in the literature.
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Taxa / Municipalities Aru Bri For FG Goi Iac NC NR SJA SMA Total

L. gracillimum 0,0 14 0,0 0,0 21,5 0,0 0,0 0,0 0,0 0,0 9

M. simplex 7,1 3 3,3 7,1 31 0,0 5,0 0,0 0,0 0,0 7,1

P. biradiatum 0,0 13 0,0 0,0 3,1 0,0 0,0 0,0 0,0 0,0 5,6

P. biradiatum var. longicornutum 0,0 2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,7

P. argentinense 0,0 0,0 3,3 21,4 1,5 0,0 20 5 0,0 0,0 2,4

P. duplex var. duplex 0,0 21,6 0,0 0,0 29,2 0,0 35 5 0,0 29,3 18

P. duplex f. Cohaerens 18 9,4 3,3 14,3 3,1 6 15 0,0 0,0 14,6 8,5

P. cornutum 0,0 1,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,5

S. americanum 0,0 4,7 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2

S. tetras 0,0 23 3,3 0,0 15,4 0,0 0,0 0,0 0,0 7,3 12,5

T. regurare var. bifurcatum 3,6 0,0 0,0 7,1 1,5 0,0 0,0 0,0 0,0 2,4 1

T. caudatum 0,0 0,0 0,0 0,0 7,7 0,0 0,0 0,0 0,0 0,0 1,2

T. minimum 0,0 1,8 0,0 0,0 6,2 0,0 0,0 0,0 5,6 0,0 2

T. triangulare 0,0 1,2 0,0 0,0 7,7 0,0 0,0 0,0 0,0 0,0 1,6

N sample 28 171 30 14 65 17 20 21 18 41 425

Table 1 – Frequency of occurrence (expressed as percentages) of the taxa in each municipality of Goiás state, Brazil (n = 
425), along with the number of samples collected per municipality. Abbreviations of the municipalities sampled in Goiás 
state, Brazil: Aru = Aruanã; Bri = Britânia; For = Formosa; FG = Flores de Goiás; Goi = Goiânia; Iac =Iaciara; NC = Nova 
Crixás; NR = Nova Roma; SJA = São João da Aliança; SMA = São Miguel do Araguaia.

Municipalities Localities Type of 
environment

Water 
flow Trophic level of environments Communities

Aruanã Azul Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

Aruanã Campos Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

Aruanã Cangas Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

Aruanã Dumbazinho Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

Britânia Tigres Lake Lake Lentic Oligo-mesotrophic (Nabout & 
Nogueira 2007; D’Alessandro & 
Nogueira 2018)

Plankton, 
Epiphyton 
and Epiendron

Britânia Tigrinho Lake Lake Lentic No information Plankton and 
Epiphyton

Flores de Goiás Correntes River River Lotico Mesotrophic (Boaventura et al. 2007) Plankton and 
Epiphyton

Flores de Goiás Irrigation dam Dam Lentico Mesotrophic (Boaventura et al. 2007) Plakton

Flores de Goiás Paranã River River Lotic Mesotrophic (Boaventura et al. 2007) Plankton

Goiânia Beija-flor Lagoon Lagoon Lentic No information Plankton

Goiânia Bosque dos Buritis 
Lagoon

Lagoon Lentic Eutrophic (Nogueira et al. 2008) Plankton

Goiânia Jardim Botânico 
Lagoon

Lagoon Lentic Eutrophic (Nogueira et al. 2008) Plankton

Table 2 – Characteristics of the environments studied in the state of Goias with occurrence of Hydrodictyaceae.
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Municipalities Localities Type of 
environment

Water 
flow Trophic level of environments Communities

Goiânia Parque Vaca Brava 
Lagoon

Lagoon Lentic Eutrophic (Nogueira et al. 2008) Plankton

Goiânia Rosas Lagoon Lagoon Lentic Eutrophic (Nogueira et al. 2008) Plankton

Goiânia Samambaia Dam Dam Lentic Oligo-mesotrophic (Nogueira, 1999) Plankton

Formosa Jataí River River Lotic Mesotrophic (Boaventura et al. 2007) Periphyton

Formosa Swamp Swamp Lentic Mesotrophic (Boaventura et al. 2007) Plankton

Iaciara Paranã River River Lotic Mesotrophic (Boaventura et al. 2007) Periphyton

Nova Crixas Bandeirantes Lagoon Lagoon Lentic Mesotrophic (Boaventura et al. 2007) Plankton

Nova Crixás Cocal Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

Nova Crixás Dumbá Grande 
Lagoon

Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

Nova Crixás Fuzil Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

Nova Crixás Landi Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

Nova Crixás São Joaquim Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

Nova Crixás São José dos 
Bandeirantes Lagoon

Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

Nova Roma São Bartolomeu River River Lotic Mesotrophic (Boaventura et al. 2007) Epiphyton

Nova Roma Forquilha River River Lotic Mesotrophic (Boaventura et al. 2007) Epiphyton

S. João da Aliança Macacão River River Lotic Mesotrophic (Boaventura et al. 2007) Epiphyton

S. Miguel do 
Araguaia

Bandeirantes Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

S. Miguel do 
Araguaia

Brito Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

S. Miguel do 
Araguaia

Barra Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

S. Miguel do 
Araguaia

Japonês Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

S. Miguel do 
Araguaia

Luís Alves Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

S. Miguel do 
Araguaia

Montaria Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

S. Miguel do 
Araguaia

Piedade Lagoon Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

S. Miguel do 
Araguaia

Ribeirão Dantas 
Lagoon

Lagoon Lentic Mesotrophic (Nabout et al. 2006) Plankton

SEM observations. Geographic distributions and 
additional comments are provided when necessary.

Ecological information concerning the recorded 
taxa was based on Komárek & Fott (1983), Sant’Anna 
(1984), Comas (1996), Nogueira (1999), Nabout et al. 
(2007), Boaventura et al. (2007), Nogueira et al. (2008), 
D’Alessandro & Nogueira (2017, 2018), and Guiry 

& Guiry (2021), with consideration given to the 
continent when multiple countries were involved.

Frequencies of occurrence were determined 
following Guille (1970) Frequency up to 10% were 
considered rare, between 10% and 50%, inclusive, 
were considered common, and higher than 50% 
were considered constant. The distribution of the 
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family in Goiás State was plotted using Las Palmas 
QGIS 2.18 software. The material examined was 
categorized into two groups: new records for taxa 
not previously recorded, and additional records for 
municipalities cited in previous studies.

Results 
The following key can be used to identify the 

eight genera, ten species, three varieties, and one 
taxonomic form recorded totaling 14 infrageneric 
taxa.

Identification key for Hydrodictyaceae in Goiás state, Brazil

1.	 Isolated cells, 3–5-angular.
2.	 Cells 3-angular..................................................................................................... 14. Tetraedron triangulare
2’.	 Cells 4-angular.

3.	 Cells subquadratic, with rounded corners, with or without 1 papilla.......................................... 	
..........................................................................................................................12. Tetraedron minimum

3’.	 Cells tetrahedral, corners with 2 spines............................. 13. Tetraedron regulare var. bifurcatum
2”.	 Cells 5-angular........................................................................................................11. Tetraedron caudatum

1’.	 Cells arranged in coenobia.
4.	 Coenobium spherical, with pyramidal cells with 4 narrow processes, cells radially disposed, 

converging on a central body.............................................................................9. Sorastrum americanum
4’.	 Coenobium circular, flat to slightly concave, cells not pyramidate, with concentric dispositions.

5.	 Marginal cells 1-lobed......................................................................................2. Monactinus simplex
5’.	 Marginal cells 2-lobed.

6.	 Marginal cells longer than wide, with 1 pair of narrow and equal lobes, extending 3/5 
of the cell length............................................................................. 1. Lacunastrum gracillimum

6’.	 Marginal cells with different constitutions.
7.	 Marginal cells with bifurcate lobes.

8.	 Marginal cells, with median incision extending 2/3 of the cell length............... 	
..................................................................................................... 10. Stauridium tetras

8’.	 Marginal cells with a medium incision extending 1/2 of the cell length........... 	
........................................................................................... Parapediastrum biradiatum 
9.	 Lobules the same length.........3. Parapediastrum biradiatum var. biradiatum
9’.	 Lobules of differing lengths.............................................................................. 	

.............................................4. Parapediastrum biradiatum var. longecornutum
7’.	 Marginal cells with non-bifurcated lobes.

10.	 Conic lobes truncate, extending 1/5–1/2 of the cell length.
11.	 Lobes extending 1/5 of the cell length................5. Pediastrum argentinense
11’.	 Lobes extending 1/2 of the cell length............................. Pediastrum duplex

12.	 One pair of long, non-divergent lobes, marginal cells with a U-shaped 
external incision...................................6. Pediastrum duplex var. duplex 

12’.	 One pair of short divergent lobes, marginal cells with a broad 
V-shaped external incision.......................................................................
............................................7. Pediastrum duplex var. duplex f. cohaerens

10’.	 Lobes extending 2/3 of the cell length.................. 8. Pseudopediastrum cornutum

Taxa recorded in Goiás state, Brazil
Chlorophyta
Chlorophyceae
Hydrodictyaceae
1. Lacunastrum gracillimum (West & GS West) HA 
McManus 2011.	 Fig. 2a-i

Coenobium rounded, flat, 16–32 cells, 2–3 
concentric cell layers, intercellular spaces present. 
Outer pole asymmetrical H-shaped, interconnected 
along 1/3 of the lower portion, the base of the 
cell concave, 1 pair of narrow lobes, elongated, 
of the same size, 3/5 of the cell size, ending in 

short-cylindrical processes, apex truncate, ring 
thickenings, outer incision V-shaped, inner cells 
H-shaped, biconcave, smooth cell walls. Parietal 
chloroplast accompanying the cell shape, 1 central 
pyrenoid. SEM: cell surface smooth, edges of the 
processes with a thickened ring. Coenobium 23.5–
133 µm, outer cells 6–26 × 3.5–19 µm, inner cells 
3.5–18 × 4–18 µm, intercellular spaces 2.2–8.9 µm.
Material examined - new records: Britânia, Tigres Lake, 
15º15’12”S, 51º09’56”W, 13.VII.2004, I.S. Nogueira 903 
(UFG). 15º13’18”S, 51º10’06”W, 14.VII.2004, I.S. Nogueira 
907 (UFG). 15º14’17”S, 51º08’59”W, 19.VIII.2004, I.S. 
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Nogueira 951 (UFG). 15º16’47”S, 51º09’44”W, 16.X.2004, I.S. 
Nogueira 1025 (UFG). 15º15’46”S, 51º08’41”W, 16.X.2004, 
I.S. Nogueira 1027 (UFG). 15º15’12”S, 51º08’33”W, 
16.X.2004, I.S. Nogueira 1028 (UFG). 15º13’43”S, 
51º09’14”W, 17.X.2004, I.S. Nogueira 1031 (UFG). 
15º13’18”S, 51º10’06”W, 17.X.2004, I.S. Nogueira 1032 
(UFG). 15º15’46”S, 51º08’41”W, 5.XI.2004, I.S. Nogueira 
1119 (UFG). 15º16’47”S, 51º09’44”W, 17.VII.2008, I.S. 
Nogueira 1228 (UFG). 15º15’12”S, 51º08’33”W, 17.VII.2008, 
I.S. Nogueira 1231 (UFG). 15º14’09”S, 51º09’27”W, 
17.VII.2008, I.S. Nogueira 1233 (UFG). 15º16’47”S, 
51º09’44”W, 19.VIII.2008, I.S. Nogueira 1241 (UFG). 
15º13’43”S, 51º09’14”W, 19.VIII.2008, I.S. Nogueira 1247 
(UFG). 15º15’12”S, 51º08’33”W, 19.X.2008, I.S. Nogueira 
1270 (UFG). 15º14’09”S, 51º09’27”W, 19.X.2008, I.S. 

Nogueira 1272 (UFG). 15º16’47”S, 51º09’44”W, 15.XI.2008, 
I.S. Nogueira 1280 (UFG). 15º16’17”S, 51º09’10”W, 
15.XI.2008, I.S. Nogueira 1281 (UFG). 15º15’12”S, 
51º08’33”W, 15.XI.2008, I.S. Nogueira 1283 (UFG). 
15º14’09”S, 51º09’27”W, 15.XI.2008, I.S. Nogueira 1285 
(UFG). 15º13’43”S, 51º09’14”W, 16.XI.2008, I.S. Nogueira 
1286 (UFG). 15º15’12”S, 51º08’33”W, 11.XII.2008, I.S. 
Nogueira 1296 (UFG). 15º13’43”S, 51º09’14”W, 12.XII.2008, 
I.S. Nogueira 1299 (UFG). 15º15’46”S, 51º08’41”W, 21.I.2009, 
I.S. Nogueira 1308 (UFG).
Additional material examined - previously recorded: 
BRAZIL. GOIÁS: Goiânia, Beija-flor Lake, E.B. 
D’Alessandro (UFG 40241). 16°39’11”S, 49°13’87”W, 
26.VIII.2007, I.S. Nogueira 1146 (UFG). 16°39’11”S, 
49°13’87”W, 26.VIII.2007, I.S. Nogueira 1147 (UFG). 

Figure 2 – a-i. Figures of in situ and cultivated material of Lacunastrum gracillimum via OM (Optical Microscopy) and SEM
(Scanning Electron Microscopy) – a. In situ. b-i. cultivated. a-g. OM, scale bar = 10 µm. h-i. SEM, scale bar = 1 µm. (fixed
replica, IS Nogueira).

a b c

e f

g h i

d
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16°39’11”S, 49°13’87”W, 2.IX.2007, I.S. Nogueira 1150 
(UFG). 16°39’11”S, 49°13’87”W, 9.IX.2007, I.S. Nogueira 
1152 (UFG 40249). 16°39’11”S, 49°13’87”W, 9.IX.2007, I.S. 
Nogueira 1153 (UFG). 16°39’11”S, 49°13’87”W, 16.IX.2007, 
I.S. Nogueira 1155 (UFG). 16°39’11”S, 49°13’87”W, 
16.IX.2007, I.S. Nogueira 1156 (UFG 40252). 16°39’12”S, 
49°13’85”W, 30.IX.2007, I.S. Nogueira 1159 (UFG 40256). 
16°39’11”S, 49°13’87”W, 17.I.2008, I.S. Nogueira 1161 (UFG 
40258). 16°39’11”S, 49°13’87”W, 24.I.2008, I.S. Nogueira 
1164 (UFG 40261). 16°39’11”S, 49°13’87”W, 24.I.2008, 
I.S. Nogueira 1165 (UFG 40262). 16°39’11”S, 49°13’87”W, 
31.I.2008, I.S. Nogueira 1167 (UFG 40264). 16°39’11”S, 
49°13’87”W, 7.II.2008, I.S. Nogueira 1171 (UFG 40268). 
D’Alessandro & Nogueira 2017.

This species is recorded in plankton, 
periphyton, and metaphyton of oligotrophic and 
eutrophic environments. Cosmopolitan, with 
records from the United States, South America, 
Europe, and Oceania. 

2. Monactinus simplex (Meyen) Corda 1839.	
	 Fig. 3a

Coenobium rounded, planar to slightly 
concave, 16–32 cells, 2–3 concentric layers, 
intercellular spaces present. Marginal cells conical 
with trapezoidal base, 1/3 laterally joined at the 
base, base straight, 1 straight lobe, long, 2/3 of the 

cell length, ending in a long process, 1/2 of the cell 
length, inner cells subtriangular, sides concave, 
joined at their corners. Chloroplast parietal, 
accompanying the cell shape, 1 central pyrenoid. 
Coenobium 55–98.1 µm, outer cells 15–17 × 7– 9 
µm, inner cells 8–9 µm, intercellular spaces 2–5 µm.
Material examined - new records: Aruanã, Azul Lagoon, 
14º46’65”S, 51º01’82”W, 1.VIII.2000, I.S. Nogueira 672 
(UFG). Campos Lagoon, 14º47’93”S, 51º01’90”W, 
1.III.2001, I.S. Nogueira 713 (UFG). Britânia, Tigrinho Lake, 
15º12’51”S, 51º10’22”W, 14.VII.2004, I.S. Nogueira 943 
(UFG). 15º12’51”S, 51º10’22”W, 20.VIII.2004, I.S. Nogueira 
979 (UFG). 15º14’17”S, 51º8’59”W, 16.X.2004, I.S. Nogueira 
1029 (UFG). 15º13’18”S, 51º10’6”W, 17.X.2004, I.S. Nogueira 
1032 (UFG). 15º11’47”S, 51º9’57”W, 20.VIII.2004, I.S. 
Nogueira 955 (UFG). Nova Crixás, Dumbá Grande Lagoon, 
13º42’79”S, 50º48’63”W, 1.II.2002, I.S. Nogueira 649 (UFG).
Additional material examined - previously recorded: 
BRAZIL. GOIÁS: Goiânia, Bosque dos Buritis Lake, 
16°40’83”S, 49°15’68”W, 25.VIII.2000, I.S. Nogueira 615 
(UFG). 16°40’83”S, 49°15’68”W, 15.IX.2000, I.S. Nogueira 
624 (UFG). 16°40’83”S, 49°15’68”W, 8.II.2001, I.S. Nogueira 
659 (UFG). 16°40’83”S, 49°15’68”W, 8.III.2001, I.S. Nogueira 
665 (UFG). 16°40’83”S, 49°15’68”W, 8.VI.2001, I.S. Nogueira 
699 (UFG). 16°40’83”S, 49°15’68”W, 23.VIII.2001, I.S. 
Nogueira 707 (UFG). 16°40’83”S, 49°15’68”W, 4.X.2001, 
I.S. Nogueira 711 (UFG). 16°40’83”S, 49°15’68”W, 
9.XI.2001, I.S. Nogueira 765 (UFG). Jardim Botânico Lake, 

Figure 3 – a-h. Figure of in situ and cultivated material via OM (optical microscopy) – a. Monactinus simplex; b. 
Parapediastrum biradiatum var. biradiatum. c-e. P. biradiatum var. biradiatum. f-h. P. argentinense. In situ: a-b, f-h; cultivated: 
c-e. Scale bar = 10 µm (a. IS Nogueira 617; b. IS Nogueira 1119; c. IS Nogueira; d. IS Nogueira 1280; e. IS Nogueira 656).
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16°43’48”S, 49°15’16”W, 25.VIII.2000, I.S. Nogueira 618 
(UFG). 16°43’48”S, 49°15’16”W, 8.II.2001, I.S. Nogueira 655 
(UFG). Parque Vaca Brava Lake, 16°42’54”S, 49°16’25”W, 
8.II.2001, I.S. Nogueira 656 (UFG). 16°42’54”S, 49°16’25”W, 
23.VIII.2001, I.S. Nogueira 705 (UFG). Rosas Lake, 
16°40’78”S, 49°16’46”W, 25.VIII.2000, I.S. Nogueira 617 
(UFG). 16°43’48”S, 49°15’16”W, 15.IX.2000, I.S. Nogueira 
621 (UFG). 16°40’78”S, 49°16’46”W, 15.IX.2000, I.S. 
Nogueira 622 (UFG). 16°40’78”S, 49°16’46”W, 8.II.2001, I.S. 
Nogueira 657 (UFG). 16°40’78”S, 49°16’46”W, 8.III.2001, I.S. 
Nogueira 663 (UFG). 16°40’78”S, 49°16’46”W, 8.VI.2001, I.S. 
Nogueira 698 (UFG). 16°40’78”S, 49°16’46”W, 23.VIII.2001, 
I.S. Nogueira 706 (UFG). 16°40’78”S, 49°16’46”W, 9.XI.2001, 
I.S. Nogueira 764 (UFG). Nogueira et al. 2008. Flores de 
Goiás, Correntes River, 14°18’18”S, 46°55’58”W, IX.2004, 
I.S. Nogueira 1076 (UFG). Formosa, Swamp, 15º09’32”S, 
47º28’04”W, IX.2004, I.S. Nogueira 1095 (UFG). Silva 2007.

This species is recorded in plankton, 
periphyton, and metaphyton of mesotrophic to 
eutrophic environments. Cosmopolitan, with 
records from Australia, the Americas, Europe, Asia, 
Africa, Arctic, and Antarctic.

3. Parapediastrum biradiatum (Meyen) E Hegewald 
2005 var. biradiatum.	 Fig. 3b-e

Coenobium circular or a flat spiral, 8–32 cells, 
2–3 concentric cell layers, no spacing between cells. 
Marginal cells polygonal, joined by their bases 
along 1/3 of the cell length, base straight, 2 lobes 
of the same size, elongated, 1/2 of the cell length, 
each one bifurcated into 2 lobules of the same size, 
short, 1/10 of the cell length, with ending processes, 
short-cylindrical, sometimes in a different plane of 
coenobium, apices abrupt-truncate, with a U-shaped 
external incision, inner cells polygonal, with a deep 
central U-shaped incision, joined together along 
their entire extension, cell wall smooth. Chloroplast 
parietal, 1 central pyrenoid. Coenobium 25–40 µm, 
outer cells 7–13 × 6–8 µm, inner cells 6–7 µm.
Material examined - new records: Britânia, Tigres Lake, 
15º17’57”S, 51º10’07”W, 4.VI.2004, I.S. Nogueira 876 (UFG). 
15º15’12”S, 51º08’33”W, 4.VI.2004, I.S. Nogueira 878 (UFG). 
15º14’09”S, 51º09’27”W, 5.VI.2004, I.S. Nogueira 892 (UFG). 
15º15’46”S, 51º08’41”W, 9.IX.2004, I.S. Nogueira 989 (UFG). 
15º15’46”S, 51º08’41”W, 16.X.2004, I.S. Nogueira 1027 
(UFG). 15º15’12”S, 51º08’33”W, 16.X.2004, I.S. Nogueira 
1028 (UFG). 15º16’17”S, 51º09’10”W, 17.VII.2008, I.S. 
Nogueira 1229 (UFG). 15º15’12”S, 51º08’33”W, 19.VIII.2008, 
I.S. Nogueira 1244 (UFG). 15º14’09”S, 51º09’27”W, 
19.VIII.2008, I.S. Nogueira 1246 (UFG). 15º15’12”S, 
51º08’33”W, 16.IX.2008, I.S. Nogueira 1257 (UFG). 
15º14’17”S, 51º08’59”W, 19.X.2008, I.S. Nogueira 1271 
(UFG). 15º14’09”S, 51º09’27”W, 19.X.2008, I.S. Nogueira 
1272 (UFG). 15º13’43”S, 51º09’14”W, 20.X.2008, I.S. 
Nogueira 1273 (UFG). 15º16’17”S, 51º9’10”W, 15.XI.2008, I.S. 
Nogueira 1281 (UFG). 15º14’17”S, 51º08’59”W, 15.XI.2008, 
I.S. Nogueira 1283 (UFG). 15º14’09”S, 51º09’27”W, 
15.XI.2008, I.S. Nogueira 1285 (UFG). 15º15’12”S, 
51º08’33”W, 11.XII.2008, I.S. Nogueira 1296 (UFG). 
15º14’17”S, 51º08’59”W, 11.XII.2008, I.S. Nogueira 1297 
(UFG). 15º13’43”S, 51º09’14”W, 12.XII.2008, I.S. Nogueira 
1299 (UFG). 15º11’47”S, 51º09’57”W, 12.XII.2008, I.S. 

Nogueira 1301 (UFG). 15º16’47”S, 51º09’44”W, 21.I.2009, 
I.S. Nogueira 1306 (UFG). 15º14’09”S, 51º09’27”W, 21.I.2009, 
I.S. Nogueira 1311 (UFG).
Additional material examined - previously recorded: 
BRAZIL. GOIÁS: Goiânia, Parque Vaca Brava Lake, 
16°42’54”S, 49°16’25”W, 8.II.2001, I.S. Nogueira 656 
(UFG). Jardim Botânico Lake, 16°43’48”S, 49°15’16”W, 
23.VIII.2001, I.S. Nogueira 704 (UFG). Nogueira et al. 2008.

This species is recorded in plankton. 
Cosmopolitan, with records from the Americas, 
Asia, and Europe.

When Parapediastrum biradiatum var. 
biradiatum was collected and isolated for unialgal 
cultivation, it was observed that the cells of the 
coenobium exhibited morphological variability. 
In the unialgal culture medium, morphotypes 
displaying coenobium disconfigurations were 
frequently observed it was possible to record 
morphotypes with disconfigurations of the 
coenobium, transitioning from a concentric 
configuration (Fig. 4d-e) to a spiral configuration 
(Fig. 4f). These morphological changes were more 
pronounced in cultivated specimens compared to 
those in natural populations.

4. Parapediastrum biradiatum var. longicornutum 
(Gutwinski) PMT Sarenko 2011.	 Fig. 5a

Differs from the typical variety by having 
lobes in the same plane, with primary and 
secondary processes, primary processes 1/4 of 
the cell length, secondary processes 1/8 of the cell 
length. Coenobium 30.1 µm, marginal cells 9.7–10 
× 5.2–5.8µm.
Material examined - new records: Britânia, Tigres Lake, 
15º14’09”S, 51º09’27”W, 13.VII.2004, I.S. Nogueira 904 
(UFG). 15º13’43”S, 51º09’14”W, 18.VII.2008, I.S. Nogueira 
1234 (UFG). 15º14’09”S, 51º09’27”W, 15.XI.2008, I.S. 
Nogueira 1285 (UFG).

This species is recorded in plankton from 
oligotrophic to mesotrophic environments in the 
Americas, and Europe.

5. Pediastrum argentinense Bourrelly & Tell 1979.		
	 Fig. 3f-h

Coenobium oblong to elliptic, flat, 32 cells, 
2–3 concentric and compact layers, spacing 
between cells present, irregular. Marginal cells 
sub-rectangular to trapezoidal, joined 1/3 from 
the upper portion and 1/3 from the lower portion, 
external margins concave, inner margin slightly 
concave to straight, 1 pair of short lobes, 1/5 of 
the cell length, both the same size, truncate, lobes 
with slightly granulate surfaces, ending processes 
short-cylindrical, 1/6 of the cell length, inner cells 
sub-rectangular, concave in the median portion, 
joined together at their corners. Chloroplast 
parietal, accompanying the cell shape, 1 central 
pyrenoid. Coenobium 120 µm, cells 13–22 × 9–26 
µm, intercellular spaces 1.4–3.6 µm.



Santos YNS & Nogueira IS10 of 20

Rodriguésia 76: e00382024. 2025

Material examined - new records: Aruanã, Azul lagoon, 
14º46’65”S, 51º01’82”W, 1.VIII.2001, I.S. Nogueira 739 
(UFG). Formosa, Swamp, 15º09’32”S, 47º28’05”W, III.2003, 
I.S. Nogueira 830 (UFG). Flores de Goiás, irrigation dam, 
14º32’12”S, 47º01’51”W, III.2003, I.S. Nogueira 847 (UFG). 
Irrigation dam, 14º32’12”S, 47º01’51”W, IX.2003, I.S. 
Nogueira 1080 (UFG). Marsh, 14º19’30”S, 46º59’26”W, 
III.2003, I.S. Nogueira 841 (UFG). Goiânia, Samambaia 
Dam, 16°35’71”S, 49°16’84”W, 5.IV.2000, I.S. Nogueira (UFG 
11332). Nova Crixás, Bandeirantes Lagoon, 13º44’56”S, 
50º52’99”W, 1.VIII.2000, I.S. Nogueira 682 (UFG). Cocal 
Lagoon, 13º44’56”S, 50º52’99”W, 1.II.2000, I.S. Nogueira 
648 (UFG). 13º44’56”S, 50º52’99”W, 1.III.2001, I.S. Nogueira 
725 (UFG). 13º44’56”S, 50º52’99”W, VIII.2001, I.S. Nogueira 
750 (UFG). Nova Roma, São Bartolomeu River, 14º05’14”S, 
47º07’33”W, IX.2003, I.S. Nogueira 1069 (UFG).

This species is recorded in plankton and 
periphyton. Oligo- or mesotrophic environments. 
Neotropical taxon, there are records from the 
Americas.

Pediastrum argentinese was described based on 
the net-like arrangement of its marginal cells and 
reticulate cell walls. This species is a neotropical 
taxon first recorded for Argentina by Tell (1979) 
and subsequently recorded for Paraguay, Brazil, 
and Cuba (Bohlin 1897; Comas 1996; Komárek & 
Fott 1983; Parra 1979; Komárek & Jankovská 2001; 
Ramos et al. 2016).

There is some confusion concerning 
this species, as there it shows morphological 
overlapping with two taxonomic forms of  P. 
duplex  var.  duplex  f.  coharens  and f.  rectangularis. 
These taxa will require additional studies, however, 
to be considered a taxonomic synonym, or not, of P. 
argentinese. Although this is a tropical and subtropical 
species, Lenarczyk et al. (2015) recorded fossils of 
this taxon in Europe, and considered the current 
specimens of P. argentinese to be morphologically 
closer to P. duplex var. rugulosum than to f. coharens.

6. Pediastrum duplex Meyen 1829 var. duplex.	
	 Fig. 4a

Coenobium circular, planar to slightly 
concave, 8–16 cells, 2–3 concentric layers of 
cells, intercellular spaces present. Marginal cells 
polygonal, H-shaped, asymmetric, joined for 1/3 
of their lower portion, base of the cell straight 
to discreetly concave, 1 pair of lobes narrowing 
to the apex, 1/2 of the cell length, of equal size, 
conical-truncate ending processes, 1/3 of the cell 
length, apices with delicate thickenings, base of 
the lobe bloated, external incision U-shaped, inner 
cells polygonal to sub-rectangular, at least one of 
their sides concave, joined together at their corners. 

Figure 4 – a-e. Figure of in situ and cultivated material via OM (optical microscopy) – a. Pediastrum duplex var. duplex; b. 
Sorastrum americanum; c-d. Stauridium tetras; e. Tetraedron triangulare. Scale bar = 10 µm (Fixed replica, IS Nogueira).
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Chloroplast parietal, accompanies the cell shape, 1 
central pyrenoid. Coenobium 61.1–70.2 µm, outer 
cells 11.1–12 × 10–11.2 µm, inner cells 10–12.5 × 
15.5–16.7, intercellular spaces 2.2–5.5 µm.
Material examined - new records: Britânia, Tigres Lake, 
15º14’09”S, 51º09’27”W, 4.VI.2004, I.S. Nogueira 880 
(UFG). 15º15’46”S, 51º08’41”W, 13.VII.2004, I.S. Nogueira 
902 (UFG). 15º15’12”S, 51º08’33”W, 13.VII.2004, I.S. 
Nogueira 903 (UFG). 15º13’43”S, 51º09’14”W, 14.VII.2004, 
I.S. Nogueira 906 (UFG). 15º11’47”S, 51º09’57”W, 
14.VII.2004, I.S. Nogueira 908 (UFG). 15º18’58”S, 
51º09’56”W, 19.VIII.2004, I.S. Nogueira (UFG 29895). 
15º17’57”S, 51º10’07”W, 19.VIII.2004, I.S. Nogueira 946 
(UFG). 15º16’47”S, 51º09’44”W, 19.VIII.2004, I.S. Nogueira 
947 (UFG). 15º15’12”S, 51º08’33”W, 19.VIII.2004, I.S. 
Nogueira 950 (UFG). 15º14’17”S, 51º08’59”W, 19.VIII.2004, 
I.S. Nogueira 951 (UFG). 15º14’09”S, 51º09’27”W, 
19.VIII.2004, I.S. Nogueira 952 (UFG). 15º13’18”S, 
51º10’06”W, 20.VIII.2004, I.S. Nogueira 954 (UFG). 
15º17’57”S, 51º10’07”W, 9.IX.2004, I.S. Nogueira 986 
(UFG). 15º16’47”S, 51º09’44”W, 9.IX.2004, I.S. Nogueira 987 

(UFG). 15º16’17”S, 51º09’10”W, 9.IX.2004, I.S. Nogueira 988 
(UFG). 15º15’12”S, 51º08’33”W, 9.IX.2004, I.S. Nogueira 990 
(UFG). 15º14’17”S, 51º08’59”W, 9.IX.2004, I.S. Nogueira 991 
(UFG). 15º16’47”S, 51º09’44”W, 16.X.2004, I.S. Nogueira 
1025 (UFG). 15º15’12”S, 51º08’33”W, 16.X.2004, I.S. 
Nogueira 1028 (UFG). 15º14’17”S, 51º08’59”W, 16.X.2004, 
I.S. Nogueira 1029 (UFG). 15º14’09”S, 51º09’27”W, 
16.X.2004, I.S. Nogueira 1030  (UFG). 15º13’43”S, 
51º09’14”W, 17.X.2004, I.S. Nogueira 1031 (UFG). 
15º11’47”S, 51º09’57”W, 17.X.2004, I.S. Nogueira 1033 
(UFG). 15º18’58”S, 51º09’56”W, 5.XI.2004, I.S. Nogueira 
1115 (UFG). 15º17’57”S, 51º10’07”W, 5.XI.2004, I.S. 
Nogueira 1116 (UFG). 15º16’47”S, 51º09’44”W, 5.XI.2004, 
I.S. Nogueira 1117 (UFG). 15º16’17”S, 51º09’10”W, 
5.XI.2004, I.S. Nogueira  1118  (UFG). 15º15’46”S, 
51º08’41”W, 5.XI.2004, I.S. Nogueira 1119 (UFG). 
15º15’12”S, 51º08’33”W, 5.XI.2004, I.S. Nogueira 1120 
(UFG). 15º14’17”S, 51º08’59”W, 5.XI.2004, I.S. Nogueira 
1121 (UFG). 15º13’43”S, 51º09’14”W, 6.XI.2004, I.S. 
Nogueira 1123 (UFG). 15º13’18”S, 51º10’06”W, 6.XI.2004, 
I.S. Nogueira 1124 (UFG). 15º11’47”S, 51º09’57”W, 

Figure 5 – a-e. Schematic figures, via OM (optical microscopy) – a. Parapediastrum biradiatum var. longicornutum; b. 
Pseudopediastrum cornutum; c. Tetraedron caudatum; d. T. minimum; e. T. regulare var. bifurcatum. The scale bar is approximately 
10 µm (a. I.S. Nogueira 617; b. I.S. Nogueira 1121; c. I.S. Nogueira 655; d. I.S. Nogueira 622; e. I.S. Nogueira 630).
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6.XI.2004, I.S. Nogueira 1125 (UFG). Tigrinho Lake, 
15º14’38”S, 51º10’38”W, 5.VI.2004, I.S. Nogueira 897 
(UFG). 15º12’51”S, 51º10’22”W, 14.VII.2004, I.S. Nogueira 
940 (UFG). 15º12’51”S, 51º10’22”W, 14.VII.2004, I.S. 
Nogueira 941 (UFG). 15º14’38”S, 51º10’38”W, 14.VII.2004, 
I.S. Nogueira 943 (UFG). Nova Crixás, Fuzil Lagoon, 
14º00’06”S, 50º51’57”W, 1.II.2000, I.S. Nogueira 645 
(UFG). Landi Lagoon, 13º56’34”S, 50º50’42”W, 1.II.2000, 
I.S. Nogueira 646 (UFG). 13º56’34”S, 50º50’42”W, 
1.III.2001, I.S. Nogueira 723 (UFG). São Joaquim Lagoon, 
13º51’36”S, 50º50’24”W, 1.VIII.2000, I.S. Nogueira 681 
(UFG). São José dos Bandeirantes Lagoon, 13º42’79”S, 
50º48’63”W, 1.II.2000, I.S. Nogueira 649 (UFG). 13º42’79”S, 
50º48’63”W, 1.VIII.2001, I.S. Nogueira 751 (UFG). São 
Miguel do Araguaia, Bandeirantes Lagoon, 13º26’020”S, 
50º38’936”W, 1.VIII.2000, I.S. Nogueira 687 (UFG). Barra 
Lagoon, 13º21’510”S, 50º37’142”W, 1.VIII.2001, I.S. 
Nogueira 733 (UFG). 13º21’510”S, 50º37’142”W, 1.VIII.2001, 
I.S. Nogueira 757 (UFG). Brito Lagoon, 13º10’076”S, 
50º34’990”W, 1.VIII.2001, I.S. Nogueira 736 (UFG). 
13º10’076”S, 50º34’990”W, 1.VIII.2001, I.S. Nogueira 760 
(UFG). Cocal Lagoon, 13º26’020”S, 50º38’936”W, 1.II.2000, 
I.S. Nogueira 640 (UFG). 13º26’020”S, 50º38’936”W, 
1.VIII.2000, I.S. Nogueira 686 (UFG). Japonês Lagoon 
13º21’510”S, 50º37’142”W, 1.III.2001, I.S. Nogueira 691 
(UFG). 13º26’020”S, 50º38’936”W, 1.VIII.2001, I.S. Nogueira 
754 (UFG). Luís Alves Lagoon, 13º13’488”S, 50º34’296”W, 
1.VIII.2001, I.S. Nogueira 758 (UFG). 13º13’488”S, 
50º34’296”W, 1.VIII.2001, I.S. Nogueira 759 (UFG). 
Montaria Lagoon, 13º23’478”S, 50º42’555”W, 1.VIII.2001, 
I.S. Nogueira 755 (UFG). Piedade Lagoon, 13º23’478”S, 
50º42’555”W, 1.VIII.2000, I.S. Nogueira 688 (UFG). 
Additional material examined - previously recorded: 
BRAZIL. GOIÁS: Goiânia, Bosque dos Buritis Lake, 
16°40’83”S, 49°15’68”W, 25.VIII.2000, I.S. Nogueira 615 
(UFG). 16°40’83”S, 49°15’68”W, 15.IX.2000, I.S. Nogueira 
624 (UFG). 16°40’83”S, 49°15’68”W, 23.VIII.2001, I.S. 
Nogueira 707 (UFG). 16°40’83”S, 49°15’68”W, 4.X.2001, 
I.S. Nogueira 711 (UFG). Jardim Botânico Lake, 16°43’48”S, 
49°15’16”W, 25.VIII.2000, I.S. Nogueira 618 (UFG). 
16°43’48”S, 49°15’16”W, 8.II.2001, I.S. Nogueira 655 
(UFG). 16°43’48”S, 49°15’16”W, 8.III.2001, I.S. Nogueira 
661 (UFG). 16°43’48”S, 49°15’16”W, 23.VIII.2001, I.S. 
Nogueira 704 (UFG). 16°43’48”S, 49°15’16”W, 4.X.2001, I.S. 
Nogueira 708 (UFG). 16°43’48”S, 49°15’16”W, 9.XI.2001, I.S. 
Nogueira 762 (UFG). Parque Vaca Brava Lake, 16°42’54”S, 
49°16’25”W, 8.III.2001, I.S. Nogueira 662 (UFG). 16°42’54”S, 
49°16’25”W, 23.VIII.2001, I.S. Nogueira 705 (UFG). Rosas 
Lake, 16°43’48”S, 49°15’16”W, 15.IX.2000, I.S. Nogueira 621 
(UFG). 16°40’78”S, 49°16’46”W, 15.IX.2000, I.S. Nogueira 
622 (UFG). 16°40’78”S, 49°16’46”W, 8.II.2001, I.S. Nogueira 
657 (UFG). 16°40’78”S, 49°16’46”W, 8.III.2001, I.S. Nogueira 
663 (UFG). 16°40’78”S, 49°16’46”W, 8.VI.2001, I.S. Nogueira 
698 (UFG). 16°40’78”S, 49°16’46”W, 23.VIII.2001, I.S. 
Nogueira 706 (UFG). 16°40’78”S, 49°16’46”W, 9.XI.2001, 
I.S. Nogueira 764 (UFG). Nogueira et al. 2008. Nova Roma, 
Forquilha River, 13°57’42”S, 46°58’57”W, IX.2004, I.S. 
Nogueira 1065 (UFG). Silva 2007.

This species is recorded in plankton, 
metaphyton, and periphyton in oligotrophic, 
mesotrophic,  or eutrophic environments. 
Cosmopolitan, with records from Australia, the 
Americas, Asia, Africa, the Arctic, the Antarctic, 
and Europe.

7. Pediastrum duplex var. duplex f. cohaerens Bohlin 
1897.	 Fig. 6a-i

Coenobium oblong or circular, planar to 
concave, 16–32 cells, 2–3 concentric cell layers, 
intercellular spaces present. External cells polygonal, 
joined together by 1/4 of their upper portion and 
1/3 of their lower portion, with 1 pair of short lobes, 
1/2 the cell length, divergent and equal, conical, 
joined to the neighboring cell lobe in an overlapping 
manner, older coenobia may slough off, discrete 
apical annular thickening, short process, 1/4 of 
the cell length, conical, broad V-shaped incision, 
inner cells H-shaped, with concave sides, joined 
together at their corners, cell wall slightly reticulate. 
Chloroplast parietal, accompanying the cell shape, 1 
central pyrenoid. SEM: cell with reticulate surface, 
formed by densely thickened striations, distributed 
in parallel, with regions of interconnection, with 
clear granular thickenings, tip of the processes with 
a dense annular thickening. Coenobium 48.5–117 
µm, outer cells 4–23 × 5.5–18 µm, inner cells 6–20 
× 5.5–15 µm.
Material examined - new records: Aruanã, Azul Lagoon, 
14º46’647”S, 51º01’816”W, 1.II.2000, I.S. Nogueira 631 
(UFG). 14º46’647”S, 51º01’816”W, III.2001, I.S. Nogueira 
714 (UFG). Campos Lagoon, 14º47’927”S, 51º01’903”W, 
1.VIII.2000, I.S. Nogueira 671 (UFG). Cangas lagoon, 
14º38’67”S, 50º59’87”W, 1.VIII.2001, I.S. Nogueira 742 
(UFG). Luís Alves Lagoon, 14º50’474”S, 51º05’759”W, 
1.VIII.2001, I.S. Nogueira 737 (UFG). Britânia, Tigres Lake, 
15º16’47”S, 51º09’44”W, 13.VII.2004, I.S. Nogueira 900 
(UFG). 15º14’17”S, 51º08’59”W, 16.X.2004, I.S. Nogueira 1029 
(UFG). 15º14’17”S, 51º08’59”W, 17.VII.2008, I.S. Nogueira 
1232 (UFG). 15º17’57”S, 51º10’7”W, 19.VIII.2008, I.S. 
Nogueira 1240 (UFG). 15º16’47”S, 51º09’44”W, 19.VIII.2008, 
I.S. Nogueira 1241 (UFG). 15º15’12”S, 51º08’33”W, 
19.VIII.2008, I.S. Nogueira 1244 (UFG). 15º14’09”S, 
51º09’27”W, 19.VIII.2008, I.S. Nogueira 1246 (UFG). 
15º18’58”S, 51º09’56”W, 19.X.2008, I.S. Nogueira 1265 (UFG). 
15º18’58”S, 51º09’56”W, 15.XI.2008, I.S. Nogueira 1278 (UFG). 
15º16’47”S, 51º09’44”W, 15.XI.2008, I.S. Nogueira 1280 
(UFG). 15º16’17”S, 51º09’10”W, 15.XI.2008, I.S. Nogueira 
1281 (UFG). 15º13’43”S, 51º09’14”W, 16.XI.2008, I.S. 
Nogueira 1286 (UFG). 15º15’12”S, 51º08’33”W, 11.XII.2008, 
I.S. Nogueira 1296 (UFG). Tigrinho Lake, 15º12’51”S, 
51º10’22”W, 5.VI.2004, I.S. Nogueira 883 (UFG). 15º14’38”S, 
51º10’38”W, 5.VI.2004, I.S. Nogueira 897 (UFG). 15º14’38”S, 
51º10’38”W, 10.IX.2004, I.S. Nogueira 1018 (UFG). Formosa, 
Swamp, 15º09’32”S, 47º28’05” W IX.2003, I.S. Nogueira 
829 (UFG). Flores de Goiás, irrigation dam, 14º32’12”S, 
47º01’51”W, III.2003, I.S. Nogueira 847 (UFG). Paranã River, 
14°27’21”S, 47°06’05”W, IX.2003, I.S. Nogueira 1081 (UFG). 
Goiânia, Samambaia Dam, 16°35’71”S, 49°16’84”W, IX.2006, 
I.S. Nogueira (UFG). Iaciara, Paranã River, 14º02’49”S, 
46º50’25” W IX.2003, I.S. Nogueira 1058 (UFG). Nova Crixás, 
Cocal Lagoon, 13º51’361”S, 50º48’63”W, 1.II.2000, I.S. 
Nogueira 648 (UFG). 13º51’361”S, 50º48’63”W, 1.VIII.2000, 
I.S. Nogueira 682 (UFG). 13º51’361”S, 50º48’63”W, 
1.III.2001, I.S. Nogueira 725 (UFG). 13º51’361”S, 50º48’63”W, 
1.VIII.2001, I.S. Nogueira 750 (UFG). Bandeirantes Lagoon, 
13º42’79”S, 50º48’63”W, 1.VIII.2000, I.S. Nogueira 683 (UFG). 
São Miguel do Araguaia, Montaria Lagoon, 13º23’478”S, 
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50º42’555”W, 1.VIII.2001, I.S. Nogueira 756 (UFG). São 
José dos Bandeirantes Lagoon, 13º35’56 2”S, 50º45’749”W, 
1.III.2001, I.S. Nogueira 728 (UFG). Piedade Lagoon, 13º35’56 
2”S, 50º45’749”W, 1.II.2000, I.S. Nogueira 642 (UFG). 
13º35’56 2”S, 50º45’749”W, 1.VIII.2000, I.S. Nogueira 684 
(UFG). 13º35’562”S, 50º45’749”W, 1.VIII.2001, I.S. Nogueira 
752 (UFG).
Additional material examined - previously recorded: 
BRAZIL. GOIÁS: Formosa, Swamp, 15º09’32”S, 47º28’04”W, 
III.2004, I.S. Nogueira 829 (UFG). Flores de Goiás, irrigation 
dam, 14º32’12”S, 47º01’50”W, III.2004, I.S. Nogueira 847 
(UFG). Paranã River, 14°27’20”S, 47°06’05”W, IX.2004, I.S. 
Nogueira 1081 (UFG). Iaciara, Paranã River, 14º02’49”S, 
46º50’24”W, IX.2004, I.S. Nogueira 1058 (UFG). Silva 2007.

This species is recorded in plankton, 
metaphyton, and periphyton of oligotrophic and 
mesotrophic environments. Neotropical taxon, there 
are records from the Americas (Brazil, Mexico, and 
Uruguay).

Pediastrum duplex var. duplex f. cohaerens has 
been the subject of extensive taxonomic issues 
over time. Initially described by Bohlin (1897) 
in Mato Grosso State and Paraguay, this taxon is 
characterized by having divergent lobes joined 
at their extremities, with overlapping processes. 
These lobes tend to detach, however, in the adult 
or senescent phase. Ergashev (1979) elevated it to 

Figure 6 – a-i. Figure of in situ and cultivated material of Pediastrum duplex var. duplex f. cohaerens via OM (optical microscopy) 
and SEM (scanning electron microscopy) – a-c. in situ; d-i. cultivated – a-e. OM; f-j. SEM. (a-b. IS Nogueira 883; c. 1246; d-i. 
Fixed replica, IS Nogueira). Scale bars: a-e. 10 µm; f = 10 µm; g = 5 µm; h-i = 1 µm.
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a variety, but the proposed new combination was 
considered an invalid name according to the Index 
Nominum Algarum.

Different taxonomic positions have been 
proposed for P. duplex var. duplex f. cohaerens. 
Komárek & Jankovoská (2001) considered it a 
synonym of P. argentinensis. Lenarczyk & Saluga 
(2018) suggested that P. duplex var. duplex f. 
cohaerens was more closely related to Pediastrum 
duplex var. rugulosum than to P. argentinense. 
The strain acoi392 was analyzed in studies by 
McManus & Lewis (2011) and Lenarczyk & 
Saluga (2018) and was subsequently assigned 
to P. duplex var. duplex f. cohaerens. However, 
these authors later found that the morphology 
of strain acoi392 was similar to var. rugulosum. 
Other works mentioning f. cohaerens refer to the 
same strain but do not provide an figure of the 
morphotype, making it challenging to characterize 
its cytomorphology. Works citing strain acoi391 
still place it in the genus Pediastrum.

The analysis of marginal cells has been 
considered important by Lenarczyk (2019) for 
identifying coenobium morphospecies of some 
Hydrodictyaceae. In the present study, it was 
evident that P. duplex var. duplex f. cohaerens 
significantly differed from P. argentinense when 
considering the morphology of the marginal cells.

During their cultivation in the present 
study, the morphotypes of P. duplex var. duplex 
f. cohaerens consistently exhibited marginal cells 
with characteristics similar to those described by 
Bohlin (1897), including a deep V-shaped incision 
and processes that often overlap lateral cells. One 
hundred and seventy-one specimens from native 
populations from Tigres Lake were analyzed and 
were found to maintain consistent marginal cell 
characteristics over 15 years of sampling. None of 
the samples, whether cultivated or from natural 
populations, exhibited coenobium similar to those 
of P. argentinense.

The present study analyzed the original 
work as well as recent studies, emphasizing the 
importance of more detailed analyses of tropical 
specimens of P. duplex var. duplex f. cohaerens 
(including DNA information) for determining 
the correct position of this taxonomic form. It 
was therefore deemed appropriate to maintain 
this taxon according to the original work until a 
scientific consensus could be reached, following 
the guidelines of the International Code of Algae, 
Plants, and Fungi.

8. Pseudopediastrum cornutum (Raciborski) 
Lenarczyk 2020.	 Fig. 5b

Coenobium circular, planar to concave, 8–16 
cells, 2–3 concentric layers, intercellular spaces 
present. Marginal cells polygonal, joined together 

along 1/5 of the lower portion, the base of the cell 
planar to concave, 1 pair of lobes, conical-truncate, 
dilated base, 2/3 of the cell length, apices truncate, 
H-shaped, with concave sides, joined together at 
their corners, external incision V-shaped, walls 
granulated. Chloroplast accompanies the cell shape, 
1 pyrenoid. Coenobium 50–98.2 µm, outer cells 
8–18.3 × 6.7–17.8 µm, inner cells 7.5–15 × 6–15 µm, 
intercellular spaces 2.3–7.9 µm.
Material examined - new records: Britânia, Tigres Lake, 
15º14’17”S, 51º08’59”W, 5.XI.2004, I.S. Nogueira 1121 
(UFG). 15º15’12”S, 51º08’33”W, 13.VII.2004, I.S. Nogueira 
903 (UFG).

This species is recorded in plankton 
in oligotrophic, mesotrophic, and eutrophic 
environments. Cosmopolitan, with records from 
the Americas, Europe, and Oceania.

L e n a r c z y k  ( 2 0 1 9 )  e x a m i n e d  t h e 
morphological variability of the infraspecific taxa of 
Pseudopediastrum boryanum and reported significant 
morphological variations in the lobes and processes 
among the different varieties, suggesting a strong 
evolutionary constraint.

Lenarczyk et al. (2020) conducted phylogenetic 
analyses to assess morphological differences and 
their implications for infraspecific taxa. The study 
highlighted that the variability of the marginal cells 
could lead to misinterpretations of the infraspecific 
taxa. Based on statistical and molecular data, 
the authors proposed a new combination for 
Pseudopediastrum boryanum (Turpin) E. Hegewald 
in Buchheim var. cornutum (Raciborski) Tsarenko, 
elevating it to the species level.

9. Sorastrum americanum (Bohlin) Schmidle 
1899.	 Fig. 4b

Coenobium spherical, 8–16 cells, radial 
layout, converging to a conspicuous central body. 
Cells pyramidal, distal portion 4 angled, with 
concave to straight margins, 4 narrow processes, 
long, 1/4 of the cell length, 1 for each angle, 
proximal portion narrowed into a long peduncle 
with a polygonal base, 1/4 of the cell length, 
forming a central polygonal body that joins the cells 
together. Chloroplasts accompany the cell shape, 1 
pyrenoid. Coenobium 50–68.8 µm, cell 30.1–35.4 × 
12–15.4 µm, 8–9.6 µm.
Material examined - new records: Britânia, Tigres Lake, 
15º16’47”S, 51º09’44”W, 9.IX.2004, I.S. Nogueira 987 (UFG). 
15º16’17”S, 51º09’10”W, 9.IX.2004, I.S. Nogueira 988 (UFG). 
15º15’12”S, 51º08’33”W, 9.IX.2004, I.S. Nogueira 990 (UFG). 
15º15’12”S, 51º08’33”W, 5.VI.2004, I.S. Nogueira 1120 
(UFG). 15º18’58”S, 51º09’56”W, 19.VIII.2008, I.S. Nogueira 
1239 (UFG). 15º16’47”S, 51º09’44”W, 21.I.2009, I.S. Nogueira 
1306 (UFG). 15º16’17”S, 51º09’10”W, 21.I.2009, I.S. Nogueira 
1307 (UFG). 15º13’43”S, 51º09’14”W, 22.I.2009, I.S. Nogueira 
1312 (UFG).

This species is recorded in plankton and 
metaphyton of oligotrophic and mesotrophic 
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environments. Cosmopolitan, with records from 
Africa, the Americas, Asia, and Europe. 

10. Stauridium tetras  (Ehrenberg) E Hegewald 
2005.	 Fig. 4c-d

Coenobium circular or cruciate, planar, 
4–8–16 cells, 2–3 concentric layers, no (or rarely) 
intercellular spaces. Marginal cells trapezoidal, 
joined together along 3/4 of the lateral margin, 
cell base straight, 1 pair of lobes of equal sizes, 
elongated, 2/3 of the cell length, each bifurcated into 
2 unequal secondary lobes, the longer (inner) lobe 
1/10 of the cell length, the shorter (external) lobe 
1/20 of the cell length, short-cylindrical processes, 
1/40 of the cell length, inner cells trapezoidal, with a 
deep, narrow, V-shaped incision, secondary incision 
narrow V-shaped, cell wall smooth. Chloroplast 
accompanies the cell shape, 1 central pyrenoid. 
Coenobium 28.3–34.5 µm, outer cells 10.1–10.9 × 
9.5–11 µm, inner cells 9–11 × 9.2–11 µm.
Material examined - new records: Britânia, Tigres Lake, 
15º17’57”S, 51º10’07”W, 4.VI.2004, I.S. Nogueira 876 (UFG). 
15º16’17”S, 51º09’10”W, 4.VI.2004, I.S. Nogueira 877 (UFG). 
15º15’12”S, 51º08’33”W, 4.VI.2004, I.S. Nogueira 878 (UFG). 
15º14’17”S, 51º08’59”W, 4.VI.2004, I.S. Nogueira 879 (UFG). 
15º13’18”S, 51º10’06”W, 4.VI.2004, I.S. Nogueira 881 (UFG). 
15º16’17”S, 51º09’10”W, 13.VII.2004, I.S. Nogueira 901 
(UFG). 15º14’17”S, 51º08’59”W, 13.VII.2004, I.S. Nogueira 
904 (UFG). 15º14’09”S, 51º09’27”W, 13.VII.2004, I.S. 
Nogueira 905 (UFG). 15º11’47”S, 51º09’57”W, 19.VIII.2004, 
I.S. Nogueira 908 (UFG). 15º16’47”S, 51º09’44”W, 
19.VIII.2004, I.S. Nogueira 947 (UFG). 15º16’17”S, 
51º09’10”W, 19.VIII.2004, I.S. Nogueira 948 (UFG). 
15º15’46”S, 51º08’41”W, 19.VIII.2004, I.S. Nogueira 949 
(UFG). 15º15’12”S, 51º08’33”W, 19.VIII.2004, I.S. Nogueira 
950 (UFG). 15º13’18”S, 51º10’06”W, 20.VIII.2004, I.S. 
Nogueira 954 (UFG). 15º16’47”S, 51º09’44”W, 9.IX.2004, I.S. 
Nogueira 987 (UFG). 15º16’17”S, 51º09’10”W, 9.IX.2004, I.S. 
Nogueira 988 (UFG). 15º15’46”S, 51º08’41”W, 9.IX.2004, I.S. 
Nogueira 989 (UFG). 15º15’12”S, 51º08’33”W, 9.IX.2004, I.S. 
Nogueira 990 (UFG). 15º16’47”S, 51º09’44”W, 16.X.2004, I.S. 
Nogueira 1025 (UFG). 15º16’17”S, 51º09’10”W, 16.X.2004, 
I.S. Nogueira 1026 (UFG). 15º15’46”S, 51º08’41”W, 
16.X.2004, I.S. Nogueira 1027 (UFG). 15º15’12”S, 
51º08’33”W, 16.X.2004, I.S. Nogueira 1028 (UFG). 
15º14’17”S, 51º08’59”W, 16.X.2004, I.S. Nogueira 1029 
(UFG). 15º14’9”S, 51º09’27”W, 16.X.2004, I.S. Nogueira 1030 
(UFG). 15º13’43”S, 51º09’14”W, 17.X.2004, I.S. Nogueira 
1031 (UFG). 15º17’57”S, 51º10’07”W, 5.XI.2004, I.S. Nogueira 
1116 (UFG). 15º16’47”S, 51º09’44”W, 5.XI.2004, I.S. Nogueira 
1117 (UFG). 15º16’17”S, 51º09’10”W, 5.XI.2004, I.S. Nogueira 
1118 (UFG). 15º15’46”S, 51º08’41”W, 5.XI.2004, I.S. Nogueira 
1119 (UFG). 15º15’12”S, 51º08’33”W, 5.XI.2004, I.S. Nogueira 
1120 (UFG). 15º14’17”S, 51º08’59”W, 5.XI.2004, I.S. Nogueira 
1121 (UFG). 15º14’9”S, 51º09’27”W, 5.XI.2004, I.S. Nogueira 
1122 (UFG). 15º13’43”S, 51º09’14”W, 6.XI.2004, I.S. Nogueira 
1123 (UFG). 15º13’43”S, 51º09’14”W, 20.X.2008, I.S. 
Nogueira 1273 (UFG). 15º16’47”S, 51º09’44”W, 15.XI.2008, 
I.S. Nogueira 1280 (UFG). 15º14’09”S, 51º09’27”W, 
15.XI.2008, I.S. Nogueira 1285 (UFG). Tigrinho Lake, 
15º14’38”S, 51º10’38”W, 5.VI.2004, I.S. Nogueira 895 (UFG). 
15º14’38”S, 51º10’38”W, 20.VIII.2004, I.S. Nogueira 980 

(UFG). 15º14’38”S, 51º10’38”W, 6.XI.2004, I.S. Nogueira 
1113 (UFG). São Miguel do Araguaia, Montaria Lagoon, 
13º21’510”S, 50º37’142”W, 1.VIII.2001, I.S. Nogueira 
689 (UFG). 13º23’478”S, 50º42’555”W, 1.VIII.2001, 
I.S. Nogueira 756 (UFG). 13º21’510”S, 50º37’142”W, 
1.VIII.2000, (UFG 26889). Formosa, Jataí River, 15º06’58”S, 
47º27’43”W, IX.2003, I.S. Nogueira 1099 (UFG). 13º23’478”S, 
50º42’555”W, 1.VIII.2001 (UFG 26951).
Additional material examined - previously recorded: 
BRAZIL. GOIÁS: Formosa, Jataí River, 15º06’58”S, 
47º27’43”W, IX.2004, I.S. Nogueira 1099 (UFG). Silva 2007

This species is recorded in plankton and 
periphyton from oligotrophic to eutrophic 
environments. Cosmopolitan, with records from 
Africa, the Americas, Asia, Australia, Europe, the 
Arctic, and the Antarctic.

11. Tetraedron caudatum (Corda) Hansgirg 1888.	
	 Fig. 5c

Solitary cell, 5-angular, planar, rounded 
corners with processes extending towards different 
planes. Chloroplast accompanies the cell shape, 1 
pyrenoid. Cell 5–12 µm, processes 0.5–3.8 µm long.
Additional material examined - previously recorded: 
BRASIL. GOIÁS: Goiânia, Jardim Botânico Lake, 
16°43’48”S, 49°15’16”W, 8.II.2001, I.S. Nogueira 655 
(UFG). Parque Vaca Brava Lake, 16°42’54”S, 49°16’25”W, 
23.VIII.2001, I.S. Nogueira 705 (UFG). Rosas Lake, 
16°40’78”S, 49°16’46”W, 8.III.2001, I.S. Nogueira 663 (UFG). 
16°40’78”S, 49°16’46”W, 23.VIII.2001, I.S. Nogueira 706 
(UFG). 16°40’78”S, 49°16’46”W, 25.VIII.2000, I.S. Nogueira 
616 (UFG). Nogueira et al. 2008.

Found in plankton. Cosmopolitan, with 
records from Africa, the Americas, Australia, Asia, 
and Europe.

12. Tetraedron minimum (A Braun) Hansgirg 
1889.	 Fig. 5d

Solitary cell, 4-angular, one of the corners may 
occur in a different plane, corners rounded, with or 
without 1 papilla, concave or straight margins, cell 
wall smooth. 1 pyrenoid. Cells 5.2–11.2 µm long.
Material examined - new records: Goiás, Britânia, Tigres 
Lake, 15º17’57”S, 51º10’07”W, 19.VIII.2004, I.S. Nogueira 
946 (UFG). Tigrinho Lake, 15º14’38”S, 51º10’38”W, 
5.XI.2004, I.S. Nogueira 895 (UFG). 15º14’38”S, 51º10’38”W, 
20.VIII.2004, I.S. Nogueira 981 (UFG). São João da Aliança, 
Macacão River, 14°08’35”S, 47°13’56”W, IX.2003, I.S. 
Nogueira 1109 (UFG). 
Additional material examined - previously recorded: 
BRAZIL. GOIÁS: Goiânia, Bosque dos Buritis Lake, 
16°40’83”S, 49°15’68”W, 23.VIII.2001, I.S. Nogueira 707 
(UFG). Jardim Botânico Lake, 16°43’48”S, 49°15’16”W, 
8.II.2001, I.S. Nogueira 655 (UFG). Rosas lake, 16°40’78”S, 
49°16’46”W, 25.VIII.2000, I.S. Nogueira 617 (UFG). 
16°40’78”S, 49°16’46”W, 23.VIII.2001, I.S. Nogueira 706 
(UFG). Nogueira et al. 2008. 

This species is recorded in plankton from 
eutrophic environments. Cosmopolitan, with 
records from Africa, the Americas, Asia, and 
Europe.
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13. Tetraëdron regulare var. bifurcatum Wille 
1898.	 Fig. 5e

Solitary cell, tetrahedral, sides straight to 
slightly convex, corners with two spines, and cell 
wall smooth. Cell 5.2–11.2 µm long.
Material examined - new records: Aruanã, Dumbazinho 
Lagoon, 14º50’474”S, 51º05’759”W, 1.III.2001, I.S. Nogueira 
630 (UFG). Flores de Goiás, irrigation dam, 14º32’12”S, 
47º01’51”W, III.2003, I.S. Nogueira 847 (UFG). Goiânia, 
Rosas Lake, 16°40’78”S, 49°16’46”W, 25.VIII.2000, I.S. 
Nogueira 616 (UFG). 16°40’81”S, 49°16’44”W, 25.VIII.2000, 
I.S. Nogueira 617 (UFG). São Miguel do Araguaia, Ribeirão 
Dantas Lagoon, 13º30’017”S, 50º44’208”W, 1.II.2000, I.S. 
Nogueira 641 (UFG).

This species is recorded in plankton and 
periphyton from oligotrophic to eutrophic 
environments, more common in eutrophic. 
Cosmopolitan, with records from Africa, the 
Americas, Asia, Australia, Europe, the Arctic, and 
the Antarctic.

14. Tetraedron triangulare Korshikov 1953.		
	 Fig. 4e

Solitary cell, pyramidal, sides generally 
straight, corners rounded, cell wall straight to 
slightly concave. Chloroplast accompanies cell 
shape, 1 central pyrenoid.
Material examined - new records: Britânia, Tigres Lake, 
15º16’17”S, 51º09’10”W, 19.VIII.2004, I.S. Nogueira 948 
(UFG). 15º17’57”S, 51º10’7”W, 5.VI.2004, I.S. Nogueira 
1115 (UFG).
Additional material examined - previously recorded: 
BRAZIL. GOIÁS: Goiânia, Jardim Botânico Lake, 
16°43’48”S, 49°15’16”W, 15.IX.2000, I.S. Nogueira 621 
(UFG). 16°43’48”S, 49°15’16”W, 8.II.2001, I.S. Nogueira 655 
(UFG). 16°43’48”S, 49°15’16”W, 8.II.2001, I.S. Nogueira 656 
(UFG). Rosas Lake, 16°40’78”S, 49°16’46”W, 8.III.2001, I.S. 
Nogueira 663 (UFG). 16°40’78”S, 49°16’46”W, 8.VI.2001, I.S. 
Nogueira 698 (UFG). Nogueira et al. 2008.

This species is recorded in plankton 
in oligotrophic, mesotrophic, and eutrophic 
environments. Cosmopolitan, with records from 
Africa, the Americas, Asia, and Europe.

Tetraedron triangulare is rarely observed in 
Brazil. There are records in oligo- to mesotrophic 
environments in Cuba (Comas 1996). In the 
present study, it was also recorded in a eutrophic 
environment. The populations analyzed were little 
representative, but the cytological characteristics 
were sufficient for correct identification.

Frequency and geographical distribution
The Hydrodictyaceae family exhibits only rare 

occurrences in Goiás state, despite the analysis of a 
substantial number of samples. Even in areas that 
have been extensively sampled, such as Britânia and 
Goiânia, records for the family remain scarce (Tab. 
1). Among the recorded taxa, Pediastrum duplex var. 
duplex (17.9%) and Stauridium tetras (12.5%) were 
common and the most prevalent in the state.

When examining the different municipalities, 
Goiânia showed the highest representation of the 
family, with 11 infrageneric taxa recorded in this 
study, mainly in artificial urban lakes. The most 
frequent taxon in this municipality was Monactinus 
simplex. Municipalities such as São João da Aliança, 
Nova Roma, and Iaciara, on the other hand, had the 
lowest numbers of Hydrodictyaceae.

T h e  g e o g r a p h i c a l  d i s t r i b u t i o n  o f 
Hydrodictyaceae taxa within Goiás state (Fig. 7) 
indicates that there are still regions without any 
representatives, specifically the southern and 
central areas of the state. Artificial urban lakes 
in Goiânia and Lake Tigres in Britânia had the 
highest number of representative taxa, largely 
due to intensive sampling efforts over the years. 
Samples were collected from lentic and lotic 
environments in the southern region of Goiás, but 
no Hydrodictyaceae species were recorded.

Overal l ,  our  f indings  suggest  that 
Hydrodictyaceae are relatively rare in Goiás 
State, although with some localized hotspots of 
occurrence in artificial urban lakes and specific 
natural lakes. The absence of representatives in 
certain regions and environments of the state 
indicates spatial variation in the distribution of 
this family.

Discussion
The distribution of Hydrodictyaceae 

in Goiás state, despite its low frequencies of 
occurrence, is widespread, particularly in lentic 
environments, with only 18.4% of occurrences in 
lotic environments. The state’s climatic conditions, 
characterized by distinct dry and rainy seasons, 
contribute to fluctuations in water volumes in 
lentic aquatic environments, which in turn affect 
water quality (D’Alessandro & Nogueira 2018) and 
may influence the distribution of this family. In this 
study, representatives of Hydrodictyaceae were 
found in environments with varying trophic levels, 
predominantly in eutrophic environments. They 
were less frequent in oligotrophic to mesotrophic 
environments or in lotic environments with upland 
characteristics.

Goiás is an agribusiness-oriented state, and 
many rural areas have undergone strong significant 
transitions from lotic to lentic environments. 
During the rainy season, temporary lentic 
environments form in plateau areas as natural 
aquatic environments increase in depth and 
area, interacting with the surrounding landscape 
in water/land transition zones (Latrubesse et 
al. 2019). However, many of the environments 
sampled in the early 21st century in Goiás no longer 
exist, as they have been drained and converted to 
agricultural use. The importance of old samples 
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from different locations in Goiás, deposited in the 
UFG Herbarium, cannot be overstated, as they have 
helped document the occurrence and geographical 
distribution of taxa, particularly in extinct or 
modified environments. 

T h e  g e o g r a p h i c a l  d i s t r i b u t i o n  o f 
Hydrodictyaceae taxa indicates that the central 
region of the state is predominantly composed of 
mountainous lotic environments. In contrast, lentic 
environments, where representatives of this family 
are most commonly found, are predominantly 
artificial, especially within the urban perimeter of 
Goiânia. In the southern region of the state, lentic 
environments are primarily creek beds, most of 
which have acidic waters (Dunck et al. 2013). Acidic 
conditions are not favorable for the development 
of the Chlorophyceae, including Hydrodictyaceae 
(Brodie & Lewis 2007).

The trophic levels of certain environments 
in Goiás state were analyzed by Nogueira et 
al. (2008), Nabout et al. (2006), D’Alessandro & 
Nogueira (2018), and Silva (2007). Concurrently, the 
physicochemical parameters of their waters were 
in some of the samples collected by these authors 
(Santos et al. in prep.). The higher occurrence of 
Hydrodictyaceae in Goiás appears to be associated 
with eutrophic environments. Representatives of 
this family have been documented in eutrophic 
environments in other parts of Brazil (Sant’Anna et 
al. 1989; Nogueira et al. 2008; Rodrigues et al. 2010; 
Rosini et al. 2012; Lozaiza-Restano & Bicudo 2014, 
among others).

Some Hydrodictyaceae taxa are tolerant 
of eutrophic conditions and their cosmopolitan 
nature facilitates their widespread geographical 
distributions in lentic environments in Goiás. 

Figure 7 – Elevation map showing the geographical localization of the sampling sites (marked by red triangles) where 
representatives of Hydrodictyaceae were collected in state of Goiás, Brazil, based on records from the UFG Herbarium.
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Examples observed in this study include M. simplex, 
P. duplex var. duplex, P. biradiatum var. biradiatum, 
and S. tetras, aligning with the findings of Komárek 
and Fott (1983), Komarek & Jankovská (2001), and 
Comas (1996).

Conversely, certain Hydrodictyaceae 
taxa have been were recorded in clean-water 
environments in Brazil, such as P. argentinense and 
P. duplex var. duplex f. cohaerens. Parapediastrum 
argentinense, for example, has been documented in 
clean-water environments in Bahia State (Ramos 
et al. 2016). Hydrodictyaceae have likewise been 
documented in various types of lentic environments 
in different regions of Brazil (Sant’Anna et al. 
1989; Hentschke & Torgan 2010; Ramos et al. 2016; 
Nogueira et al. 2008).

M a n y  H y d ro d i c t y a c e a e  t a x a  h a v e 
cosmopolitan distributions (e.g., Komárek & Fott 
1983; Sant’Anna 1984; De-Lamônica-Freire & 
Sant’Anna 1993). This study recorded the highest 
number of Hydrodictyaceae taxa for any Brazilian 
state, largely due to the extensive sampling efforts 
in specific environments, such as from Tigres Lake 
in Britânia and urban lakes in Goiânia.

Two taxa special attention in this study: 
Parapediastrum argentinense, a neotropical taxon 
(Parra 1979; Tell 1979; Komarek & Jankovská 2001; 
Garduño-Solórzano et al. 2016) typically occurring 
in oligo to mesotrophic environments in Goiás but 
also with wide distribution in lentic environments 
throughout seven municipalities with similar 
characteristics. It is a rare species closely related 
to P. duplex var. duplex f. cohaerens. Both taxa are 
restricted to environments with comparable trophic 
levels. However, taxonomic issues regarding P. 
duplex var. duplex f. cohaerens have been noted in 
the literature, with frequent confusion with P. 
argentinense (Komarek & Jankovská 2001; Lenarczyk 
& Saluga 2018). Differences in the morphologies of 
the marginal cells of these two taxa, particularly 
regarding the lobes and the medium incisions in 
their V-shaped marginal cells, suggest the need 
for further detailed analyses and comparisons of 
both natural and cultivated populations. Molecular 
analysis of morphotypes aligned with iconotypes 
of these taxa could provide additional insights. 
The importance of marginal cell morphometry 
in Hydrodictyaceae has been highlighted by 
Lenarczyk (2019), particularly in studies of 
coenobium taxa.

Cultivation of P. duplex var. duplex f. cohaerens 
specimens from Goiás revealed that most cultivated 
individuals exhibited coenobium similar to 
those described by Bohlin (1897), including the 
morphology of marginal cells and the respective 
median incision. The same characteristics were 
also observed in natural populations. However, 
no coenobium or marginal cells resembling those 

proposed by Tell (1979) for P. argentinense were 
observed.

Further studies will be needed to refine the 
taxonomy of P. argentinense and P. duplex var. duplex 
f. cohaerens, particularly through molecular analysis 
of these less-studied taxa. Lenarczyk & Saługa 
(2018) analyzed a single strain (ACOI391) from 
Portugal, which they considered as having poor 
phylogenetic support and were unable to identify as 
P. duplex var. duplex f. cohaerens. Confusion between 
P. argentinense and P. duplex var. duplex f. cohaerens is 
so common that Lenarczyk et al. (2015) mistakenly 
identified a specimen of P. duplex var. duplex f. 
cohaerens collected in Uruguay as P. argentinense. P. 
duplex var. duplex f. cohaerens has been continuously 
recorded in Tigres Lake (Britânia, GO) from 2004 
to 2018.

Parapediastrum biradiatum var. biradiatum 
were found in oligo-mesotrophic environments, 
exhibiting both concentric and spiral morphologies. 
While those configurations have not been commonly 
reported in the literature, 10% of the field samples 
displayed spiral coenobia. Such coenobia were 
recorded in Tigres Lake as well as in isolated 
specimens maintained in cultivation. The spiral 
coenobium observed in unialgal culture originated 
from an initially concentric coenobium (Fig. 4f). 
The possibility that spiral morphology arise from 
concentric morphology highlights the need to 
investigate the factors driving these morphological 
variations and their ecological significance.

Parapediastrum biradiatum var. longicornutum 
was recorded in eutrophic environments, 
particularly urban lakes in Goiânia. This suggests 
that different varieties of P. biradiatum exhibit 
preferences for distinct trophic conditions.

The observed trophic preferences of these 
varieties highlight their ecological distinctiveness 
and the ability of the same species to occupy different 
environmental niches. These differences in trophic 
preferences can be attributed to physiological and 
ecological adaptations, enabling efficient resource 
utilization in specific environments. However, 
this raises an important taxonomic question: to 
what extent do these differences justify taxonomic 
separation, particularly when they result in 
morphological within Parapediastrum biradiatum? 
Further studies will will be needed to assess 
the taxonomic relevance of these morphological 
variations.

Phycological studies integrating analysis of 
representative natural populations and unialgal 
cultivation were essential for delimiting taxa in 
different regions of Goiás. Additionally, knowledge 
of the trophic states of the studied environments 
facilitated observations of species distributions 
and occurrences, aiding future sampling efforts. 
Despite extensive sampling, the southern region 



Hydrodictyaceae (Sphaeropleales, Chlorophyceae) in Goiás state 19 of 20

Rodriguésia 76: e00382024. 2025

of the state, characterized by creek beds and 
some reservoirs, remains underrepresented in 
Hydrodictyaceae records, underscoring the need 
for further investigations, particularly molecular 
studies of neotropical taxa.
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