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Abstract 

This study analyzed, identified and documented new records of planktonic species of the class 

Bacillariophyceae in the Lower Iguaçu River, within the area of Iguaçu National Park, Paraná 

State, Brazil. Samples were collected monthly between September 2010 and September 2011 

at two plankton sampling stations, one upstream and one downstream of the Iguaçu Falls. 

Analysis of the Bacillariophyceae assemblage of the Lower Iguaçu River (deposited in the 

UNOPA collection and recorded on the SpeciesLink platform) yielded 11 species recorded for 

the first time in Brazil: Achnanthes inflata var. javanica H.P.Gandhi, A. coarctata var. 

sinaensis Hustedt, Achnanthidium deflexum (C.W.Reimer) J.C.Kingston, A. standeri 

(Cholnoky) J.C.Taylor, E.Morales & Ector, Amphipleura pellucida var. oregonica Grunow, 

Craticula perrotettii Grunow, Diadesmis confervacea f. rostrata (Krasske) Metzeltin & 

Lange-Bertalot, Encyonema kukenanum Krammer, E. lapponicum (A.Cleve) Krammer, E. 

lembus (Carter & Denny) Krammer and E. riotecense Krammer. Four species were recorded 

for the first time in the state of Paraná: Adlafia bryophila (J.B.Petersen) Lange-Bertalot, 

Chamaepinnularia submuscicola (Krasske) Lange-Bertalot, Pinnularia borealis var. islandica 

Krammer and P. domingensis (Cleve) Hustedt. These results show that, even in previously 

studied watersheds, knowledge of diatom diversity and distribution is still far from complete. 

They reflect both the Linnean shortfall, related to incomplete knowledge of taxonomic 

diversity, and the Wallacean shortfall, related to limitations in the knowledge of the 

geographic distribution of species. 

Keywords: diatoms, floristic survey, lotic environment, phytoplankton, southern Brazil, 

taxonomy 

Introduction 

The class Bacillariophyceae shows the greatest species diversity among diatom groups, a 

feature that makes it particularly relevant for taxonomic and ecological studies in continental 
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aquatic ecosystems. The class comprises organisms with a monoraphid or biraphid raphe 

system, which may be central or marginal, and whose cells are bipolar and generally 

bilaterally symmetrical (Round et al. 2007). 

However, a better understanding of these algae and of their ecology depends first on 

identifying and taxonomically classifying the species that inhabit their environments. Despite 

the recognized biological and taxonomic importance of this group (e.g. Round et al. 2007; 

Hortal et al. 2015; Barua 2025; Bhat et al. 2025; Kociolek et al. 2026), as well as its 

ecological importance (e.g. Lobo et al. 2002; Nardelli et al. 2016; Amaral et al. 2024; 

Taurozzi et al. 2024; Yadav et al. 2026), many species within the class remain understudied, 

and research effort is small when compared with the 21,327 species already described (Guiry 

and Guiry 2026). 

At the national level, the chapter Bacillariophyta (Ludwig and Tremarin 2017), part of the 

work Gêneros de Algas de Águas Continentais do Brasil (Bicudo and Menezes 2017), stands 

out. Another important contribution is the book Diatomáceas (Bacillariophyta) do Pantanal 

brasileiro: contribuição florística de espécies depositadas em sedimentos recentes (Nardelli 

et al. 2021), developed for the state of Mato Grosso. That work brings together a large 

number of representatives of the class Bacillariophyceae and reveals a high species diversity, 

much of it floristically similar to that recorded in rivers of the state of Paraná. 

Despite the growing body of knowledge on this highly diverse group, records of diatoms in 

the state of Paraná remain sporadic, and the available studies focus predominantly on 

particular families or genera. Among them, the chapter on Bacillariophyta (Nardelli et 

al. 2022) stands out, which is included in the volume that compiles the algal flora of western 

Paraná (Bueno et al. 2022). 

For the Iguaçu River, an important river system in southern Brazil, records of the class 

Bacillariophyceae are restricted to floristic studies begun in the 1970s and 1990s by Moreira-
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Filho et al. (1973) and Ludwig and Flôres (1995), and later continued by Brassac and Ludwig 

(2005, 2006), Bartozek et al. (2013) and Pereira et al. (2026), the last of which made an 

important contribution to the knowledge of Gomphonema species in this environment. 

Besides the articles and books cited above, other publications deal with genera that do not 

belong to the class Bacillariophyceae, or consist of lists of identified species without 

illustrations. Studies based on a more comprehensive floristic approach to the Iguaçu River 

therefore remain scarce. 

In this context, the present study expands the knowledge of the diatom flora of the Iguaçu 

River. We argue that the new records reported here result from the gradual narrowing of the 

Linnean shortfall, related to incomplete knowledge of actual taxonomic diversity, and of the 

Wallacean shortfall, related to incomplete knowledge of the geographic distribution of 

species, rather than from an absence of previous research, which reinforces the scientific 

relevance of this work. 

This study aimed to carry out a floristic survey of the class Bacillariophyceae and, among the 

taxa recorded, to analyze, identify and document new records for Brazil and for the state of 

Paraná, based on species from the Lower Iguaçu River, within the area of Iguaçu National 

Park, Paraná, Brazil. 

Material and methods 

The Iguaçu River basin covers an area of 54,820.4 km², mostly within Brazilian territory, with 

a small portion in Argentina. The Iguaçu River is formed by the confluence of the Iraí and 

Atuba rivers, east of Curitiba, on the border with the municipality of Pinhais, and flows 

westwards across the state of Paraná to its mouth on the Paraná River (Paraná 2026). The 

river is approximately 1,200 km long and has the Iguaçu Falls as its main geomorphological 

feature. Upstream of the falls, the river reaches a width of about 1,200 m, narrowing to 

between 65 and 100 m near the canyon (Maack 1968). 
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The climate of the region is classified as humid subtropical mesothermal (Cfa) according to 

the Köppen-Geiger system (Peel et al. 2007). The mean maximum temperature is 26 °C and 

the mean minimum is 15 °C (Salamuni et al. 2002). Mean annual precipitation in the Lower 

Iguaçu River ranges from 1,750 to 2,000 mm (Borges et al. 2021). 

Samples were collected between September 2010 and September 2011, except in November 

2010, at two sampling stations (S1 and S2) in the Lower Iguaçu River (Fig. 1), selected to 

account for the heterogeneity of the environments in terms of water depth, width and 

turbulence. 

Station 1 (S1): Cais Bananeiras, upstream of the Iguaçu Falls, within Iguaçu National Park 

(PNI), at 25°39′12.8″ S and 54°25′34.0″ W. At this station the river ranges in width from 

869.89 to 1,200 m and shows lower turbulence than Station 2 (S2), with a mean current 

velocity of 0.42 m s-1. Depth ranges from 0.90 m during periods of lower flow to 4.62 m 

during months of higher discharge. The banks are covered by native vegetation (Nardelli et 

al. 2016). 

Station 2 (S2): Cais Macuco Safari, downstream of the Iguaçu Falls, within the PNI area, at 

25°38′55.4″ S and 54°27′31.0″ W. In this stretch the river has a mean width of 69.89 m. 

Depth ranges from 4.62 m under normal conditions to 27.46 m during periods of high flow, 

with a mean current velocity of 6.8 m s-1. The banks are covered by native vegetation and the 

channel is bounded by the rocky walls characteristic of the canyon (Nardelli et al. 2016). 
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Fig. 1 Location of the sampling stations: Station 1 (S1) upstream and Station 2 (S2) 

downstream of the Iguaçu Falls, Iguaçu River, Paraná State, Brazil (map provided by Iguaçu 

National Park) 

For the present study, 24 samples (S1, n = 12; S2, n = 12) were analyzed. Samples were 

obtained by tows with a phytoplankton net (25 µm mesh) just below the water surface, 

focused on the strongest current of the river. The material collected was fixed with Transeau’s 

solution in a 1:1 ratio, as described by Bicudo and Menezes (2017). 

For sample analysis, a 10 mL aliquot was oxidized following the technique of Simonsen 

(1974), as adapted by Moreira-Filho and Valente-Moreira (1981). Permanent slides were 

mounted with Naphrax® resin (RI = 1.73) — refractive index. Observation, measurement and 

photographic documentation of the taxa were carried out under light microscopy, using an 

Olympus® BX60 binocular microscope equipped with an Olympus® DP71 camera and a 

Zeiss® Axiolab 5 microscope equipped with an Axiocam 208 colour camera, both operated at 

1,000× magnification. 
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Taxa were identified using specialized literature and original species descriptions, including 

Krammer and Lange-Bertalot (1985, 1986), Patrick and Reimer (1966, 1975), Krammer 

(1997, 2000), Lange-Bertalot (2001), Metzeltin et al. (2005), Siver et al. (2005) and Metzeltin 

and Lange-Bertalot (1998, 2007), as well as articles dealing specifically with the groups 

analyzed. 

For all taxa identified, the following measurements were recorded whenever possible: length 

(L), width (W), striae density (S), striae apical (SA), dorsal central striae (SCD), ventral 

central striae (SCV) and areolae (A) in 10 µm, and branch length (LB). The terminology used 

in the morphological descriptions followed Barber and Haworth (1981) and Cox (2015) and, 

for isolated pores, Cox and Van de Vijver (2024). 

The permanent slides and the liquid samples are housed in the Herbarium of the Western 

Paraná State University (UNOPA), Cascavel Campus, a member of the Brazilian Herbarium 

Network. The species associated with the material examined will be made available on the 

SpeciesLink platform. The specimens will be registered according to the information 

presented in Table 1. 

Table 1 Samples from the Lower Iguaçu River, collection date, sample registration number in 

the UNOPA Herbarium for Station 1 (S1) and Station 2 (S2), and collectors 

Collection date UNOPA S1 UNOPA S2 Collectors 

15/IX/2010 3160/3161 3155/3156 M.S. Nardelli and N.C. Bueno 

19/X/2010 3226/3227 3215/3214 M.S. Nardelli and N.C. Bueno 

22/XII/2010 3344/3345 3341/3343 M.S. Nardelli and N.C. Bueno 

26/I/2011 3411/3413 3409/3410 M.S. Nardelli and N.C. Bueno 

23/II/2011 3472/3473 3468/3469 M.S. Nardelli and N.C. Bueno 

23/III/2011 3536/3537 3533/3535 M.S. Nardelli and N.C. Bueno 
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Collection date UNOPA S1 UNOPA S2 Collectors 

27/IV/2011 3607/3608 3602/3603 M.S. Nardelli and N.C. Bueno 

31/V/2011 3681/3682 3672/3673 M.S. Nardelli and N.C. Bueno 

29/VI/2011 3717/3718 3712/3713 M.S. Nardelli and N.C. Bueno 

28/VII/2011 3759/3760 3754/3755 M.S. Nardelli and N.C. Bueno 

24/VIII/2011 3777/3778 3772/3773 M.S. Nardelli and N.C. Bueno 

28/IX/2011 3787/3788 3782/3783 M.S. Nardelli and N.C. Bueno 

To confirm the first records for Brazil and for the state of Paraná, the oldest and the most 

recent checklists were consulted, and the articles cited in those checklists were checked 

directly in order to confirm each record. The online platforms Reflora - Flora e Funga do 

Brasil (https://reflora.jbrj.gov.br/consulta/#CondicaoTaxonCP) and AlgaeBase 

(https://www.algaebase.org/) were also consulted for Brazilian records, in addition to 

published articles in the field. 

As a criterion, species were accepted as previously recorded for Brazil or for the state of 

Paraná only when published in articles or books and accompanied by an illustration of the 

species allowing proper comparison. Descriptions and comments are provided for species 

representing a first record for Brazil (*) or for the state of Paraná (**). 

Results 

Analysis of the Bacillariophyceae assemblage of the Lower Iguaçu River (deposited in the 

UNOPA collection and recorded on the SpeciesLink platform) yielded 11 species recorded for 

the first time in Brazil and four recorded for the first time in the state of Paraná. The first 

records for Brazil are Achnanthes inflata var. javanica H.P.Gandhi, A. coarctata var. 

sinaensis Hustedt, Achnanthidium deflexum (C.W.Reimer) J.C.Kingston, A. standeri 

(Cholnoky) J.C.Taylor, E.Morales & Ector, Amphipleura pellucida var. oregonica Grunow, 
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Craticula perrotettii Grunow, Diadesmis confervacea f. rostrata (Krasske) Metzeltin & 

Lange-Bertalot, Encyonema kukenanum Krammer, E. lapponicum (A.Cleve) Krammer, E. 

lembus (Carter & Denny) Krammer and E. riotecense Krammer. The first records for the state 

of Paraná are Adlafia bryophila (J.B.Petersen) Lange-Bertalot, Chamaepinnularia 

submuscicola (Krasske) Lange-Bertalot, Pinnularia borealis var. islandica Krammer and P. 

domingensis (Cleve) Hustedt. Morphometric descriptions, comments and light microscopy 

(LM) illustrations are presented below. 

Phylum Bacillariophyta Karsten, 1928 

Class Bacillariophyceae Haeckel, 1878 

*Achnanthes inflata var. javanica H.P.Gandhi 1966: 95, pl. 12: figs 38, 39 

Fig. 2-5 

Valves with a dilated median region; apices cuneate and rounded, narrower than the median 

region of the valve. Central area of the raphid valve transapically expanded to the valve 

margins; rapheless valve with a hyaline line along its apical length, near the lateral margin. 

Raphe filiform, with visibly expanded proximal ends. Striae radiate on the raphid valve and 

almost straight on the rapheless valve, formed by coarse areolae visible under light 

microscopy. 

Dimensions: L: 86.0-118.0 µm; W: 24.6-29.7 µm; S: 7-8 in 10 µm; A: 7-8 in 10 µm 

Comments: Achnanthes inflata var. inflata (Kützing) Grunow, A. inflatagrandis Metzeltin, 

Lange-Bertalot & García-Rodríguez and A. elata (Leuduger-Fortmorel) Gandhi are 

morphologically similar to the species studied here. However, var. inflata is smaller (L: 30.0-

65.0 µm; W: 10.0-20.0 µm) and has a higher density of striae and areolae (S: 10-13 in 10 µm; 

A: 11-12 in 10 µm) than var. javanica (L: 70.0-81.0 µm; W: 22.0-22.5 µm; S: 8-9.5 in 10 µm; 

A: 9-10 in 10 µm), as described by Gandhi (1966, figs 38, 39). Achnanthes inflatagrandis and 

A. elata show no differences in striae and areolae density; however, the latter is narrower (W: 
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14.0-15.0 µm), based on the measurements provided by Leuduger-Fortmorel (1879, as 

Navicula elata), and the former has a more gibbous median region and broadly rounded 

apices, rather than the cuneate apices of A. inflata var. javanica. 

*Achnanthes coarctata var. sinaensis Hustedt 1949: 43, pl. 1: figs 6, 7 

Fig. 6-9 

Valves linear, swollen in the median region and narrowing towards rounded, rostrate apices. 

Central area of the raphid valve transapically expanded to the margins; rapheless valve with a 

visible hyaline line near the lateral margin, in the swollen region. Raphe with distinct 

proximal ends. Striae radiate on the raphid valve, and straight to slightly radiate at the apices 

on the rapheless valve. Punctate areolae more distinct on the rapheless valve. 

Dimensions: L: 41.5-49.8 µm; W: 12.1-13.1 µm; S: 11-13 in 10 µm; A: 14-16 in 10 µm 

Comments: Achnanthes mauiensis R.L.Lowe & A.R.Sherwood and Achnanthes muelleri 

G.W.F.Carlson are morphologically similar to the species studied here. However, the former 

is much smaller (L: 20.0-28.0 µm; W: 5.0-7.5 µm) than A. coarctata var. sinaensis (L: 50.0 

µm; W: 10.0-12.0 µm; Hustedt 1949), and the latter, as illustrated by Carlson (1913, fig. 6), 

differs in the short striae of the central area, which were not observed in the specimens 

studied here. 

*Achnanthidium deflexum (C.W.Reimer) J.C.Kingston 2000: 410 

Fig. 10-13 

Valves linear-lanceolate, with slightly protracted apices. Axial area linear, widening slightly 

towards the central area, which is asymmetrically rectangular. Raphe with teardrop-shaped 

terminal fissures. Striae distinct in the central region of the valve. No rapheless valves were 

observed. Areolae inconspicuous. 

Dimensions: L: 9.0-24.2 µm; W: 4.0-5.2 µm; S: inconspicuous; A: inconspicuous 
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Comments: Potapova and Ponader (2004) compared the species studied here with A. 

pyrenaicum (Hustedt) H.Kobayashi and concluded that they are morphologically similar. 

However, A. deflexum has slightly coarser striae and, as a rule, larger valves (L: 7.4-27.1 µm; 

W: 3.5-5.2 µm) than A. pyrenaicum (L: 8.4-18.4 µm; W: 2.7-4.6 µm). 

*Achnanthidium standeri (Cholnoky) J.C.Taylor, E.Morales & Ector 2011: 155 

Fig. 14-17 

Valves linear to linear-lanceolate; apices slightly protracted, rounded. Axial area linear, 

widening slightly towards the rectangular central area. Raphe filiform, with clearly expanded 

proximal ends. A view of the rapheless valve was not obtained. In girdle view the frustules 

are slightly bent (genuflexed), and the concave valve shows a clearly visible, thickened 

central nodule. In girdle view the valves show a clear area between the valve face and the 

mantle. 

Dimensions: L: 14.7-17.9 µm; W: 3.8-4.0 µm; S: inconspicuous; A: inconspicuous 

Comments: Achnanthidium standeri, as described by Taylor et al. (2011), was found at a site 

dominated by taxa that require oxygen-rich, fast-flowing water. The specimens studied here 

were also found in a lotic environment, near the Iguaçu Falls, where water turbulence may 

generate oxygen-rich conditions. In his description of the species, Cholnoky (1957) reported a 

narrower length range (L: 24.0-38.0 µm); however, Taylor et al. (2011), on examining the 

type specimen, described a wider range (L: 8.0-37.0 µm), which encompasses the dimensions 

found in the present study. 

**Adlafia bryophila (J.B.Petersen) Lange-Bertalot 1998: 89 

Fig. 18-21 

Valves with straight or slightly convex margins. Apices protracted and rounded, subcapitate. 

Axial area narrow, slightly widened in the median region; central area with strongly radiate 

striae. Raphe filiform and distinct. 
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Dimensions: L: 15.6 µm; W: 4.3-4.6 µm; S: 20-24 in 10 µm; A: inconspicuous 

Comments: The only record found under the name Adlafia bryophila was that of Schneck et 

al. (2008), who reported the species for Rio Grande do Sul. The specimen from the Antas 

River has dimensions (L: 18.0 µm; W: 4.0 µm; S: 23 in 10 µm) similar to those of the 

specimens found in the Iguaçu River. The species studied here resembles Adlafia drouetiana 

(R.M.Patrick) Metzeltin & Lange-Bertalot; however, the latter is more robust and has more 

convex and undulate lateral margins than Adlafia bryophila. 

*Amphipleura pellucida var. oregonica Grunow 1877: 179 

Fig. 22-25 

Valves fusiform, with protracted, rounded, linear apices. Median axial area formed by a 

narrow rib extending along the apical axis, branching at the distal ends into a large, branch-

like rib that surrounds the raphe system. Transapical and apical striae inconspicuous. 

Dimensions: L: 190.7-241.4 µm; W: 23.0-28.6 µm; LB: 42-47 µm; S: inconspicuous; A: 

inconspicuous 

Comments: In addition to Grunow (1877), Cleve (1894) described several forms related to 

Amphipleura pellucida (Kützing) Kützing that fall within the group of large Amphipleura 

species in terms of length: A. pellucida (L: 80.0-140.0 µm), A. pellucida var. lindheimeri 

(Grunow) Cleve (= A. lindheimeri Grunow, L: 150.0-160.0 µm), A. pellucida var. intermedia 

Grunow (L: 190.0-200.0 µm), A. pellucida var. maxima (H.L.Smith) Cleve (L: 370.0 µm), A. 

pellucida var. truani V.H. (L: 260.0 µm), A. pellucida var. recta Kitton (L: 226.0 µm) and A. 

pellucida var. schumannii Grunow (L: 180.0 µm), together with A. pellucida var. oregonica 

Grunow (L: 330.0 µm). Almost all the varieties cited by Cleve (1894) appear to share similar 

characteristics and differ mainly in their dimensions: widths range from the smaller values of 

A. pellucida var. pellucida (W: 7.0-9.0 µm) to the greater width of A. pellucida var. maxima 

(W: 40.0 µm), with var. oregonica showing an intermediate value (W: 27.0 µm). Grunow 
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(1877) reported that the forms cited are closely related to Amphipleura pellucida and 

suggested that they are best regarded as varieties of that species. The taxon studied here was 

cited by Cleve (1894) both as a species (A. oregonica Grunow) and as a variety (A. pellucida 

var. oregonica Grunow), and its taxonomic position requires more detailed investigation. The 

species studied here differs from Amphipleura pellucida var. pellucida (Kützing) Kützing and 

from A. lindheimeri Grunow. Amphipleura pellucida var. pellucida is morphologically similar 

but has smaller dimensions (L: 80.0-140.0 µm; W: 7.0-9.0 µm) than A. pellucida var. 

oregonica (L: 330.0 µm; W: 27.0 µm). It also differs morphologically from A. lindheimeri: 

although both are large, A. pellucida var. oregonica has a linear-fusiform valve and lacks the 

rhombic margins of A. lindheimeri. 

**Chamaepinnularia submuscicola (Krasske) Lange-Bertalot 1998: 27, pl. 3: figs 1-4 

Fig. 26 

Valves linear, with a slight central swelling. Apices protracted and rounded. Axial area 

lanceolate, gradually widening towards the central area. Raphe filiform, slightly arched. Striae 

robust, more widely spaced at the centre and strongly radiate, becoming convergent towards 

the apices. 

Dimensions: L: 15.3 µm; W: 4.6 µm; S: 18-20 in 10 µm; A: inconspicuous 

Comments: Chamaepinnularia submuscicola is similar to C. muscicola (J.B.Petersen) 

Kulikovskiy, Lange-Bertalot & A.Witkowski, differing mainly in its striation. It can also be 

compared with C. rhombelliptica Lange-Bertalot; however, the latter has finer striae than the 

robust striation of C. submuscicola, as well as a higher striae density (S: 21-24 in 10 µm) than 

C. submuscicola (S: 18 in 10 µm). Faustino et al. (2016) reported the species for the state of 

São Paulo, in agreement with the specimens studied here, and Faria et al. (2019) cited the 

species for the state of Paraná; however, the latter authors did not provide illustrations 

allowing proper comparison. All studies reporting C. submuscicola note that the species is 
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rarely found and always observed in low abundance (Krasske 1939; Wojtal 2009; Faustino et 

al. 2016). In the Iguaçu River, where only planktonic samples were collected, a single 

specimen was found, which indicates that the species is rare at this site. 

*Craticula perrotettii Grunow 1868: 20, pl. 1: fig. 1 

Fig. 27 

Valves broadly lanceolate; apices slightly protracted and obtuse. Axial area narrow and linear, 

widening near the lanceolate central area. Raphe straight and filiform, with proximal ends 

expanded into central pores and slightly deflected. Transapical and apical striae clearly visible 

under light microscopy and parallel throughout their length. 

Dimensions: L: 149.2 µm; W: 39.3 µm; S: 12-13 in 10 µm; A: 8-9 in 10 µm 

Comments: Craticula acidoclinata Lange-Bertalot & Metzeltin shares morphological 

characteristics with the species studied here; however, it has more protracted apices and a 

narrower width (W: 16.0-23.0 µm) than specimens of C. perrotettii of similar length (W: 

22.9-30.5 µm; Grunow 1868), which gives C. acidoclinata a more slender appearance. One of 

the most visible differences under light microscopy, and one that clearly distinguishes C. 

perrotettii from other species of the genus such as C. acidoclinata and C. cuspidata (Kützing) 

D.G.Mann, is the presence of thick longitudinal lines formed by the interstriae; these lines are 

not as distinct in other Craticula species of similar morphology. A record of C. perrotettii was 

found for the state of São Paulo (Villac et al. 2008); however, that article is a biodiversity 

checklist and does not present a specimen that can be compared with the present study. 

*Diadesmis confervacea f. rostrata (Krasske) Metzeltin & Lange-Bertalot 2007: 72, pl. 147: 

figs 1-5 

Fig. 28 

Valves elliptic-lanceolate, with protracted, obtuse-rounded apices. Axial area narrower near 

the apices, widening into a broad, rhombic-lanceolate central area. Raphe straight and 
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filiform, with proximal ends expanded into pores. Striae radiate and of varying length, shorter 

in the central area. Areolae distinct, varying in size and shape, and visible under light 

microscopy. 

Dimensions: L: 27.2 µm; W: 9.4 µm; S: 20-21 in 10 µm; A: inconspicuous 

Comments: Diadesmis confervacea is similar to the taxon studied here; however, Diadesmis 

confervacea f. rostrata has markedly protracted apices, in contrast to the apiculate, non-

protracted apices of the former. In order to compare it with the specimen found in the Iguaçu 

River, and since no dimensions were provided in the description available in the relevant 

literature, five images were measured using the scale bars provided (L: 20.0-31.3 µm; W: 6.7-

9.3 µm) for Navicula confervacea fo. rostrata Krasske (= Diadesmis confervacea f. rostrata), 

as illustrated in Lange-Bertalot et al. (1996, p. 102: fig. 5, and p. 231: figs 5, 5’, 6-7, 7’). Both 

the images and the dimensions match the specimens recorded here. The specimens recorded 

by Metzeltin and Lange-Bertalot (2007) also match morphologically those of the present 

study. Montoya-Moreno et al. (2012) described the species as a first record for Colombia, and 

that population matches morphometrically (L: 25.5-36.3 µm; W: 7.5-10.7 µm; S: 20-24 in 10 

µm) the specimen found in the Iguaçu River. 

*Encyonema kukenanum Krammer 1997: 21, 184, pl. 106: figs 7-9 

Fig. 29-33 

Valves dorsiventral; dorsal margin convex, ventral margin straight. Apices rounded, not 

protracted. Axial area narrow. Central area hyaline, without isolated pores (stigma). Raphe 

filiform, with distal fissures deflected towards the ventral margin and proximal fissures 

curved towards the dorsal margin. Dorsal striae radiate, ventral striae almost straight. 

Dimensions: L: 17.4-25.2 µm; W: 5.7-6.6 µm; S: 11-12 in 10 µm; A: inconspicuous 

Comments: Encyonema minutum (Hilse) D.G.Mann is similar to the species studied here. 

However, it has an inflated ventral margin and protracted, truncate apices that project towards 
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the ventral margin, unlike E. kukenanum, which has rounded, non-protracted apices and a 

straight ventral margin. It is also similar to Encyonema venezolanum Krammer, but differs in 

having a slightly convex ventral margin in smaller specimens and an inflated margin with 

protracted apices in larger specimens, characteristics not observed in Encyonema kukenanum. 

*Encyonema lapponicum (A.Cleve) Krammer 1997: 25 

Fig. 34 

Valves dorsiventral, with triundulate margins and a more pronounced median undulation. 

Apices obtuse. Axial area linear on the dorsal side, gradually widening towards the central 

area on the ventral side. Raphe distinct, with distal fissures deflected towards the ventral 

margin and proximal fissures curved towards the dorsal margin. Ventral striae straight and 

longer, radiate at the ends, irregular and shorter towards the central area. Dorsal striae radiate, 

more widely spaced at the centre than at the ends. Striae irregular at the dorsal ends, with the 

terminal striae positioned close to the raphe margin on the ventral side. 

Dimensions: L: 56.9 µm; W: 10.3 µm; SA: 10 in 10 µm; SCV: 9 in 10 µm; SCD: 8 in 10 

µm; A: inconspicuous 

Comments: The species studied here resembles Encyonema norvegicum var. capitata 

Krammer, but the latter has capitate apices, a less dorsiventral valve and a higher striae 

density (S: 12-16 in 10 µm), whereas the species studied here has obtuse apices and a lower 

striae density (S: 8-10 in 10 µm). It is morphologically similar to E. sibericum Krammer & 

Lange-Bertalot, and both species show three undulations on the ventral and dorsal margins; 

however, E. lapponicum is more robust (L: 26.0-54.0 µm; W: 5.0-8.5 µm) than E. sibericum 

(L: 30.0-45.0 µm; W: 5.8-6.7 µm), and the latter has a higher striae density (S: 12-14 in 10 

µm). 

*Encyonema lembus (Carter & Denny) Krammer 1997: 314 

Fig. 35 
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Valves dorsiventral, lanceolate, with the dorsal margin more convex than the ventral margin. 

Apices protracted, distinctly capitate. Axial area lanceolate, curved, following the valve 

outline and gradually widening towards the indistinct central area. Raphe nearly straight, with 

distal fissures deflected towards the ventral margin and imperceptible proximal fissures. 

Striae radiate and robust. 

Dimensions: L: 24.8 µm; W: 5.5 µm; SCV: 10 in 10 µm; SCD: 11 in 10 µm; A: 

inconspicuous 

Comments: The species studied here resembles Encyonema javanicum var. mengeae 

(Cholnoky) Krammer. However, they differ in the straighter, more delicate striae and 

narrower axial area of E. javanicum var. mengeae, in contrast to the robust, radiate striae and 

lanceolate axial area of E. lembus. No other studies describing the species were found, apart 

from the record in the original publication. The specimen studied here matches 

morphometrically (as Cymbella lembus, L: 22.0 µm; W: 4.5 µm) the species published by 

Carter and Denny (1992). 

*Encyonema riotecense Krammer 1997: 93, 169, pl. 41: figs 1-6 

Fig. 36-37 

Valves dorsiventral, with a convex dorsal margin and a slightly convex to almost straight 

ventral margin in smaller valves. Apices broadly rounded. Axial area slightly lanceolate, 

widening towards the central area. Raphe eccentric, distinct, with proximal fissures inclined 

towards the dorsal margin and distal fissures deflected towards the ventral margin. Dorsal 

striae slightly radiate in the median portion, becoming more radiate towards the apices. 

Ventral striae convergent at the ends and radiate towards the median portion. 

Dimensions: L: 35.0-44.9 µm; W: 8.1-10.0 µm; SA: 12 in 10 µm; SCV: 10 in 10 µm; SCD: 

11 in 10 µm; A: inconspicuous 
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Comments: Silva et al. (2010) presented two taxa as Encyonema sp. (figs 11-12) and 

compared them with E. riotecense; however, they reported that the specimens show a median 

dorsal stigma-like pore (stigmoid), whereas Krammer (1997), in his description of the species, 

stated that the stigmoid is absent. No other records of the species were found for further 

comparison. 

**Pinnularia borealis var. islandica Krammer 2000: 25, 209, pl. 6: fig. 5, pl. 7: figs 1-5 

Fig. 38-41 

Valves linear-elliptic, with slightly convex margins and rounded apices. Axial area narrow, 

gradually widening towards the centre. Central area transverse, formed by shorter striae on 

both sides. Raphe straight, with distinct, teardrop-shaped proximal fissures curved to the side 

opposite the hooked distal ends. Striae robust and irregularly arranged, ranging from slightly 

to strongly radiate, and convergent at the apices. 

Dimensions: L: 42.8-51.5 µm; W: 10.3-11.6 µm; S: 4-5 in 10 µm; A: inconspicuous 

Comments: Pinnularia borealis var. islandica Krammer and P. borealis var. subislandica 

Krammer are morphologically similar; however, they differ in their dimensions, as recorded 

by Krammer (2000). Pinnularia borealis var. subislandica is markedly shorter (L: 30.0-47.0 

µm; W: 9.4-11.5 µm) than var. islandica (L: 40.0-52.0 µm; W: 10.0-12.0 µm). Although the 

two varieties are similar in width, var. subislandica has more convex lateral margins than the 

straighter margins of var. islandica. 

**Pinnularia domingensis (Cleve) Hustedt 1934: pl. 386: fig. 5 

Fig. 42 

Valves linear, inflated in the median portion and with broadly rounded apices. Axial area 

approximately one quarter of the valve width. Central area rounded and asymmetric. Raphe 

straight, with proximal ends curved towards the same side and distal ends hooked. 

Transapical striae radiate in the median region of the valve and convergent at the ends. 
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Dimensions: L: 315.7-335.5 µm; W: 39.4-40.5 µm; S: 6-8 in 10 µm; A: inconspicuous 

Comments: Pinnularia domingensis and P. gigaformis Krammer & Metzeltin are 

morphologically similar but differ in their length-to-width ratio: 7.8 in the former, which 

gives it a much more robust appearance, against 9.2-9.7 in P. gigaformis, which has a more 

slender morphology (Metzeltin and Lange-Bertalot 1998). The species studied here can also 

be compared with Pinnularia latevittata Cleve; however, the latter lacks an inflated central 

region and is shorter (L: 160.0-230.0 µm) than P. domingensis (L: 360.0 µm). Pinnularia 

domingensis (= Pinnularia latevittata var. domingensis Cleve) has previously been reported 

for Rio Grande do Sul (Silva 1987) and Mato Grosso (Nardelli et al. 2021). 

Discussion 

The present study expands the knowledge of the diatom flora of the Iguaçu River. The results 

show that, even in a previously investigated river basin, the understanding of diatom diversity 

and distribution is still far from complete. The data reflect both the Linnean shortfall, related 

to incomplete knowledge of taxonomic diversity, and the Wallacean shortfall, related to 

limitations in the knowledge of the geographic distribution of species (Bini et al. 2006; Hortal 

et al. 2015). For diatoms, these gaps tend to be reduced through the continuous refinement of 

taxonomy, the revision of species previously identified under broad taxonomic concepts and 

an increased sampling effort across different habitats. New records can therefore be expected 

even in regions considered relatively well known from a floristic point of view. 
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Figure captions 

Fig. 1 Location of the sampling stations: Station 1 (S1) upstream and Station 2 (S2) 

downstream of the Iguaçu Falls, Iguaçu River, Paraná State, Brazil (map provided by Iguaçu 

National Park) 

 

Figs 2-42 New records of species from the Iguaçu River. 2-5 Achnanthes inflata var. 

javanica; 6-9 A. coarctata var. sinaensis; 10-13 Achnanthidium deflexum; 14-17 A. standeri; 
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18-21 Adlafia bryophila; 22-25 Amphipleura pellucida var. oregonica; 26 Chamaepinnularia 

submuscicola; 27 Craticula perrotettii; 28 Diadesmis confervacea f. rostrata; 29-33 

Encyonema kukenanum; 34 E. lapponicum; 35 E. lembus; 36-37 E. riotecense; 38-41 

Pinnularia borealis var. islandica; 42 P. domingensis 


