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Abstract: The genus Humidophila is mainly characterized by small cells, striae often composed by one 
elongated areola occluded by thin hymenes. Species are distributed globally and are common in moist sub–aerial 
habitats. We identified five Humidophila species found in the well–conserved freshwater bodies and subaerial 
wet habitats from the mountain region “Mananciais da Serra”.  Four previously known species (Humidophila 
brekkaensis, H. contenta, H. nienta, H. paracontenta) and one new species (Humidophila piraquarae sp. nov.) 
were described and illustrated based on light and scanning electron microscopy observations. Humidophila 
piraquarae sp. nov.  is similar to H. nienta (Carter) Lowe, Kociolek, Johansen, Van de Vijver, Lange–Bertalot 
et Kopalová and H. undulata Lowe, Kociolek, Johansen, Van de Vijver, Lange–Bertalot et Kopalová, but is best 
distinguished by their prominent constriction, apices broadly rostrate–rounded, striae density, raised siliceous 
thickening in the apical region of the axial area, and raphe proximal endings laterally expanded in anchor–
shaped depressions. Addtionally, a list of Humidophila taxa already registered in Brazil is presented.
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Introduction

The genus Humidophila comprises diatoms with small 
valves, usually less than 20 µm.  The valves are lin-
ear, linear–elliptic, or elliptic; the apices are broadly 
rounded, and proximal raphe endings are straight, T–
shaped or slightly anchor–shaped. The striae on the 
valve face are composed of one elongated areola and 
the valve mantle is ornate by a row of usually elon-
gated areolae (Lowe et al. 2014). Species of the ge-
nus are distinguished by valve dimensions, number of 
striae in 10 µm, valve outline, striae length and stria-
tion pattern, shape of proximal and distal raphe end-
ings, mantle areolae row interrupted or not around the 
apices, shape and size of the central area (Lowe et al. 
2014; Kopalová et al. 2015; Kochman–Kędziora et al. 
2016; Taylor & Cocquyt 2016). 

Most species of Humidophila prefer moist, 
humid and aerophilous habitats (Lowe et al. 
2014). Representatives of the genus are found in 

acidic oligotrophic waters, commonly in damp moss-
es and rocks (Taylor & Cocquyt 2016). Species of 
Humidophila are globally distributed, but several 
taxa are confined to hotspots, such as the Antarctic 
and Subantarctic regions (Kopalová et al. 2015). 
Taxonomic studies registering Humidophila species 
were developed in the Antarctic Region (Van De 
Vijver et al. 2002; Kopalová et al. 2015), Asia (Lowe 
et al. 2017), Europe (Lange–Bertalot & Genkal 
1999; Lange–Bertalot & Werum 2001; Werum & 
Lange–Bertalot 2004; Nikolic et al. 2020), South 
America (Rumrich et al. 2000; Metzeltin et al. 2005; 
Vouilloud et al. 2022), and New Caledonia (Moser 
et al. 1998). 

In Brazil, the occurrences of Humidophila are 
registered in floristic surveys, totaling 12 species cita-
tions until 2021. Tremarin et al. (2009) catalog seven 
species of Humidophila to the state of Paraná. No ex-
clusive study focusing only the genus Humidophila 
was developed.
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We provided descriptions and illustrations of five 
Humidophila species of the pristine freshwater bod-
ies and subaerial wet habitats from the mountain 
region in the east part of Paraná state. One new spe-
cies of Humidophila is described, illustrated with 
LM and SEM, and compared to similar taxa.  A list 
of Humidophila taxa already registered in Brazil is 
presented.

Materials and methods

The present study was carried out in an Environmental 
Protection  area (APA) of Piraquara city, Paraná state, Brazil. 
The region is inserted in the Marumbi Park at the coordinates 
25º29' S, 48º58' W and covers the mountain springs, located 
west of the Serra do Mar, in the Atlantic Forest (Reginato & 
Goldenberg 2007). 

The samples were collected in subaerial environ-
ments and water bodies inserted in a mountainous conserva-
tion area with very low anthropic interference. Subtropical 
mountain springs are, often, characterized by clear and crys-
talline water, low temperature, low concentration of nutri-
ents, and acidic pH (Tundisi & Matsumura–Tundisi 2008). 

Samplings were carried out in 2013 and 2014, in 
streams and small water collecting  cement reservoirs with 
very low anthropogenic impact, thus constituting a well–
conserved environment. Eight periphytic, samples were ob-
tained by collecting mosses (epiphytic) and submerged sand 
(epipsamic) and rocks (epilithic), as well as wet sub aerial 
substrates. The samples were fixed with the Transeau solu-
tion in a proportion of 1:1 (Bicudo & Menezes 2006). pH 
(pH–meter PHTEK model pH–100), conductivity (μS–1.cm) 
and water temperature (°C)  were measured (Table 1).

The samples were cleaned according to Simonsen 
(1974) modified by Moreira–Filho & Valente–Moreira 
(1981). Permanent slides were mounted with Naphrax® resin 
(I.R.: 1.74) for analysis of the specimens under light micros-
copy (LM). Illustrations of the species were obtained us-
ing an Olympus DP71 capture camera attached to Olympus 
BX40 light microscope. For the SEM observations, the oxi-
dized samples were deposited on aluminum stubs, metalized 
with gold in a Balzers Union SCD 030 apparatus, and ana-
lyzed in the JEOL JSM 6360 scanning electron microscope, 
at the Electron Microscopy Center of the Federal University 
of Paraná (UFPR).

Samples and their respective permanent slides were 
deposited in the Herbarium of the Botany Department of 
the UFPR (UPCB) (Table 1). Diatom terminology follows 
Round et al. (1990) and Lowe et al. (2014).

Based on literature data, a list of Humidophila taxa 
already registered in Brazil is presented on Table S1, includ-
ing geographic distribution records and proposals for correct-
ing some misidentifications.   The new species Humidophila 
piraquarae P.C.Ferreira et T.V.Ludwig is compared with 
similar species on Table S2. 

Results

Five species were described and illustrated, including 
one new species, Humidophila piraquarae sp. nov. We 

registered H. contenta and H. paracontenta in all stud-
ied samples.
	
Humidophila (Lange–Bertalot et Werum) Lowe, 
Kociolek, Johansen, Van de Vijver, Lange–Bertalot 
et Kopalová 2014
 
Humidophila brekkaensis (Petersen) Lowe, 
Kociolek, Johansen, Van de Vijver, Lange–Bertalot 
et Kopalová 2014 (Figs. 1–26) 
Lowe et al. (2014): Diatom Research, v. 29, n. 4, p. 351–360.
Description (n=30)
LM (Figs 1–21): Valves linear, slightly gibbous in 
the middle, length 7.3–15.7 µm, width 2.6–3.4 µm, 
with rounded apices. Axial area linear. Central area 
elliptical.
SEM (Figs 22–26): Externally, raphe filiform with ex-
ternal central and distal ends straight. Axial area lin-
ear. Central area elliptical, large, delimited by shorter 
central striae, not reaching the valve margins. Striae 
parallel, 25–40 in 10 µm, formed by a single trans-
apically elongated areola. Mantle areolae positioned 
at valve face, rounded, 30–35 in 10 μm, interrupted 
around the apices. Copulae perforated by elongated 
slits. Internally, axial area linear. Central area elliptical.
Samples occurrence: UPCB–76004, 76005, 76059, 
76066, 76074.

Literature: as Navicula brekkaensis: Krammer & 
Lange–Bertalot (1986); as Diadesmis brekkaensis: 
Werum & Lange–Bertalot (2004), Hofmann et al. 
(2013), Wojtal (2013); as Humidophila brekkaensis: 
Lowe et al. (2014).
Remarks: Humidophila brekkaensis have a typical 
gibbous central valve, and the mantle areolae are situ-
ated on the valve face (Werum & Lange–Bertalot 
2004). 

There are three citations of H. brekkaensis 
in Brazil.  Oliveira et al. (2002), in the state of Rio 
Grande do Sul, registered only one specimen illustra-
ted under light microscopy, showing very slight gi-
bbosity. However, without observing the presence of 
typical mantle areolae by electron microscopy, it is not 
possible to confirm the identity of the species. Santos 
et al. (2011) present a population that in our opinion 
truly belongs to H. brekkaensis, but has been misiden-
tified as Diadesmis pseudolangebertalotii Metzeltin, 
Lange–Bertalot et Garcia–Rodriguez (description on p. 
307) and Diadesmis langebertalotii Van de Vijver et Le 
Cohu (Figs 27–29). Finally, Marquardt et al. (2018) 
in reservoirs of the state of São Paulo illustrate speci-
mens of H. brekkaensis, by SEM (Figs 111–112), but 
the LM images (Figs 65–69), without central gibbosity, 
appear to belong to H. biscutella (Figs 65–69, 107).

Humidophila brekkaensis was found in peri-
phytic assemblages associated to  Potamogeton poly-
gonus Chamisso et Schlechtendal (Santos et al. 2011), 
in moss samples, almost exclusively taken from dry 



mosses like Campylopus Spach or from liverworts 
(Chattová et al. 2018).

Humidophila contenta (Grunow) Lowe, Kociolek, 
Johansen, Van de Vijver, Lange–Bertalot et 
Kopalová 2014 (Figs 27–54) 
Lowe et al. (2014): Diatom Research, v. 29, n. 4, p. 351–360.
Description (n=36)
LM (Figs 27–49): Valves linear, slightly concave or 
convex in the middle, length 6.7–10.8 µm, width 2.6–
3.3µm, with widely rounded apices. Axial area linear 
and central area expanded in fascia, extending from the 
central nodule to the valve margins.
SEM (Figs 50–54): Externally, raphe filiform with 
central and distal ends T–shaped. Axial area linear 
and central area expanded in fascia, extending from 
the central nodule to the valve margins. Striae paral-
lel, 30–40 in 10 µm, formed by a single transapically 
elongated areola. Mantle areolae elongated, 40 in 10 
μm, uninterrupted around the valve apices. Copulae 
perforated by elongated slits. Internally, axial area lin-
ear and central area expanded in fascia, extending from 
the central nodule to the valve margins.

Samples occurrence: UPCB–76004, 76005, 76056, 
76059, 76066, 76074, 78123, 78127, 78128.
Literature: as Navicula contenta: Krammer & Lange–
Bertalot (1986); as Diadesmis contenta: Moser et al. 
(1998), Werum et al. (2004), Hofmann et al. (2013); 
as Humidophila contenta: Lowe et al. (2014).
Remarks: Humidophila contenta was characterized 
by Schoeman & Archibald (1978) as an extremely 

polymorphic taxon. Krammer & Lange–Bertalot 
(1986) have followed this opinion. However, Moser et 
al. (1998) came to a contrary result after SEM–inves-
tigations, concluding that various populations which 
seemed to belong to H. contenta at a first glance, in 
reality belong to other species. Humidophila conten-
ta is a very distinct cosmopolitan species that does 
not change its pattern of fine structures significantly 
(Lange–Bertalot & Werum 2001).

Van Dam et al. (1994) and Van De Vijver et 
al. (2002) stated that H. contenta was often found in 
alkaline, oligotrophic to eutrophic freshwater, mainly 
occurring on wet and moist or temporarily dry places, 
semi–wet to dry environments, and terrestrial mosses.

In Brazil, H. contenta is the most frequently re-
gistered species of Humidophila, being cited in almost 
all works that include species of the genus.

Humidophila nienta (Carter) Lowe, Kociolek, 
Johansen, Van de Vijver, Lange–Bertalot et 
Kopalová 2014 (Figs 55–85)
Lowe et al. (2014): Diatom Research, v. 29, n. 4, p. 351–360. 
Description (n=32)
LM (Figs 55–80): Valves linear, with undulate mar-
gins, slightly constricted in the center, length 9.2–16.3 
µm, width 2.6–3.1 µm, with subcapitate apices. Axial 
area linear to weakly lanceolate. Central area circular.
SEM (Figs 81–85): Externally, raphe filiform with 
central and distal ends T–shaped. Axial area linear to 
weakly lanceolate. Central area circular, enlarged due 
to shortening of the central striae. Striae parallel, 35–40  
in 10 µm, formed by a single transapically elongated 

Table 1: Data of samples in which Humidophila species was found.

UPCB Sampling 
date

pH Conductivity 
(µS.cm–1)

Temperature 
(°C)

Altitude 
(m)

Sample Habitat Coordinates

76004 09/29/2013 7.2 14.5 13.5 998 Epiphytic Bryophyte 25°29'47" S 
48°58'53" O

76005 09/29/2013 7.2 13.4 11.6 1055 Epilythic Pebble 25°29'37" S 
48°58'41" W

76056 04/30/2014 6.7 14.3 14.8 895 Epiphytic Moss 25°29'36.8" S 
8°58'41.4" W

76059 04/30/2014 6.5 14.3 14.8 1001 Epiphytic Moss 25°30'19" S 
48°58'57" W

76066 04/30/2014 7.1 17.4 15.8 – Episamic Sand 25°29'13" S 
48°59'34" W

76074 04/30/2014 6.3 – – – Epiphytic Moss 25°29'42" S 
48°59'08" W

78123 10/24/2014 6.8 18.3 16.2 1065 Phyto-
plankton

Phytoplank-
ton

25°29'41.7" S 
8°58'54.3" W

78127 10/24/2014 6.7 20.65 16.1 1050 Epiphytic Bryophyte 25°29'41.7" S 
8°58'54.3" W

78128 10/24/2014 6.7 20.65 16.1 1050 Epiphytic wet walls 25°29'41.7" S 
8°58'54.3" W
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Samples occurrence: UPCB–78123, 78127, 78128.
Literature: as Diadesmis langebertalotii: Le Cohu 
& Van De Vijver (2002); as Diadesmis pseudolange-
bertalotii: Metzeltin et al. (2005); as Humidophila 
nienta: Lowe et al. (2014).
Remarks: Humidophila nienta was described 

areola. Mantle areolae rounded, 40 in 10 μm, uninter-
rupted around the valve apices. Copulae perforated by 
elongated slits. Internally, axial area linear to weakly 
lanceolate. Central area circular, enlarged due to short-
ening of the central striae. Presence of pseudoseptum  
at both apices. 

Figs 1–26. Humidophila brekkaensis. (1–21) LM valves view, showing morphological variability. (22–26) SEM: (22) external view of the 
valve; (23)  internal view of the valve; (24) lateral valve view showing the row of elongated mantle areolae,  interrupted around the apices, and 
copulae perforated by elongated slits (arrow); (25) external valve detail of the central region, raphe ends straight; (26) external view, detail of 
the apice, raphe ends straight. Scale bars 10 μm (1–21), 2 μm (22), 5 μm (23) and 1 μm (24–26).
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originally by Carter (1966) as Navicula nienta, to the 
archipelago of Tristan da Cunha. Lowe et al. (2014) 
analyzed the ultrastructure of specimens of H. nienta 
in samples from the Kerguelen Islands, in Hawaii. The 
authors discussed the similarity with D. langebertalotii 
and with D. pseudolangebertalotii and synonymized 
both with H. nienta.

Carter (1966) and Lowe et al. (2014) stated that H. 
nienta was often found on rocky substrates in streams, 
walls of dimly lit caves and lava tubes. In fact, the-
re were no records of H. nienta in Brazil. However, 
Costa (1995) illustrated a heterogeneous population of 
Diadesmis contenta, and we believe that the individual 
of fig. 184 corresponds to H. nienta. Santos et al. (2011) 

Figs 27–54. Humidophila contenta. (27–49) LM valves view, showing morphological variability. (50–54) SEM: (50) external view of the val-
ve; (51) internal view of the valve; (52) lateral valve view showing the row of elongated mantle areolae,  uninterrupted around the apices, and 
copulae perforated by delicate elongated slits (arrow); (53) external valve detail of the central region, raphe ends laterally expanded in T–sha-
ped; (54) external view, detail of the apice, raphe ends laterally expanded in T–shaped. Scale bars 10μm (27–49), 2μm (50) and 1μm (51–54).
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Figs 55–85. Humidophila nienta. (55–80) LM valves view, showing morphological variability. (81–85) SEM: (81) external view of the valve; 
(82) internal view of the valve, pseudoseptum (arrow); (83) lateral valve view showing the row of elongated mantle areolae,  uninterrupted 
around the apices, and copulae perforated by delicate elongated slits (arrow); (84) external valve detail of the central region, raphe ends laterally 
expanded in anchor–shaped depressions; (85) external view, detail of the apice, raphe ends laterally expanded in anchor–shaped depressions. 
Scale bars 10μm (55–80),  2μm (81–83, 85) and 1μm (84).
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Figs 86–109. Humidophila paracontenta. (86–104) LM valves view, showing morphological variability. (105–109) SEM:  (105) external view 
of the valve; (106) internal view of the valve; (107) lateral valve view showing the row of elongated mantle areolae,  uninterrupted around the 
apices, and copulae perforated by elongated slits (arrow);  (108) external valve detail of the central region, raphe ends straight; (109)  external 
view, detail of the apice, raphe ends in small pore–shaped. Scale bars 10μm (86–104) and 2μm (105–109).
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Figs 110–142. Humidophila piraquarae P.C. Ferreira et T.V. Ludwig sp. nov.,   (110–137) LM valves view, showing morphological variability:  
(110) holotype specimen. (138–142) SEM: (138) external view of the valve, indicating raised longitudinal siliceous thickening (arrow); (139) 
internal valve view, pseudoseptum (arrow); (140) lateral valve view, row of elongated areolae in the mantle (white arrow) uninterrupted around 
the apices, copulae perforated by delicate slits (black arrow); (141) external view, detail of the central region, raphe endings laterally expanded 
in anchor–shaped depressions; (142) external view, apical raised longitudinal siliceous thickening (arrow). Scale bars 10μm (109–136),  2μm 
(137, 139) and 1μm (138, 140–142).
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documented a species misidentified as Diadesmis im-
plicata Moser, Lange–Bertalot et Metzeltin, that, in our 
opinion, actually corresponds to H. nienta.

Humidophila paracontenta (Lange–Bertalot et 
Werum) Lowe, Kociolek, Johansen, Van de Vijver, 
Lange–Bertalot et Kopalová 2014 (Figs 86–109)
Lowe et al. (2014): Diatom Research, v. 29, n. 4, p. 351–360. 
Description (n=30)
LM (Figs 86–104): Valves linear, slightly gibbous in 
the center, length 9.2–12.7 µm, width 2.8–3.1 µm, with 
widely rounded apices. Axial area linear. Central area 
expanded in fascia, extending from the central nodule 
to the valve margins.
SEM (Figs 105–109): Externally, raphe filiform with 
external central ends straight and distal ends small 
pore–shaped. Axial area linear. Central area expand-
ed in fascia, extending from the central nodule to the 
valve margins. Striae parallel, 30–40 in 10 µm, formed 
by a single areola. Areolae transapically shortened near 
the central area. Mantle areolae elongated to rounded, 
35 in 10 μm, uninterrupted around the valve apices. 
Copulae perforated by elongated slits. Internally, axial 
area linear. Central area expanded in fascia, extending 
from the central nodule to the valve margins.

Samples occurrence: UPCB–76004, 76005, 76056, 
76059, 76066, 76074, 78123, 78127, 78128.
Literature: as Diadesmis paracontenta: Werum et al. 
(2004); Hofmann et al. (2013); as Humidophila para-
contenta: Lowe et al. (2014).
Remarks: The present population resembles 
Humidophila undulocontenta (Lange–Bertalot et 
Werum) Lowe, Kociolek, Johansen, Van de Vijver, 
Lange–Bertalot et Kopalová. However H. undulucon-
tenta has denser striae (40–42 in 10 µm), but lacks the 
consistent phantom striae around the central area and 
the marked depressions in the raphe distal end (Lowe 
et al. 2017). 

Furey et al. (2020) stated that H. paracon-
tenta was often found in euaerial or pseudoaerial 
environments. 

In Brazil, there were no records of H. paracon-
tenta. However, Costa (1995) illustrated a heteroge-
neous population of Diadesmis contenta, and, in our 
opinion, the individual of fig. 185 corresponds to H. 
paracontenta. Silva et al. (2010) illustrate a specimen 
(fig. 126) identified as H. contenta that we believe, 
corresponds meristically and morphologically to H. 
paracontenta.

Humidophila piraquarae  P.C. Ferreira et T.V. 
Ludwig sp. nov. (Figs 110–142)
Description (n=30)
LM (Figs 110–137): Valves linear, with prominent 
undulations, length 8.9–14.7 µm  and width 2.6–3.2 
µm. Apices broadly rostrate–rounded. Axial area lan-
ceolate, tapering gradually towards the apice. Central 

area transapically elliptic to almost circular.
SEM (Figs 138–142): Externally, central and distal 
endings laterally expanded in anchor–shaped depre-
ssions. Axial area lanceolate, tapering gradually to-
wards the apice. Raised longitudinal siliceous thic-
kening (Figs 138, 142), restricted to distal region of 
axial area. Central area transapically elliptic to almost 
circular, delimited by shorter striae. Striae slightly ra-
diate near the rounded central area, 30–40 in 10 µm, 
formed by a single  areola. Areolae transapically elon-
gated, shorter and more circular near the central area 
and near the apices. Mantle areolae elongated, 35 in 
10 μm, uninterrupted around the valve apices. Copulae 
perforated by delicate slits (Fig. 140). Internally, axial 
area lanceolate, tapering gradually towards the apice. 
Central area transapically elliptic to almost circular, 
delimited by shorter striae. Presence of pseudoseptum  
at both apices (Fig. 139). 

Holotype: UPCB! Naphrax slide UPCB76074, 
Herbarium of  Universidade Federal do Paraná 
(UPCB), Curitiba municipality, Brazil. Holotype spe-
cimen illustrated in Fig.  110.
Type locality: Brazil, State of Paraná, Piraquara mu-
nicipality, Carvalho Reservoir, 25°29'42" S, 48°59'08" 
W, collected by R. Garbuio et al. on 04/30/2014 (Table 
1).
Habitat: Aerophytic
Etymology: The specific epithet refers to the city of 
Piraquara, where the species was found.
Ecology: The new species occurred in moss found in 
rocky wall with low pH (6,3). In this sample there were 
only species of the genus Humidophila, in addition to 
the new species, there were also H. brekkaensis, H. 
contenta and H. paracontenta.
Distribution: The species has been found so far only 
in the type locality.

Remarks: The undulated outline is not a common fe-
ature in the genus Humidophila, only detected in some 
species, such as H. biggiba (Hustedt) Lowe, Kociolek, 
Johansen, Van de Vijver, Lange–Bertalot et Kopalová, 
H. nienta and H. undulata Lowe, Kociolek et Johansen. 
Humidophila piraquarae resembles H. nienta and H. 
undulata (Table S1). Humidophila nienta differs by its 
undulated valve outline less constricted in the middle, 
and distal raphe endings often with rim–shaped depre-
ssions (Lowe et al. 2014). Humidophila undulata dif-
fers by having a deeper constricted valve,  lower striae 
density (29–31 areolae in 10 μm), weakly rostrate to 
cuneately–rounded apices, axial area linear not raised 
near distal raphe ends, and central raphe endings ter-
minating in laterally expanded T–shaped depressions 
(Lowe et al. 2014). 

We propose the new species, Humidophila pi-
raquarae P.C. Ferreira et T.V. Ludwig, based on the 
unique features of our population comparing to simi-
lar species (Table S2): prominent constriction, broadly 
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rostrate–rounded, striae density, raised siliceous thic-
kening region of axial area, and raphe central endings 
laterally expanded in anchor–shaped depressions. The 
new species was found in mosses in a well–preserved 
environment. 

Discussion

Recent discoveries of new diatoms in aerial and sub-
aerial environments, such as Humidophila (Kochman–
Kędziora et al. 2016; Furey et al. 2020) and Luticola 
D.G. Mann (Kale et al. 2017; Furey et al. 2020), 
highlight the great importance of taxonomic stud-
ies including collections in this type of habitat. Many 
Humidophila taxa occur in moist aerial or subaerial 
habitats, wet or semi–dry terrestrial habitats such as 
wet soils, wet walls, on tree trunks, moist mosses, 
damp rocks, and spray zones of waterfalls (Lowe et 
al. 2014; Taylor & Cocquyt 2016; Lowe et al. 2017; 
Chattová et al. 2018). The populations studied in 
“Mananciais da Serra” were found in sub–aerial envi-
ronments such as mosses and in aerial environments 
such as walls moistened by water spray, typical en-
vironments of the genus Humidophila. However, we 
also found specimens attached to submerged substrates 
such as pebbles and sand, and in a phytoplankton sam-
ple. Species were more frequent in wet moss samples. 
Also, several species of Humidophila often occur in oli-
gotrophic environments (Werum & Lange–Bertalot 
2004; Poulíčková & Hašler 2007; Taylor & Coquyt 
2016; Rybak et al. 2018). Our samples were collected 
in subaerial environments and water bodies inserted in 
mountainous conservation area with very low anthrop-
ic interference. The streams have clear and crystalline 
water, low temperature, low concentration of nutrients, 
and acidic pH to be usual for this type of mountainous 
environment (Tundisi & Matsumura–Tundisi 2008). 
Humidophila species had been recorded in Brazilian 
environments with most diverse levels of trophy (Silva 
et al. 2010; Marra et al. 2016; Silva–Lehmkuhl et al. 
2019). Greater numbers of species were found in oli-
go–mesotrophic environments (Bertolli et al. 2010; 
Marra et al. 2016; Marquardt et al. 2018; Silva–
Lehmkuhl et al. 2019). Humidophila taxa in environ-
ments with different levels of trophy probably occur, 
because cosmopolitan Humidophila species, such as H. 
contenta, can adapt easily to rapid changes in environ-
mental conditions (Nikolic et al. 2020).

Humidophila contenta is frequently documen-
ted in Brazil in different habitats, mostly sub–aerial 
environments, and mainly attached to macrophytes or 
damp rocks (Marra et al. 2016; Silva–Lehmkuhl et 
al. 2019; Bes et al. 2012; Heinrich et al. 2014; Silva 
et al. 2011; Silva et al. 2017), phytoplankton samples 
(Bartozek et al. 2013), samples of submerged pebbles 
(Moresco & Rodrigues 2016) or artificial substrates 
(Oliveira et al. 2002; Silva–Lehmkuhl et al. 2019).

Although 65 have been flagged as taxonomically 
accepted (Guiry & Guiry 2021), only 12 species of 
Humidophila were registered in Brazil. Some are 
identified incorrectly. Partly due to the use of traditi-
onal European or North American identification gui-
des (Tyler 1996; Chattová et al. 2018), to erroneous 
identifications (Van De Vijver & Cocquyt 2009) or 
absence of ultrastructure observations. In addition, 
some species did not have a clear delimitation, presen-
ting very heterogeneous populations, as is the case of 
H. contenta (Krammer & Lange–Bertalot 1986). In 
recent years, studies focusing on the genus allowed to 
optimize the taxonomic delimitation of some species 
with heterogeneous populations, through the descrip-
tion of independent species based on current morpho-
logical concepts and biogeography (Lowe et al. 2014; 
Kopalová et al. 2015; Lowe et al. 2017; Chattová et 
al. 2018).

The distribution of the genera in the country is 
restricted to the states of Goiás, Rio de Janeiro, Paraná, 
São Paulo and Rio Grande do Sul. This restricted dis-
tribution and probably the number of species are unde-
restimated in Brazil. More extensive sampling cove-
ring uncollected regions and diverse aerophilic habitats 
would reveal the real diversity of the genus in Brazil. 

Acknowledgements
The authors thank the Center of Electron Microscopy of the 
Federal University of Paraná for SEM availability and Dra. 
Elizabeth de Araujo Schwarz for latin assistance. Coordenação de 
Aperfeiçoamento Pessoal de Nível Superior (CAPES) provided a 
Master’s degree scholarship for PCF. VMK and TAVL were sup-
ported by a productivity grant from the Conselho Nacional de 
Desenvolvimento Científico e Tecnológico (CNPq) (312516/2019–3 
and 311876/2019–6, respectively). We gratefully acknowledge all 
the suggestions provided by Aloisie Poulíčková and anonymous 
reviewer.

References
Bartozek, E.C.R.; Bueno, N.C.; Ludwig, T.A.V.; 

Tremarin, P.I.; Nardelli, M.S. & Rocha, A.C.R. 
(2013): Diatoms (Bacillariophyceae) of Iguaçu 
National Park Foz do Iguaçu Brazil.  ̶  Acta Botanica 
Brasilica 27: 108–123. DOI: https://doi.org/10.1590/
S0102–33062013000100012 

Bartozek, E.C.R.; Zorzal–Almeida, S. & Bicudo, 
D.C. (2018): Surface sediment and phytoplank-
ton diatoms across a trophic gradient in tropical 
reservoirs: new records for  Brazil and São Paulo 
State.  ̶  Hoehnea   45:   69–92. DOI: https://doi.
org/10.1590/2236–8906–51/2017

Bere, T. (2014): Ecological preferences of benthic diatoms in 
a tropical river system in São Carlos–SP.  ̶  Tropical 
Ecology 55: 47–61.

Bere, T. & Tundisi, J.G. (2011a): Applicability of bor-
rowed diatom–based water quality assessment in-
dices in streams around São Carlos–SP, Brazil.  
̶  Hidrobiologia 673: 179–192. DOI: https://doi.
org/10.1007/s10750–011–0772–7

Bere, T. & Tundisi, J.G. (2011b): Influence of ionic strength 
and conductivity on benthic diatom communities in 

Ferreira et al.: Humidophila  (Bacillariophyceae)  in  springs  and  subaerial  habitats                                                                                                                             17



a tropical river (Monjolinho), São Carlos–SP, Brazil.  
̶  Hidrobiologia 661: 261–276. DOI: https://doi.
org/10.1007/s10750–010–0532–0

Bere, T. & Tundisi, J.G. (2011c): Influence of land–use pat-
terns on benthic diatom communities and water qual-
ity in the tropical Monjolinho hydrological basin, 
São Carlos–SP, Brazil.  ̶  Water SA 37. DOI: https://
doi.org/10.4314/wsa.v37i1.64112

Bertolli, L.; Tremarin, P.I. & Ludwig, T.A.V. (2004): 
Diatomáceas perifíticas em Polygonum hydrop-
iperoides Machaux reservatório Passaúna Região 
Metropilitana de Curitiba Paraná Brasil.  ̶  Acta 
Botanica Brasilica 24: 1014–1025. DOI: https://doi.
org/ 10.1590/S0102–33062010000400022  

Bes, D.; Ector, L.; Torgan, L.C. & Lobo, E.A. (2012): 
Composition of  the  epilithic  diatom  flora  from  a  
subtropical river, Southern Brazil.  ̶  Iheringia Série 
Botânica 67: 93–125.

Bicudo, D.C. & Menezes, M. (2006): Gêneros de Algas de 
Águas Continentais do Brasil chave para identifica-
ção e descrições.  ̶  508 pp., Rima, São Carlos 2. 

Carter, J.R. (1966): Some freshwater diatoms of Tristan da 
Cunha and Gough Island: Report on material col-
lected by the Royal Society Expedition to Tristan da 
Cunha.  ̶  Nova Hedwigia 6: 1–4.

Chattová, B.; Lebouvier, B. & Van De Vijver, B. (2018): 
Morphological and taxonomical analysis of the ter-
restrial diatom genus Humidophila (Bacillariophyta) 
on Ile Amsterdam and Ile Saint–Paul (Southern 
Indian Ocean).  ̶  Phytotaxa 336: 28. DOI: https://doi.
org/10.11646/phytotaxa.336.1.2

Costa, J.C.F. (1995): Diatomáceas (Bacillariophyceae) da 
Reserva Biológica de Poço das Antas, município de 
Silva Jardim, Rio de Janeiro, Brasil.  ̶  Iheringia Série 
Botânica 46: 57–144.

Dupont, A.; Lobo, E.A.; Costa, A.B. & Schuch, M. (2007): 
Avaliação da qualidade da água do Arroio do Couto, 
Santa Cruz do Sul, RS, Brasil.  ̶  Caderno de Pesquisa, 
série Biologia 19: 56–65. 

Faria, D.M.; Costin, J.C.; Tremarin, P.I. & Ludwig, 
T.A.V. (2019): Temporal changes in biological 
traits of diatom communities in response to an oil 
spill in a subtropical river.  ̶  Anais da   Academia 
Brasileira de Ciências 91: 1–17. DOI: https://doi.
org/10.1590/0001–3765201920170863

Fontana, L. & Bicudo, D.C. (2012): Biodiversidade e 
distribuição das diatomáceas (Bacillariophyceae) 
de sedimentos superficiais nos reservatórios em 
cascata do    rio Paranapanema, SP/PR, Brasil.  ̶  
Hoehnea 39: 587–614. DOI: https://doi.org/10.1590/
S2236–89062012000400007

Furey, P.C.; Manoylov, K.M. & Lowe, R.L. (2020): New 
and interesting aerial diatom assemblages from 
southwestern Iceland.    ̶  Phytotaxa 428: 173–208. 
DOI: https://doi.org /10.11646/phytotaxa.428.3.2

Guiry, M.D. & Guiry, G.M. Algae Base. World–wide elec-
tronic publication National University of Ireland 
Galway.  ̶  http://www.algaebase.org [accessed: 19 
December 2021].

Heinrich, C.G.; Leal, V.L.; Schuch, M.; Dupont, A. & 
Lobo, E.A. (2014): Epilithic diatoms in headwater 
areas of the hydrographical subbasin of the Andreas 
Stream, RS, Brazil, and their    relation with eutro-
phication processes.  ̶  Acta Limnologica Brasiliensia 
26: 347–355. DOI: https://doi.org/10.1590/

S2179–975X2014000400003
Hofmann, G.; Lange–Bertalot, H. & Werum, M. (2013): 

Diatomeen im Süßwasser–Benthos von Mitteleuropa.  
̶  908 pp., Koeltz Scientific Books, Königstein. 

Kale, A.; Levkov, Z. & Karthick, B. (2017): Typification 
of two species of Luticola (Bacillariophyta) from 
aerophilic habitats of the Western Ghats, India.   ̶  
Phytotaxa, 298: 29–42. DOI: https://doi:10.11646/
phytotaxa.298.1.3

Kochman–Kędziora, N.; Noga, T.; Zidarova, R.; Kopalova, 
K. & Van De Vijver, B.  (2016): Humidophila ko-
marekiana sp. nov. (Bacillariophyta), a new limno-
terrestrial diatom species from King George Island 
(Maritime Antarctica).  ̶  Phytotaxa 272: 184–190. 
DOI: https://doi.org/10.11646/phytotaxa.272.3.2

Kopalová, K.; Kociolek, J.; Lowe, R.; Zidarova, R. & Van 
De Vijver, B.  (2015): Five new species of the genus 
Humidophila (Bacillariophyta) from the Maritime 
Antarctic Region.  ̶  Diatom Research 30: 117–131. 
DOI: https://doi.org/10.1080/0269249X.2014. 
998714

Krammer, K. & Lange–Bertalot, H. (1986): 
Bacillariophyceae: Naviculaceae. – In: Etll, H.; 
Gerloff, J.; Heyning, H. & Mollenhauer, D. (eds): 
Sübwasserflora von Mitteleuropa 2/1.  ̶  876 pp., G. 
Fischer  Sttugart & New York.

Lange–Bertalot, H. & Genkal, S. (1999): Diatoms from 
Siberia I – Islands in the Arctic Ocean (Yugorsky–
Shar Strait).  ̶  Iconographia Diatomologica 6: 1–292.

Lange–Bertalot, H. & Werum, M. (2001): Diadesmis fu-
kushimae sp. nov. and some other new or rarely ob-
served taxa of the subgenus Paradiadesmis Lange–
Bertalot et Le Cohu.  ̶  Diatom 17: 3–19

Le Cohu, R. & Van De Vijver, B. (2002): Le genre Diadesmis 
(Bacillariophyta) dans les archipels de Crozet et de 
Kerguelen avec la description de cinqe spèces nou-
velles.  ̶  Annales de Limnologie 38: 119–132. DOI: 
https://doi.org/10.1051/limn/2002010

Lobo, E.A.; Callegaro, V.L.M.; Hermany, C.; Bes, D.; 
Wetzel, C.E. & Oliveira, M.A. (2004): Use of epi-
lithic diatoms as bioindicators from lotic systems in 
southern Brazil, with special emphasis on eutrophi-
cation.  ̶  Acta Limnologica Brasiliensia 16: 25–40.

Lobo, E.A.; Heinrich, C.G.; Schuch, M.; Dupont, A.; 
Costa, A.B.; Wetzel, C.E. & Ector, L. (2016): 
Índice trófico de qualidade da água: guia ilustrado 
para sistemas lóticos subtropicais e temperados 
brasileiros.  ̶  56pp., EDUNISC 1. 

Lobo, E.A.; Schuch, M.; Heinrich, C.G.; Costa, A.B.; 
Dupont, A.; Wetzel, C.E. & Ector, L. (2015): 
Development of the Trophic Water Quality Index 
(TWQI) for subtropical temperate Brazilian lotic sys-
tems.  ̶  Environmental Monitoring and Assessment 
187: 1–13. DOI: https://doi.org/ 10.1007/
s10661–015–4586–3

Lobo, E.A.; Wetzel, C.E.; Ector, L.; Katoh, K.; Blanco, 
S. & Mayama, S. (2010): Response of epilithic dia-
tom communities to environmental gradients in sub-
tropical temperate Brazilian rivers.  ̶  Limnetica 29: 
323–340. DOI: https://doi.org/10.23818/lImn.29.27

Lowe, R.L.; Kociolek, P.; Johansen, J.R.; Van De Vijver, 
B.; Lange–Bertalot, H. & Kopalová, K. (2014): 
Humidophila gen. nov.a new genus for a group of 
diatoms (Bacillariophyta) formerly within the ge-
nus Diadesmis: species from Hawaii including one 

18                                                                                                                            Fottea, Olomouc, 23(1): 8–20, 2023
DOI: 10.5507/fot.2022.008



new species.  ̶  Diatom Research 29: 351–360. DOI: 
https://doi.org/10.1080/ 0269249X.2014.889039

Lowe, R.; Kociolek, J.P.; You, Q.; Wang, Q. & 
Stepanek, J. (2017): Diversity of the diatom ge-
nus  Humidophila  in karst areas of Guizhou, 
China.   ̶  Phytotaxa 305: 269–284. DOI: https://doi.
org/10.11646/phytotaxa.305.4.3269 

Marquardt, G.C.; Bicudo, C.E.M.; Ludwig, T.A.V.; 
Ector, L. & Wetzel, C.E. (2018): Diatom as-
semblages (Bacillariophyta) in six tropical reser-
voirs from southeast Brazil: species composition 
and spatial and temporal variation patterns.  ̶  Acta 
Limnologica Brasiliensia 30: e201. DOI: https://doi.
org/10.1590/S2179–975X6417

Marquardt, G.C.; Furstenberger, C.B.; Chaouiche, T.E.; 
Caparica, R. & Carapunarla, L.  (2005): Periphytic 
diatoms (Bacillariophyceae) in natural substrates 
from the rio das Pedras, located in Guarapuava, state 
of Paraná, Brazil.  ̶  Terra Plural 4: 217–240. DOI: 
https://doi.org/10.5212/TerraPlural.v.4i2.0005

Marra, R.C.; Tremarin, P.I.; Algarte, V.M. & Ludwig, 
T.A.V. (2016): Epiphytic diatoms (Diatomeae) 
from Piraquara II urban reservoir, Paraná state.  
̶  Biota Neotropica 16: 1–20. DOI: https://doi.
org/10.1590/1676–0611–BN–2016–0200

Metzeltin, D.; Lange–Bertalot, H. & García–Rodríguez, 
F. (2005): Diatoms of Uruguay: compared with 
other taxa from South America and elsewhere.  ̶  
Iconographia Diatomologica 15: 1–736.

Moreira–Filho, H. & Valente–Moreira, I.M. (1981): 
Avaliação taxonômica e ecológica das diatomáceas 
(Bacillariophyceae) epífitas em algas pluricelula-
res obtidas nos litorais dos Estados do Paraná Santa 
Catarina e São Paulo.  ̶  Boletim do Museu Botânico 
Municipal 47: 1–17. 

Moresco, C. & Rodrigues, L. (2016): Checklist of peri-
phytic diatoms in streams of the Piarapó River basin, 
Paraná state, Brazil.  ̶  Check List 12:1–7. DOI: htt-
ps://doi.org/10.15560 /12.1.1823

Moser, G.; Lange–Bertalot, H. & Metzeltin, D. (1998): 
Insel der Endemiten. Geobotanisches Phänomen 
Neukaledonien (Island of endemics New Caledonia 
– a geobotanical phenomenon).  ̶  Bibliotheca 
Diatomologica 38: 1–464. 

Nikolić, N.; Popović, S.; Vidaković, D.; Simić, G.S. & 
Krizmanić, J. (2020): Genus Humidophila from 
caves in Serbia with an improved detailed description 
of rare H. brekkaensoides.  ̶  Archives of Biological 
Sciences 72: 279–289. DOI: https://doi.org/10.2 298/
ABS200228022N

Oliveira, M.A.; Torgan, L.C. & Rodrigues, L. (2002): 
Diatomáceas perifíticas dos arroios Sampaio e 
Sampainho Rio Grande do Sul Brasil.  ̶  Acta Botanica 
Brasilica 16: 151–160. DOI: https://doi.org/10.1590/
S0102–33062002000200003

Poulíčková, A. & Hašler, P. (2007): Aerophytic diatoms 
from caves in central Moravia (Czech Republic).  ̶  
Preslia 79: 185–204.

Procopiak, L.K.; Fernandes, L.F. & Moreira–Filho, 
H. (2006): Marine and estuarine diatoms 
(Bacillariophyta) from Paraná, southern Brazil: 
check–list with emphasis on harmful species.  ̶  Biota 
Neotropica 6: 1–28. DOI: https://doi.org/10.1590/
S1676–06032006000300013

Reginato, M. & Goldenberg, R. (2007): Análise florística, 

estrutural e fitogeográfica da vegetação em região de 
transição entre as Florestas Ombrófilas Mista e Densa 
Montana, Piraquara, Paraná, Brasil.  ̶  Hoehnea 34: 
349–360.

Rodrigues, L. & Bicudo, D.C. (2001:) Similarity among 
periphyton algal communities in a lentic–lotic gra-
dient of the upper Paraná river floodplain, Brazil.  ̶   
Revista Brasileira de Botânica 24: 235–248. DOI: 
https://doi.org/10.1590/S0100–84042001000300001 

Rosa, V.C. & Garcia, M. (2015): Ecological guilds of epi-
phytic diatoms (Bacillariophyta) on Acrostichum da-
naeifolium  Längst. et Fisch in a subtropical wetland 
in southern Brazil.  ̶  Acta Limnologica Brasiliensia 
27: 311–321. DOI: https://doi.org/10.1590/
S2179–975X4214 

Rumrich, U.; Lange–Bertalot, H. & Rumrich, M. (2000): 
Diatoms of the Andes. From Venezuela to Patagonia/
Tierra del Fuego and two additional contributions.  ̶  
Iconographia Diatomologica 9: 1–649.

Ruwer, D.T.; Bernardes, M.C. & Rodrigues, L. (2018): 
Diatom responses to environmental changes in the 
Upper Paraná River floodplain (Brazil) during the last 
~ 1000 years.  ̶  Journal of Paleolimnology 60:543–551. 
DOI: https://doi.org/10.1007/s10933–018–0039–7

Ruwer, D.T. & Rodrigues, L. (2018): Subfossil and 
periphytic diatoms from the upper Paraná riv-
er, Brazil: last ~1000 years of a transition pe-
riod.  ̶  Hoehnea 45: 431–449. DOI: https://doi.
org/10.1590/2236–8906–89/2017

Rybak, M.; Noga, T. & Zubel, R. (2018): The Aerophytic 
Diatom Assemblages Developed on Mosses 
Covering the Bark of Populus alba L.   ̶  Journal of 
Ecological Engineering 19: 113–123. DOI: https://
doi.org/10.12911/22998993/92673

Salomoni, S.E.; Rocha, O.; Callegaro, V.L. & Lobo, E.A. 
(2006): Epilithic diatoms as indicators of water qual-
ity in the Gravatai river, Rio Grande do Sul, Brazil.  
̶  Hydrobiologia 559: 233–246. DOI: https://doi.
org/10.1007/s10750–005–9012–3

Salomoni, S.E.; Rocha, O.; Hermany, O. & Lobo, E.A. 
(2011): Application of water quality biologi-
cal indices using    diatoms as bioindicators in the 
Gravataí river, RS, Brazil.  ̶  Brazilian Journal of 
Biology 71: 949–959. DOI: https://doi.org/10.1590/
S1519–69842011000500015

Santos, E.M.; Tremarin, P.I. & Ludwig, T.A.V. (2011): 
Diatomáceas perifíticas em Potamogeton polygonus 
Cham. And Schltdl.: citações pioneiras para o estado 
do Paraná.  ̶  Biota Neotropica 11: 303–315. DOI: 
https://doi.org/10.1590/S1676–06032011000300025

Schuch, M.; Oliveira, M.A. & Lobo, E.A. (2015): Spatial 
Response of Epilithic Diatom Communities to 
Downstream Nutrient Increases.  ̶  Water Environment 
Research 87: 547–558. DOI: https://doi.org/10.2175/
106143014X14062131178196

Schoeman, F.R. & Archibald, R.E.M. (1978): The diatom 
flora of Southern Africa.  ̶  CSIR Special Report WAT 
50.

Silva, A.M.; Ludwig, T.A.V.; Tremarin, P.I. & Vercellino, 
I.S.  (2010): Diatomáceas perifíticas em um 
sistema eutrófico brasileiro (Reservatório do Iraí 
estado do Paraná).  ̶  Acta Botanica Brasilica 
24: 997–1016. DOI:   https://doi.org/10.1590/
S0102–33062010000400015   

Silva, W.J.; Nogueira, I.S. & Souza, M.G.M. (2011): 

Ferreira et al.: Humidophila  (Bacillariophyceae)  in  springs  and  subaerial  habitats                                                                                                                             19

https://doi.org/10.12911/22998993/92673
https://doi.org/10.12911/22998993/92673


Catálogo de diatomáceas da região Centro–Oeste 
brasileira.   ̶  Iheringia Série Botânica 66: 61–86. 

Silva, J.F.; Salomoni, S.E.; Oliveira, M.A. & Machado, 
S.L.O. (2017): Diatomáceas epilíticas de sistemas 
lóticos na sub–bacia hidrográfica do Arroio Grande, 
Rio Grande do Sul, Brasil.  ̶  Iheringia Série Botânica 
72: 201–219. 

Silva–Lehmkuhl, A.M.; Tremarin, P.I.; Vercellino, I.S. 
& Ludwig, T.A.V. (2019): Periphytic diatoms from 
an oligotrophic lentic system, Piraquara I reservoir, 
Paraná state, Brazil.  ̶  Biota Neotropica 19: 1–25. DOI: 
https://doi.org/10.1590/1676–0611–BN–2018–0568

Simonsen, R. (1974): The diatom plankton of the Indian 
Ocean Expedition of R/V “Meteor”, 1964–65 Meteor.  
̶  Forschungsergebnisse Reihe D–Biologie 19: 1–66.

Taylor, J.C. & Cocquyt, C. (2016): Diatoms from the Congo 
and Zambezi Basins – Methodologies and identifi-
cation of the genera.  ̶  African Journal of Aquatic 
Science 44: 1–302. 

Torgan, L.C. & Biancamano, M.I. (1991): Catálogo das 
Diatomáceas (Bacillariophyceae) referidas para o 
estado do Rio Grande do Sul, Brasil, no período de 
1973 a 1990.  ̶  Caderno de Pesquisa, Série Botânica 
3: 1–201. 

Tremarin, P.; Freire, E.; Bertolli, L. & Ludwig, T.A.V. 
(2009): Catálogo das diatomáceas (Ochrophyta–
Diatomeae) continentais do estado do Paraná.  ̶  
Iheringia Série Botânica 64: 79–107. 

Tundisi,   J.G. &   Matsumura–Tundisi,   T. (2008): 
Limnologia.   ̶  631 pp., Oficina  de textos. 

Tyler P.A. (1996): Endemism in freshwater algae, with 
special reference to the Australian region.  ̶  
Hydrobiologia 336: 127–135. DOI: https://doi.
org/10.1007/BF00010826

Valente–Moreira, I.T.; Moreira–Filho, H. & Cunha, 
J.A, (1994): Diatomáceas (Chrysophyta, 
Bacillariophyceae) em biótopo do manguezal do rio 
Perequê, em Pontal do Sul, Paranaguá, Estado do 
Paraná, Brasil.  ̶  Acta Biologica Paranaense 23: 55–
72. DOI: http://dx.doi.org/10.5380/abpr.v23i0.712

Van Dam, H.; Mertens, A. & Sinkeldam, J.A. (1994):  Code 
check list and ecological indicator values of fresh-
water diatoms from the Netherlands.  ̶  Netherlands 
Journal of Aquatic Ecology 28: 117–133. DOI: 
https://doi.org/10.1007/BF02334251

Van De Vijver, B.; Ledeganck, P. & Beyens, L. (2002): 
Three new species of Diadesmis from soils of le de 
la Possession (Crozet Archipelago, Subantarctic).  ̶ 
Cryptogamie, Algologie 23: 333–341.

Van De Vijver, B. & Cocquyt, C. (2009):  Four new dia-
tom species from La Calera hot spring in the pe-
ruvian andes (Colca Canyon).  ̶  Diatom Research 
24: 209–223. DOI:  https://doi.org/10.1080/026924
9x.2009.9705792

Vouilloud, A.A.; Guerrero, J.M.; Sala, S.E.; Simonato, J. 
& Kociolek, J.P. (2022): Taxonomy and valve mor-
phology of Humidophila species (Bacillariophyceae) 
from aerophilous habitats in northeastern Argentina, 
with the description of four new species.  ̶  Fottea 22: 
56–77. DOI: https://doi.org/10.5507/fot.2021.016

Werum, M. & Lange–Bertalot, H. (2004): Diatoms in 
springs from central Europe and elsewhere under 
the influence of hydrogeology and anthropogenic 
impacts.  ̶   Iconographia Diatomologica 13: 1–417.

Wojtal, A.Z. (2001): Species composition and distribu-
tion of diatom assemblages in spring Waters from 
various geological formations in Southern Poland.  ̶  
Bibliotheca Diatomologica 59: 1–436.

Zorzal–Almeida, S.; Soininen, J.; Bini, L.M. & Bicudo, 
D.C. (2017): Local environment and connectivity 
are the main drivers of diatom species composition 
and trait variation in a set of tropical reservoirs.  ̶  
Freshwater Biology 62: 1551–1563. DOI: https://doi.
org/10.1111/fwb.12966

© Czech Phycological Society (2023)
Received January 5, 2022
Accepted May 12, 2022

Supplementary material

The following supplementary material is available for this article:

Table S1. Occurrence of Humidophila in Brazil.
Table S2. Comparison of Humidophila piraquarae P.C. Ferreira 
et T.V. Ludwig sp. nov. with similar species. 

This material is available as part of the online article (http://
fottea.czechphycology.cz/contents)

20                                                                                                                            Fottea, Olomouc, 23(1): 8–20, 2023
DOI: 10.5507/fot.2022.008


