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Actinella guianensis Grunow (Eunotiaceae): analysis of the type material and
the description of Actinella cordiformis sp. nov.
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Abstract: The taxonomic concept of Actinella guianensis Grunow is well—established in the literature. However,
during the analysis of recent samples from two Amazon blackwater habitats, we found an uncommon and oddly
shaped Actinella taxon, which corresponds to what is reported in Grunow’s drawings in Van Heurck’s Atlas as the
type species of 4. guianensis. To understand the identity of the uncommonly shaped Actinella, we revisited the type
materials and the literature citing 4. guianensis and compared them with the population found in samples recently
collected. Two distinct morphologies were found in the original material. These morphologies differed mainly in the
shape of the headpoles, with one being cordiform (heart—shaped) and the other bulbous. Furthermore, differences
were observed in the shape of the footpoles, with one being characterized by enlarged and cuneated to protracted
apices, while the other presents a spoon-like shape. Following the analysis of the original material, modern samples,
and the literature, we propose Actinella cordiformis Coélho, Silva—Lehmkuhl, Kociolek, Lehmkuhl et Ludwig sp.

nov. for the species having a cordiform headpole.
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INTRODUCTION

The genus Actinella F. W. LEwis was described in 1864 as having
linear arcuate valves, with one end larger than the other, and
visible terminal nodules, forming stellar groups by adherence
of the smaller ends (LEwis 1864). RounD et al. (1990) detailed
its morphology in SEM, showing a row of prominent spines
along the valve edge. The uniseriate striae are composed of
small, round areolae. The raphe slits are short, and the single
or double rimoportulae can be present at one or both valve
ends (METZELTIN & LANGE-BERTALOT 1998; KOCIOLEK et al.
2001). Currently, 71 infrageneric taxa of Actinella are known
(GUIRY & GUIRY 2023). While this genus is recorded on all
continents except Antarctica, the acidic tropical waters of the
Amazon basin are particularly notable for their high Actinella
diversity (SABBE et al. 2001; KocloLek et al. 2001; METZELTIN

& LANGE-BERTALOT 2007; CANANI et al. 2018).

Grunow in VAN HEURCK (1881) provided the first
Brazilian records of Actinella species. His proposals of three
new species lacked descriptions and were presented only on
drawings: Actinella brasiliensis Granow, Actinella guianensis
Grunow and Actinella mirabilis Grunow. Particularly, the
presentation of A. guianensis included two drawings, figures
17 and 20 (VAN HEURCK 1881, plate XXXV (35)). The legend
for figure 17 reads “A. guianensis Grun. *Brésil. Guyane”, and
the figure 20 legend reads “Méme figure que 17 a300/1*”. The
specimen depicted in figure 17 displays a noticeable cordiform
headpole and provides detailed views of the striation, spines,
and nodules. Grunow’s fig. 20 represents only the valve outline
of a slightly arcuate valve, with a broadly rounded headpole
and a cuneate footpole.

During the intervening 141 years that have passed since
Grunow first published his new species, the widely accepted
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concept of A. guianensis in the literature corresponds to the
specimen represented in Grunow’s fig. 20. The mentioned
morphotype is well known in South America, including
Brazil (CLEVE 1881; HUSTEDT in SCHMIDT 1913; Souza &
MORERA-FILHO 1999; Diaz—CASTRO et al. 2003; METZELTIN
& LANGE-BERTALOT 1998; MELO et al. 2010; Bicca et al.
2011; DunNck et al. 2012, 2016; CANANI et al. 2018; Siva et
al. 2021), Argentina (FRENGUELLI 1933), Ecuador (OLIVEIRA
& STEINITZ-KANNAN 1992), Colombia (SALA et al. 2002;
NUREZ—AVELLANEDA 2008), and Guyana (METZELTIN &
LANGE-BERTALOT 1998). On the other hand, reports of speci-
mens resembling Grunow’s Fig. 17 emerged a century after
its initial description, in two Amazonian studies conducted in
Brazil (UHERKOVICH & FRANKEN 1980, pl. VI, figs 12-13;
Souza-MosMANN et al. 1997, fig. 7), and they were repre-
sented by drawings only. Despite A. guianensis being widely
reported in the literature, the type materials of this species have
never been revisited.

Recently, we found representative populations in a
blackwater river in the state of Amazonas, Brazil, which ex-
hibit morphological similarities to both of Grunow’s drawings
of A. guianensis. This raised the question: What is the real
Actinella guianensis Grunow? In our pursuit of an answer to
this question, we conducted an analysis of Grunow’s type slide
of A. guianensis using light microscopy, comparing it with
populations from the Amazon river’s blackwater region. We
provide the first light microscopy observations of A. guianensis
based on the type slide, along with a species description that
encompasses both the type and other populations. Additionally,
we propose a new species, Actinella cordiformis Coélho,
Silva—Lehmkuhl, Kociolek, Lehmkuhl et Ludwig sp. nov.,
based on recently studied material from samples collected in
the Brazilian Amazon, thereby accommodating the second,
less frequently reported species of Grunow.

MATERIAL AND METHODS

Study Areas. Samples for this study were collected in two Amazonian
aquatic ecosystems, Baixa Grande creek and Uaicurapa river, in the
physiographic zone of the Middle Amazon River (AB’SABER 2010),
in the municipalities of Barreirinha and Parintins, Amazonas, Brazil.
The climate of the region is classified as Amw type (tropical humid
with temperatures above 18°C) (KOPPEN 1936), characterized by a
rainy period from December to May, with average annual temperatures
ranging from 22.4 °C to 33°C (ANA 2023).

The Baixa Grande creek (2°52'26.71"S, 57°24'14.63"W)
(Fig. 1) is situated in the Andira Basin, within the Cameta com-
munity in the municipality of Barreirinha. It runs through a primary
forest, 4.5 km from the community center. This small creek follows
a sinuous course, featuring black and slow—flowing water, weaving
its way through vegetation, rocks, and a sandy bottom, reaching a
depth of two meters. The blackwater Uaicurapa River (03°10'32.2"S,
56°5029.8"W) is located in the municipality of Parintins. In the
surroundings, small villages carry out family farming, notably with
cassava, pineapple, and banana cultivation. This river has black and
calm waters during the different phases of the regional hydrological
cycle: full water — with maximum water level; drying — with falling
water level; lower water — minimum water level; flooding — with a
rising water level. According to the season, the water may inundate the

surrounding forest during the full water phases or may reveal extensive
margins with white sand beaches during lower water phases. From
the Amazon River, the upstream section of the Uaicurapa stretches
for approximately 60 km, initially with a relatively narrow width of
around 25 meters, which widens downstream to approximately 4 km.

Field Collections. In the Baixa Grande, the collection occurred
during the flooding phase in April 2014. In the Uaicurapa River,
samples were collected from five sections of the river, moving from
upstream to downstream: Itatuba stream, Ponta do Paca, Sdo Tomé,
Cajual, and Maranhao (Fig. 1). This collection took place over one
regional hydrological cycle: flooding — May 2021, full water — June
2021, drying — October 2021, lower water — November 2021, and
flooding — February 2022.

Planktonic samples were collected using a plankton net (20
um mesh) and preserved with TRANSEAU solution (Bicupo &
MENEZES 2017). In the Uaicurapa River, measurements of temperature
(°C), pH, and electrical conductivity (uS.cm™) were taken using a
portable probe (HANNA HI 98194).

Laboratory Sample Treatment. The samples were oxidized using
concentrated hydrogen peroxide (H,0,37%) according to BATTARBEE
etal. (2001) and were then mounted in Naphrax® (R.I. = 1.74). Species
observations, morphometric measurements, and images were taken
at a magnification of 1000x using an OPTON light microscope (LM)
equipped with a 10MP digital camera and an Axiolab 5 LM equipped
with a Zeiss Axiocam 208 color digital camera. For scanning electron
microscopy (SEM), cleaned samples were dried on aluminum stubs
and coated with gold using a Jeol Smarter Coater. The material was
analyzed using a Jeol JSM IT500-HR operated at 5kV voltage and a
working distance of 9.6 mm. LM and SEM plates were created using
Photoshop Elements edition 2021®. Morphological terminology fol-
lows Round et al. (1990). Samples and holotype’s slide are kept at the
Herbarium of Universidade Federal do Amazonas (HUAM), Brazil.

Taxonomic Analysis

Grunow’s collection. The Grunow Diatom Collection is housed
in the Department of Botany (Herbarium W) at the Natural History
Museum in Vienna. This collection contains original samples, labeled
with Grunow’s sample number, and in many cases, collection locali-
ties. Additionally, the collection includes supplementary materials,
such as Grunow’s microscope slides (e.g. Fig. 2), a catalog (e.g. Fig.
3) listing all of his diatom sample numbers, and drawings (e.g. Figs
7—-10), all of which are detailed in SCHUSTER et al. (2022). Actinella
guianensis was illustrated from Grunow sample 1849, as indicated
by Grunow in a copy of Van Heurck’s Atlas plate XXXV, where
he also notes “S.[an] Carlos”as the type locality. The single, fragile
slide of Grunow sample 1849 (W0164897) was analyzed using an
Olympus BX53 microscope at 1000x magnification (N.A. 1.30),
equipped with Differential Interference Constrast (Nomarski) optics
and the Olympus UC30 Imaging System.

We also analyzed scans of the map of drawings by Grunow
for A. guianensis. Grunow’s drawings at W are organized according
to “de Toni numbers”, a system used in Giovanni Battista de Toni’s
(1891, 1892, 1894) “Sylloge Algarum” (SCHUSTER et al. 2022). The
specific de Toni number assigned to Actinella guianensis is 3742 (Fig.
5), which contains the drawings and photographs depicted in Figs
4-10. Seeing the drawings was helpful, to confirm the Grunow sample
number for the material he looked at and its collection locality (Fig
7). Additional details from the drawings and photographes gave us a
better idea of what Grunow had in mind when he described the species.

Cleve’s collections. In addition, we analyzed LM slide no. 212 of the
Cleve & Moller exsiccate series, collected from a Sphagnum vegeta-
tion near Minas Gerais. CLEVE (1881) recorded A. guianensis in this
sample, which was collected by Dr. Hj. Mosén in Caldas, Brazil.
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Fig. 1. Map of the Uaicurapé River and Baixa Grande creek showing the sampling points where recent samples of Actinella guianensis and A.
cordiformis sp. nov. were collected. Sampling points: (A) Baixa Grande; (B) Itatuba; (C) Ponta do Paca; (D) Sdo Tomé; (E) Cajual; (F) Maranhao.

RESsurrs

Actinella cordiformis Coélho, Silva—Lehmkuhl, Kociolek,
Lehmkuhl et Ludwig sp. nov. (Figs 13—47)

Description

LM (Figs 13-30): Valves moderately arcuate. Headpole
wide, cordiform, with a pronounced apical point displaced
to valve convex margin. Apical point slightly displaced
to the median region in smaller specimens. Footpole
widened, ending in a weakly cuneate to protracted apex
in larger specimens. Spines visible along valve margin,
with a prominent single apical spine at headpole point, and
a pair at the footpole end. Conspicuous terminal nodules.
Terminal raphe fissures curving subterminally onto valve
face. Striae are parallel and evenly distributed along the
valve face, becoming uneven near the apices. At the api-
ces, striation pattern denser than at the center of the valve
and interrupted near ventral margin by a narrow sternum.
Valve dimensions (n=40): Length: 40.0-147.5 um; center
of the valve width: 5-8 um; headpole width: 13.5-18.0
um; footpole width: 5—8 um pm; striae: 12—17 in 10 pm;
spines: 5-8 in 10 um.

SEM (Figs 31-47): Externally, valve margins lined with
canine tooth—shaped spines (Fig. 31). At the headpole
apical point, a single large spine present (Fig. 32), rarely,
two spines observed (Fig. 33). Cingulum areolate (Fig.
34). Two to three robust spines present around the apical
point at the footpole (Figs 36-37). Uniseriate, striae linear
composed of rounded areolae (2430 in 10 pm) (Figs
31-37) extending to the mantle (Fig. 32), becoming radiate
at the apices (Figs 35-37), and this same pattern observed
internally (Fig. 46). Thin and straight sternum present at
ventral margin of the poles, being more evident at the
footpole (Figs 36-37) than at the headpole (Fig. 32). Raphe
on the valve mantle (Figs 35-36) having simple terminal
fissures curved onto the valve face near the apices (Figs
35, 37). Internally, helictoglossae present at both apices
(Figs 38-39, 43). A single rimoportula occasionally present
within the headpole apical point (Figs 41-42), or on the
footpole located posterior to the helictoglossa displaced
of the apical point (Fig. 44). Footpole rimoportulae larger
than the one present on the headpole (Fig. 45). Hyaline
line interrupting the striae from the terminal raphe ends,
continuing along the ventral margin and terminating before
the valve central area (Figs 40, 42, 44, 47).
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Figs 16-20. Actinella cordiformis Coélho, Silva—Lehmkuhl, Kociolek, Lehmkuhl et Ludwig sp. nov., LM — Uaicurapa River. Scale bar 10 pm.
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Figs 21-26. Actinella cordiformis Coélho, Silva—Lehmkuhl, Kociolek, Lehmkuhl et Ludwig sp. nov., LM — Baixa Grande population. Scale
bar 10 pm.
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Figs 27-30. Actinella cordiformis Coélho, Silva—Lehmkuhl, Kociolek, Lehmkuhl et Ludwig sp. nov., LM views of the population from Grunow
sample 1849 (W0164897). Scale bar 10 pm.
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Figs 31-37. SEM — Actinella cordiformis Coélho, Silva—Lehmkuhl, Kociolek, Lehmkuhl et Ludwig sp. nov.: (31) external valve view; (32)
detail of the headpole showing mantle areolae, the single spine at the apical point (arrowhead), and striae; (33) shows two spines at the headpole
apical point (black arrowhead) and terminal nodule (white arrowhead); (34) shows areolate cingulum; (35) detail of the valve mantle showing
the raphe and the distal end on the valve face; (36) detail of the footpole showing spines on the valve edge and a single spine at the apical point
(arrowhead); (37) shows a large spine at the footpole apical point (black arrowhead) and the distal raphe end terminating subterminally on the
valve face (white arrowhead). Scale bars 10 um (Fig. 31), 5 um (Figs 32, 34-37) and 2 um (Fig. 33).
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Figs 38-42. Scanning electron micrographs of Actinella cordiformis Coélho, Silva-Lehmkuhl, Kociolek, Lehmkuhl et Ludwig sp. nov.: (38-39)
internal valve view; (40) details of the helictoglossa (black arrowhead) and the thin sternum at the footpole; (41) details of the rimoportula at the
headpole apical point; (42) headpole showing helictoglossa (black arrowhead), rimoportula (white arrowhead) and the striation pattern. Scale
bars 10 pm (Figs 38-39), 2 pm (Fig. 40) and 1 pm (Fig. 41), 5 pm (Fig. 42).
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Figs 43—47. Scanning electron micrographs of Actinella cordiformis Coélho, Silva—Lehmkuhl, Kociolek, Lehmkuhl et Ludwig sp. nov.: (43)
internal valve view; (44) footpole showing the rimoportula (white arrowhead) and helictoglossa (black arrowhead); (45) shows rimoportula
and helictoglossa; (46) linear parallel punctate striae; (47) helictoglossa (black arrowhead) and the thin sternum at the headpole. Scale bars 20
um (Fig. 43), 5 um (Figs 44, 46-47) and 1 pm (Fig. 45).

Actinella guianensis Grunow in Van Heurck, Synopsis
des Diatomées de Belgique, Atlas: pl 35; fig. 20 (1881)
(Figs 48-74)

Lectotype designated here: slide (W 0164897) made by Grunow, his

sample 1849 Laguna di S. Carlos, Brasilia, in W!
Illustrated by Grunow in Van Heurck (1881, Plate 35, fig. 20), and

herein as Figs 48-52.

Description

LM (Figs 48-62): Valves moderately arcuate. Bulbous
headpole with an apical point weakly displaced to valve’s
convex margin, footpole inflated, spathulate to narrowing
gradually to rounded to subrostrate apices. Robust spines
visible along valve margin, with prominent spines at ex-
tremities. Robust terminal nodules. Striae parallel along
the valve face, and slightly divergent at the extremities. At
apices, striae interrupted near ventral margin by a narrow
sternum. Short raphe with terminal raphe fissures curved
onto the valve face. Helictoglossae clearly visible.

Valve dimensions (n=75): Length: 47-201 um,; center of the
valve width: 4-8 pm; headpole width: 14—17 pum; footpole
width: 812 um; striae: 12-14(17) in 10 um; spines: 5-8
in 10 pm.

SEM (Figs 63-74): Externally, frustule in girdle view weakly
clavate, with truncate extremities (Fig. 63). Robust areolae
present on the valve mantle (Figs 63—65). Girdle bands
open, with over four rows of poroids (Figs 64—65). Spines
prominent, canine tooth—shaped, distributed regularly around
the valve edge (Figs 63, 66). A single external rimoportula
aperture occasionally observed at the headpole (Fig 64)
or at the footpole (Fig. 67). Striae linear are composed of
round areolae (21-30 in 10 um). Raphe on the valve mantle,
short and straight, with drop-like ends (Figs 6465, 67, 69);
terminal raphe fissures curving subterminally onto valve
face. Parallel, uniseriate striae, slightly curved near the apical
points of the poles (Figs 6465, 69). On the ventral margin,
striae interrupted by a hyaline line at both the headpole and
footpole (Fig. 68). Internally, robust helictoglossae present
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at both ends (Figs 70-74). A single rimoportula occasion-
ally present at the headpole apical point, as discussed by
METZELTIN & LANGE-BERTALOT (1998), or at the footpole
end (Figs 71-72). Striae composed of punctate areolae,
appearing strongly radiate posterior the helictoglossae, at
both valve extremities (Figs 72—73).

Sample occurrence: HUAM— 12094, 12095, 12267,
12268, 12269, 12270, 12276, 12277, 12284, 12285, 12286,
12287, 12293, 12294, 12295, 12296, 12303, 12304, 12305,
12306, 12307.

Fottea, Olomouc, 24(1): 118—135, 2024
DOI: 10.5507/f0t.2023.015

Figs 48-52. LM Actinella
guianensis Grunow, LM
views of the population
present on Grunow sample
1849 (W0164897) from
Grunow’s collection at W.
Scale bar 10 pm.

Ecology: In the Uaicurapa River, 4. guianensis (Table 1)
occurrs in planktonic samples, waters with pH ranging
from 4.0 to 6.0, and low conductivity (<25 uS.cm™). The
literature indicates that A. guianensis is widely distributed in
tropical regions, being collected on submerged macrophytes
and wood stems, sediment, and plankton samples, in waters
with pH ranging from acid to weakly acidic (pH=4.5-6.0),
low conductivity (2.7-9.6 pS.cm™), and temperature ranging
from 24 t0 29.8 °C (CLEVE 1881; Diaz—CasTro et al. 2003;
MELo et al. 2010; CANANI et al. 2018; Siva et al. 2021).
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Figs 53-57. Actinella guianensis Grunow, LM views of Uaicurapa River population. Scale bar 10 pm.

DiscuUsSION

Our analyses of Grunow’s original material leads us to
the conclusion that two different species were originally
included in the taxon described as Actinella guianensis
Grunow. In addition to examining the type slide of 4.
guianensis (Grunow sample 1849, W0164897), we also
studied Grunow’s drawings and photographs for this species
(de Toni number 3742). These images, which depict two
LM images from S. Carlos, bear a striking resemblance to

figures 17 and 20 in VAN HEURCK (1881). However, Grunow
did not indicate a sample number for these images (Figs
4, 6), as these are not shown in brackets, as he tipically
did for publication citations “(1873)” here. Additionally,
samples 472 and 473 were attributed to “Dubni” in his
catalog (not shown), not S. Carlos, and these numbers
are therefore not Grunow’s sample numbers. Grunow’s
sample numbers appear as the topmost numbers on the
drawings. Unfortunately, the slides for Grunow samples
472 and 473 no longer exist in the collection to check
their species composition. Furthermore, the analysis of
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Figs 58-62. Actinella guianensis Grunow, LM views of population from
Cleve’s & Moller’s 212 slide (ANSP), Caldas, Brazil. Scale bar 10 um.

slide No. 212 by Cleve & Moller was important, as it dates
back to the same period as the 4. guianensis type sample
and certainly contributed to the taxonomic concept of this
species from 1881 to the present day.

Fottea, Olomouc, 24(1): 118—135, 2024
DOI: 10.5507/fot.2023.015

The presence of both shapes of A. guianensis in Grunow’s
materials does not provide a clear indication of his intended
type species for A. guianensis. Nevertheless, it is evident in
the literature what researchers have come to recognize as A.
guianensis. Morphologically, A. guianensis has a bulbous
headpole with an apical point medially positioned, enlarged
footpole, and spines prominent around the periphery of the
valve; these characteristics are well documented in LM
and SEM in METZELTIN & LANGE-BERTALOT (1998, pl.
4, figs 6-11, pl. 5, figs 1-7, pl. 8, figs 1-2, pl. 63, fig. 6)
and KocIoLEK et al. (2001, figs 20-24, 29, 30). In terms
of distribution, 4. guianensis has been reported from
South America, from tropical (CLEVE 1881; SCHMIDT
1913; OLIVEIRA & STEINITZ—KANNAN 1992; METZELTIN &
LANGE-BERTALOT 1998; SouzA & MOREIRA—FILHO 1999;
KocIioLEK et al. 2001; SALA et al. 2002; Diaz—CASTRO et
al. 2003; NUNEZ—AVELLANEDA 2008; MELO et al. 2010;
Dunck et al. 2012, 2016; CANANI et al. 2018; Siva et al.
2021) to subtropical regions (FRENGUELLI 1933; Bicca et
al. 2011), on submerged substrates, sediment, and plankton
samples from acid waters, with low conductivity and high
temperatures (CLEVE 1881; Diaz—CAasTRO et al. 2003;
MELoO et al. 2010; CANANI et al. 2018; Sirva et al. 2021).
Actinella cordiformis sp. nov. can be rather easily sepa-
rated from A. guianensis and other species of Actinella
by the headpole being markedly cordiform; there are
no other species of Actinella with a similar shape.
Actinella cordiformis sp. nov. has a pronounced apical
point displaced to the dorsal margin, whereas other
species show as continuum of the dorsal margin, such
as A. amazoniana Kociolek, A. crawfordii Kociolek, A.
fourtanierae Metzeltin et Lange—Bertalot, 4. guianensis,
A. guianensoides Metzeltin et Lange—Bertalot, and A.
kociolekii Metzeltin et Lange—Bertalot. The footpole in
A. cordiformis sp. nov. is enlarged with weakly cunecate
to protracted apices, while A. guianensis has a spoon—like
footpole with rounded apices.

Internally, A. cordiformis sp. nov. shows parallel
striae regularly distributed along the valve and radiate,
while the striae are irregularly distributed in the headpole
and footpole. In A. guianensis, striae are radiate at the
headpole and footpole apices. Both species possess rimo-
portulae, either at the headpole or the footpole, however,
not simultaneously. METZELTIN and LANGE BERTALOT
(1998) reported the rare presence of two rimoportulae
at the headpole apical point (plate 63, figure 6) of A.
guianensis. They also concluded that the variability of
the rimoportulae position limits Actinella species dif-
ferentiation by using this feature. Actinella cordiformis
sp. nov. has the rimoportula at the footpole displaced to
the ventral margin, closer to the helictoglossa, differing
from A. guianensis, which has rimoportulae at the apices
of the footpole, as seen in this study (Figs 70-74) and in
the literature (METZELTIN & LANGE-BERTALOT 1998, pl.
S, figs 2-5; KocloLEx et al. 2001, figs 29-30).

Ecologically, Actinella occurs predominantly in acid
waters (ROunD et al. 1990). In this study, A. cordiformis
sp. nov. occurred only in the plankton of Amazonian
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Figs 63-65. SEM views of Actinella guianensis Grunow from Uaicurapa River, Parintins, Amazonas, Brazil: (63) frustule in girdle view show-
ing the areolate cingulum, and the robust spines at the poles; (64) shows open band, rimoportula aperture (white arrowhead), terminal nodule
(black arrowhead), and raphe; (65) detail of the footpole spines and the raphe. Scale bars 10 um (Fig. 63) and 5 um (Figs 64-65).

Figs 66-69. SEM of Actinella guianensis Grunow from Uaicurapa River, Parintins, Amazonas, Brazil: (66) external valve view; (67) details of
the robust spines at footpole and the aperture of the rimoportula; (68) striae interrupted by hyaline line; (69) detail of the headpole spines and
the distal ends of the raphe. Scale bars 10 pm (Fig. 66), 5 um (Figs 67, 69) and 1 pm (Fig. 68).
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Figs 70-74. SEM of Actinella guianensis Grunow from Uaicurapa River, Parintins, Amazonas, Brazil: (70) internal valve view; (71) footpole;
(72) details of the rimoportula and helictoglossa; (73) headpole; (74) detail of the helictoglossa. Scale bars 10 um (Figs 70-71, 73) and 2 um
(Figs 72, 74).

black waters with acid pH (4-5.1). In the literature, 4.
cordiformis sp. nov. were reported from acid Amazonian
samples (pH 4-4.9) from periphyton (UHERKOVICH &
FRANKEN 1980, pl. VI, figs 12—13, as 4. guianensis) and
fish stomach contents (Souza—MoSIMANN et al. 1997,
fig. 7, as A. guianensis). Actinella guianensis was found
in acid to weakly acid pH (4.0-6.1) (Diaz—CASTRO et al.
2003; CaNANI et al. 2018; Siva et al. 2021), and both
species occur in low conductivity waters.

We believe that in 1881, Grunow may have recog-
nized both shapes as a simple variation in valve morphol-
ogy for a single species. Considering all the knowledge
related to the concept of 4. guianensis, in this study
we propose to conserve this name linked to this widely
recognized morphology. This decision is also supported
by the Recommendation 9A.4 of the International Code
of Nomenclature for algae, fungi, and plants, which rec-
ommends that the lectotype should be selected in a way
to preserve current usage (TURLAND et al. 2018). Even
after tracking the original samples, the type locality of
A. guianensis is still uncertain, since the site “Laguna de
S. Carlos, Brasilia” could not be located by us in Brazil
using modern and historical gazetteers. Furthermore, the
taxonomic delimitation of both species was important to
avoid identification errors, as well as to clarify the wide
regional distribution of 4. guianensis in South America.
We state that the restricted occurrence of A. cordiformis sp.
nov. in Amazonian aquatic systems indicates an endemic
species and a potential indicator of acidic conditions and
little-impacted environments.

ACKNOWLEDGEMENTS

We thank the Government of the State of Amazonas for support through
the Foundation for Research Support of the State of Amazonas, for
the financial support granted to the project approved by the notice
003/2020-PAINTER (AMSL) and for the technical support grant of
scholarship ATII (JMSC). We thank Dr. Marina Potapova for facili-
tating review of Cleve & Moller slide 212 at the Academy of Natural
Sciences, Philadelphia. We also appreciate the technical assistance at
the Multiuser Center for Analysis of Biomedical Phenomena at the
State University of Amazonas (CMABio—UEA, Amazonas, Brazil).

REFERENCES

AB’SABER, A.N. (2010): Zoneamento fisiografico e ecologico
do espago total da Amazonia Brasileira. — Estudos
Avancgados 24: 15-24.

AGENCIA NACIONAL DAS AGuas — ANA. (2023). Hidroweb.
— https://www.snirh.gov.br/hidroweb/serieshistoricas
[access: 06 February 2023].

BATTARBEE, R.W.; JONES, V.J.; FLOWER, R.J.; CAMERON, N.G.;
BennNiON, H.; CARVALHO, L. & JUGGINS, S. (2001):
Diatoms. — In: SmoL, J.P.; Birks, H.J.B. & Last, W.M.
(eds): Tracking environmental change using lake sedi-
ments: terrestrial, algal, and siliceous indicators, vol.
3. —pp. 155202, Kluwer, Dordrecht.

Bicca, A.B.; TorGAN, L.C. & SanT0s, C.B. (2011): Eunotiaceae
(Eunotiales, Bacillariophyta) em ambientes lacustres na
planicie costeira do Sul do Brasil. — Revista Brasileira
de Botanica 34: 1-19.

Bicupo, C.E.M. & MENEZES, M. (2017): Géneros de algas
de aguas continentais do Brasil.— 502pp., Rima, Sdo
Carlos 3.

CaNaNL L.G., Fraia, R.S. & MELO, S. (2018): Periphytic



DA S1LVA-LEHMKUHL et al.: Description of Actinella cordiformis sp. nov. 135

Actinella Lewis (Ochrophyta, Bacillariophyceae) species
from an Environmental Protection Area in the Brazilian
Amazon. — Acta Limnologica Brasiliensia 30: ¢209.

CLEVE, P. T. (1881): On some new and little known diatoms. —
Kongliga Svenska—Vetenskaps Akademiens Handlingar
18:1-28.

Diaz—CASTRO, J.G.; SOUZA-MOSIMANN, R.M.; LAUDARES—
SiLvA, R. & FORSBERG, B.R. (2003): Composicdo da
comunidade de diatomaceas perifiticas do rio Jaq,
Amazonas, Brasil. — Acta Amazonica 33: 583-606.

Dunck, B.; NOGUEIRA, I.S. & Souza, M.G.M. (2012):
Eunotiaceae Kiitzing (Bacillariophyceae) planctonicas
do Sistema Lago dos Trigres, Britania, GO, Brasil. —
Hoehnea 39: 297-313.

Dunck, B.; RUWER, D.T. & FELISBERTO, S.A. (2016): Eunotiaceae
Kiitzing (Bacillariophyceae) perifiticas de areas umidas
do cerrado (veredas) no Brasil. — Iheringia 71: 283-295.

FRENGUELLL, J. (1931-1933): Contribuciones al conocimiento
de las diatomeas argentinas. VII. Diatomeas de la
regiin de los Esteros del Ybera (em la Provincia de
Corrientes. — Anales del Museo Nacional de Historia
Natural, Buenos Aires 37: 365-476.

GUIRY, M.D. & GuIry, G.M. (2023): AlgaeBase. World—wide
electronic publication, National University of Ireland,
Galway. — https://www.algaebase.org [accessed: 23
August 2023].

KocioLEek, J.P.; LyoN, D. & SPAULDING, S. (2001): Revision of
the South American species of Actinella. — In: JAHN, R.;
KocioLEk, J.P.; WITKOWSKI, A. & COMPERE, P. (eds.):
Studies on Diatoms. — pp. 1-326, A.R.G. Gantner
Verlag K.G., Koenigstein.

KoppEN, W. (1936): Das geographische System der Klimate.
— In: Ko6pPEN, W.; GEIGER, R. (eds): Handbuch der
Klimatologie, Banda 1, Parte C. — pp. 1-44, Gebriider
Borntréiger, Berlin.

Lewis, F.W. (1864): On some new and singular intermediate
forms of Diatomaceae. — Proceedings of the Academy
of Natural Sciences of Philadelphia 15: 336-346.

MELO, S.; TORGAN, L.C. & RauPp, S.V. (2010): Actinella spe-
cies (Bacillariophyta) from an Amazon black water
floodplain lake (Amazonas—Brazil). — Acta Amazonica
40: 269-274.

METZELTIN, D. & LANGE-BERTALOT, H. (1998): Tropical diatoms
of South America I: About 700 predominantly rarely
known or new taxa representative of the neotropical
flora. — Iconographia Diatomologica 5: 1-695.

METZELTIN, D. & LANGE-BERTALOT, H. (2007): Tropical Diatoms
of South America II. Special remarks on biogeographic
disjunction. — Iconographia Diatomologica 18: 1-877.

NUREZ-AVELLANEDA, M. (2008): Microalgas acuaticas: La
outra escala de biodiversidade em la Amazonia co-
lombiana. — Instituto Amazonico de Investigaciones

Cientificas — SINCHI, Bogota, D. C., Colombia.

OLIVEIRA, P.E. & STEINITZ-KANNAN, M. (1992): The diatom
flora (Bacillariophyceae) of the Cuyabeno Faunistic
Reserve, Ecuadorian Amazonia. — Nova Hedwigia
54:515-552.

Rounp, F.E.; CRAWFORD, R.M. & MaNN, D.G. (1990): The
diatoms: Biology and morphology of the genera. —
747pp., Cambridge University Press, Cambridge.

SaBBE, K.; VANHOUTTE, K.; LowE, R.L.; BERGEY, E.A.; BIGGS,
B.J.F.; FRANCOEUR, S.; HODGSON, D. & VYVERMAN,
W. (2001): Six new Actinella (Bacillariophyta) species
from Papua New Guinea, Australia and New Zealand:
further evidence for widespread diatom endemism
in the Australasian region. — European Journal of
Phycology 36: 321-34.

SALA, S.E.; DUQUE, S.R.; NUNEZ—-AVELLANEDA, M. & LAMARO,
A.A. (2002): Diatoms from the Colombia Amazonia.
— Cryptogamie, Algologie 23: 75-99.

ScHMIDT, A. (1913): Atlas der Diatomaceen—kunde. — O.R.
Reisland, Leipzig.

SCHUSTER, T.M.; WILLIAMS, D.M. & VAN DE VIJVER, B. (2022):
The diatom collection of Albert Grunow (1826-1914)
at the herbarium of the Natural History Museum Vienna
(W). — Ann. Naturhist. Mus. Wien B 124: 331-362.

Sirva, S.P.; Costa, L.F. & TEIXEIRA-OLIVEIRA, M. (2021):
Eunotiaceae Kiitzing (Bacillariophyceae) em cursos
d’agua de uma regido do cerrado, Chapada dos Guimaraes,
Mato Grosso—Brasil. — Revista Biodiversidade 20: 78-90.

Souza-MoSsIMANN, R.M.; TAVARES, A.S. & FRrEITAS, V.P. (1997):
Contribui¢do ao conhecimento da diatomflorula do
contetido estomacal de algumas espécies de peixe da
Amazonia. I, Mylleus sp. (Pacu) do lago do Prato, AM,
Brasil. — Acta Amazonica 27: 9-26.

Souza, M.G.M. & MOREIRA-FILHO, H. (1999): Diatoms
(Bacillariophyceae) of two aquatic macrophyte
banks from Lagoa Bonita, Distrito Federal, Brazil,
I: Thalassiosiraceae and Eunotiaceae. — Bulletin du
Jardin Botanique National de Belgique 67: 259-278.

TurRLAND, N.J.; WIERSEMA, J.H.; BARRIE, F.R.; GREUTER, W.;
HawksworTH, D.L.; HERENDEEN, P.S.; KNaPP, S.;
KusBer, W.—H.; L1, D.—Z.; MARHOLD, K.; MAy, T.W.;
MCcCNEILL, J.; MONRO, A.M.; PrADO, J.; PRICE, M.J.
& SmitH, G.F. (eds.) (2018): International Code of
Nomenclature for algae, fungi, and plants (Shenzhen
Code) adopted by the Nineteenth International Botanical
Congress Shenzhen, China, July 2017. Regnum
Vegetabile 159. — Glashiitten, Koeltz Botanical Books.

UHERKOVICH, G. & FRANKEN, M. (1980): Aufwuchsalgen aus
zentralamazonischen Regenwaldbdchen. — Amazoniana
7:49-79.

VAN HEURCK, H. (1881): Synopsis des Diatomées de Belgique.
Atlas. — Edité par I’auteur, Anvers.

© Czech Phycological Society (2024)
Received May 2, 2023
Accepted September 25, 2023



