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Abstract: Type material of Encyonema angustecapitatum KrRaMMER was investigated to establish the identity of
several Brazilian Encyonema populations. In order to elucidate the differences and similarities of that species
complex, morphological features under light and scanning electron microscopy were detailed. Notes on their
distribution were also discussed. MDS analysis distinguished four Encyonema species presently described as
new to science: Encyonema acquapurae sp. nov., Encyonema sparsistriatum sp. nov., Encyonema tenue sp.
nov. and Encyonema paradisiacum sp. nov. The four new species can be separated on the basis of a combination
of the following morphological features: valve outline, axial area, valve length, valve width, length to width
ratio, number of striae in 10 pm and number of areolae in 10 um. Regarding ecological preferences, all four
species were mainly found in oligotrophic and oligo—mesotrophic environments.
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INTRODUCTION

The biraphid diatom genus Encyonema Kutzing (Cym-
bellales) has over 400 described taxa (FOURTANIER &
KocioLek 2011); 17 species and 5 varieties were re-
corded for Brazil (EskiNazi—LEca et al. 2015), and five
new taxa were recently described (TREMARIN et al. 2011;
Sirva et al. 2013a, b; Sitva & Souza 2015; MARQUARDT
et al. 2016). Encyonema species are very common in
freshwater benthic communities with low electrolyte
content (Rounp et al. 1990; KRaAMMER 1997b).

Encyonema was separated from Cymbella C. AGARDH
by KramMmER (1997a, b) after an extensive revision
of the cymbelloid taxa, including 50 new species and
some material from Brazil (Tapajos River, Brazilian
Amazon). The genus was proposed to designate dor-
siventral individual specimens with distal raphe ends
curved to the ventral margin, opposed to all Cymbella
species. Encyonema angustecapitatum KRAMMER and
E. ponteanum KraMMmER were described in the above
contribution, both after the study of Venezuelan ma-
terial. In general, this ‘species complex’ shows a more

or less similar morphology characterized by having (i)
strongly dorsiventral asymmetrical valve outline; (ii)
small capitate ends; and (iii) narrow ventral axial area
with central area absent (KRAMMER 1997D).

Several populations of the E. angustecapitatum
complex were found in samples from Sao Paulo state
(southeast Brazil) during a project that aimed at identi-
fying the Sdo Paulo state algal flora (BIOTA-FAPESP
Program) and also during a paleolimnological investi-
gation that aimed at contributing towards the diatom
biodiversity and autecology for the establishment of
environmental scenarios and policy maker’s informa-
tion (AcquaSed Project).

Analysis of E. angustecapitatum and E. pon-
teanum type material revealed the existence of four
distinct Encyonema taxa that were misidentified at
first sight. Such inadequate identifications improved
the uncertainty of those species distribution besides
affecting the accuracy of the diagnostic tools relying
on diatom taxonomy and ecology. Such species are
presently described as new to science using both light
(LM) and scanning electron microscopy (SEM). No-
tes on their ecological preferences and distribution are
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also included. The description of the four new species
contributes to the knowledge of their diversity, geogra-
phic distribution and morphology.

MATERIAL AND METHODS

The original gathering from Rio Caroni (Venezuela) contai-
ning both Encyonema angustecapitatum and E. ponteanum,
i.e. sample 1114B in KraMMER collection kept at the Hustedt
Diatom Study Centre of the Alfred Wegner Institute, Bre-
merhaven (BRM), corresponding to the slide 1099C, was
observed. The material was prepared only for SEM analysis
since there was not enough raw material available. Morpho-
logical measurements of E. ponteanum were based on Kram-
MER’s (1997b) light microscopy photos.

Altogether, four sample units containing E. angus-
tecapitatum complex representatives collected from semi—
lentic and lentic environments and plankton, periphyton and
surface sediments from different localities in the Sdo Paulo
state (southeast Brazil) were analyzed under LM and SEM.

Plankton samples were obtained with a 20 pm mesh
nylon plankton net and a Van Dorn water sampler (VAN
Dorn 1956). Periphytic material was scrapped from stones
and macrophytes (floating and/or submerged). Surface sedi-
ments (first superficial 2 cm) were collected using a gravity
core (UWITEC). A list of all samples studied and their cha-
racteristics is given in Table 1. Also, their water chemical and
physical data are compiled in Table 2.

Permanent slides were prepared using BATTARBEE et
al. (2001) technique, with heated peroxide hydrogen (H,O,
37%) to remove the organic matter. The reaction was further
completed by addition of hydrochloric acid (HC1 37%) and
following centrifugation cycles (1500 rpm) to rinse the acid
excess. A permanent slide from the organic—free material
was mounted using Naphrax (R.I. = 1.74). The diatom com-
munity was investigated using a Zeiss Axio Imager A2 light
microscope (LM) at 1000x magnification, equipped with Di-
fferential Interference Contrast (DIC) and an AxioCamMRS5
digital camera. For the scanning electron microscopy (SEM)
analysis, a subsample of the cleaned material was dried out
on filters mounted on aluminium stubs and coated with pla-
tinum using a BAL-TEC MED 020 Modular High Vacuum
Coating System for 30 s at 100 mA. An ultra—high—resolution
analytical field emission (FE) scanning electron microscope
Hitachi SU-70 (Hitachi High—Technologies Corporation,
Tokyo, Japan) operated at 5 kV and 10 mm distance was
used for the analysis. SEM images were taken using the
lower (SE-L) detector signal. Photomicrographs were digi-
tally manipulated and plates containing light and scanning
electron microscopy images prepared using the CoreDRAW
Graphics Suite X7.

Morphological terminology and comparisons be-
tween species were mostly based on KRAMMER (1997a, b) and
Rounp et al. (1990).

The species complex morphological differences
were valued using Bray—Curtis similarity multidimensional
scaling procedure (MDS) performed with R version 3.1.2 (R
DeveLopMENT CorE TEaM 2015) using the ‘vegan’ package
(OksaNEN et al. 2016) and an analysis of similarity (NP-
MANOVA) was performed between the values of resulting
groups in the MDS using the Euclidean distance measure.
A scatterplot matrix (n = 63) was achieved using the pac-
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Fig. 1. Morphological differences considered in MDS procedure: (a)
valve length; (b) valve width; (c) length to width ratio; (d) number of

dorsal striae in 10 um; (e) number of ventral striae in 10 um.
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Fig. 2. Multidimensional scaling procedure (MDS) plot based on
Bray—Curtis similarities between E. angustecapitatum species com-
plex in this study and 4 species distinguished by cluster analysis
(symbols). Legend symbols: (filled circle) E. acquapurae; (white
circle) E. tenue; (inverted triangle) E. sparsistriatum; (diamond) E.
paradisiacum; (square) E. angustecapitatum; (triangle) E. pontea-
num.
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Table 1. Data from sampling sites of Encyonema angustecapitatum complex, state of Sdo Paulo, Brazil, habitat and the material number at the
Herbarium of the Institute of Botany (SP).

Sample Geographical Year of Municipality Site description Habitat
coordinate collection
SP188327 — 1989 Casa Branca Marsh Plankton
SP401589  223°47'1.62"S, 2009 Sao Paulo, Diadema, Billings Reservoir, Rio Benthos
46°26'11.28"W Ribeirdo Pires, Santo Pequeno branch, upstream
André, SBC, RGS region
SP468841 23°39'31.8"S, 2010 Salesépolis Ribeirdo do Campo Reservoir Benthos

45°49'23.22"W
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Fig. 3. Scatterplot matrix of measurements of new Encyonema species. Variation in the valve length, width, striae in 10 pm and length to width
ratio (L:W). Distribution of each variable is shown on the diagonal. Legend: (filled circle) E. acquapurae; (square) E. tenue; (diamond) E.
sparsistriatum; (triangle) E. paradisiacum; (inverted triangle) E. angustecapitatum; (white circle) E. ponteanum. Lower panel: the bivariate
scatter plots with a fitted line are displayed. Upper panel: the value of the correlation plus the significance level as stars. Each significance level
is associated to a symbol: p—values (0, 0.001, 0.01, 0.05, 0.1, 1) <=> symbols (“¥**> ok ek e ey
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Table 2. Available ecological data from sampling sites of Encyonema angustecapitatum complex (mean values from the water
column), State of Sdo Paulo, Brazil. Cond. (conductivity), N-NH, (ammonium), Temp. (temperature), TN (total nitrogen), TP

(total phosphorus).
Sample Temp. pH Cond. N-NH, TN TP
(O (nS.cm™) (ngI" (ng™" (ng"
SP401589 17.8 5.1 31.9 137.8 632.9 <4.0
SP468841 16.8 5.5 — 24.1 362.0 <4.0
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Figs 4-12. Type material of Encyonema angustecapitatum, scanning electron micrographs, all pictures taken from the holotype population
(1114B): (4-9) SEM external views of entire valve showing the raphe and striae structure; (10, 11) SEM internal detail of areolae and raphe,
note the areolae with struts providing structural support to the foramen; (11) SEM internal detail of central area with intermissio; (12) SEM
external view of girdle bands. Note the line of small pores.

’

kage ‘Performance Analytics’ (PETERsON et al. 2014). The
following features were taken into consideration: (1) valve
length (apical axis) and width (transapical axis), (2) length
to width ratio, (3) number of dorsal striae in 10 pm, and (4)
number of ventral striae in 10 um (Fig. 2). Differences in
morphometric data were examined using Kruskal-Wallis
non—parametric “Remdr” test and the package version 2.1-7

(Fox 2005, 2007).

Holotype permanent slides, as well as the raw and
cleaned samples were deposited at Herbario Cientifico do
Estado “Maria Eneyda P. Kauffmann Fidalgo” (SP), Sdo Pau-
lo State Department of Environment, Brazil. Isotypes were
deposited at BR, the Botanic Garden Meise, Belgium.
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RESuULTS AND DISCUSSION
KRAMMER type material

Encyonema angustecapitatum KrammeR (Figs 4—12)
Type: Venezuela. Caroni river—Féhrstellen. Leg. Rum-
rich, April 1, 1990.

Holotype: 1099C IOK, housed at the Hustedt collec-
tion BRM(!). Corresponding to sample 1114B.

Scanning electron microscopy (SEM): External ra-
phe fissure slightly undulate (Figs 4, 6, 7). Proximal
raphe end almost straight, the enlarged proximal end-
ings slightly curved to the dorsal side (Figs 4, 6-8).
Raphe distal ends are first dorsally bent, than strong-
ly hooked to the ventral side ending onto the mantle
(Figs 4-7, 9). Axial area is narrow, linear (Figs 4, 6,
7). Striae uniseriate composed by lineolae (Figs 4—12),
numbering 36-38 in 10 pum. Internally, struts provide
structural support to the foramen, whose opening bears
three spines at each side (Figs 10, 11). Internally, the
raphe fissure is interrupted by an intermissio (Fig. 10).

Distribution and ecology: Encyonema anguste-
capitatum and E. ponteanum are sporadically men-
tioned, suggestive of an underestimation of their
real distribution. Register of E. angustecapitatum is
in a specific webpage about diatoms, that includes
illustration and information on its geographic dis-
tribution in the United States (Phycology Section,
Patrick Center for Environmental Research, Acad-
emy of Natural Sciences of Drexel University. Ency-
onema angustecapitatum (NADED 110034). https://
diatom.ansp.org/taxaservice/ShowTaxon1.ashx?na-
ded id=110034. Accessed 26 Oct 2016).

For South America, the species was reported
by METZELTIN & LANGE-BERTALOT (1998) in a survey of
material collected in the Tapajos River (Brazil). Rum-
RICH et al. (2000) documented E. angustecapitatum
from the San Lucior pond (Colombia) and VouiLLouD
et al. (2010) from the Colombian Amazon material
(Porvenir River, Amazonas). The latter was collected
in a phytoplankton sample of a river with pH 6.3, con-
ductivity of 10 uS.cm™, Secchi depth of 62 cm and a
temperature of 27.5 °C. Then, MoNTOYA-MORENO et
al. (2013) through a bibliographical revision to recog-
nize freshwater diatom species present in Colombia,
registered the species for the sites already mentioned
previously (Porvenir River, San Lucior pond) and also
for Frontino moorland. However, no illustration nor
description were provided.

Precisely for Brazil, only three E. angustecapi-
tatum published records were found. Souza & OLIVEI-
RA (2007) reported the species from an epilithic dia-
tom floristic survey of the Parana River Basin (Goias
State), but no illustrations or descriptions were pro-
vided. MARQUARDT et al. (2010) registered the species
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in a study of periphytic diatoms in the Rio das Pedras,
located in Guarapuava (Parana State). Nevertheless,
this taxon differs from the type material for absence
of shoulders especially on its ventral margin. Finally,
MARQUARDT & Bicupo (2014) reported E. angustecapi-
tatum during the floristic survey of the Cymbellales
(Bacillariophyceae) from the Parque Estadual das Fon-
tes do Ipiranga (PEFI), Sao Paulo city, southeast Bra-
zil. Although a brief description and illustration of the
above specimens were available, clear differences can
be noticed when it is compared to the type material,
such as the presence of a lanceolate, ventral axial area
and the absence of well-defined shoulders.

The only register about E. ponteanum is, how-
ever, its original description in KRAMMER (1997b).

Formal descriptions of the new species

Encyonema acquapurae WENGRAT, MARQUARDT et
C.E. WETZEL sp. nov. (Figs 13-26)

Light microscopy (LM) (Figs 13-21): Valves strong-
ly dorsiventral. Dorsal margin broadly arched. Ventral
margin linear. Apices narrow, subcapitate to capitate,
sometimes slightly deflected to the ventral margins.
Shoulders clearly developed. Length 20.8-27.4 pm.
Width 5.0-6.0 um. Length to width ratio 4.0-4.7.
Axial area narrow, linear, wider on the ventral margin.
Central area absent. Raphe filiform, lateral. Proximal
fissures weakly expanded, curved to dorsal margin. Ra-
phe distal ends strongly deflected to the ventral margin.
Striae parallel to slightly radiate at the ends. Dorsal
striae 13—14 in 10 um, ventral striae 13—16 in 10 um.
Indistinct areolae. Stigmoid absent.

Scanning electron microscopy (SEM) (Figs 22-26):
External raphe fissure slightly undulate (Figs 22, 23).
Proximal end of raphe almost straight, the enlarged
proximal endings slightly curved to the dorsal side
(Figs 22, 23, 25). Raphe distal ends are first dorsally
bent, then strongly hooked to the ventral side ending
onto the mantle (Figs 22, 23, 26). Axial area is narrow,
linear, and wider on the ventral margin (Figs 22, 23).
Striae uniseriate composed by apically—elongate are-
olae (Figs 22, 23, 25, 26), numbering ca. 36 in 10 pum.
Internally, raphe fissure is interrupted by an intermissio
(Fig. 24). Raphe distal endings terminating on well—
developed helictoglossae (Fig. 24).

Etymology: From Latin ‘acquapura’, meaning pure
water, in reference to the very clear waters of the Rio
Pequeno branch, in which the species was collected.
Type locality: Brazil. Sao Paulo, Billings Reservoir,
Rio Pequeno branch, sample SP401589 (23°47'1.62"S,
46°26'11.28"W), leg. S. WENGRAT et D. Bicupo, coll.
date 06/08/2009.

Holotype: SP401589 (Herbario Cientifico do Estado
“Maria Eneyda P. Kauffmann Fidalgo”, Sdo Paulo,
Brazil, depicted in Figs 13-21).

Isotype (here designated): BR—4422 (Botanic Gar-
den, Meise, Belgium).



MARQUARDT et al.: Encyonema angustecapitatum species complex

Taxonomic remarks: This species is very similar to
E. angustecapitatum and they can be misidentified at
first sight, especially under light microscopy (LM).
The type material here investigated (Figs 4—12) and
which was illustrated by Krammer (1997b, pl. 130:
figs 8-15) clearly show the differences between the
two species. Thus, E. acquapurae can be discriminated
by having (i) more radiate dorsal striae, (ii) wider axial
area on ventral side, (iii) greater measurements (length:
20.8-27.4 pm and width: 5.0-6.0 pm), and (iv) smaller
length to width ratio (4.0-4.7).

This species is to be compared to E. pankowii
LANGE-BERTALOT et KRAMMER in KRAMMER. Although
their measurements overlap, the latter has less striae
and areolae in 10 um (Table 3), so that they appear
somewhat coarse when they are seen in LM. Encyo-
nema acquapurae is distinguished from E. ponteanum
by its largest dimensions and smaller length to width
ratio (Table 3). Another similar species, E. gaeuman-
nii (F. MEISTER) KRAMMER is smaller (45 pm) and has
comparatively more striae (15-18) and more areolae in
10 um (38-42), as well as more protracted ends. Fur-
thermore, it shows very narrow axial area and larger
apices (Table 3). In addition, all these species show a
parallel striae pattern whereas E. acquapurae has a ra-
diated one.

Encyonema acquapurae is also similar to E. ka-
baniense RobioNova et PomazkiNa in Pomazkina & Ro-
DIONOVA (2014). Although no LM images of the latter
species are available, differences regarding its areolae
pattern (rounded and internally supported by struts)
may be useful in separating both taxa.

Ecology: Encyonema acquapurae material was com-
mon in samples collected from plankton and surface
sediments of the Billings reservoir Rio Pequeno branch
(relative abundance < 2%). The water is oligo—meso-
trophic with low nutrient concentrations (Table 2). The
new species was collected associated with Brachysi-
ra brebissonii R. Ross, Encyonopsis sanctipaulensis
WENGRAT et al., Eunotia veneris KutzING and Encyone-
ma sparsistriatum sp. nov.

Encyonema tenue MARQUARDT, WENGRAT et C.E.
WETZEL sp. nov. (Figs 27-38)

Light microscopy (LM) (Figs 27-35): Valves strong-
ly dorsiventral. Dorsal margin arched. Ventral mar-
gin slightly arched to linear, with a slight indentation
near the median area. Apices narrow, capitate, some-
times slightly deflected to the ventral margin. Shoul-
ders clearly developed. Length 20.4-25.3 um. Width
4.0-4.5 pm. Length to width ratio 4.6-6.1. Axial area
narrow, linear, wider on the ventral margin. Central
area absent, sometimes with shorter and spaced striae
on dorsal side (Figs 32-34). Raphe filiform, lateral.
Proximal fissures weakly expanded, slightly curved to
dorsal margin. Raphe distal ends strongly deflected to
the ventral margin. Striae parallel to slightly radiate at
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the ends. Dorsal striae 11-14 in 10 pm, ventral striae
11-14 in 10 pm. Indistinct areolae. Stigmoid absent.
Scanning electron microscopy (SEM) (Figs 36-38):
External raphe fissure slightly undulate (Figs 36, 38).
Proximal end of raphe almost straight, enlarged, slight-
ly curved to the dorsal side (Figs 36, 38). Raphe distal
ends are first dorsally bent, and then strongly hooked
to the ventral side ending onto the mantle (Figs 36, 38).
Axial area is narrow, linear (Figs 36, 38), slightly wider
to the ventral side. Striae are composed of rounded to
lineolate areolae (Figs 36, 38), numbering 35-40 in 10
pum. Internal striae are composed of rounded, lineolate
and unequal areolae (Fig. 37). Internally, the raphe fis-
sure is interrupted by an intermissio (Fig. 37). Raphe
distal ends terminating in well-developed helictoglos-
sae (Fig. 37).

Etymology: Specific epithet refers to the lesser valve
width when compared to E. acquapurae.

Type locality: Brazil, Sao Paulo, Casa Branca, sample
SP188327, leg. A.A.J. Castro et C.E.M. Bicupo, coll.
date 17/10/1989.

Holotype: SP188327 (Herbario Cientifico do Estado
“Maria Eneyda P. Kauffmann Fidalgo”, Sdo Paulo,
Brazil, depicted in Figs 27-35).

Isotype (here designated): BR—4468 (Botanic Gar-
den, Meise, Belgium).

Taxonomic remarks: The new species was recorded as
E. angustecapitatum in MARQUARDT & Bicupo (2014).
However, ultrastructural analysis showed that the Casa
Branca specimens have rounded areolae, whereas in
the type material are lineolate. Spaced dorsal striae at
median region were not observed in E. angustecapita-
tum. All other features usually overlap.

Encyonema pankowii has less striae (10-11) and
areolae (18-20) in a 10 pum interval, wider valvar width
(5.5-6.5 um) and length to width ratio (4.4) (Table 3).

Ecology: Encyonema tenue was collected from a mar-
sh (Casa Branca city, Sdo Paulo State) with relative
abundance < 2%. The new collected species was asso-
ciated with Encyonopsis schubartii (HUSTEDT) KRAM-
MER, Kurtkrammeria frequentis (KRAMMER) BanLs and
Gomphonema sp. There is no information about the
local water nutrients.

Encyonema sparsistriatum MARQUARDT, WENGRAT et
C.E. WETZEL sp. nov. (Figs 39-51)

Light microscopy (LM) (Figs39-47): Valves strongly
dorsiventral. Dorsal margin arched. Ventral margin
slightly convex to linear. Apices narrow, rostrate to
capitate. Shoulders poorly developed. Length 15.5—
21.5 um. Width 4.04.7 pm. Length to width ratio
4.0-4.8. Axial area narrow, linear, wider on the ven-
tral margin. Central area absent. Raphe filiform, lat-
eral. Proximal fissures weakly expanded, curved to
dorsal margin. Raphe distal ends strongly deflected to
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Figs 13-26. Encyonema acquapurae sp. nov., light and scanning electron micrographs, all pictures taken from the holotype population
(SP401589): (13-21) LM views showing variation in size and valve outline; (22, 23, 25, 26) SEM external views of valve showing the raphe
and striae structure; (24) SEM internal view of valve showing the raphe and striae structure, central area with intermissio. LM scale bar 10 pm

(13-21).
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Table 3. NPMANOVA test performed on morphological differences resulting groups in the MDS using the Euclidean distance measure. P

values shown (<0.001, <0.01, <0.05).

E. tenue E. sparsistriatum  E. paradisiacum E. angustecapitatum E. ponteanum
E. acquapurae <0.01 <0.001 0.002 <0.001 <0.001
E. tenue — 0.0012 <0.05 <0.001 <0.01
E. sparsistriatum — <0.001 <0.05 <0.01
E. paradisiacum — 0.0004 <0.001
E. angustecapitatum — 0.1593

the ventral margin. Striae parallel to slightly radiate at
the ends. Dorsal striae 11-12 in 10 pm, ventral striae
11-12 in 10 pm. Indistinct areolae. Stigmoid absent.
Scanning electron microscopy (SEM) (Figs 48-51):
External raphe fissure slightly undulate (Figs 48, 51).
Proximal raphe end almost straight, the proximal
endings are slightly curved to the dorsal side (Figs
48, 49, 51). Raphe distal ends first dorsally bent, and
then strongly hooked to the ventral side (Figs 48, 51).
Axial area is narrow, linear, and wider to the ventral
side (Figs 48, 51). Striae composed of lineolate areolae
along the valve irregularly arranged along the axial
area (Figs 48, 49) numbering 45-50 in 10 pm. Inter-
nally, the raphe fissure is interrupted by an intermissio
(Fig. 50). Raphe distal endings terminating in well-de-
veloped helictoglossae (Fig. 50).

Etymology: The specific epithet refers to its more
spaced and smaller striae number when compared to
other species of the E. angustecapitatum complex.
Type locality: Brazil. Sao Paulo, Billings Reservoir,
Rio Pequeno branch, sample SP401589 (23°47'1.62"S,
46°26'11.28"W), leg. S. WENGRAT et D. Bicupo, coll.
date 06/08/20009.

Holotype: SP401589 (Herbario Cientifico do Estado
“Maria Eneyda P. Kauffmann Fidalgo”, Sdo Paulo,
Brazil, depicted in Figs 39-47).

Isotype (here designated): BR—4422 (Botanic Gar-
den, Meise, Belgium).

Taxonomic remarks: Encyonema sparsistriatum dif-
fers from E. acquapurae in its smaller dimensions
(15.5-19.8 um length and 4.0—4.5 um width) and
smaller striae density (11-12 in 10 um) composed by
rounded areolae, that also are more numerous (40-50)
in a 10 pm interval.

Encyonema sparsistriatum differs from Encyonema
menezesiae W.J. Siva et M.G.M. Souza mainly in its
valve outline and areolae shape: E. sparsistriatum is
strongly dorsiventral and has rounded areolae, whereas
E. menezesiae is slightly dorsiventral and has areolae
with linear foramina.

Ecology: This new species was rare in the samples co-
llected from the surface sediments of Billings reservoir

Rio Pequeno branch (relative abundance < 2%). The
water is oligo—mesotrophic with low nutrient contents
(Table 2). The new species was associated with Bra-
chysira brebissonii, Encyonopsis sanctipaulensis, En-
cyonema angustecapitatum, Eunotia veneris and Ency-
onema acquapurae.

Encyonema paradisiacum MARQUARDT, WENGRAT et
C.E. WETZEL sp. nov. (Figs 52—66)

Light microscopy (LM) (Figs 52—60): Valves strongly
dorsiventral. Dorsal side arched. Ventral margin slight-
ly arched to linear. Apices narrow, rostrate, subcapitate
to capitate. Length 18.3-26.8 um. Width 3.2-3.8 um.
Length to width ratio 5.3-7.2. Axial area narrow, lin-
ear, broader on the ventral margin. Central area absent.
Raphe filiform, lateral. Proximal fissures weakly ex-
panded, slightly curved to dorsal margin. Raphe distal
ends strongly deflected to the ventral margin. Dorsal
striae parallel to slightly radiate at the ends, dorsal stri-
ae 13—15in 10 um, ventral striae 14—16 in 10 pm, very
short in the median area. Indistinct areolae. Stigmoid
absent.

Scanning electron microscopy (SEM) (Figs 61-66):
External raphe fissure slightly undulate (Fig. 61). Prox-
imal end of raphe almost straight, slightly curved to
the dorsal side (Figs 61, 62). Raphe distal ends are first
dorsally bent, than strongly hooked to the ventral side
(Figs 61, 62, 64). Axial area is narrow, linear, and wid-
er to the ventral side (Figs 61, 62). Striae are composed
of lineolate areolae, sometimes Y—shaped (Figs 61, 62,
64), numbering 35-40 in 10 pm. Internally, the raphe
fissure is interrupted by an intermissio (Figs 63, 65).
Raphe distal endings terminating in well-developed
helictoglossae (Fig. 66).

Etymology: From Latin ‘paradisus’ or Greek ‘parade-
isos’: paradise) in reference to the place where it was
collected (Ribeirdo do Campo reservoir).

Type locality: Brazil, Sao Paulo, Ribeirdo do Cam-
po Reservoir, sample SP427990 (23°39'31.8"S,
45°49'23.22"W), A.C.R. RocHa et D.C. Bicupo, coll.
date 13/08/2010.

Holotype: SP468841 (Herbario Cientifico do Estado
“Maria Eneyda P. Kauffmann Fidalgo”, Sdo Paulo,
Brazil, depicted in Figs 52—-60).
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Table 3. Main morphological characters of the new Encyonema species populations.

Fottea, Olomouc, 17(2): 164-177, 2017

DOI: 10.5507/fot.2017.008

Encyonema acqua-
purae

E. tenue

E. sparsistriatum

E. paradisiacum

Valve outline

Valve ends

Length (um)

Width (um)

Striae arrangement

Maximum length to
width ratio

Shoulder

Central area

Axial area

dorsal side convex,
ventral side moderately
convex to straight

subcapitate to capitate,
sometimes deflected to
the ventral side

20.8-27.4

5.0-6.0

parallel to slightly radi-
ate

4.0-4.7

clearly developed

absent

narrow, ventral

dorsal side convex,
ventral side slightly
convex to straight

capitate, sometimes
slightly deflected to
the ventral side

20.4-25.3

4.0-4.5

parallel to slightly
radiate

4.6-6.1

clearly developed

absent

narrow, ventral or
sometimes dorsal

dorsal side convex,
ventral side slightly
convex to straight

rostrate to capitate,
sometimes deflected
to the ventral side

15.5-21.5

4.0-7

parallel to slightly
radiate

4.0-4.8

poorly developed

absent

narrow, ventral

11-12

11-12

40-50

lineolate, irregularly

dorsal side convex,
ventral side straight to
slightly convex

rostrate to subcapitate

18.3-26.8

3.2-3.8

parallel to slightly
radiate

53-72

absent

absent

narrow, ventral or
sometimes dorsal

13-15

14-16

35-40

lineolate and Y—shaped

Dorsal striae in 10 13-14 11-14

pm

Ventral striae in 10 13-16 11-14

pm

Areolae in 10 um 36 3640
Morphology of the  lineolate rounded, lineolate
areolae in external

view (SEM)

arranged along axial
area

Isotype (here designated): BR—4430 (Botanic Gar-
den, Meise, Belgium).

Taxonomic remarks: Encyonema paradisiacum has
strongly curved raphe to a very narrow ventral margin,
with short striae placed only marginally or entirely ab-
sent. These features are similar to those of some Cym-
bellopsis KrRamMMER species. However, according to
KRAMMER (1997b) Encyonema structure significantly
differs from Cymbellopsis. In the latter genus, the are-
olae are quite irregular and some of them often form
clusters that appear as rough points at LM. Also, the
foramina are either delicate apical elongated slots or
irregularly x—shaped openings. Regarding the areolae
ultrastructure, SEM observations of E. paradisiacum
showed that they are always lineolate or Y—shaped
(Figs 62, 63, 65) and their striae are not interrupted.

Ecology: The new species was somewhat rare in the
surface sediments samples collected from Ribeirdo do
Campo reservoir (Salesopolis city, Sao Paulo state)
(relative abundance < 2%). The water is oligotrophic
with low nutrient contents (Table 2). The species was
associated with Funotia botuliformis F. WiLD, NOR-
PEL et LANGE-BERTALOT, E. bilunaris (EHRENBERG)
ScHaArscHMIDT and Brachysira serians (BREBISSON)
Rounp et D.G. MaNN.

Morphological examination

Differences between the studied groups were eviden-
ced by using their morphological measurements (Fig.
1). Similarity tests (NPMANOVA) performed on the
resulting groups in the MDS, revealed statistically sig-
nificant differences (p values: <0.001, <0.01, <0.05)
between the four studied taxa (Table 3) but not for E.
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angustecapitatum and for E. ponteanum. The small
number of E. ponteanum representatives may have
contributed to this result. However, no representative
of the species was found during the re—examination of
the type material, and the measures used in this analy-
sis were based only on KRAMMER (1997b).

The procedure distinguished four groups of spe-
cimens as follows: E. acquapurae (N = 15 specimens),
E. tenue (N = 11 specimens), E. sparsistriatum (N = 12
specimens) and E. paradisiacum (N = 15 specimens),
besides E. angustecapitatum (N = 7) and E. pontea-
num (N = 3) type materials (Fig. 4). These groups are
evident during the ordination analysis, with a ‘stress’
of 0.07596, indicating that graphical distances among
species were close to the original similarities. All spe-
cies were easily distinguished by the morphometric
analysis approach (Fig. 2).

For the scatterplot matrix, correlation between
length and width (0.45), length and length to width
ratio (0.57), width and length to width ratio (-0.38),
width and ventral striae (0.27) and dorsal and ventral
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striae (0.87) were significant and very useful features
for species differentiation (Fig. 3).

Final remarks and conclusion

Present observations of the type material of E. angus-
tecapitatum culminated with a better understanding of
the complex identity, and helped to identify four new
taxa that were formerly misidentified. The species in
the E. angustecapitatum complex can be separated
mainly by differences of their morphological features
such as valve outline, axial area, valve length, valve
width, length to width ratio, number of striae in 10 pm
and number and type of areolae in 10 pm. Although
most morphological characteristics of the species exa-
mined are similar and overlap among themselves, ana-
lyses based on the combination of morphological data
were useful for the identification of the E. angusteca-
pitatum species complex. Morphometric and statistical
analysis has been shown to be a useful and widely used
tool for the separation of diatom complexes as well as
to delimit important features in the species (e.g. WEN-

|
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]
y
y

Figs 27-38. Encyonema tenue sp. nov., light and scanning electron micrographs, all pictures taken from the holotype population (SP188327):
(27-35) LM views showing variation in size and valve outline; (36, 38) SEM external views of entire valve showing the raphe and striae struc-
ture; (37) SEM internal view of entire valve showing the raphe and striae structure, central area with intermissio. LM scale bar 10 um (27-35).
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GRAT et al. 2015; WETZEL & EcTtor 2015; ZELAZNA—
WIECZoREK & OLszyNsk1 2016).

All species were quite rare in all samples cu-
rrently studied making LM and SEM observations
quite difficult. Their biogeography is still unclear, but
just American’s distribution were found until now (Fig.
67). We cannot excluded that the new species are more
widespread than just in the Sdo Paulo state. This ob-
servation concerns the significant amount of Cymbella-
les representatives recently described (e.g. Banrs 2015;
Le Conu et al. 2015; YANA & Mayama 2015; HEUDRE et
al. 2016; MARQUARDT et al. 2016). Moreover, the new
taxa might be characteristic for oligotrophic habitats in
tropical areas.

This study contributes to the need of documen-
ting and illustrating diversity to facilitate research on
diatom biogeography, ecology and paleoecology in
Brazil. Further research on the diatom diversity of Bra-
zilian environments may yet lead to the discovery of
other new species due to the few taxonomic studies al-
ready performed and the little attention given to rare
taxa.

ACKNOWLEDGEMENTS
We gratefully acknowledge Saul Blanco for improving the manu-

Fottea, Olomouc, 17(2): 164-177, 2017
DOI: 10.5507/fot.2017.008

script. This study was carried out within the framework of BIOTA
and AcquaSed projects financially supported by FAPESP (Fundagao
de Amparo a Pesquisa do Estado de Sao Paulo, BIOTA Project n°
1998/04955-3 and AcquaSed Project n° 2009/53898-9); and was
undertaken as part of GCM (FAPESP fellowship 2010/14658-0,
2013/10314-2) and SW (FAPESP fellowship 2012/25366-5 respec-
tively) theses at the Instituto de Botanica, Sao Paulo, Brazil (FAPESP
fellowship 2010/14658-0, 2013/10314-2 and 2012/25366-5 respec-
tively). CEMB and DCB thanks CNPq (Conselho Nacional de De-
senvolvimento Cientifico e Tecnoldgico) for Research Fellowships
(n°310940/2013-3 and 303876/2004-2). This work has also benefit-
ed from the funding to the project DIATOMS (Luxembourg Institute
of Science and Technology).

REFERENCES

Bants, L.L. (2015): Kurtkrammeria, a new genus of fresh-
water diatoms (Bacillariophyta, Cymbellaceae) se-
parated from Encyonopsis. — Nova Hedwigia 101:
165-190.

BarTarBeg, R.W.; Jones, V.J.; FLowEr, R.J.; CAMERON, N.G.;
Bennion, H.; CArvaLHO, L. & JuGains, S. (2001): Dia-
toms. — In: SmoL, J.P.; Birks, H.J.B. & Last, W.M.
(eds): Tracking Environmental Change Using Lake
Sediments. Volume 3: Terrestrial, Algal, and Sili-
ceous Indicators. — pp. 155-202, Kluwer Academic
Publishers, Dordrecht, Boston, London.

Figs 39-51. Encyonema sparsistriatum sp. nov., light and scanning electron micrographs, all pictures taken from the holotype population
(SP401589): (39-47) LM views showing variation in size and valve outline; (48, 49, 51) SEM external views of entire valve showing the raphe
and striae structure; (50) SEM internal view of entire valve showing the raphe and striae structure. LM scale bar 10 um (Figs 39-47).



MARQUARDT et al.: Encyonema angustecapitatum species complex

175

Table 4. Main morphological characters of Encyonema angustecapitatum type materials and related species. nd:

no data.

Encyonema anguste-
capitatum
KRAMMER

E. ponteanum
KRAMMER

E. gaeumannii (F.
MEISTER) KRAM-
MER

E. pankowii LLANGE—
BERTALOT et KRAM-
MER in KRAMMER

Valve outline

Valve ends

Length (um)
Width (um )

Striae arrange-
ment

Maximum length
to width ratio

Shoulder

Central area

Axial area

Dorsal striae in
10 um

Ventral striae in
10 um

Areolae in 10
pum

Morphology of
the areolae in
external view
(SEM)

dorsal side convex,
ventral side modera-
tely convex to straight

capitate

17-24
4.1-5.1

parallel

53

rounded and clearly
developed

narrow, slightly ven-
tral

narrow, linear

12-15

14-15

36-38

lineolate

strongly dorsiventral,
elliptic lanceolate,
dorsal side convex,
ventral side modera-
tely convex, straight
or slightly concave

capitate, narrow and
rounded

18-20
3.84.2

parallel to slightly
radiate

44
clearly developed on
the ventral side

absent

narrow, ventral

12-14

15-16

28-32

nd

strongly dorsiven-
tral, elliptic lance-
olate

capitate, broad and
rounded

14-22
4-5

parallel to slightly
radiate

4.4

sometimes absent
on the dorsal side

absent or slightly
dorsal

narrow, linear

15-18

18-19

3842

lineolate

strongly dorsiventral,
elliptic lanceolate,
dorsal side convex,
ventral side modera-
tely convex, straight
or slightly concave

capitate, narrow and
rounded

24-28
5.5-6.5

parallel to slightly
radiate

44
clearly developed on
the ventral side

absent

narrow, ventral

10-11

17-18

18-20

nd

EskiNnazi—LEca, E.; Moura, C.W.N.; Cunta, M.G.G.S.; San-
T1AGO, M.F.; BorGEes, G.C.P.; Lima, J.C.; Sitva, M.H.;
FerrEIRA, L.C.; AQuiNo, E.; DA Sitva, W.J. & MENE-
zEs, M. (2015): Bacillariophyceae in Lista de Espé-
cies da Flora do Brasil. Jardim Boténico do Rio de
Janeiro. — Available in: <http://floradobrasil.jbrj.gov.

br/jabot/floradobrasil/FB98457>.

FourtaNIER, E. & KocioLek, J.P. (2011): Catalogue of Dia-
tom Names, California Academy of Sciences, On—
line Version updated 19 Sep 2011. — Available from:
http://researcharchive.calacademy.org/research/dia-

toms/names/index.asp (accessed 30/08/16)
Fox, J. (2005): The R Commander: A basic—statistics graphi-
cal user interface to R. — Journal of Statistical Soft-
ware 14: 1-42.
Fox, J. (2007): Extending the R Commander by “plug in”
packages. — R News 7: 46-52.

HEeuDRE, D.; WETZEL, C. E. & Ector, L. (2016): Encyonema

bonapartei sp. nov.: a new freshwater diatom species

(Cymbellales, Bacillariophyceae) in canals of Great

East region (France). — Phytotaxa 284: 273-280.
KramMmER, K. (1997a): Die cymbelloiden Diatomeen. Eine



176

Fottea, Olomouc, 17(2): 164-177, 2017
DOI: 10.5507/fot.2017.008

Figs 52-66. Encyonema paradisiacum sp. nov., light and scanning electron micrographs, all pictures taken from the holotype population
(SP427990): (52-60) LM views showing variation in size and valve outline; (61, 62, 64) SEM external views of entire valve showing the raphe
and striae structure; (63, 65, 66) SEM internal view of entire valve showing the raphe and striae structure; (65) detail of the intermissio. LM
scale bar 10 um (52-60).

Monographie der weltweit bekannten Taxa. Teil 1.
Allgemeines und Encyonema Part. — Bibliotheca Di-
atomologica 36: 1-382.

KrAMMER, K. (1997b): Die cymbelloiden Diatomeen. Eine
Monographie der weltweit bekannten Taxa. Teil 2.
Encyonema part., Encyonopsis and Cymbellopsis. —
Bibliotheca Diatomologica 37: 1-469.

LE Conu, R.; AzimAR, F. & TupesqQue, L. (2015): Cymbella
marvanii sp. nov., a new Cymbella species from the
French Pyrenees. — Diatom Research 30: 257-262.

MarquarpT, G.C. & Bicupo, C.E.M. (2014): Criptdgamos

do Parque Estadual das Fontes do Ipiranga, Sdo Pau-
lo, SP. Algas 36: Bacillariophyceae (Cymbellales). —
Hoehnea 41: 209-246.

MARQUARDT, G.C.; FURSTENBERGER, C.B.; CHaouicHE, T.E.;
Caparica, R. & CarRAPUNARLA, L. (2010): Diatoma-
ceas (Bacillariophyceae) perifiticas em substratos
naturais do rio das Pedras, municipio de Guarapuava,
Parana, Brasil. — Terra Plural 4: 217-240.

MarquarpT, G.C.; RocHa, A.C.R.; WETZEL, C.E.; EcTOR, L.
& Bicupbo, C.EM. (2016): Encyonema aquasedis
sp. nov. and Kurtkrammeria salesopolensis sp. nov.:



MARQUARDT et al.: Encyonema angustecapitatum species complex

90°0'0"W 50°00"W
1 1 1 1 1 1
H40°00"N
Locoor
O E. acquapurae
. E. angustecapitatum
/\ E. paradisiacum
1 * E. ponteanum }N\ [F40°0'0"S
YV E sparsistriatum
O E. tenue 0 625 1250 2500
[ — ]

T T T T T T T T T T

Fig. 67. Distribution of E. angustecapitatum complex reported from
the literature: (black star) type locality of E. angustecapitatum and
E. ponteanum in Venezuela; (white symbols) represent E. acquapu-
rae distribution; (black symbol) represent E. angustecapitatums (tri-
angle) represent E. paradisiacum; (inverted triangle) represent E.
sparsistriatum and (diamond) represent E. tenue.

two new freshwater diatom species (Cymbellales,
Bacillariophyceae) from an oligotrophic reservoir in
southeastern Brazil. — Phytotaxa 247: 62—74.

METZELTIN, D. & LANGE-BERTALOT, H. (1998): Tropische Di-
atomeen in Siidamerika 1. 700 iberwiegend wenig
bekannte oder neue Taxa représentativ als Elemente
der neotropischen Flora. — Iconographia Diatomolo-
gica 5: 1-695.

MonToyA—MORENO, Y.; SALA, S.; VouILLOUD, A.; AGUIRRE, N.
& Prata, Y. (2013): Lista de las diatomeas de am-
bientes continentales de Colombia. — Biota Colom-
biana 14: 13-78.

OksaNEeN, J.F.; BLANCHET, G.; KiNnDT, R.; LEGENDRE, P.; MIN-
cHIN, P.R.; O’Hara, R.B.; Stmprson, G.L.; Sorymos, P.;
Henry, M.H. & Stevens, W.H. (2016): Vegan: Com-
munity Ecology Package. R package version 2.3-5.
— Available online at https://CRAN.R—project.org/
package=vegan

PeTERSON, B.G.; CARL, P.; BoupT, K.; BENNETT, R. & ULRICH,
J. (2014): Performance Analytics: Econometric tools
for performance and risk analysis. R package versi-
on.

Pomazkina, G.V. & Robionova, E.V. (2014): Diatoms of the
family Cymbellaceae of Lake Baikal. Atlas and key.
— 242 pp, NAUKA, Novosibirsk.

R DEvELOPMENT CoRE TEAM (2015): R: A language and envi-
ronment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. — Available
online at http://www.R—project.org/.

Rounp, F.E.; CrawrorD, R.M. & Mann, D.G. (1990): The
diatoms: biology & morphology of the genera. — 747
pp, Cambridge University Press, Cambridge.

RumricH, U.; LaNGE-BerTaLOT, H. & RumricH, M. (2000):
Diatomeen der Anden. Von Venezuela bis Patag-
onien/Feuerland. — Iconographia Diatomologica 9:

177

1-649.

Sitva, W.J. & Souza, M.G.M. (2015): New species of the ge-
nus Encyonema (Cymbellales, Bacillariophyta) from
the Descoberto River Basin, Central-western Brazil.
— Phytotaxa 195: 154-162.

Siva, W.J.; Jann, R.; Lupwig, T.A.V. & MENEzES, M.
(2013a): Typification of seven species of Encyonema
and characterization of Encyonema leibleinii comb.
nov. — Fottea 13: 119-132.

Sitva, W.J.; Souza, M.G.M. & Proenca, C.E.B. (2013b):
Cymbella neolanceolata sp. nov., a species formerly
known as Cymbella lanceolata. — Diatom Research
28:131-138.

Souza, M.G.M. & OuLivera, R.ILR. (2007): 3.3 — Levanta-
mento da diatomoflérula epilitica da bacia do rio Pa-
rand, Goias, Brasil. — In: MArTINS—SiLvA, M.J. (Org.):
Inventario da biota aquatica com vistas a conserva-
¢do e utilizagdo sustentavel do bioma Cerrado (Serra
¢ Vale do rio Parand). — pp. 72-92, Brasilia, Ministé-
rio do Meio Ambiente.

TreMarRIN, P.I.; WETZEL, C.E.; Lupwic, T.A.V. & EcTor, L.
(2011): Encyonema exuberans sp. nov. (Bacillari-
ophyceae) from southern Brazilian lotic systems. —
Nova Hedwigia 92: 107—-120.

Van Dorn, W.G. (1956): Large—volume water—samplers.
— Transactions, American Geophysical Union 37:
682—684.

VouiLLoup, A.A.; SALA, S.E.; AVELLANEDA, M.N. & DUQUE,
S.R. (2010): Diatoms from the Colombian and Peru-
vian Amazon: the genera Encyonema, Encyonopsis
and Gomphonema (Cymbellales: Bacillariophyceae).
— Revista de Biologia Tropical 58: 45-62.

WENGRAT, S.; MarqQuarDpT, G.C.; Bicupo, D.C.; Bicupo,
C.E.M.; WetzeL, C.E. & EcTor, L. (2015): Type ana-
lysis of Cymbella schubartii and two new Encyono-
psis species (Bacillariophyceae) from southeastern
Brazil. — Phytotaxa 221: 247-264.

WEeTtzEL, C.E. & EcToR, L. (2015): Taxonomy and ecology of
Fragilaria microvaucheriae sp. nov. and comparison
with the type materials of F. uliginosa and F. vauche-
riae. — Cryptogamie, Algologie 36: 271-289.

Yana, E. & Mayama, S. (2015): Two new taxa of Achnan-
thidium and Encyonema (Bacillariophyceae) from
the Yom River, Thailand, with special reference to
the areolae occlusions implying ontogenetic relation-
ship. — Phycological Research 63: 239-252.

ZELAZNA-WIECZOREK, J. & OLszyKsk1, R. (2016): Taxonomic
revision of Chamaepinnularia krookiformis Lange—
Bertalot et Krammer with a description of Chamae-
pinnularia plinskii sp. nov. — Fottea 16: 112—121.

© Czech Phycological Society (2017)
Received December 15, 2016
Accepted March 7, 2017



