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Abstract: Several species currently belonging to the genus Fragilariforma D.M. WiLLiAMS et RoUND are known
worldwide. This genus is mainly characterized by regular spacing of the uniseriate striac composed of round
areolae bearing simple vela, and simple apical pore fields. A large number of species has been recognised
for some regions of South America and tropical Africa, but few studies encompass type material and/or the
morphological variation existing within populations of the different species. The aim of this study is to identify
and describe the morphology of these species from tropical environments under light and scanning electron
microscopy and using available type material. Nomenclatural issues are examined and clarified for five taxa:
Fragilaria nitzschioides var. brasiliensis GRUNOW, F. undata var. brasiliensis C. ZIMMERMANN, F. strangulata
(ZanoN) D.M. WiLLiams et Rounp, F. telum J.R. CARTER et DENNY and F. rolandschmidtii METZELTIN et LANGE—
Bertarot. The type material of F. nitzschioides var. brasiliensis, housed in the Grunow Collection at the
Naturhistorisches Museum Wien (W) was examined and its epitypification is proposed. One new species from
the Amazon region Fragilariforma amazonica sp. nov. is presented and described here, while Fragilaria telum
is formally transferred to the genus Fragilariforma.
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INTRODUCTION

The genus Fragilariforma was erected to include
Fragilariforma virescens (RaLrs) D.M. WILLIAMS et
Rounp and related species. Initially named Neofrag-
ilaria D.M. WILLIAMS et RoUND, this name was deemed
a superfluous homonym, triggering the recombination
of species under the new name Fragilariforma (WiL-
Liams & Rounp 1987, 1988). This genus comprises
several species that are distinguished from Fragilar-
ia sensu stricto by the thin or absent sternum; larger,
wider valves; higher number of copulae composing
the cingulum; usually acute spines, not always linking
contiguous valves; uniseriate striaec composed mostly
of rounded areolae bearing simple vela; and simple
apical pore fields (WiLLiams 1986, 1996; WiLLiAMS &
Rounp 1987; KiLroy et al. 2003, MorALES et al. 2012;

WETZEL et al. 2013).

According to WiLLiams (1996), the striac run
from the sternum to the valve mantle, and the spines
are tubular and located at the junction of the valve face/
mantle. Under scanning electron microscopy (SEM),
the apical pore fields are present at both apices and are
composed of several rows of small and round poroids.
The girdle bands are open, ligulate, and bear a single
row of round areolae. One rimoportula is located along
a stria at one of the valve apices (WiLLIAMS & RounD
1987; KiLroy et al. 2003; MoraLEs et al. 2012).

At the time the genus was proposed, six spe-
cies were transferred from Fragilaria by WiLLiamMs &
Rounp (1988). Since then, several others have been
transferred, and some others described as new (KiLroy
et al. 2003; WETZEL et al. 2013; WiLLiams & Buczko
2016). However, the literature still contains taxa within
Fragilaria that need to be transferred to Fragilarifor-
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ma, such is the case of F. nitzschioides var. brasiliensis
GrunNow and F. telum J.R. CARTER et DENNY.

As a whole, Fragilariforma shows great di-
versity in valve outline, but it is character—poor under
light microscopy (LM) with the consequent existence
of species complexes (Kingston et al. 2001). Within
each complex there are only subtle variations among
taxa, requiring the use of sophisticated tools for their
separation (KingsToN & Pappas 2009). The existence
of these complexes is further complicated by inad-
equate original descriptions, lacking sufficient detail
and studies to show variability at the population level.
Moreover, size reduction due to cell division during
asexual reproduction frequently produces elliptic or
rhombic valve shapes that are difficult to resolve even
by morphometric methods (KingsTon & Pappas 2009).
All this has resulted in multiple taxonomic confusions
and in a literature that is difficult to interpret. Accord-
ing to WiLLiams & Buczko (2016), at present there are
about 30 species of Fragilariforma, although some of
those questionably included should perhaps be placed
elsewhere.

Fragilariforma virescens, for example, is re-
ported as a cosmopolitan species (WiLLiams 2001).
Despite it being the generitype, there are more than 7
synonyms for the epithet virescens and 15 additional
related taxa names, in addition to the 54 infraspecific
entries associated to this single diatom (VANLANDING-
HAM 1971; REID et al. 1994). According to the INDEX
Nommum ALGaruM (2015), 52 infraspecific entries are
found for the epithet virescens in the database.

Certainly, these complications have immediate
repercussions on the use of these diatoms as ecological
indicators and in the determination of their ranges of
distribution (Cox 1998, 1999; MoraLEs et al. 2001).

Fragilariforma is reported mainly from dystro-
phic waters varying from slightly to strongly acidic,
oligo to mesotrophic environments (RENBERG 1977;
WiLLiams 1990; KingstoN et al. 2001; KiLroy et al.
2003; MorALEs et al. 2012; WETZEL et al. 2013).

Three taxa in particular are frequently men-
tioned for tropical environments, i.e. Fragilariforma
javanica (Hustept) C.E. WETZEL et al., F. strangu-
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lata (ZanoN) D.M. WiLLiaMs et Rounp and Fragilaria
telum J.R. CARTER et DENNY, which have been histori-
cally confused with each other (HustenpT 1949; WiL-
LIAMS & Rounp 1987; FERrRARI & LupwiG 2007; WETZEL
et al. 2013), and require more ultrastructural studies for
the establishment of taxonomic boundaries. In Brazil,
Fragilariforma javanica, Fragilaria nitzschioides var.
brasiliensis, Fragilariforma strangulata and F. vires-
cens are usually mentioned in freshwater environments
(Brassac & LubpwiG 2003; Lanpucct & Lubwig 2005;
Dunck et al. 2012; WETZEL et al. 2012a, b; NARDELLI
et al. 2014). Working in the Amazon region, WETZEL
(2011) reported a high diversity of Fragilariforma, cit-
ing seven taxa for this region, including F. javanica,
F. nitzschioides var. brasiliensis, F. rolandschmidtii
METZELTIN et LANGE-BERTALOT and F. virescens f. un-
datiformis (ANT. MAYER) CLEVE-EULER. These species
share characteristics that overlap, forming a complex.
Also recorded from Brazil, F. undata var. brasilien-
sis C. ZIMMERMANN was originally described from the
Northeastern Atlantic Forest in Brazil, but no other re-
cord was found in the literature. Therefore, there is a
common occurrence of taxa within Fragilariforma in
Brazil, especially in the Amazon Region and the At-
lantic Forest.

Up until now, Fragilaria javanica and F. nitzs-
chioides var. brasiliensis have been treated as syn-
onyms (KRAMMER & LANGE-BERrTALOT 1991; METZEL-
TIN & LANGE-BERTALOT 1998), but there has been no
confirmation of this synonymy based on studies of type
material and cross—checking with other populations.
In the present paper, we study freshwater populations
from rivers in the Atlantic Forest (Paiva Castro reser-
voir, S3o Paulo Metropolitan) and the Amazon basin
(Rio Negro) in Brazil and additional material from
Zambia, in an attempt to clarify the identity of F. nitzs-
chioides var. brasiliensis, including analyses of the
type material from the Grunow Collection. Additional
SEM images from type material of F. javanica are
also presented. A new species, F. amazonica sp. nov.,
is described from the Amazon region. Discussions for
all taxa in the context of available literature, several
synonymizations, and new combinations are provided.
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Fig. 1. Excerpt from Grunow notebook housed in the Naturhistorisches Museum Wien (W), concerning sample n° 2318, with recorder of type
locality Branco River, Santos, Sao Paulo, Brazil (i.e. “Brazilien, Rio Branco, Santos, Provincia St. Paulo™). See black arrow.
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MATERIAL AND METHODS )

All the material used in the present manuscript is list- = S i g o E‘
ed with additional information in Table 1. Observa- o o © fr" :m I
tions are based on the original type material of Frag- < 8 & = e AN

. . . P 7. . =0 < — o S — o A
ilaria nitzschioides var. brasiliensis from the Grunow = = = - DA E
Collection, housed in the Naturhistorisches Museum  } g g g g g % o
Wien (W), slide 2318. Light microscopy images = £ Ss S ©_ (_{-;g;
were provided by Dr. Anton Igersheim, and also the 2 g TG0 a8 2‘ Soh
drawing in plate 44, fig. 11 in Van Heurck (1881), % z < < ds &g Zg 2 g' 2 5
including notes from Grunow’s notebook on sample = = iz z FR =R EHA FoaA
n° 2318 (Fig. 1 herein). Unfortunately, raw material §

sample n° 2318 was not available for SEM analysis. -

Additional SEM images of type material of F. g 28 z " z ” g % 2w
Jjavanica (also illustrated in WETZEL et al. 2013) were = g-.g g, 22 h i)
obtained from the sample AS500 housed at the Hus- %; E‘)g < < iﬁ § @ E b3 E aa
tedt Collection in Bremerhaven (BRM), Germany. § o g Z Z 8 B8 K& 23
Periphytic samples from Africa (Zambia) and Brazil 2
were also studied in LM and SEM. Material from g £ £ g s
Zambia was collected scraping the surface of rocks § ;§ % % g _g
covered with detrital material with a spoon. The col- o = < < < g c £
lection site was located in a seep in the spray zone T Z Z A A A A
near the main cataract of Ntumbachushi Falls, Ng- = . o B o
ona River, Luapula Province (leg. Jonathan Taylor). 7§ g = s =
Physico—chemical variables were measured concur- £ g g ) o)
rent with the collection of the diatom sample usinga £ 7 o ng Hg ks
YSI 556 MPS multi parameter for temperature, elec- 8 L - 5 EE EX E &
trical conductivity and oxygen concentration and a < g § £ % k=) % k=) E k=)
portable meter Hanna HI 98129 for pH. More details £ § o 2 TE BE B
about physical-chemistry analyses were provided by 2 2 3 % de dg g g

2 ° 4 S wn S wn Q S »
TavLor et al. (2014). g 3 g s Ts £ S
Samples and water chemistry data from the 7 = 2 g S 98 = S
o . 52 2 8 £E8 T€ g =3
Brazilian Amazon were collected from several micro- é 2 2 8 Sz EE S S i
. . . . . o — — . — - —
habitats in the Negro River basin, following proce- g = 5 3 UE QE S O g
. . 20 2 A7 et o3 o3 o3
dures explained in WETZEL et al. (2012a, b). Samples o & 3 g g EE E a% £ £ g
from southeastern Brazil were collected from Paiva ,§»_., = 2 Z £E ®E & £
Castro Reservoir in 2013; an oligotrophic reser- & gb o ~ T LM EM A T
voir, part of the Cantareira Water Supply System, § = g s o o @ g
municipality Franco da Rocha, State of Sdo Paulo. & z g N E %" & 3£ g5
The periphytic material was collected from the natu- 2 2 ‘g = 28 i &2 [‘; 8
ral substratum (Salvinia sp.) with a toothbrush and . ? E gu 8 g § T;i % 5 Ei
rinsed with distilled water. Temperature (°C), pHand 3 §~ g = 5 £ 2 é é g é z T&
conductivity (uS.cm™) were measured in the field & | & S8 4% 2 2 —~38 S8
. . . =~ = Lo Moy - - g2zg =92
using standard electrodes (Horiba U-53). Analytical & = | 3 T % SES §5 T 2z T S g
procedures for dissolved oxygen (mg.1™), alkalinity =& | S EE BES EZ &% SE28S5 &8
(mEq.I"), total nitrogen and total phosphorus (pg.1™") g )
followed Standard Methods (APHA 2005). 2 -

Samples were oxidized according to meth- & & § S 8 o ©
ods described by the EUROPEAN COMMITTEE FOR STAN- s §D @ < § § ﬁl é
DARDIZATION (2003) using concentrated H,0, and 37% % £ g ® 5 ¥ N é ¥
HCI. Oxidized subsamples were rinsed with deionized g g & Q M @ @ O &
water and permanent slides were prepared using Na- £ é
phrax® as mounting medium. LM images were taken _g - 5 % § § § g g
at a magnification of 1000x with a Zeiss microscope £ & [~ - - N N N N
Axioskop 2 equipped with DIC and phase contrast. g §;

Based on the width of the centre of the valve, apices  x &
width, width of apices at 3 pm and density of striacin = E» 2 s S 2
. . . 2 —_— = N 2 E g
10 um, morphometric analysis was conducted using = 5 S S S 3 S
R program (R Core Team 2016). For SEM studies, al- ~ § 5 | = 2 § § N S g
. . . =) 5 < IS 3 N = <
iquots of processed material were filtered and rinsed wa | E S S 3 N z S
with deionized water through a 3 um Isopore™ poly- & %: *2 g S g g g g
carbonate membrane filter (Merck Millipore). Filters £ = [ £ 2 N By = < =
. : DL | = S g8 S S g8 S
were mounted on aluminium stubs and coated with 2 2 3, 3, 3, 3, 3, 3,
platinum using BAL-TEC Med 020 Modular High 2 e g S S S S S S
: 2E 13 S S S

Vacuum Coating System for 30 s at 100 mA. Cleaned & .E
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samples were examined using an ultra—high resolution ana-
lytical field emission (FE) scanning electron microscope Hi-
tachi SU-70 (Hitachi High Technologies) operated at 5 kV
at 10 mm distance. Micrographs were digitally manipulated
and plates containing LM and SEM images were created us-
ing CorelDraw X7®. Morphological terminology was based
on BARBER & HaworTH (1981) for feature of valve and Rounp
et al. (1990) for ultrastructure and SEM terminology.

RESULTS AND DISCUSSION

Fragilariforma amazonica C.E. WETZEL, P.D. AL-
MEIDA et ECTOR sp. nov. (Figs 2-34)

Description: Valves linear, strongly constricted at the
centre, marking four distinct portions; protracted api-
ces, capitate to subcapitate in small cells (Figs 2-26).
The striae are uniseriate, parallel, composed of small,
circular areolae, continuous onto the mantle (Figs 27—
30). Velum not observed. Narrow central sternum vis-
ible (Figs 2-9, 20-22,27-30, 32). Spines present along
valve edges (Figs 5, 10-13, 27-30). Apical pore fields
well-developed at both apices, with several round po-
roids, irregularly disposed and with few spines (Figs
2-30). One rimoportula per valve near the apex, aligned
with a stria (Figs 2-5, 27, 28). Spines with acutely
denticulate morphology, resembling shark teeth (Figs
27-29). Girdle consisting of open bands and bearing
one row of poroids (Fig. 34). Measurements from type
material: length 12.0-67.0 um, width at central area
2.2-5.3 pm, width at 1/3 the valve 3.6-6.5 um, width
at apices 1.9—4.5 pm, width at in 3 pm underneath apex
1.8-4.5 pm, striae 18-25 in 10 pm (n=48).

Holotype: Slide SP-400392, Herbario Cientifico do
Estado Maria Eneyda P. Kauffmann Fidalgo, holotype
designated here (SP!), population partially illustrated
here in LM (Figs 2-26) and SEM (Figs 27-34).
Isotype: Slide BR—4465 (Botanical Garden Meise,
Belgium).

Type locality and habitat: Collected at “Igapo6 Ibara”
a left bank tributary of the Negro River, tributary of
the Amazon, State of Amazonas, Brazil. 0°17'11"
S, 66°35'18" W. Epilithic sample collected by C.E.
Wetzel and L. Ector, sample 177 (SP—400392) on 07
March 2005.

Etymology: The specific epithet refers to the Amazon
region.

Taxonomical remarks: Fragilariforma amazonica
shows some similarities to F. constricta and F. javanica
but differs by narrower valves and the strongly extend-
ed capitate to subcapitate apices (Table 2). In SEM,
the sternum of F. amazonica is very narrow and often
difficult to observe; spines are hollow, with ridges that
are more pronounced near the base (expanding contact
surface with the valve face), and disappear towards the
tip of spines. The new species was found as epilithic in

a tributary from the Negro River. Fragilariforma ama-
zonica showed a few similarities with F. constricta for
the valve outline divided in four portions and density of
striae. Fragilariforma constricta has wider central area
and slightly rostrate apices (PATrICK & REIMER 1966;
ZIMMERMANN et al. 2010). SEM analyses revealed that
spines found in F. amazonica are morphologically
similar to those found in F. telum and in F. javanica,
but in the latter the hollow or solid feature has not been
shown. Narrow valves with extended apices and den-
ticulate spines is a set of features only found in F. ama-
zonica thus far (Table 2).

Fragilariforma brasiliensis (GRuNow) P.D. ALMEIDA,
C.E. WETZEL, E. MoRALES et D.C Bicudo comb. nov.
et stat. nov. (Figs 35-70)

Basionym: Fragilaria nitzschioides var.? brasiliensis GRUNOW in
VaN Heurck, Synopsis des Diatomées de Belgique, pl. 44, fig. 11,
1881.

Synonym: Fragilaria undata var. brasiliensis C. ZIMMERMANN, Bro-
teria, Serie Botanica 17, pl. 3, fig. 7, 1919, reproduced herein Fig.

39, synon. nov.

Holotype: Slide 2318!, Grunow Collection, housed in
Naturhistorisches Museum Wien (W), illustrated here
in Figs 35-38.

Iconotype: Reproduced herein Fig. 35 from Van HEeu-
RCK, Synopsis des Diatomées de Belgique, pl. 44, 1881.
Epitype (designated here): Brazil, Sdo Paulo, Paiva
Castro Reservoir, Slide SP-469176 housed in Herbario
Cientifico do Estado Maria Eneyda P. Kauffmann Fi-
dalgo (SP). 23°20'15" S, 46°39'41" W. Epiphytic sam-
ple collected by S. Zorzal and D.C. Bicudo, sample
PC-03 on July 2013.

LM and SEM morphology: Frustules rectangular
in girdle view (Fig. 52). Valves linear to lanceolate,
constricted in the middle, subcapitate to rostrate ends
(Figs 35-38 [holotype], 40—60). Some valves slightly
asymmetric, small valves sometimes eccentric along
the apical axis (Figs 53-60). A series of small spines
is visible in LM in some valves along the valve margin
(Figs 42-43). Striae uniseriate, parallel, composed of
small, circular areolae, extending onto mantle, inter-
rupted or not by spines. Each areola occluded by velum
positioned near areolar outer opening (Figs 63, 68—70).
One well-developed rimoportula per valve, outer open-
ing aligned with a stria (Figs 40—46, 64, 65). Position
of rimoportula in relation to valve face variable. The
sternum very narrow, difficult to see even in SEM, ex-
cept in valves with narrow and linear sternum (Figs 56,
61, 68). Apical pore fields simple with several round
poroids radially disposed from valve face to mantle at
both valve apices. Spines sometimes present on apical
pore fields, irregularly arranged or in semicircle (Figs
62, 63, 68, 69). Spines solid, conical, acutely ended,
slightly curved and irregularly positioned on costae or
striae (Figs 61, 68—70). Mantle deep, ornamented at
abvalvar margin with plaques (Fig. 67). Cell dimen-
sions from type and epitype material: length 10.7-74.4
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pum, width at central area 3.5-6.7 um, width at 1/3 the
valve 3.6-6.5 um, width at apices 1.9—4.4 um, width at
in 3 um underneath apex 1.2—4.7 um, striaec 19-26 in
10 um (n=80).

Taxonomical remarks: Based on LM analysis, the re-
cent freshwater material collected in Paiva Castro Res-
ervoir (Sao Paulo) is very similar to Fragilaria nitzs-
chioides var. brasiliensis described by GRuNow in VAN
Heurck 1881 from Branco River, Santos, Sdo Paulo
(Fig. 70). The description of Fragilariforma brasil-
iensis presented here is supported by the drawing in
VaN Heurck and images taken from the holotype slide
included here (Figs 35-38). This species differs from
Fragilariforma nitzschioides (GRUNOW) LANGE—BERTA-
Lot in HormaNN et al. (2011: 268, pl. 6, figs 9, 10) by
the shape of the apices, spines, sternum, frustule shape
in girdle view; therefore, it can no longer be consid-
ered as a variety (KRAMMER & LANGE-BERTALOT 1991;
Howarp & Morates 2012). The apices of F. nitzschi-
oides are slightly rostrate to abruptly rounded, sternum
is present along the apical axis, striae on either side
of the sternum, short spines, of the valve and frustules
arranged in ribbon-like colonies (HowarRD & MORALES
2012; WortaL 2013). Fragilaria brasiliensis has prom-

V 14-26
um

A 213

inent apices, very narrow sternum, or absent in some
valves, and in this study we could not find evidence of
colonies or linking spines. Thus a new nomenclatural
status is required.

Fragilariforma brasiliensis was treated as a
synonym of F. javanica (Hustept) C.E. WETZEL, E.
MoraLEks et EcTor by KRAMMER & LANGE-BERTALOT
(1991) and MEeTZELTIN & LANGE-BERTALOT (1998). The
identification of F. brasiliensis in Brazil was based on
these references and, therefore, F. brasiliensis was mis-
taken as F. javanica in different regions of the country
(METZELTIN & LANGE-BERTALOT 1998; BrASSAC & Lup-
wiG 2003; Lanpucct & Lubwic 2005; FERRARI & Lubp-
wiG 2007; WETzEL 2011; DuNck et al. 2012; NARDELLI
et al. 2014). We show, by means of LM and SEM in-
formation that these species differ in form and width of
apices and kind of spines (Figs 62—70). In the type ma-
terial, F. javanica valves did not present rimoportula
(WETzEL et al. 2013, see figs 18-20), new photos ob-
tained from this type material, revealed a slender sep-
tum (Figs 71, 72), although in the material from Brazil
the valves did not present this structure, thus indicating
that populations studied here belong to F. brasiliensis.
To clarify the separation of F. brasiliensis and F. ja-
vanica, a comparison between both taxa under SEM

Figs 2-26. LM images of Fragilariforma amazonica sp. nov. C.E. WETZEL, P.D. ALMEIDA et EcTor from the type material (SP400392). Speci-

mens showing size diminution series. Scale bar 10 um.
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was necessary. Unfortunately, there was no raw materi-
al of F. brasiliensis at the Grunow Collection for SEM,
consequently, an epitype from Paiva Castro reservoir
(Sao Paulo) was selected to facilitate interpretation, as
recommended by the International Code of Nomencla-
ture for algae, fungi, and plants (Rem et al. 1994; Jaun
& KusBER 2009; McNEILL et al. 2012). The designation
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of an epitype was necessary given the importance of
unmounted material for SEM analysis. The type mate-
rial present in the Grunow Collection (W) consists only
of a permanent slide, and it is not possible to use it for
the ultrastructural analyzes that are required.

This reservoir was selected due to the large population
found developing in the periphyton (on Salvinia sp.),

Figs 27-34. SEM images of Fragilariforma amazonica sp. nov. C.E. WETZEL, P.D. ALMEDA et EcTor from the type material (SP400392):
(27-30) valves in external view; (31-32) valves in internal view; (33) apex with rimoportula in internal view; (34) girdle band open with orna-
mentation. Scale bar 20 um (29), 10 pm (27, 28, 30, 34), 5 um (31, 32), 3 pm (33).
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but also because the type locality of F brasiliensis,
Branco River, Santos, Sdo Paulo disappeared due to
urban developement.

Fragilariforma undata var. brasiliensis C. Zim-
MERMANN was described from the State of Bahia, north-
eastern Brazil. This taxon differed from F. brasiliensis
by its inconspicuous sternum and absence of spines ac-
cording to ZIMMERMANN (1919). However, these char-
acters are not sufficient for consistent differentiation of
taxa according to the revision of the genus by WiLLIAMS
& Rounp (1987), where the authors state that in taxa
within Fragilariforma spines may not be observed in
some specimens (Figs 39, 44-46) and the sternum is
variable (WiLLIAMS 1996; KiLrOY et al. 2003; MORALES
etal. 2012). Therefore, the synonymization of F. undata
var. brasiliensis with F. brasiliensis is proposed since
both taxa clearly coincide in shape variability (valve
outline) and morphometric measures (see Figs 35-60).
The synonymization of F. brasiliensis with F. undata
var. brasiliensis is justified based on the lack of a valid
diagnostic character of this variety. Unfortunately, the
fate of Zimmermann’s collection is unknown, and any
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slides used by Zimmermann in his studies are unavail-
able (GoMmEs et al. 2012).

Fragilariforma strangulata (ZANoN) D.M. WILLIAMS
et Rounp (Figs 73-94)

Basionym: Synedra strangulata ZaNnon, Commentationes, Pontificia
Academia Scientiarum, p. 587, fig. 14, 1938.

Material analysed: Zambia, Ntumbachushi Falls,
Ngona River, Luapula Province, sample CCA—-1237,
BR-4375 (BR!).

LM and SEM morphology: Frustules rectangular in
girdle view (Figs 83, 84). Valves linear to widely lan-
ceolate, slightly concave valvar sides in larger speci-
mens, gibbous outline in smaller ones (Figs 78, 80—
82). Ends capitate to subcapitate (Figs 73—82). Striae
uniseriate, parallel, composed of small, circular are-
olae. Striae extending from valve face to mantle (Figs
85—87). Velum not observed. Narrow sternum, absent
in some valves (Fig. 85). Apical pore fields well-devel-
oped at both apices, with several round poroids, irregu-
larly disposed; sometimes with spines (Figs 88-91).
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Figs 35-60. Images of Fragilariforma brasiliensis (GRuNow) P.D. ALMEIDA, C.E. WETZEL, E. MoraLEs et D.C. Bicupo: (35-38) images from
type material. 1 Iconotype; (36—-38) LM images from type material (slide 2318); (39) iconotype of Fragilaria undata var. brasiliensis; (40—60)
LM images of population from epitype locality Paiva Castro reservoir (SP469176). Scale bar 10 um.
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Spines solid, conical-acute slightly curved, irregularly
positioned (Figs 93, 94). One rimoportula per valve
near the apex, located along a stria, internally well—
developed (Figs 81, 82, 85, 86, 89, 91). Mantle wide,
ornamented with irregularly spaced silica plaques (Fig.
87). Girdle consists of up to eight open bands and bear-
ing one row of poroids (Fig. 87). Cell dimensions mea-
sured in material from Zambia, Austral Africa: length
26.0-64.0 um, width at central area 4.0-8.1 um, width
at 1/3 the valve 3.9-6.8 um, width at apices 2.8-3.8
um, width at in 3 um underneath apex 2.2-4.7 um,
striae 17-24 in 10 pm (n=36).

Taxonomical remarks: The population analyzed
from Zambia, identified as F. strangulata, is consistent
with descriptions and illustrations presented in ZANON
(1938) and HusTeDpT (1949). This taxon was originally
found in material from Africa and Ecuador by ZANoN,
who selected samples from Congo as the type of what
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he called Synedra strangulata. In the same paper (Za-
NoN 1938), one new variety was described, Synedra
famelica var. enflata Zanon also from Congo. This
variety was posteriorly placed within a continuum of
the F. strangulata variability by HUsTEDT (1949). In the
latter concept, F. strangulata includes extremely vari-
able morphologies, the smaller valves are distended
transapically, while longer valves tend to be linear,
spines and narrow sternum are not constant, and there
is one rimoportula near the apex (HusTeEDT 1949).
Fragilariforma strangulata is closely related with F.
Javanica, due to similar shape of valves and presence
of spines (WiLLiams & Rounp 1987). In this study, the
comparison between the type material of F. javanica
(Table 2) and analyses of populations of F. strangulata
evidenced differences in LM and SEM such as pres-
ence of rimoportula, shape and width of apices, spines
change, sternum, and velum confirming the distinction
between these two taxa (see also WETZEL et al. 2013).

Figs 61-70. SEM images of Fragilariforma brasiliensis (GRunow) P.D. ALMEIDA, C.E. WETZEL, E. MoraLES et D.C. Bicupo from epitype loca-
lity Paiva Castro reservoir (SP469176): (61, 68) valves in external view; (62—63) apices in external view without rimoportula; (64—66) apices
in internal view; (64—65) apices with rimoportula; (67) valve in internal view; (69) apex in girdle view showing curved spines; (70) central area
in external view with conical—acute spines. Scale bar 10 um (61, 67), 4 um (64, 66, 70), 3 um (62, 63, 65, 68, 69).
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Figs 71, 72. SEM images from type material (BRM—AS500) of Fragilariforma javanica C.E. WETZEL, E. MoRALEs et EcTor and septum: (71)
frustule in girdle view showing denticulate spines; (72) valve in internal view showing septum (white arrow). Scale bars 10 um.
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Figs 73-84. LM images of Fragilariforma strangulata (ZanoN) D.M. WiLLiams et Rounp from Ntumbachushi Falls, Zambia (CCA—1237).

Scale bar 10 pm.

Fragilariforma telum (J.R. CARTER et DEnNY) P.D.
ALMEIDA, C.E. WETZEL et E. MORALES comb. nov.
(Figs 95-129)

Basionym: Fragilaria telum J.R. CARTER et DENNY, Nova Hedwigia
44, pl. 11, fig. 25, 1987.

Synonym: Fragilaria rolandschmidtii METZELTIN et LANGE—BERTA-
Lor, Iconographia Diatomologica 5, pl. 1, figs 14-16, 1998, synon.

nov.

Material analysed: Brazil, Negro River, Santa Isabel,
sample RN65, SP400280.

LM and SEM morphology: Valves linear to narrow
elliptic, with slightly median constriction, capitate to

subcapitate apices (Figs 95-106). Small cells with
projection along apical axis (Figs 107-117). Striae
uniseriate, parallel, composed of small, circular are-
olae. Striae extending from valve face to mantle (Figs
120-125). Velum not observed. Sternum variable, dif-
ficult to visualize in LM, absent (Fig. 126) or restricted
to distal portion in some valves (Fig. 118). Apical pore
fields of different sizes, composed of several round po-
roids irregularly disposed on valve mantle and bearing
few spines (Figs 120—123). Small spines very difficult
to visualize (Figs 106, 110). Spines hollow, acutely
denticulate, resembling shark teeth (Figs 118, 124,
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Figs 85-94. SEM images of Fragilariforma strangulata (ZanoN) D.M. WiLLiams et Rounp from Ntumbachushi Falls, Zambia (CCA-1237):
(85) valve in external view; (86) valve in internal view; (87) frustule in girdle view showing several spines; (88) apex in girdle view showing
spines and numerous silica plaques on mantle; (89) apex in external view with rimoportula; (90, 91) apices in internal view, (91) apex with ri-
moportula; (92) central area in internal view with one shortened stria; (93) frustule in girdle view showing spines; (94) central area with curved
spines. Scale bar 20 um (86), 10 um (85, 87), 3 pm (88-91), 2 um (92, 93), 1 um (94).
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126). One rimoportula is aligned with a stria, internally
well-developed (Figs 120, 122, 128). Cell dimensions
measured in population from Negro River in Brazilian
Amazon: length 4.0-100.0 um, width at central area
3.7-6.3 um, width at 1/3 the valve 3.5-6.5 um, width
at apices 1.9-5.8 um, width at in 3 pm underneath apex
2.1-4.0 um, striaec 1622 in 10 um (n=70).

Taxonomical remarks: We identified a population ob-
tained from Negro River as F. telum following illustra-
tions presented in CARTER & DEnny (1987). The type
material of F. telum was described from Sierra Leone
(Africa) with diagnosis very closely related to F. ja-
vanica, but it differs in the morphology of spines and
always absent sternum. These two characters are very

-] I I I

10 um

107-117»

difficult to observe in LM and were not illustrated in
CARTER & DENNY (1987). Another taxon very similar is
F. rolandschmidtii described from the Amazon region
by METZELTIN & LANGE-BERTALOT (1998). Since both
taxa are similar concerning their diagnoses, including
valve shape, length and width ranges, and density of
striae in 10 pm (Table 2), there are no exclusive char-
acters to separate these taxa and so should be treated as
one, possessing a wide distribution in tropical environ-
ments and are considered by us as synonyms.

Our results in SEM showed presence of small
marginal spines in F. telum. The spine shapes are simi-
lar to those found in F. javanica (WETZEL et al. 2013),
nevertheless in F. telum spines are hollow, smaller
and irregularly distributed in the margins of valves.

Figs 95-117. LM images of Fragilariforma telum (J.R. CARTER et DENNY) P.D. ALmEDA, C.E. WETZEL et E. MoraLEs from Negro River

(SP400280), Amazon, Brazil. Scale bar 10 um.



Fottea, Olomouc, 17(2): 277-292, 2017
DOI: 10.5507/fot.2017.006

Recently, ALrinito & LANGE-BERTALOT (2013) studied
diatoms from Sierra Leone and identified a taxon with-
out spines as F. javanica. These authors emphasize
the similarities between F. telum and F. javanica and
the necessity to compare them under SEM to under-
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stand their relatedness. Fragilaria javanica HUSTEDT
was transferred to the genus Fragilariforma based on
detailed analysis of type material using LM, SEM,
ecological and distribution data (WETZEL et al. 2013).
This taxon is commonly reported from tropical and

Figs 118-129. SEM images of Fragilariforma telum (J.R. CARTER et DENNY) P.D. ALMEDA, C.E. WETZEL et E. MoraLES from Negro River
(SP400280), Amazon, Brazil: (118, 126) valves in external view; (119, 127-129) valves in internal view; (120-121) apices in external view,
(120) apex with rimoportula; (122—123) apices in external view showing narrow sternum, (122) apex with rimoportula; (124) central area in
external view showing denticulate spines; (125) central area in internal view. Scale bar 30 um (119), 20 pm (118, 126, 127), 10 um (128), 5

um (120, 121, 123-125, 129), 4 um (122).
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Fig. 130. Morphometric data for separation between Fragilariforma species from tropical environments.

subtropical areas (as subfossil) and it is closely related
to taxa currently associated with F. virescens (WETZEL
et al. 2013). As in F. javanica, the regular absence of
rimoportula could also be observed (see Fig. 129). In
this study, we transfer Fragilaria telum J.R. CARTER et
DENNY into Fragilariforma.

In summary, the ultrastructural analysis of the
type material from Brazil was necessary to partially
solve the identity of Fragilariforma species complex
involving tropical species as F. brasiliensis, F. javan-
ica, F. telum and F. strangulata. The environmental
data showed in Table 1 indicate slightly acidic, oligo to
mesotrophic environments.

After this analysis we consider that there are
significant differences in morphometric parameters
and ultrastructural analyses as spines, rimoportula and
septum involving the taxonomy of this genus. We also
propose F. amazonica as a new species, previously
identified as F. nitzschioides var. brasiliensis.

The taxonomic synonymization presented above is in
agreement with priority rules contained in the Inter-
national Code of Nomenclature for Algae, Fungi, and
Plants —Melbourne Code (McNEILL et al. 2012).
Regarding the morphometric analysis, our data
corroborate the separation of F. amazonica, F. brasil-
iensis, F. strangulata and F. telum (Fig. 130), and these
taxa should be recognized as distinct. Fragilariforma
has a broad morphological variability and the analy-
sis provides a more comprehensive approach to these
characters. For a correct identification of species in
Fragilariforma, populational analyses and measure-
ment of environmental conditions in habitats where
the species were collected should be prioritized. Our
studies show that, despite the frequent occurrence of
this genus in tropical environments, knowledge on its
distribution and number of species is still uncertain.
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