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ABSTRACT

There have been few taxonomic studies of centric diatoms in lotic freshwater environments in Brazil, especially in
terms of those including nanoplanktonic forms, which are often neglected in studies of local floras, because of their
small size or confusing taxonomy. This is the first study focusing on centric diatoms in the flora of the state of Bahia,
in northeastern Brazil. Plankton and periphyton attached to Eichornia crassipes were collected in the winter of 2009
in the Cachoeira River. The diatoms were analyzed and described under light and electron microscopies. Seventeen
infrageneric taxa were identified. Cyclotella was represented by five taxa, and concerning of similarities between
diacritical features of species in this genus, their descriptions were thoroughly detailed. This was the first time that
Cyclotella atomus var. marina, previously recorded only in coastal areas of Japan and Korea, has been documented in
ariver in South America. We also identified two diatom taxa previously unrecorded in the flora of Brazil: C. cryptica
and C. meduanae. Finally, we present a detailed light, transmission and scanning electron microscopy analysis of
Skeletonema potamos, a diatom rarely found in the Brazilian literature.
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Introduction

Taxonomic surveys provide a unique opportunity to
detail the morphology of lesser-known species, such as
small diatoms. These forms are difficult to identify, be-
cause the differences in their morphological structures
are barely discernible under light microscopy (LM) (Kling
& Hakansson 1988). Although information about biodi-
versity represents a useful tool for ecological and applied
studies, accurate identification is fundamental, because
morphologically similar species can be ecologically distinct.
Often, erroneous or inaccurate identifications may occur
(Hakansson & Kling 1994).

Cyclotella (Kiitzing) Brébisson comprises a complex of
more than 100 species, including specimens with a small
(< 5 um) diameter (Hakansson 2002). Taxonomy of this
genus depends on the observation of frustule morphology
under scanning electron microscopy (SEM), mainly of the
smaller specimens, and the interspecific similarity is no-
table (Sabater & Klee 1990). In order to clarify taxonomic
questions regarding this complex, various studies have been
conducted, some having resulted in the description of new
species (Lowe 1975; Genkal & Kiss 1993; Kiss et al. 2007;
Sala & Ramirez-R 2008).

In Brazil, there are few taxonomic studies focusing

centric diatoms from lotic systems. Most of them have
dealt with all diatom genera of periphytic community from
the south and southeast regions of the country (Ludwig
& Valente-Moreira 1990; Ludwig & Flores 1995; Brassac
et al. 1999; Landucci & Ludwig 2005; Morandi et al. 2006;
Tremarin et al. 2008; Tremarin et al. 2012). Only four pre-
vious studies of diatoms have been performed in the state
of Bahia: Zimmerman (1913-1919) recorded approximately
200 marine and freshwater species; Moreira-Filho et al.
(1995) recorded 92 marine and estuarine diatoms; and re-
cently, two endemic species of Perinotia Metzeltin et Lange-
-Bertalot were recorded in the Chapada Diamantina region
(Metzeltin & Lange-Bertalot 2007; Ferrari et al. 2009). The
Cachoeira River has been the focus of studies investigating
water treatment (Fontes & Aratjo 2008), nutrient cycling
(Lima et al. 2010) and protozoans (Pinto & Boehs 2008;
Silva et al. 2009), as well as assemblages of animals, such as
decapod crustaceans (Almeida et al. 2006), fishes (Cetra et
al. 2009) and mollusks (Ceuta et al. 2010). So far no algal
communities have been investigated in this river.

The aim of this study was to investigate the centric
diatoms found in the Cachoeira River. We focus on the
morphological details of nanoplanktonic forms, adding
new observations about the ultrastructure of Brazilian po-
pulations and new records to Bahia State as well as to Brazil.
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Material and methods

The Cachoeira River Basin belongs to eastern Bahia
watersheds (14°42°-15°20’S; 39°01°-40°09°W). The drainage
area is 4600 km?, with 24.1 m®.s™ of mean annual discharge.
The climate is tropical humid, with an average temperature
of 24.6°C and annual rainfall exceeding 1300 mm. The Ca-
choeira Basin rivers flow through 12 cities, which collective-
ly have a population of 600,000. Two counties, Itabuna and
Ilhéus, are the economic and industrial centers of the state.

Sampling was conducted in July 2009, in the intermedia-
te period between wet and dry seasons, in a shallow channel
near Itabuna downtown (14°47°14.24”S; 39°16°10.12”0)
(Fig. 1), strongly influenced by the input of domestic sewage,
approximately 25 km from the coast, with no salinity in-
fluence (Pinho 2001). Plankton was sampled with a 20 pm
mesh net, and periphyton attached to Eichornia crassipes
(Martius) Solms-Laubach were collected by hand from the
banks of the river.

The samples were fixed in 4% formaldehyde and clea-
ned according to Simonsen’s method (1974) modified by
Moreira-Filho & Valente-Moreira (1981). Permanent slides
were mounted with Naphrax® (refraction index = 1.74;
Brunel Microscopes Ltd., Wiltshire, UK). Diatoms were
analyzed and measured using an Olympus CH-2 light
microscope (Olympus, Tokyo, Japan). Specimens illus-
trations were obtained with an Olympus BX-40 light
microscope equipped with an Olympus DP71 digital ca-
mera (Olympus). Grids were analyzed under transmission
electron microscopy (TEM) using a JEOL JEM 1200EXII
microscope (JEOL, Ltd, Tokyo, Japan). Subsamples were
mounted on stubs and sputter-coated with gold (SCD030

sputter coater; Balzers, Fiirstentum, Liechtenstein). The
scanning electron microscopy (SEM) was conducted using
JEOL JSM 6360LV microscope (JEOL Ltd), at 15 kV and
8 mm of working distance.

Morphological terminology was based on Barber &
Haworth (1981), Round et al. (1990) and Houk et al. (2010).
The density of marginal striae and fultoportulae around
the valve circumference were calculated according to Hasle
(1983) modified by Syvertsen & Hasle (1984). Samples
and slides were housed at the Herbarium of the Federal
University of Parana (UPCB 65979, UPCB 65980) and the
Diatom Herbarium of the Academy of Natural Sciences of
Philadelphia (ANSP GC 26810).

Results and discussion

In this study, we observed 15 species and two non-typical
varieties, included in eight genera of centric diatoms. Our
descriptions follow.

Conticribra weissflogii (Grunow) Stachura-Suchoples
et Williams, Eur. J. Phycol. 44(4): 482, 2009.
Figs. 2A-M

Valves circular with flat surface. Striae delicate, not dis-
cernible in LM. A ring of marginal fultoportulae interrupted
by an evident rimoportula. Two to eight central fultoportu-
lae, arranged in half circle or ring. Diameter: 12.5-21.9 umy;
marginal fultoportulae: 8.6-12.1 in 10 um.

In TEM, the areolae are loculate, externally opened by
irregular foramina, radially arranged. Internally, areolae are
occluded by semi-continuous cribra (Figs. 2F). The cribra
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Figure 1. Study area: Cachoeira River, state of Bahia, Brazil.
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consist in circular, linearly arranged pores, ornamented by
13-15 marginal sectors and 1-2 central sectors (Fig. 2G). In
SEM, the adjacent cells are linked by external tubes of mar-
ginal fultoportulae (Fig. 2H). The species has valve surface
ornamented by radial striae, composed by small and irregu-
lar areolae, intercalated by small nodules on the valve surface
and mantle (Figs 2I-K). External tubes of fultoportulae are
prolongated and ornate with ribs (Fig. 2K). Rimoportula
has elongated external tube and is located slightly ahead
of marginal fultoportulae ring (Fig. 2K). Internally, cribra
are bi- to multiseriate and continue towards the mantle.
Marginal and central fultoportulae show four satellite pores
(Figs 2L, M). The labiate process of rimoportula is large and
pedunculated, radially oriented (Fig. 2M).

The recently proposed genus Conticribra groups
freshwater and brackish water species of Thalassiosira Cle-
ve with flat valve surfaces, continuous or semicontinuous
cribra in loculate areolae and the rimoportula located at
the valve margin, interrupting the ring of fultoportulae
(Stachura-Suchoples & Williams 2009). Morphological
observations on C. weissflogii specimens collected in Brazil
were provided by Torgan & Santos (2006).

Skeletonema potamos (Weber) Hasle in Hasle et Eversen,
J. Phycol. 12(1): 74, figs 1-17, 1976.
Figs. 3A-R

Frustules cylindrical, solitary or forming straight chains
with two to three cells. Valves linked by short fultoportulae
arranged in a marginal ring at valve surface. Numerous gir-
dle bands, so that the pervalvar axis is larger than the valve
diameter (Fig. 3A-F). Subcentral rimoportula present (Figs.
3G, H). Pervalvar axis: 4.4-7.3 um, diameter: 2.4-3.6 um.

In TEM, two opposite frustules are linked by interleaving
of fultoportulae tubes, so what the distance between valve
faces is short. Old girdle bands are also present between two
linked frustules (Fig. 3I). The areolae are pseudoloculate,
occluded by internal cribra. The cribra have minute pores
(13-18 nm in diameter), radially arranged and perforated
by sectors in a rosette pattern (Fig. 3]). In SEM, the frustules
show valve surface ornate by small nodules and irregular
areolae that extend across the entire mantle (Figs 3L-N).
Fultoportulae are located at the junction between the mantle
and valve surface, in number of 4-5 (Figs 3L-N), with exter-
nal tubes elongated and bipartite at the ends (Figs 3L, N).
One subcentral rimoportula at valve surface shows small
external tube (Figs 3K-M). Internally, the areolae occlusions
are inconspicuous in SEM and the fultoportulae internal
openings are not extended, with three small satellite pores
(Figs 30, P). The labiate process of rimoportula is short and
sessile (Fig. 30). Cingulum long, with open bands, ornate
by rows of longitudinal pores (Figs 3Q, R).

In general, the S. potamos specimens analyzed here
showed smaller frustules with fewer fultoportulae than did
those collected in the south of Brazil and analyzed by Tor-
gan ef al. (2009) (3-4.5 um diameter, 6-10 um high and 5-7
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Figure 2. Conticribra weissflogii. A-E. Valve view, LM. F. Striae occlusions
structure, TEM. G. Detail of the cribra perforation, TEM. H. Detail of junction
between marginal fultoportulae of adjacent valves, in lateral view. I. External
view of valve. J. External view of the central fultoportulae tubes. K. External
view of the marginal fultoportulae and rimoportula (arrow). L. Internal view
of central fultoportulae openings. M. Internal view of marginal fultoportulae
and rimoportula openings. Scale bars = 10 um (A-E); 0.2 pm (F); 50 nm (G);
1 pm (H,J-M); and 5 pm (I).

marginal fultoportulae) and Bergersh et al. (2009) (3.5-4 um
diameter). We observed no concavity in the central region
of valve surface and the fultoportulae showed relatively short
external tubes, which is probably due to low salinity of the
environment, as reported by Hasle & Evensen (1976) and
Torgan et al. (2009).

According to Sarno et al. (2005), the shape and position
of the rimoportula are variable within the Skeletonema Gre-
ville genus. Intercalar valves show marginal rimoportula and
terminal valves have subcentral or marginal rimoportula. In
the material studied under electron microscopy, we found
only terminal valves with eccentric rimoportulae, which
have similar morphology to that described and illustrated
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Figure 3. Skeletonema potamos. A-F. Chains in girdle view (A: phase contrast), LM. G, H. Valve view showing the external tubes of fultoportulae and subcentral
rimoportula (arrows), LM. L. Detail of junction between marginal fultoportulae of adjacent valves and old girdle bands, in lateral view, TEM. J. Detail of the cribra
perforation, TEM. K. Valve surface, showing subcentral rimoportula (arrow), TEM. L-M. External valve surfaces showing the external rimoportula opening (ar-
rows), SEM. N. Frustule in girdle view showing the mantle structure and clefts at the distal tip of fultoportulae. O. Internal view of valve, showing labiate process of
rimoportula (arrow). P. Internal view of valve, showing internal fultoportulae openings and satellite pores. Q. Detail of girdle bands. R. Overview of girdle bands.
Scale bars = 10 um (A-H); 1 um (LK,M,N,P,Q); 100 nm (J); 0.5 um (L,0); and 2 um (R).
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by Hasle & Evensen (1976, Figs 21 and 28). Rimoportula
close to marginal fultoportulae ring (corresponding to Fig.
20 of these authors) were not found. Because our specimens
were solitary or formed short chains, we believe that the
frequency of terminal valves was higher in our specimens
than in those evaluated by Hasle & Evensen (1976).

We found S. potamos in environmental conditions
quite similar to those described in the species protolo-
gue (shallow channel influenced by domestic sewage),
co-occurring with Cyclostephanos invisitatus (Hohn et
Hellerman) Theriot, Stoermer et Hakansson (as Stepha-
nodiscus invisitatus Hohn et Hellerman); Cyclotella atomus
Hustedt, Cyclotella meneghiniana Kiitzing; and Discostella
pseudostelligera (Hustedt) Houk et Klee (as Cyclotella
pseudostelligera Hustedt) (Weber 1970).

Cyclotella atomus Hustedt var. atomus, Arch . Hydrobiol.,
Suppl. 15:131-177, figs 9-12, 1937.
Figs 4A-P

Valves circular. Marginal striae radiate separated by
costae. Marginal fultoportulae ring, fultoportulae distribu-
ted every 3 or 4 striae. One rimoportula inserted between

two marginal fultoportulae. One subcentral fultoportulae.
Diameter: 4.0-6.5 pm, striae: 9.8-16.5 in 10 um, marginal
fultoportulae: 2.8-4.6 in 10 pm.

In SEM, valve surface is tangentially undulated (Figs
4K, P) or flat (Fig. 4M) at the central region and shows
small nodules near to valve margin and mantle. Marginal
fultoportulae are located at the face/valve mantle junction
and do not show elongated external tubes (Figs 4K-M).
Internally, striae are not alveolated (Figs 4N, O). The mar-
ginal fultoportulae have two satellite pores and the central
fultoportula has three (Figs 4N, O). The labiate process of
rimoportula is slightly oblique (Figs 4N, O). The cingulum
has open bands (Fig. 4P).

Our findings are consistent with the type material des-
cribed by Hikansson & Clarke (1997). Genkal & Kiss (1993)
observed samples from different localities and proposed
C. atomus var. gracilis Genkal et Kiss, which differs from
C. atomus var. atomus by the presence of marginal alveolar
chambers, similar to those of C. meneghiniana.

Cyclotella atomus var. marina Tanimura, Nagumo et Kato,
Bull. Natn. Sci. Mus., 30: 5-11, figs. 3-15, 2004.
Figs 5A-G

Figure 4. Cyclotella atomus var. atomus. A-J. Valve view, LM (phase contrast in ). K. External view of valve. Central area showing tangential undu-
lation, SEM. L, M. Valve with flat surface, SEM. Note the granules on marginal area in M. N, O. Internal view of valve showing the orientation of
rimoportula (arrows), SEM. P. Frustule in girdle view showing girdle bands, SEM. Scale bars = 10 um (A-J) and 1 pm (K-P).

Acta bot. bras. 27(2): 237-251. 2013.
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Figure 5. Cyclotella atomus var. marina. A-C. Valve view in phase contrast, LM. D. Frustule in
girdle view, SEM. E. Valve surface and mantle showing the marginal fultoportulae and rimoportula
openings (arrow), SEM. F, G. Internal view of valves showing the fultoportulae and rimoportula
openings, SEM. Scale bars = 10 um (A-C) and 1 um (D-G).

Small circular valves. Striae inconspicuous. Marginal
fultoportulae long and equidistant, with the inclusion of
a marginal rimoportula among them. Central fultopor-
tula absent. Diameter: 2.6-3.4 pm, fultoportulae: 3.0-4.2
in 10 pm.

In SEM, valves show flat surface (Figs. 5D, E), ornate
by delicate striae, 45-49 in 10 um (Figs 5E-G) and granules
scattered on the mantle (Fig. 5E). Three to four marginal
fultoportulae at valve face/ mantle junction. External ope-
nings of fultoportulae are short and tangentially sectioned
(Fig. 5E) and the internal openings are elongated and have
two satellite pores radially oriented (Figs 5E, G). Rimopor-
tula opens externally as a simple pore and internally with
short peduncle, obliquely oriented (Figs 5E-G).

Cyclotella atomus var. marina differs from C. atomus var.
atomus and C. atomus var. gracilis because it has no central
fultoportula and because its costae are poorly developed
(Tanimura et al. 2004). It is a characteristically small diatom
that has previously been recorded only twice, both times in
the northeastern Pacific Ocean: in Tokyo Bay (Tanimura
et al. 2004) and on seagrasses in Korea (Chung et al. 2010).
This is the first record of this taxon for freshwater systems
in the Americas, indicating that it is allochthonous.

Cyclotella cryptica Reimann, Lewin et Guillard, Phycol.
3(2): 75-84, 1963.
Figs 6A-K

Valves circular. Central area smooth. Marginal striae
radiated. Fultoportulae irregularly arranged along the mar-
ginal ring but always associated to one costa, a single rimo-
portula is located at the ring of fultoportula. One central
fultoportula. Diameter: 6.3-10.3 pum, striae: 7-10 in 10 pum.

In SEM, the internal valve surface shows alveolate striae,
but the alveoli are opened (Figs 6H-K). Therefore, the se-
paration between the central and marginal areas is not so
evident. Marginal fultoportulae ring arranged in the valve
mantle, with short internal openings associated to three
satellite pores, as well as the central fultoportula (Figs 6], K).
Pedunculated rimoportula with slightly oblique orientation
(Fig. 6K). External surface was not observed.

Our morphometric data agree with those of Houk et al.
(2010). C. cryptica is part of the morphologically confusing
C. meneghiniana complex. Houk et al. (2010) suggested that
those species could be conspecific. On the basis of molecular
data, Beszteri et al. (2007) concluded that C. meneghiniana
is a complex of sexual species that are reproductively isola-
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Figure 6. Cyclotella cryptica. A-G. Valve view, LM. H, L. Valves in internal view. J, K. Details of internal marginal
fultoportulae and rimoportula openings. Scale bars = 10 um (A-G); 2 pm (H,I); and 1 pm (J,K).

ted, which explains the taxonomic separation between C.
meneghiniana and C. cryptica, although their morphologies
can overlap. In the present study, we were able to distinguish
between C. cryptica and C. meneghiniana by the internally
open alveoli and smaller, oblique rimoportula of the former,
as stated in Houk et al. (2010).

Cyclotella meduanae Germain, Flore Diat. p. 36, pl. 8, fig.
28, pl. 154, figs. 4, 4a, 1981.
Figs 7A-Q

Valves circular. Marginal striae radiate. Marginal ful-
toportulae ring inserted every two or three striae. One
rimoportula between two marginal fultoportulae. Central
fultoportula absent. Diameter: 4.9-6.5 pm, striae: 8.0-12.9
in 10 um, marginal fultoportulae: 4.0-6.2 in 10 um.

In SEM, the external valve surface has a slight tangen-
tial undulation at central area, ornate by nodules (Figs 7L,
M). Striae and interstriae are continuous with mantle (Fig.
7N). There are 4-9 rows of small and circular to irregular
areolae per stria (Figs 7L, M). Marginal fultoportulae with
short external tubes, rimoportula external aperture and
small spines are located at the valve face/mantle junction
(Fig. 7N). Internally, striae are not alveolated (Figs 70-Q).

Acta bot. bras. 27(2): 237-251. 2013.

Fultoportulae have three satellite pores and labiate process
of rimoportula is obliquely oriented (Figs 7P, Q).

The specimens observed are similar to that registered by
Germain (1981), Hakansson & Kling (1994), Tanaka (2007)
and Sala & Ramirez-R (2008). Our findings regarding valve
diameter, striae and fultoportulae density are in agreement
with data in the literature. However, within the Cachoeira
River population, there were some smaller cells (valve dia-
meter 4.9 um; 8 striae in 10 pm). C. meduanae is similar to
the newly described species C. katiana Sala et Ramirez-R
(valve diameter, 4.5-5.5 pum; 4-6 marginal fultoportulae in
10 pum; 9-15 striae in 10 um), differing from the latter in that
its striae are more elevated in relation to the valve surface
(Sala & Ramirez-R 2008).

Cyclotella meneghiniana Kiitzing, Die Kieselschaligen
Bacillarien oder Diatomeen, p. 50, pl. 30, fig. 68, 1844.
Figs 8 A-O

Valves circular. Central area striated by grooves, ra-
dially disposed. Marginal striae radiated. Fultoportulae
irregularly arranged along the marginal ring but always
associated to one costa. Single rimoportula located in the
ring of fultoportulae. One to three central fultoportulae.
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A-K

Figure 7. Cyclotella meduanae. A-K. Valve view, LM. L, M. External view of valve, SEM. N. Frustule in girdle view showing
the bands and external rimoportula opening (arrow), SEM. O. Detail of valve internal view showing marginal fultoportulae
surrounded by three satellite pores, SEM. P. Internal view of valve showing the orientation of rimoportula (arrow), SEM. Q.
Detail of marginal rimoportula and fultoportulae, SEM. Scale bars = 10 um (A-K) and 1 um (L-Q).
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Figure 8. Cyclotella meneghiniana. A-I. Girdle (A) and valve views (B-I), LM. J, K. External view of valve, SEM. L. Detail of
external fultoportulae opening with two adjacent spines, SEM. M-O. Valves in internal view showing marginal chambers,
marginal and central fultoportulae and the orientation of rimoportula opening (arrows), SEM. Scale bars = 10 um (A-I); 2
um (J-L); 5 um (M,N); and 1 um (O).
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Diameter: 10.3-17.7 um, pervalvar axis: 5.1-10.5 pm, striae:
5.8-8.3in 10 pm.

In SEM, the external valve surface is granular and
presents tangential undulation in central area (Figs 8],
K). Striae with bundle of irregular areolae and granules
among areolae (Figs 8J-L). Marginal fultoportulae ring ar-
ranged in the valve mantle, with external openings always
associated to elongated spines (Fig. 8L). Internally, striae
have developed alveoli (Figs 8M-O). Therefore, there is
evident separation between the central and marginal areas.
Marginal and subcentral fultoportulae have three satellite
pores (Figs 8M-0). Pedunculated rimoportula, with a big
labiate process, radially oriented (Figs 8M-O).

Discostella pseudostelligera (Hustedt) Houk et Klee, Dia-
tom Res., 19(2): 223, 2004.
Figs 9A-G

Valves circular. Valve surface flat. Marginal striae deli-
cate, radially oriented and of equal length, sometimes with
short striae among them. Central area with radial striae,
rosette-shaped, 1/2 of the valve diameter. Marginal fulto-
portulae equidistant, marginal rimoportula not observed.
Diameter: 4.3-6.0 pm, striae: 17.2-21.0 in 10 pm, marginal
fultoportulae: 3.6-4.7 in 10 pm.

In SEM, valves have flat surface (Figs 9E-G), ornamented
by delicate striae, each one with two rows of areolae (Figs
9F-G). Six to seven fultoportulae distributed in a marginal

ring at the mantle and valve surface junction. External tubes
of fultoportulae are short and tangentially sectioned at the
opening (Fig. 9E).

Houk et al. (2010) analyzed the type material of D.
pseudostelligera and D. woltereckii (Hustedt) Houk et
Klee and concluded that the valve morphology of the
two species overlaps. Valves from type material of both
species differ only in terms of the stellate pattern of the
valve center: in D. pseudostelligera, the central area is
broad and the marginal striae are of equal length; in D.
woltereckii, the central area is smaller and the marginal
striae are dichotomous (Houk et al. 2010). Our specimens
match the type material of D. pseudostelligera. There is
also an ecological difference between these two species:
D. pseudostelligera is mainly a temperate species, whereas
D. woltereckii is mainly tropical (Houk et al. 2010). However,
there are records of D. pseudostelligera in northern Brazil,
which has a tropical climate (Eskinazi-Le¢a et al. 2012).
Therefore, the morphological and geographical boundaries
between these two taxa need to be clarified. Similarities were
also found between D. pseudostelligera and Thalassiosira
pseudonana Hasle et Heimdal in terms of striae pattern and
valve diameter. However, according to Hasle & Heimdal
(1970) and Garcia & Odebrecht (2009), T. pseudonana often
has a subcentral fultoportula and has a higher number of
marginal fultoportulae (6-12 in 10 pm), as well as having a
sessile rimoportula.

Figure 9. Discostella pseudostelligera. A-D. Valve view, LM (phase contrast in B-D). E. Frustule in girdle view. F, G. External view of valve. Scale bars = 10 um (A-D)
and 1 pm (E-G).

Acta bot. bras. 27(2): 237-251. 2013.
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Cyclostephanos invisitatus (Hohn et Hellerman) Theriot,
Stoermer et Hikansson, Diatom Res. 2(2): 256-257, figs
18-24, 1987.

Figs 10A-L

Valves circular. Valve surface flat. Striae radial and deli-
cate, evident only at the margins. Subcentral fultoportula
present. Marginal fultoportulae and rimoportula indistinct.
Diameter: 7.3-8.9 pum, striae: 12.9-17.2 in 10 um.

In SEM, the valve surface has slightly concentric undula-
tion (Fig. 10G) and radial striae, uniseriate in central region
and multiseriate toward the margins, which adorn the entire
valve surface (Figs 10G, H). Interstriae discernible only in
the marginal area of valve (Figs 10G, H), branching at the
mantle (Fig. 10I). Elongated marginal spines at the mantle
and valve surface junction (Figs 10G-I). Ring of fultopor-
tulae located in mantle, with simple pore shaped external
tubes (Fig. 10I). Rimoportula is on the mantle, beneath one
spine (Fig. 10H). Internally, the areolae are occluded by
cribra, which is domed in central area and flat towards the
margins and mantle (Figs 10J, K). Interstriae are not raised
internally. Subcentral and marginal fultoportulae have two
satellite pores (Figs 10]-L). Internal view of rimoportula are
small and sessile (Fig. 10]).

Theriot et al. (1987) analyzed the type material of C.
invisitatus from north American rivers which agreed in

morphometrical features with our specimens (6-8 um in
diameter, 17 striae in 10um - measured from the Fig. 19,
Theriot et al. 1987). This species is similar to C. damasi
(Hustedt) Stoermer et Hakansson, C. costatilimbus (Ko-
bayasi et Kobayashi) Stoermer, Hikansson et Theriot and
C. tholiformis Stoermer, Hakansson et Theriot. However,
C. costatilimbus has no branched mantle interstriae; and
the internal interstriae of C. damasi and C. tholiformis are
raised, whereas those of C. invisitatus are flat (Stoermer et
al. 1987; Theriot et al. 1987).

Melosira varians Agardh, Bot. Zeit., p. 628, 1827.
Fig. 11A

Frustules cylindrical in girdle view, linked by valve
surface in straight chains. Areolae inconspicuous. Valve
surface not observed. Pervalvar axis: 23.5-26.7 um, diame-
ter: 17.0-20.2 um.

Aulacoseira ambigua (Grunow) Simonsen, Bacill. 2: 56,
1979.
Figs 11B-F

Frustules cylindrical, linked in straight chains by small
spines located at the valve face/mantle junction. Striae in
the mantle arranged obliquely in relation to pervalvar axis.

Figure 10. Cyclostephanos invisitatus. A-F. Valve view, LM. G. External overview of valve. H. Detail of the marginal spines,
showing external fultoportulae and rimoportula (arrow) openings. I. Frustule in girdle view showing the marginal fultoportulae
openings (white arrows) and interstria branching on mantle (black arrow). J. Valve in internal view, showing internal opening of
rimoportula (arrow). K, L. Details of internal opening of marginal and subcentral fultoportulae. Scale bars = 10 um (A-F); 2 ym
(G,LJ);and 1 pm (H,KL).
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Rounded areolae. Pronounced sulcus. Mantle height: 8.1-
11.8 um, diameter: 3.9-8.9 um, striae : 12.7-19.7 in 10 pm,
areolae: 14-16 in 10 um.

Aulacoseira granulata (Ehrenberg) Simonsen var. angus-
tissima (O. Miiller) Simonsen, Bacill. 2: 58, 1979.
Figs 11G-I

Frustules cylindrical united by small linking spines in
straight chains. Terminal valves with elongated separation
spines. Striae in the mantle obliquely arranged in relation to
pervalvar axis in intercalary cells, and parallel in terminal
cells. Rounded and delicate areolae. Sulcus slightly pronoun-
ced. Mantle height: 12.9-14.6 pum; diameter: 4.0 um, striae:
14.8-17.3 in 10 um, areolae: 14.8-19.7 in 10 pm.

Aulacoseira granulata (Ehrenberg) Simonsen var. granu-
lata, Bacill. 2: 58, 1979.
Figs 11]-K

Frustules cylindrical united in straight chains. Elongated
separation spines present in terminal valves. Striae in the
mantle arranged parallel to pervalvar axis in terminal cells.
Intercalary cells not observed. Coarse rounded areolae. Sul-
cus slightly pronounced. Mantle height: 21.9-23.5 um, dia-
meter: 12.1-12.9 pm, striae: 8 in 10 pum, areolae: 7 in 10 pum.

Aulacoseira herzogii (Lemmermann) Simonsen, Bacill.
2:59, 1979.
Figs 11L-N

Frustules cylindrical linked in straight chains by two
long marginal spines in the valve. Mantle striae inconspi-
cuous. Sulcus slightly pronounced. Mantle height: 9.3 pum;
diameter: 4.0 um.

Aulacoseira pusilla (F. Meister) Tuji et Houk, Bull. Nat. Sci.
Mus., Ser. B (Botany), 30(2): 38, 2004.
Fig. 110

Frustules cylindrical linked in chains by small marginal
spines. Striae in the mantle curved, obliquely arranged in
relation to pervalvar axis. Rounded areolae. Sulcus slightly
pronounced. Mantle height: 2.8-3.2 um, diameter: 4.9-5.7 um,
striae: 17.3-20.1 in 10 pm. The specimens found were slightly
smaller than those registered by Tuji & Houk (2004), who
recorded valve diameters of 6.0-10.0 pum. However, our popu-
lation presents morphometric data more similar to protologue
specimens of A. subborealis (Nygaard) Denys, Muylaert et
Krammer, synonymized with A. pusilla by Tuji & Williams
(2007), which had 4-7 um in diameter (Denys et al. 2003).

Aulacoseira tenella (Nygaard) Simonsen, Bacill. 2: 9-71,

1979.
Figs 11P-Q
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Frustules cylindrical linked in chains by small marginal
spines. Valve surface completely areolate. Striae in the man-
tle arranged parallel in relation to pervalvar axis. Rounded
areolae. Sulcus not pronounced. Mantle height: 1.4 pm,
diameter: 5.0-6.4 um.

Our morphometric data are consistent with those re-
ported by Raupp et al. (2006), who identified A. tenella in
a reservoir in southern Brazil.

Pleurosira laevis (Ehrenberg) Compere var. laevis, Bacill.
5:177-178, 1982.
Figs 12A-G

Frustules cylindrical. Valve surface flat to slightly con-
vex, circular to subcircular. Two marginal and opposite
ocelli present in each valve, in the plane of valve surface.
Striae radial with rounded areolae. Two rimoportulae in
the subcentral valve region, opposite located to the ocelli.
Larger diameter: 46.2-59.9 um, smaller diameter: 42.1-51.8
um, striae: 14-17 in 10 pm, areolae: 15-18 in 10 pm.

Under SEM, we observed external surface ornamented
with short acute verrucae (Fig. 12C). The ocelli are elliptical,
surrounded by an irregular rim, with diminute poroids (Fig.
12C). Internally, simple round areolae and sessile rimopor-
tula (Fig. 12D). Valvocopulae fimbriate (Figs 12E-G).

All the seventeen identified taxa from Cachoeira River
represent new records for the state of Bahia. Cyclotella ato-
mus var. marina, C. cryptica and C. meduanae are new for
rheophilic environments in Brazil. Worldwide, this is the
third record of C. atomus var. marina, which has previously
been recorded only in coastal regions of the northeastern
Pacific (Tanimura et al. 2004; Chung et al. 2010).

We also registered S. potamos for the first time in the
northeastern Brazil. This species was previously found only
in the south of the country: in Patos Lagoon (Bergesch et al.
2009; Torgan et al. 2009); in Mirim Lake (Pérez & Odebrecht
2005); and in the Jacui River Delta (Laux & Torgan 2011).
Cyclostephanos invisitatus and Cyclotella atomus have also
been reported only in southern Brazil (Tremarin et al. 2009;
Eskinazi-Leca et al. 2012), whereas Cyclotella meneghiniana,
Discostella pseudostelligera, Melosira varians, Pleurosira la-
evis and Aulacoseira spp. seem to have a wider distribution
in the country (Eskinazi-Leca et al. 2012).

The species richness of diatoms is higher in the Cachoeira
River than in other rivers previously studied in Brazil (Ludwig
& Valente-Moreira 1990; Ludwig & Flores 1995; Landucci &
Ludwig 2005). The specific composition found was similar to
those recorded by Weber (1970) in the Little Miami River, in
the USA; by Sabater & Klee (1990) in the Ebro River, in Spain;
and by Belcher & Swale (1978) in rivers in England and Fran-
ce. The species recorded are commonly found in plankton in
high-nutrient environments (Sabater & Klee 1990).

Because nanoplankton species are quite small, they are
difficult to distinguish during LM analysis. Meticulous
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Figure 11. Melosira and Aulacoseira species, LM. A. Melosira varians in girdle view. B-F. Aulacoseira ambigua in girdle view. G-I. A. granulata var. angustissima
in girdle view. J, K. A. granulata var. granulata in girdle view. L-N. A. herzogii in girdle view. O. A. pusilla in girdle view. P, Q. A. tenella in valve and girdle view,

respectively. Scale bar = 10 pm.
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Figure 12. Pleurosira laevis var. laevis. A, B. Valve and girdle view, respectively, LM. C, D. Valve structure. C. External view of ocellus. D.
Internal view of a rimoportula. E-G. Valvocopulae structure, SEM. E. Overview of valvocopula. F, G. Detail of fimbriate margin. Scale

bars = 10 um (A,B); 2 um (C,D); 5 um (E); and 1 um (EG).

taxonomic study is necessary because the distinguishing
features are usually discrete and visible only under SEM.
Finally, we believe that the limited distribution reported
for these diminutive forms in Brazil is attributable not only
to a lack of extensive geographical sampling but also to the
scarcity of expert diatom taxonomists engaged in analyzing

the species occurring in the country.
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