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As part of an analysis of type material of Amphora species described by Hustedt, the lectotypes of Amphora fontinalis,

A. rugosa and A. schroederi and the holotype of A. subturgida were analysed. Light microscopy showed that all these tropical

freshwater taxa are similar in frustule and valve outline, position of the raphe, appearance of the dorsal striae and thickening

of the central dorsal virgae. Scanning electron microscopy allowed reliable differentiation between the four, based on the

morphology of dorsal striae, dorsal areolae, conopeum, proximal raphe fissures, presence or absence of an inner longitudinal

rib close to the raphe sternum, and degree of thickening of the central dorsal virgae. Previous reports of A. fontinalis from

Tahiti and Moorea were confirmed while reports of this species from Australia and of A. subturgida from Mauritius, Papua

and Israel were refuted. Based on our results, species descriptions are emended and the distributions of these four species are

revised. Comparisons of these species and others of the subgenus Halamphora are presented.

Key words: Amphora fontinalis, Amphora rugosa, Amphora schroederi, Amphora subturgida, subgenusHalamphora, taxonomy,
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Introduction

Amphora Ehrenberg is a very large and heteroge-
neous genus represented in marine, continental and
estuarine environments. Its frustule resembles
‘‘a third of an orange’’ (Hendey, 1964), with both
valves on the ventral side of the cell. A modern
critical analysis of the whole genus is still necessary
and references must often be made to classic
works, such as Cleve (1895), Van Heurck (1885)
and Peragallo & Peragallo (1901). Over a century
ago, Cleve (1895) believed that Amphora should be
split into several genera, considering that its
members showed affinities to different naviculoid
diatoms. However, to avoid taxonomic confusion
and to allow his ideas to be tested, Cleve (1895)
maintained Amphora, but delimited nine sub-
genera, based on frustule and valve outline, girdle
band striation, raphe position and stria type. This
taxonomic arrangement has been followed by
modern authors (e.g. Patrick & Reimer, 1975;

Bérard-Therriault & Cardinal, 1986), although it is
recognized that Cleve’s subgenera need revision.
The subgenus Halamphora Cleve was characterised
as having elliptical to lanceolate frustules, a girdle
composed of numerous, punctate bands, valves
usually with rostrate or capitate ends and punctate
striae, a straight or slightly curved raphe near the
ventral margin, and a narrow raphe sternum.
This paper is part of a series devoted to the

analysis of the type material of species of the

subgenus Halamphora, which were described by

Hustedt and which are easily misidentified when

examined with light microscopy (LM). In their

comprehensive paper on Amphora coffeaeformis

(Agardh) Kützing, Archibald & Schoeman (1984)

set out the necessity of studying type material in

order to fix the correct application of names. This

opinion has been endorsed by Sala et al. (1998),

in a revision of material from Argentina reported

as A. coffeaeformis, and by Clavero et al. (2000)

in their analysis of type material of Amphora

tenerrima Aleem & Hustedt and Amphora tenuis-

sima Hustedt. Type material of Amphora holsatica

Hustedt (Sar et al., 2003) and Amphora tumida

Hustedt (Sar et al., 2004) were studied
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subsequently and it was concluded that particular
ultrastructural features of the valves and frustules
allow the specific limits of these taxa to be defined.
Amphora subturgida Hustedt, Amphora fontinalis

Hustedt and Amphora rugosa Hustedt were
described (Hustedt, 1938) from material collected
from different localities on Java and Sumatra,
while Amphora schroederi Hustedt had been
described (Hustedt, 1921) from material collected
in East Africa. Simonsen (1987) examined
the slides selected by him as the lectotype of
A. fontinalis, A. rugosa and A. schroederi and
Hustedt’s holotype of A. subturgida with LM, but
the photographs are inadequate to reveal details of
the striae, areolae, conopeum, raphe and girdle
bands, features that allow specific differentiation
within the subgenus Halamphora.
Van Landingham (1967) recognized all four

species as valid, but gave no other references,
which suggests that the taxa had not been cited in
more general floras up to 1967. According to Gaul
et al. (1993) and Henderson & Reimer (2003),
A. fontinalis has been reported by Coste & Ricard
(1990) and A. subturgida by Coste & Ricard
(1982, 1984), Vyverman (1991) and Ehrlich
(1995), whereas the absence of A. rugosa and A.
schroederi from these catalogues (Gaul et al., 1993,
Henderson & Reimer, 2003) suggests that (prior to
1999) there were no published studies about them.
In this study we carry out a revision of type

material of A. fontinalis, A. rugosa, A. schroederi
and A. subturgida with LM and scanning electron
microscopy (SEM) to provide a comprehensive
description of these species and to compare them
with each other, as they are the most morpho-
logically similar species within the subgenus
Halamphora.

Materials and methods

Slides and samples in the Hustedt Collection
at the Alfred Wegener Institut für Polar und
Meeresforschung in Bremerhaven (BRM, Germany)
were used for this study (Table 1). In order to obtain
morphometric data on as many specimens as possible we
included those illustrated in Simonsen (1987) and other
specimens found by us on type slides and in type
material. Photomicrographs were obtained with an

Axioplan D 7082 (LM) in bright field and with
Nomarski differential interference contrast.

Material in samples used by Hustedt to prepare the
type slides was also mounted for SEM according to
Ferrario et al. (1995). Photomicrographs were
obtained with a SEM ISI-DS 130 and FEI Quanta
FEG 200.

The measurements of areolae and striae were done
according to Anonymous (1975) and the terminology
used is that suggested by Ross et al. (1979), Cox & Ross
(1981) and Lee & Round (1987). Details of frustule
construction in the genus Amphora and of valve mor-
phology viewed from different angles can be found in
Schoeman & Archibald (1979).

Results

Amphora fontinalis

We found several specimens (sample As271, slide
U1/88) that match in valve outline and general
appearance those described as A. fontinalis by
Hustedt (1938). There were only minor differences
between our measurements and those given in the
protologue, and we think that all the cited
material belongs to the same species. Table 2
shows the morphometric data from the proto-
logue, Simonsen (1987, pl. 69, figs 10–15) and the
specimens we analysed. SEM analysis allowed us
to establish that the specimens share the same fine
structure.

Amphora fontinalis Hustedt emend. Sala, Sar, Hinz

& Sunesen (Figs 1–14)

Hustedt (1938). Systematische und ökologische
Untersuchungen über die Diatomeen-Flora von
Java, Bali und Sumatra. Systematischer Teil I,
Schlub. Arch. Hydrobiol., Suppl., 15: 414–415,
pl. 24, figs 4, 5.
LECTOTYPE: BRM, Slide U1/88, designated by
Simonsen (1987: 234).
TYPE LOCALITY: Ranu Pakis, Java.

Light microscopy (Figs 1–3). Frustule elliptic,
slightly constricted in the middle with gently
protracted, truncate ends, 20–33 mm long,
8–15 mm wide. Valves nearly elliptical in ventral
girdle view, 4–6 mm wide, with convex dorsal and
ventral margins, poles ventrally deflected with
protracted apices. Raphe distant from the

Table 1. Details of slides and samples examined of Amphora spp.

Species Slide Status Sample Locality Collection date Collector

A. subturgida U1/90 holotype As486 Ajer Panas, Tjibodas, Java July 1929 F. Ruttner

A. fontinalis U1/88 lectotype As271 Ranu Pakis, Java Oct 1928 F. Ruttner

A. rugosa U1/60 lectotype As733 Panjingahan, Sumatra March 1929 F. Ruttner

A. schroederi 219/83 lectotype A34 Taveta River, East Africa Sept 1910 B. Schröder
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ventral margin. Raphe branches slightly curved,
with proximal ends bent towards the dorsal side.
Central nodule conspicuous, merging with the
dorsal central virgae and forming a stauroid
structure. Dorsal striae slightly radial throughout,
19–23 in 10mm at the centre, more closely spaced
towards the ends, 20–24 in 10 mm, striae clearly
punctate. Ventral striae short, interrupted at
valve centre, 26–36.5 in 10mm. Dorsal central
virgae thickened. Intercalary bands numerous
(about 20 in 10mm) and distinctly porous.

Scanning electron microscopy (Figs 4–14). Valve
vaulted, dorsal side convex with a high mantle,
ventral valve side wide and plain over most of its
surface, curving abruptly into a shallow mantle.
Dorsal striae uniseriate, with 20–29 areolae in
10mm, areolae rectangular to round, occluded
internally by hymenes. ‘Ghost’ areolae visible
externally at the proximal ends of the central
striae. Virgae thickened internally only. Internal,
dorsal stauroid structure conspicuous. Single
ventral row of small linear areolae, occluded
internally by hymenes, at some distance from the
valve margin.
Raphe slightly curved, distant from ventral

margin, opening internally in a distinct sternum,

narrower on the ventral than the dorsal side.
Internal proximal raphe ends deflected ventrally,
terminating under a tongue-like expansion.
Terminal ends deflected ventrally in poorly
developed helictoglossae. External proximal and
terminal fissures deflected dorsally; central pores
dilated. Conopeum narrow, slightly indented or
straight at the centre and slightly wider at the poles.
Girdle composed of numerous broad, open

bands, with one row of ovoid or round poroids
on the ventral side of the frustule and two rows
on the dorsal side, 24–33 areolae in 10mm.

Amphora rugosa

We found several specimens (sample As733, slide
U1/60) that match in valve outline and general
appearance those described as Amphora rugosa
by Hustedt (1938) but not in their morphometric
parameters. Table 2 shows that specimens analysed
in this study with LM and SEM agree with those
illustrated by Simonsen (1987, pl. 342, figs 11–15),
but are narrower and have more dorsal striae
in 10 mm than those described in the protologue.
Simonsen (1987) pointed out that ‘‘none of the
marked specimens on slide U1/60 is in a favourable
position for photography. Therefore unmarked
specimens were selected’’. He attributed the differ-
ences in the striation pattern between the specimens
found by him and those of protologue illustrations
to a mistake in the scale given by Hustedt (1500/1
instead of 2000/1). Based on the above, we consider
that Hustedt’s, Simonsen’s and our own specimens
are conspecific and, in giving the dorsal areola
density, we disallow the protologue measurements.
SEM analysis allowed us to establish that all the
specimens share the same fine structure.

Amphora rugosa Hustedt emend. Sala, Sar, Hinz &

Sunesen (Figs 15–25)

Hustedt (1938). Systematische und ökologische
Untersuchungen über die Diatomeen-Flora von
Java, Bali und Sumatra. Systematischer Teil I,
Schlub. Arch. Hydrobiol., Suppl., 15: 415–416,
pl. 24, figs 1–3.
LECTOTYPE: BRM, Slide U1/60, designated by
Simonsen (1987: 234).
TYPE LOCALITY: Panjingahan, Sumatra.

Light microscopy (Figs 15–18). Frustule elliptic,
constricted in the middle with slightly protracted,
truncate ends, 28–45 mm long, 11.5–18 mm wide.
Valves semi-elliptical, 5–8mm wide, with convex
dorsal margin and tumid ventral margin. Poles
ventrally deflected with capitate apices. Raphe
distant from the ventral margin. Raphe branches
almost straight with proximal ends strongly
bent towards the dorsal side. Central nodule

Figs. 1–3. Amphora fontinalis type material: LM. Figs 1, 2.
Frustule in ventral view, same specimen at different focus.
Fig. 3. Frustule in dorsal view. Scale bars: 5 mm.

S. E. Sala et al. 158



Figs. 4–14. Amphora fontinalis type material: SEM. Note that valves acquire different aspects when seen from different planes
of view. Fig. 4. Frustule in ventral view. Note the ventral striae interrupted at mid-valve and girdle bands. Fig. 5. Frustule in
dorsal view. Note the valve mantles and girdle bands. Fig. 6. Valve in external view showing the narrow conopeum, the pattern

of striation and the stauroid area. Fig. 7. Valve in internal view showing the dorsal striae and the thickened central stauroid
area. Fig. 8. Detail of central part of valve. Note the dorsal striae composed of a single row of rectangular, sometimes round
areolae, central striae with ‘ghost’ areolae. Fig. 9. Detail of valve apex showing terminal fissure and the conopeum broken near
the pole. Fig. 10. Valve centre in internal view. Note structure of the stauroid area. Fig. 11. Valve centre of a tilted specimen.

See the areolae occluded by hymenes and the ventral striae interrupted at mid-valve. Fig. 12. Valve pole of specimen in Fig. 11
showing the sternum and the helictoglossa. Fig. 13. Detail of frustule end in dorsal view. Note open girdle bands showing a
double row of areolae. Arrowhead indicates the conopeum. Fig. 14. Girdle bands in dorsal internal view showing the areolae

occluded by hymenes. Scale bars: Figs 4–7: 5 mm; Figs 8–13: 2 mm; Fig. 14: 1 mm.
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conspicuous, merging with the dorsal central
virgae in a stauroid structure. Dorsal striae slightly
radial throughout, distinctly porous, 20 in 10mm;
central ones short, nearly the half of the other,
16–19 in 10 mm at the centre, 17–20 at the poles.
Ventral striae short, continuous at mid-valve,
20–25 in 10 mm at the centre, 23–25 at the poles.
Dorsal central virgae wider than the others.
Conopeum not visible except towards the poles.

Intercalary bands numerous, distinctly porous,
16–23 areolae in 10mm.

Scanning electron microscopy (Figs 19–25). Valve
vaulted, dorsal side convex, with a high mantle;
ventral side wide, curved, plain over the major part
of the surface, turned into a shallow mantle. Dorsal
striae composed of a proximal short portion with
two rows of small round areolae, and a distal part
with a single row of round or rectangular openings
in external view, with two rows of small round
areolae internally. Central striae shorter and nar-
rower than the others. Virgae thickened internally
only, forming a stauroid structure in the middle
of the valve. Continuous single row of small linear
areolae at the centre of the ventral side of the valve.
Raphe branches slightly curved, opening internally
in a distinctive sternum. Internal proximal raphe
ends bent ventrally, terminating under a tongue-
like expansion. Terminal ends deflected ventrally in
poorly developed helictoglossae. Proximal fissures
bent at a right angle to the dorsal side with dilated
central pores; terminal fissures curved to the dorsal
side. Conopeum developed on the dorsal side of the
valve, straight, interrupted at the centre and
slightly broadened at the poles. Girdle composed
of broad open bands, with double rows of poroids
on the dorsal side.

Amphora schroederi

We found several specimens (sample A34 and slide
219/83) that match, in valve outline, general
appearance and morphometric parameters, those
described as A. schroederi by Hustedt (1921).
Nevertheless, the range of measurements is broader
than that given in the protologue. Table 2 shows
morphometric data from the protologue, the
specimens figured by Simonsen (1987, pl. 69,
figs 10–15), and specimens analysed in this study
with LM and SEM. Hustedt (1921) pointed out
that the ventral valve side lacked structure, but
all the specimens show ventral striae along the
margin. This difference could be attributed to the
position of the specimens analysed by Hustedt.
SEM analysis allowed us to establish that all the
specimens are coincident in fine structure.

Amphora schroederiHustedt emend. Sala, Sar, Hinz

& Sunesen (Figs 26–37)

Hustedt (1921). Bacillariales. Hedwigia, 63: 116,
figs 16–18.
LECTOTYPE: BRM, Slide 219/83, designated by
Simonsen (1987: 55).
TYPE LOCALITY: Taveta River, East Africa.

Light microscopy (Figs 26, 27). Frustule elliptic,
constricted in the middle part with slightly

Figs. 15–18. Amphora rugosa type material: LM.
Figs 15–16. Frustule in ventral view. Same specimen, note

the stauroid area in both focuses and the ventral striae in
Fig. 15. Arrowheads indicate the conopeum. Fig. 17.
Frustule in dorsal view. Note the punctate girdle bands.

Fig. 18. General appearance of the valve. Scale bars: 5mm.

S. E. Sala et al. 160



Figs. 19–25. Amphora rugosa type material: SEM. Fig. 19. Valve in external view. Fig. 20. Valve in internal view. Fig. 21.
Detail of central part of valve corresponding to specimen in Fig. 19. Note proximal raphe fissures bent first to the dorsal side
and then to the centre, the conopeum interrupted at the centre and the ventral striation continuous at mid-valve. Fig. 22.

Detail of the striae composed by a proximal short portion with two rows of small roundish areolae arranged in quincunx and a
distal part with a single row of round or rectangular points. Fig. 23. Detail of valve apex showing the conopeum slightly
broadened at the pole and the terminal fissure. Fig. 24. Valve centre showing the striae structure, the thickened central virgae
and proximal raphe ends terminating under a tongue-like expansion. Note that dorsal central striae are shorter and narrower

than the others. Fig. 25. Detail of valve pole showing the terminal raphe end ventrally deflected in poorly developed
helictoglossa. Scale bars: Figs 19, 20: 5mm; Figs 21–25: 2mm.
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protracted, truncate ends, 18–26.5 mm long,
9–12 mm wide. Valves nearly elliptical in ventral
girdle view, 4–5.2 mm wide, the convex dorsal
margin impressed at the centre and convex ventral
margin, poles ventrally deflected with protracted
apices. Raphe distant from the ventral margin.
Raphe branches almost straight forming an obtuse
angle, with proximal ends gently bent towards the
dorsal side. Central nodule conspicuous. Dorsal
striae indistinctly porous, slightly radial through-
out, 16–24 in 10 mm at the centre, more closely
spaced towards the ends, 22–27 in 10mm. Ventral
striae short, densely arranged, not interrupted at
mid-valve. Dorsal central virgae wider than the
others. Conopeum scarcely visible as a dark
line across the dorsal striae. Intercalary bands
numerous and distinctly porous.

Scanning electron microscopy (Figs 28–37). Valve
vaulted, dorsal side convex with a high almost
vertical mantle, ventral side wide and structureless
over most of its surface, curving abruptly into
a shallow mantle. Dorsal striae with a proximal
very short portion of two rows of small roundish
areolae arranged opposite one another or in
quincunx, and a distal portion of a single row of
round to rectangular areolae, 30–35 in 10mm.
Central striae shorter, without the biseriate por-
tion. Virgae internally thickened, particularly in
the middle of the valve. Single ventral row of small
linear areolae, circular at the centre, occluded
internally by hymenes, 20–26 in 10mm at the
centre, 24–29 at the ends. Raphe distant from the
ventral margin, opening internally in a distinctive
sternum, wider on the dorsal than on the ventral
side. Internal proximal raphe ends deflected

ventrally, terminating under a tongue-like expan-
sion. Terminal ends bent ventrally in poorly
developed helictoglossae. Proximal and terminal
fissures dorsally bent, central pores dilated.
Conopeum well developed on dorsal side of the
valve, broadened at the poles. Girdle with numer-
ous broad open bands, with one row of ovoid
poroids on the ventral side, 28–34 in 10mm.

Amphora subturgida

We found numerous specimens (sample As486
and slide U1/90), that match those described as
A. subturgida by Hustedt (1938) in valve outline,
general appearance and morphometric parameters.
The only conflict was in the density of the dorsal
central striae, which was higher in the specimens
located by us and those figured by Simonsen (1987)
from the holotype. In Table 2 we present the
morphometric data from the protologue, of the
specimens figured in Simonsen (1987, pl. 341, figs
5–8) and of the specimens analysed in this study
with light and scanning electron microscopy. As in
the previous cases, when we analysed this material
with SEM we could establish that all the specimens
found are coincident in fine structure.

Amphora subturgida Hustedt emend. Sala, Sar,

Hinz & Sunesen (Figs 38–51)

Hustedt (1938). Systematische und ökologische
Untersuchungen über die Diatomeen-Flora von
Java, Bali und Sumatra. Systematischer Teil I,
Schlub. Arch. Hydrobiol., Suppl., 15: 116–117,
pl. 24, figs 9–11.
HOLOTYPE: BRM, Slide U1/90, named on the label.
TYPE LOCALITY: Ajer Panas, Tjibodas, Java.

Light microscopy (Figs 38, 39). Frustule elliptic,
gently constricted in the middle part with slightly
protracted, truncate ends, 14–25.2 mm long,
7–11 mm wide. Valves semi-elliptical with convex
ventral margin, poles ventrally deflected with
protracted apices. Raphe distant from the ventral
margin. Raphe branches forming an obtuse angle.
Central nodule conspicuous. Dorsal striae dis-
tinctly porous, parallel at valve centre, 18–24 in
10 mm, and radial at the ends, 20–27 in 10mm.
Ventral striae hardly visible. Dorsal central virgae
slightly wider than the others. Conopeum scarcely
visible as a dark line across the dorsal striae.

Scanning electron microscopy (Figs 40–51). Valve
vaulted, dorsal side convex with a high mantle,
ventral side wide and structureless over most of
its surface with a shallow mantle. Dorsal striae
uniseriate; areolae, 21–30 in 10 mm, transapically
elongated. Single row of areolae close to the raphe-
sternum delimited by an internal longitudinal rib.

Figs. 26–27. Amphora schroederi type material: LM.

Fig. 26. Frustule in ventral view. Fig. 27. Valve general
appearance. Arrows indicate the conopeum. Scale bars:
5mm.
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Figs. 28–37. Amphora schroederi type material: SEM. Note that valves present different aspects when seen from different

planes of view. Fig. 28. Valve in external view. Fig. 29. Valve in internal view. Fig. 30. Disarticulated frustule in ventral view
showing ventral side of the valve, wide, structureless in a major part of the surface, with short striae continuous through the
centre. Girdle with numerous open areolate bands. Figs 31 and 32. Detail of central part of valve from two different

specimens. Note the dorsal striae composed of a proximal short portion biseriate and distal portion uniseriate. Fig. 33. Detail
of valve apex showing the conopeum broadened at the pole. Fig. 34. Valve centre of specimen in Fig. 29 at higher
magnification. Dorsal central striae are shorter than the others, with thickened central virgae, areolae occluded by hymenes

and proximal raphe ends terminating under a tongue–like expansion. Fig. 35. Valve pole of specimen in Fig. 29 at higher
magnification. Terminal raphe end is ventrally deflected in poorly developed helictoglossa. Fig. 36. Detail of the striae
morphology in external view. Major part of the double row of areolae is placed under the conopeum, broken in the

photographed valve. Fig. 37. Detail of portion of the striae with double row of areolae in internal view. Scale bars: Figs 28–30:
5mm; Figs 31–36: 2 mm; Fig. 37: 0.5 mm.
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Virgae thickened internally only, more developed
in the middle of the valve. Ventral striation
composed of a single row of small elongate areolae,
circular, sometimes inconspicuous, at the centre.
Areolae internally occluded by hymenes. Raphe
with internal proximal ends bent ventrally, termi-
nating under a tongue-like expansion. Terminal
ends deflected ventrally in poorly developed
helictoglossae. Proximal and terminal fissures
bent dorsally, central pores dilated. Conopeum
well developed on the dorsal side of the valve,
broadened at the poles, reaching the dorsal valve
margin with a low cut neck at the ends. Girdle with
numerous broad open bands. Bands with a row of
small, round poroids on the ventral side, and two
rows on dorsal side.

Discussion

Morphology and discrimination of
the analysed species

Amphora fontinalis, A. rugosa, A. schroederi and
A. subturgida are all tropical freshwater taxa that,
in LM, are similar in frustule and valve outline, the
position of the raphe (defining a wide ventral side),
the appearance of the dorsal striae (clearly or
indistinctly porous), and the variously thickened
central dorsal virgae. On the basis of morpho-
metric data obtained with LM, A. rugosa might be
easily confused with A. fontinalis, but the former
differs from A. subturgida and A. schroederi in
length and width of the frustule and valve, and in

the density of the girdle band areolae (Table 2).
Amphora rugosa and A. fontinalis can be distin-
guished by their ventral striae, continuous in the
former and interrupted in mid-valve in the latter.
Amphora schroederi differs subtly from A. sub-
turgida, having a more noticeably thickened central
area on its dorsal side, a broader ventral valve side
and the indistinctly punctate striae.
Discrimination between the four species is more

reliable when they are analysed with SEM, since
they differ in some ultrastructural features. One of
these features is areola density, which is lower in
A. rugosa than the other species. Nevertheless, the
most striking differential characters are the mor-
phology of the dorsal striae, dorsal areolae,
conopeum, and proximal raphe fissures. The pres-
ence or absence of an inner longitudinal rib close to
the raphe sternum and the degree of thickening of
the central dorsal virgae are also useful characters.
Amphora fontinalis and A. subturgida have unise-
riate dorsal striae comprising rectangular or round
areolae, but the former can be distinguished by its
central striae with ‘ghost’ areolae, while the latter
has a longitudinal rib close to the raphe sternum,
interrupting the dorsal striae. Unlike the preceding
species, A. rugosa and A. schroederi have a complex
type of striae, similar in both taxa at the proximal
short portion but dissimilar at the distal portion.
Additionally, there are differences in the thickening
of the virgae at the dorsal central area. This
thickening is more developed in A. rugosa and
A. fontinalis, where it forms a stauroid structure,
less obvious in A. schroederi and indistinct in
A. subturgida.
The conopeum of the four taxa differs in

morphology and degree of development. In
A. fontinalis, A. schroederi and A. subturgida it is
continuous throughout, while in A. rugosa it is
interrupted in the middle of the valve. Based on
SEM analysis of several Amphora species of the
subgenus Halamphora (Archibald & Schoeman,
1984; Schoeman & Archibald, 1984; Nagumo &
Kobayasi, 1990; Sánchez Castillo, 1993; Krammer,
1997; Clavero et al., 2000; Sala & Maidana, 2003;
Sar et al., 2003, 2004; this study), this feature is
exclusive to A. rugosa.
Finally, we found some dissimilarity in the path

of the central raphe fissures, which are more
strongly bent to the dorsal side in A. fontinalis
and A. rugosa than in the other two species.

Distribution

Amphora fontinalis was reported from Tahiti and
Moorea, Polynesia (Coste & Ricard, 1990) and
Australia (John, 1983). Although their published
micrographs are inadequate to see some details of
the valve structure, it is possible to determine that

Figs. 38–39. Amphora subturgida type material: LM.
Fig. 38. Frustule in ventral view. Fig. 39. General appear-
ance of the valve. Scale bars: 5mm.
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Figs. 40–51. Amphora subturgida type material: SEM. Fig. 40. Frustule in ventral view. Fig. 41. Valve in external view. Fig. 42.
Valve with girdle bands. Fig. 43. Valve in internal view. Fig. 44. Detail of central part of frustule in ventral view showing ventral
striae, and girdle bands with a row of areolae. Fig. 45. Frustule pole of specimen in Fig. 40 at higher magnification. Note the

open girdle bands and ventral striae. Fig. 46. Detail of central part of valve. Note the dorsal striae composed of a row of areolae
throughout. Proximal raphe fissures dorsally bent and dilated in central pores. Fig. 47. Detail of valve apex showing the
conopeum broadened at the pole and with a low cut neck at the end. Fig. 48. Detail of dorsal and ventral striae at the valve

centre. Longitudinal rib close to the raphe-sternum interrupted at the valve centre and areolae occluded by hymenes. Fig. 49.
Detail of valve centre showing thickened central virgae and proximal raphe ends terminating under a tongue-like expansion.
Fig. 50. Valve pole showing terminal raphe end in a poorly developed helictoglossa. Fig. 51. Detail of central part of frustule

without one of the valves, showing girdle bands in internal dorsal view with two rows of areolae and external ventral view with
one row of areolae. Scale bars: Figs 40–43: 5mm; Figs 44–51: 2mm.
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the LM illustrations in Coste & Ricard (1990, pl. 1,
figs 19, 20) correspond to this taxon. However,
Coste & Ricard’s specimen (Coste & Ricard, 1990,
pl. 5, fig. 19), and those in John (1983, pl. 62,
figs 3–5) differ in valve outline and ventral stria
arrangement, and we consider they correspond to
other taxa that we could not identify with certainty
from the available illustrations.
Amphora subturgida has been recorded by

Coste & Ricard (1982, 1984), Vyverman (1991)
and Ehrlich (1995). Based on their eletron micro-
graph illustrations however, we believe that the
specimens were misidentified. The material from
Mauritius (Coste & Ricard, 1982, pl. 4, fig. 3, pl. 8,
fig. 11; Coste & Ricard, 1984, fig. 67), Papua
(Vyverman, 1991, pl. 118, figs b–d) and Israel
(Ehrlich, 1995, pl. 38, figs 7, 10, non fig. 11) agree
with the type material of A. tumida (Sar et al.,
2004). However, the specimen illustrated by
Ehrlich (1995, pl. 38, fig. 11) differs in stria
morphology from A. tumida and does not agree
with A. subturgida or any other known taxon.
Amphora fontinalis was abundant in samples

from Java and Sumatra, living in running fresh-
water bodies, showing a most favourable devel-
opment in alkaline waters (Hustedt, 1938) and
was also present in Tahiti and Moorea, Polynesia
(Coste & Ricard, 1990). Amphora rugosa was
reported from Java and Sumatra, as living in
running, alkaline freshwater bodies and Amphora
subturgida from Java (thermal waters), Sumatra
and Bali (Hustedt, 1938). Finally, Amphora
schroederi was found living on mud in the Taveta
River, East Africa (Hustedt, 1921).

Comparison with related species

Amphora fontinalis, A. rugosa, A. schroederi and
A. subturgida form a group within the subgenus
Halamphora based on the position of the raphe,
defining a wide valve ventral side, and the presence
of a dorsal stauroid structure. Amphora montana
Krasske, A. submontana Hustedt and A. normanii
Rabenhorst also share these features. The LM
micrographs of the type material of A. montana
(Lange-Bertalot et al., 1996, pl. 37, figs 8–80) and
those of A. submontana (Simonsen, 1987, pl. 527,
figs 9–10) are sufficient to differentiate both species
from those treated in this paper. Their dorsal
and ventral striae are more densely arranged and
the ventral striae almost reach the raphe sternum.
However, light micrographs of A. normanii
(Schoeman & Archibald, 1978, figs 1–6), consid-
ered possible type material, are insufficient to
delimit this species from the taxa studied in this
paper. Considering the morphometric data given
by Patrick & Reimer (1975), Schoeman &
Archibald (1978) and Carter & Round (1993),

A. normanii could easily be confused with
A. schroederi and A. subturgida. The ultrastructural
analyses of A. normanii carried out by Schoeman
& Archibald (1978) and Carter & Round (1993)
are insufficient for adequate comparison between
this species, A. schroederi and A. subturgida. This
limitation is due to the fact that their descriptions
were based on non-type material, and that the
illustrated specimens (from England and USA)
differ in dorsal stria structure and conopeum
morphology. Thus, there are doubts about the
true identity of A. normanii that can only be
resolved through ultrastructural analysis of
Rabenhorst’s material.
Even with LM, the above taxa are easily distin-

guishable from the rest of the subgenus, as species
with a narrow valve ventral side but lacking a
dorsal stauroid structure. The latter taxa, whose
type material has been studied with SEM, are:
A. coffeaeformis (Archibald & Schoeman, 1984),
A. castellataGiffen (Schoeman & Archibald, 1984),
A. pseudoholsatica Nagumo & Kobayasi and
A. holsaticoides Nagumo & Kobayasi (Nagumo
& Kobayasi, 1990), A. subholsatica Krammer
(Krammer, 1997), A. tenerrima and A. tenuissima
(Clavero et al., 2000), A. atacamae Frenguelli (Sala
& Maidana, 2003), A. holsatica Hustedt (Sar et al.,
2003), A. tumida (Sar et al., 2004). All of these have
elliptical to lanceolate frustules, valves with rostrate
or capitate ends, punctate striae, almost straight
raphes, narrow sterna and girdles composed of
numerous punctate bands. They therefore belong
within the subgenus Halamphora as defined by
Cleve (1895). While the present analysis has
improved our knowledge of this subgenus, before
its delimitation can be confirmed, it is necessary
to examine the ultrastructure of more species,
not only within Halamphora, but also in the other
subgenera of Amphora.
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lacustris P. Sánchez var. nova, a new brackish water diatom.

Hidrobiologia, 269/270: 81–86.

SAR, E.A., SALA, S.E., HINZ, F. & SUNESEN, I. (2003). Revision

of Amphora holsatica (Bacillariophyceae). Eur. J. Phycol., 38:

73–81.

SAR, E.A., SALA, S.E., HINZ, F. & SUNESEN, I. (2004). Revision of

Amphora tumida (Bacillariophyceae). Diatom Res., 19: 71–80.

SCHOEMAN, F.R. & ARCHIBALD, R.E.M. (1978). The Diatom Flora

of Southern Africa. N� 4. CSIR Special Report WAT 50. Graphic

Arts Division of the CSIR, Pretoria.

SCHOEMAN, F.R. & ARCHIBALD, R.E.M. (1979). The Diatom Flora

of Southern Africa. N� 5. CSIR Special Report WAT 50. Graphic

Arts Division of the CSIR, Pretoria.

SCHOEMAN, F.R. & ARCHIBALD, R.E.M. (1984). Amphora castellata

Giffen as observed with light and electron microscopes.

Bacillaria, 7: 111–134.

SIMONSEN, R. (1987). Atlas and Catalogue of the Diatom Types of

Friedrich Hustedt. J. Cramer, Berlin.

VAN HEURCK, H. (1885). Synopsis des Diatomées de Belgique.

Texte. Martin Brouwers & Co., Anvers.

VAN LANDINGHAM, S.L. (1967). Catalogue of the Fossil and Recent

Genera and Species of Diatom and their Synonyms. Part I.

Acanthoceras through Bacillaria. J. Cramer, Lehre.

VYVERMAN, W. (1991). Diatoms from Papua New Guinea.

Bibliotheca Diatomologica, 22: 1–224.

Revision of some species of Amphora subgenus Halamphora 167


