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hustedt and A. intermedia KützinG

Slavica Tofilovska1, Carlos E. WeTzel2, Luc ecTor2 & Zlatko levkov1*

1 Institute of Biology, Faculty of Natural Sciences, Ss Cyril and Methodius University, Gazi Baba bb, 1000 
Skopje, R. Macedonia; *Corresponding author e–mail: zlevkov@iunona.pmf.ukim.edu.mk
2 Department of Environment and Agro–biotechnologies (EVA), Public Research Centre – Gabriel Lippmann, 
Rue du Brill 41, L–4422 Belvaux, Luxembourg

Abstract: Four species of Achnanthes sensu stricto have been observed in several subaerial habitats/localities 
in Macedonia. The morphological features of all recorded species have been described based on light and 
scanning electron microscope observations. Two species posses similar morphological features as already 
described species and were identified as A. coarctata (BréBisson ex W. smiTh) GrunoW and A. sinaensis 
(husTedT) stat. nov. Two species have unique set of characters that separate them from the known species and 
are described in this study as A. pseudocoarctata levkov et Tofilovska sp. nov. and A. prominula levkov et 
Tofilovska sp. nov. All recorded species were compared with the type populations including A. coarctata, A. 
coarctata var. sinaensis husTedT, and A. intermedia küTzinG.

Observations of the syntype populations of A. coarctata give precise frame of the morphological 
variability of the species. Achnanthes pseudocoarctata appears similar to A. coarctata, but can be easily 
differentiated by the morphological and ultrastructural features of the rapheless valve. Achnanthes coarctata 
var. sinaensis has distinct morphological characters that make clear separation from A. coarctata, and therefore 
we propose a new status of this taxon with raising its rank to a species level. Achnanthes prominula appears 
similar to A. intermedia, but from latter can be easily separated by the position of the rapheless sternum. From 
other species with lanceolate or elliptic–lanceolate valves, A. prominula can be differentiated by the valve 
shape, position of the rapheless sternum, central area, stria and areola density. 
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introduction

The genus Achnanthes was described by Bory in 1822. 
Since that time there have been many changes from its 
initial description. More than 900 taxa of Achnanthes 
sensu lato have been recorded (vanlandinGham 1967), 
but in the last two decades the genus has been divided 
into several new genera (BukhTiyarova & round 
1996; round & BukhTiyarova 1996; round & Basson 
1997; krammer & lanGe–BerTaloT 2004). In this new 
framework, Achnanthes sensu stricto comprises around 
150 taxa (Toyoda et al. 2005a), mostly occurring in 
the marine and brackish habitats, and usually epiphytic 
on filamentous seaweeds or some diatom species 
(Toyoda et al. 2003, 2005c). The designation of the 
generitype for Achnanthes sensu stricto was made by 
Boyer (1927), but the formal typification was provided 
by Toyoda et al. (2005a) based on Echinella stipitata 
lynGBye (= A. brevipes C. aGardh).

Most of the studies on Achnanthes sensu 

stricto refer to marine species (mcinTire & reimer 
1974; Blunn & evans 1981; Toyoda et al. 2005b, 
2006a, 2010). However, in the last few years new 
information on species found in subaerial habitats 
has been provided (hoffmann 2002; Toyoda et al. 
2006b, 2009; Poulíčková & hašler 2007; loWe et 
al. 2009). According to Gonzalves & Gandhi (1952), 
Gandhi (1960, 1966), van de vijver et al. (2002), 
Toyoda & Williams (2004, 2005), meTzelTin et al. 
(2005), Toyoda et al. (2005a, 2006b) and loWe et al. 
(2009), only a few freshwater Achnanthes sensu stricto 
species have been described, including A. coarctata 
(BréBisson) GrunoW, A. crenulata GrunoW, A. 
crenulata var. elliptica h.P. Gandhi, A. crenulata var. 
linearis h.P. Gandhi, A. elata (leuduGer–forTmorel) 
h.P. Gandhi, A. elata var. curvula h.P. Gandhi, A. 
felinophila r.l. loWe et a.r. sherWood in loWe et al., 
A. gondwana meTzelTin et lanGe–BerTaloT, A. inflata 
(küTzinG) GrunoW, A. inflata var. gibba h.P. Gandhi, 
A. inflata var. javanica h.P. Gandhi, A. inflatagrandis 
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meTzelTin, lanGe–BerTaloT et García–rodríGuez, A. 
longboardia a.r. sherWood et r.l. loWe in loWe et 
al., A. mauiensis r.l. loWe et a.r. sherWood in loWe 
et al., A. naviformis van de vijver et Beyens in van 
de vijver et al., A. polynesica lanGe–BerTaloT et 
Werum, A. smithiana (Greville) k. Toyoda et d.m. 
Williams, A. subelata meTzelTin, lanGe–BerTaloT et 
García–rodríGuez, A. taylorensis d.e. kelloGG et al., 
A. tumescens a.r. sherWood et r.l. loWe in loWe et 
al., and A. undulorostrata r.l. loWe et a.r. sherWood 
in loWe et al. 

Data for the taxonomy and distribution of 
Achnanthes s. s. in Macedonia are scarce. So far there 
are only two records of  Achnanthes  in Macedonia. 
jurilj (1954), in his observations of Lake Ohrid 
diatoms, recorded and depicted a single valve of A. 
brevipes (op. cit. fig. 22a). jurilj (1954, p. 123) stated 
that the population from Lake Ohrid is larger than the 
type population, and that according to morphological 
features is closely related to the populations from fossil 
deposits instead of recent marine populations. In the 
recent observations on diatom flora from Lake Ohrid 
(levkov et al. 2007) and in the observations on jurilj´s 
authentic material (levkov unpubl. data) specimens of 
A. brevipes were not recorded. Therefore, the identity 
of this freshwater taxon remains open. The second 
record of Achnanthes s. s. was provided by PeTrovska 
& sTojanov (1975). In their observations of algal flora 
from subaerial habitats only A. coarctata (BréBisson ex 
W. smiTh) GrunoW was recorded.

A study on the diatoms from subaerial habitats 
in Macedonia has recently begun. Four species of 
the genus Achnanthes have been found, all with high 
abundance. Comparison with relevant type material 
allowed the identification of A. coarctata and A. 
sinaensis and two further species with different 
morphological features to taxa already known, which 
are described as new species: A. pseudocoarctata and 
A. prominula. 

material and methods

The samples from Macedonia examined in this study have 
been collected during various campaigns from 1995 until 
2012. The samples (ca. 1000) originated from different 
localities in Macedonia. Two samples with high abundance of 
Achnanthes species were used for detailed light microscope 
(LM) and scanning electron microscope (SEM) observations. 
The first sample was collected from wet rock on Osogovo 
Mountain (Acc. No. 003741 in MKNDC), and the second 
sample was collected from wet moss at the entrance of cave 
Peshti (Acc. No. 006647 in MKNDC).

The organic content was removed from the samples 
by the method of acid digestion, with the addition of 2 ml of 
K2MnO4 and 4 ml of HCl to a small (ca. 2 ml) subsample. 
Permanent slides were mounted with Naphrax®. Slide 
observations were performed with a Nikon E–80i light 
microscope, and photomicrographs were taken with a 
Nikon Coolpix 600 digital camera. For scanning electron 

microscopy (SEM), a small amount of the suspensions 
were filtered and rinsed with additional deionized water 
through a 10 µm Isopore™ polycarbonate membrane filter 
(Merck Millipore®) with a vacuum pump. Filters were 
mounted on aluminum stubs using double side carbon tape 
and coated with platinum (30 nm) using a BAL–TEC MED 
020 Modular high vacuum coating system for 30 s at 100 
mA. An ultra–high–resolution analytical field emission (FE) 
scanning electron microscope Hitachi SU–70 (Hitachi High–
Technologies, Europe, GmbH) operated at 5 kV and 10 mm 
distance was used for the analysis. SEM images were taken 
using the lower (SE–L) detector signal. 

The type slides are deposited at the Macedonian 
National Diatom Collection (MKNDC) at the Institute 
of Biology in Skopje, Macedonia and isotype slides are 
deposited at the National History Museum in London (BM) 
and at the Friedrich Hustedt Centre for Diatom Study, 
Bremerhaven (BRM). 

The syntype slides for A. coarctata (BM 24114, BM 
24109, BM 46400) and A. intermedia küTzinG (BM 18472) 
have been observed in the National History Museum in 
London. Lectotype and isolectotype slides for A. coarctata 
var. sinaensis (MA4/42, MA4/49) have been observed in the 
Friedrich Hustedt Centre for Diatom Study, Bremerhaven 
(BRM). The authentic materials for SEM analyses were 
obtained from BRM (A. coarctata var. sinaensis) and National 
Botanic Garden of Belgium, Meise (BR) (A. coarctata).

Terminology for valve morphology and ultrastructure 
follows round et al. (1990) and cox (2006):  Concave 
valve is raphid and labeled as R–valve and convex valve is 
rapheless and labeled as P–valve. 

results and discussion

Six species belonging to Achnanthes s. s. have been 
observed in the studied samples from Macedonia. 
Two taxa were recorded as extremely rare with just 
few valves observed on the slides. Four species have 
higher abundance in the samples mentioned above and 
thus they are taken into consideration of this study. 
Their morphological and ultrastructural features are 
described based on LM and SEM observations and 
compared with the most similar taxa. 

Achnanthes coarctata (BréBisson ex w. smith) 
Grunow (Figs 1a–aa, 2a–f, 3a–f, 4a–ab, 5a–y, 6a–h) 

LM observations (Figs 1a–aa): Frustules are flexed 
in the girdle view with a concave R–valve and convex 
P–valve. Valves are linear–lanceolate with constriction 
in the mid–valve. Valve apices are attenuated and 
narrowly rounded in larger specimens to rostrate and 
rounded in smaller specimens. Valve length is 29.0–
44.5 μm, valve width is 7.0–9.5 μm. R–valve (Figs 
1a–m): Axial area is narrow, slightly curved. Central 
area is broad panduriform stauros reaching the valve 
margin. Raphe is lateral, with curved raphe branches. 
Proximal raphe fissures are expanded into large central 
pores, distal fissures are unilaterally deflected. Striae 
are coarsely punctate, strongly radiate throughout, 12–



14 in 10 μm. P–valve (Figs 1o–aa): Rapheless sternum 
is narrow, but distinct located close to the valve margin. 
Striae are finely punctate, parallel in the mid–valve, 
becoming strongly radiate towards the apices, 12–14 
in 10 μm. Areolae are fine, but distinct with LM, 18–20 
in 10 μm. 
SEM observations R–valve (Figs 2a–f): The outer 
surface of R–valve is slightly flexed (Fig. 2a). The 
central area is flat without markings (Figs 2b, c, d), 
while internally the central area is stauros–shaped 
and thickened (Figs 2e, f). The raphe has central 
position and is weakly curved (Figs 2b, c). Proximal 
raphe fissures are widened into tear–drop–shaped 
central pores (Fig. 2d). Distally, the raphe fissures 
are prolonged, abruptly unilaterally deflected and 
extending onto the valve mantle (Fig. 2c). Internally 
the central endings are hooked–shaped (Fig. 2f), while 
the distal endings terminate with small helictoglossae 
(Fig. 2e). Striae are uniseriate composed of round 
areolae. Areolae externally have recessed foramina 
and are occluded by cribra (Fig. 2d). The perforations 
in cribrate pores are round. Cribrum is attached by 3 
(rarely 4) struts to the areolae wall (Fig. 2d). Internally, 
the striae are separated by strongly thickened virgae. 
Areolae have round openings with noticeably recessed 
cribra (Fig. 2f). 
P–valve (Figs 3a–f): The external surface of the P–
valve is flexed with convex mid–valve (Fig. 3a). 
Strongly thickened marginal ridge is present along the 
valve face/mantle junction. The transition from the 
valve face to valve mantle is abrupt (Fig. 3b). Spines 
have not been observed. Terminal orbiculi are present 
on the valve mantle on each pole (Fig. 3d). Externally, 
terminal orbiculus has elongated opening and it is 
occluded with a single flap of silica (Fig. 3c). Occlusion 
of the terminal orbiculus has different structure than the 
cribrum of the areolae (Fig. 3c). The rapheless sternum 
is narrow but distinct, located near the valve margin. 
Internally, sternum appears as a narrow hyaline area 
near the valve margin (Fig. 3d). Striae are uniseriate 
composed of round areolae. The size of areolae on P–
valve is the same as the areolae on R–valve. Striae are 
continuing on the valve mantle. The areolae adjust to 
the marginal ridge are larger, surrounded by strongly 
thickened wall (Figs 3b, c). Externally, the areolae are 
occluded by cribra. Internally, the striae are separated 
by strongly thickened virgae (Fig. 3e). Areolae have 
round opening with clearly visible internal cribra 
structure (Fig. 3f). 
Notes: Achnanthes coarctata was first described 
by BréBisson (in smiTh 1855, p. 8) as a species of 
Achnanthidium, A. coarctatum BréBisson, and later 
transferred to Achnanthes by GrunoW in cleve & 
GrunoW (1880, p. 20). smiTh (1855) noted as type 
material “in Kütz. Sp. Alg. P. 54, ad specim. authen. 
quae dedit am. De Brébisson”, but he also gave as 
syntype localities “Cave near Royat” and “Grassmere, 
Westmoreland, Aug. 1853”. Slides from all three 

samples are present in the Natural History Museum, 
London (BM) and were observed in this study. The 
slide BM 24114 was made from a sample from Falaise 
(labeled “M. de Brébisson”) and contains several 
valves of A. coarctata. Most of the specimens are 
covered with particles or contain air–bubbles resulting 
in low quality LM images. The most representative 
specimens are given on Figs 4aa–ab. A slide from 
Grassmere, Westmoreland, UK (Slide BM 24109) 
contains more specimens (Figs 5a–y) which are similar 
to the type specimens and share morphological features 
of A. coarctata sensu stricto. SEM observations 
of the population from Grassmere show that both 
populations from Osogovo Mountain (Figs 1a–aa, 
2a–f, 3a–f) and Grassmere (Figs 5a–y, 6a–h) share the 
same morphological and ultrastructural features. Most 
importantly, they share the differential features of the 
shape of the cribrate occlusions and the stria and areola 
density. 

The slide from Cave near Royat, France (BM 
46400), contains two distinct taxa (Figs 4a–z, 10a–v) 
which differ in several characters such as stria and 
areola density, number of areolae on valve mantle. 
The first population (Figs 4a–z), with respect to the 
morphological characteristics closely resembles to the 
population from Falaise (BM 24114), while the second 
population (Figs 10a–v), characterized by coarser and 
more distantly spaced striae and areolae, is close to the 
taxon observed in this study (Figs 7a–ad) and described 
here as A. pseudocoarctata sp. nov. 
Ecology and distribution: Freshwater, aerophytic 
species, usually occurs as epiphyte on wet mosses or 
wet rocks. Abundant in many samples from subaerial 
habitats. 

Achnanthes pseudocoarctata levKov et tofilovsKa 
sp. nov. (Figs 7a–ad, 8a–f, 9a–g, 10a–v)

Description
LM observations (Figs 7a–ad): Valves are linear–
lanceolate with constriction in the mid–valve. Valve 
apices are broadly subrostrate to not protracted and 
broadly rounded in smaller specimens. Valve length 
is 25.0–37.0 µm, valve width is 6.0–8.5 µm. R–valve 
(Figs 7a–n): Axial area is narrow, slightly curved. 
Central area is broad rectangular to panduriform 
stauros reaching the valve margin. Raphe is lateral, 
with curved raphe branches. Proximal raphe fissures 
are expanded into large central pores, slightly deflected 
on one side, distal fissures are unilaterally deflected on 
the opposite side. Striae are coarsely punctate, radiate 
throughout the valve, 12–13 in 10 μm. P–valve (Figs 
7p–ad): Rapheless sternum is narrow, but distinct, 
located close to the valve margin, but is not following 
the line of valve margin. Striae are coarse, parallel in 
the mid–valve, becoming radiate towards the apices, 
and strongly curved at the end of the apices, 8–10 in 10 
μm. Areolae are coarse, 10–13 in 10 μm. 
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SEM observations R–valve (Figs 8a–f): The external 
surface of R–valve is slightly flexed in the mid–valve 
(Fig. 8a). The central area is flat without markings (Figs 
8b, c), while internally the central area is rectangular 
shaped and thickened with small depression in the 
middle (Fig. 8f). The raphe has central position and 
is weakly curved (Figs 8a, b). Proximal raphe fissures 
are widened into tear–drop–shaped central pores (Fig. 
8c). Distally, the raphe fissures are prolonged, abruptly 
unilaterally deflected and extending almost till the 
end of valve mantle (Figs 8b, d). Internally the central 
endings are hooked–shaped in the same direction (Fig. 
8f), while the distal endings terminate with small 
helictoglossae (Fig. 8e). Striae are uniseriate composed 
of round areolae. Areolae externally have recessed 
foramina and are occluded by cribra (Fig. 8d). There 
are 1 or 2 round cribrate perforations. Cribrum in the 
middle is attached by 2 struts to the areolae wall (Fig. 
8d). Internally, the striae are separated by strongly 
thickened virgae (Fig. 8e) and areolae have round 
openings with noticeably recessed cribra (Fig. 8f). 
P–valve: The external surface of the P–valve is flexed 
with convex mid–valve (Fig. 9a). Strongly thickened 
marginal ridge is present along the valve face/mantle 
junction. The transition from the valve face to valve 
mantle is abrupt (Fig. 9b). Spines have not been 
observed. Terminal orbiculi are present on the valve 
mantle on each pole, at the same side (Fig. 9b). 
Externally, terminal orbiculus has elongated opening 
and it is occluded with a single flap of silica (Fig. 
9c). Occlusion of the terminal orbiculus has different 
structure than the cribrum of the areolae (arrow on 
Fig. 9c). The rapheless sternum is narrow but distinct, 
located near the valve margin. Internally, sternum 
appears as a narrow hyaline area near the valve margin 
(Figs 9e, f). Striae are uniseriate composed of round 
areolae. Areolae are occluded by cribra, recessed 
and surrounded by strongly thickened wall (Figs 9b, 
c). Cribrum is attached by 2 (rarely 3) struts to the 
areolae wall (Fig. 9c). There is small number of round 
perforations in the cribrum. The size of areolae on P–
valve has similar size as the areolae on R–valve. Striae 
are continuing on the valve mantle. The areolae adjust 
to the marginal ridge are larger than areolae on P–
valve, surrounded by strongly thickened wall (Figs 9a, 
d). Externally, the areolae are occluded by cribra (Fig. 
9d). Internally, the striae are separated by strongly 
thickened virgae and areolae have clearly visible 
internal cribra structure (Fig. 9g). 
Holotype (designated here): Slide 006647/B in 
MKDNC, specimen representing the holotype is Fig. 
7d.
Isotypes: Slide BRM ZU9/28, BM 101685.
Type locality: Mountain Jakupica, near river Babuna, 
cave Peshti, Macedonia, Lat.: 41°40’11.38”N. Long. 
21°46’55.65”E. 
Type material: Wet mosses and mud, collection 
date: 21.04.2012. Accession No. MKDNC 006647. 

Collected by S. Tofilovska.
Etymology: The specific epithet is used to indicate 
similarity to A. coarctata. 
Ecology and distribution: Freshwater, aerophytic 
species, usually occurs as epiphyte on wet mosses or 
rocks. In the type material it is very frequent. 
Notes: Achnanthes pseudocoarctata is closely related 
to A. coarctata with respect to the valve morphology. 
Both species share similar features, e.g. linear–
lanceolate valves with constriction in the mid–valve and 
protracted apices. The striae in A. pseudocoarctata are 
weakly radiate to parallel in the mid–valve, whereas in 
A. coarctata are strongly radiate throughout (compare 
Figs 7a–n with Figs 1a–m). Significant differences 
between A. coarctata and A. pseudocoarctata can 
be observed in the shape of the cribrate occlusions 
(compare Figs 3a–f with Figs 9a–g). Areolae on the 
R–valve in A. coarctata are occluded with cribrum 
which is attached by three struts to the areolae wall and 
perforated by 3–7 small round pores, while areolae in 
A. pseudocoarctata are occluded with cribrum which 
is attached by two struts positioned oppositely in the 
middle of the areola. Such position of the connecting 
struts gave impression that the cribrum is constricted 
in the middle. The cribrum in A. pseudocoarctata 
is perforated with 1 or 2 round pores. Additional 
difference can be observed in stria and areola density. 
The striae on R–valve in A. coarctata are densely 
spaced (12–14 in 10 μm), while in A. pseudocoarctata 
the striae are more distantly spaced (8–10 in 10 μm). 
The striae in A. coarctata on P–valve are consisting of 
12–14 areolae densely spaced, 18–20 in 10 μm, while 
the striae in A. pseudocoarctata are composed of 7–9 
areolae with density of 10–13 in 10 μm. Differences 
between A. coarctata and A. pseudocoarctata can be 
noticed on the valve mantle (seen in the girdle view). 
The striae on the valve mantle on the R–valve of A. 
coarctata are composed of 4–5 areolae (Boyle et al. 
1984, fig. 3), while in A. pseudocoarctata the striae on 
valve mantle comprise two areolae (compare Figs 3a, 
2b with Fig. 9a). This feature can be noticed with LM 
(compare Fig. 1n with Fig. 7o). 

krasske (1929, fig. 20c) described A. coarctata 
var. elliptica krasske, which is characterized by 
linear valves with slight constriction in the mid–valve 
and weakly protracted and truncate apices. However, 
lanGe–BerTaloT et al. (1996) considered A. coarctata 
var. elliptica as part of size diminution series of A. 
coarctata sensu stricto. Achnanthes pseudocoarctata 
can be easily differentiated from A. coarctata var. 
elliptica by the valve size and shape of the apices. 
Population of A. coarcata sensu meTzelTin et al. (2005, 
figs 27: 3–6) is characterized by a more pronounced 
constriction in the mid–valve and the humps appear 
more angular margin instead of rounded margin in A. 
coarctata sensu stricto. This feature make it closer to 
the A. coarctata f. falklandica G.W.F. carlson (1913, 
p. 23, figs 3: 13, 14). 
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Achnanthes coarctata var. constricta krasske (1929, 
fig. 20a) represents the larger form of A. coarctata sensu 
stricto and it is characterized with strong constriction 
in the mid–valve and more pronounced valve apices. 
Achnanthes coarctata var. sinaensis husTedT (1949, 
figs 6, 7) has different valve outline, linear–lanceolate 
without constriction in the mid–valve, that makes its 
easy separation from A. pseudocoarctata. Achnanthes 
coarctata var. elineata (laGersTedT) O. müller (= 
A. coarctatum var. elineatum laGersTedT 1873, p. 
49, fig. 1: 16) has wider valves (11–13 μm) obtusely 
to truncate valve apices and higher stria density or P–
valve (~11–12 in 10 μm). Achnanthes coarctata var. 
elineata f. antarctica PeraGallo (1921, p. 14, figs 8, 
9) has broadly capitate apices and higher stria density 
on P–valve (~14 striae in 10 μm). Achnanthes distorta 
PeraGallo (1921, p. 14, fig. 7), most probably represent 
teratological form of A. coarctata since it has strongly 
undulate raphe system, that is also observed in some 
specimens of A. coarctata from other populations. 

Achnanthes sinaensis (hustedt) levKov, tofilovsKa 
et c.e. wetzel stat. nov. (Figs 11a–x, 12a–f, 13a–h, 
14a–r, 15a–g)
Basionym: Achnanthes coarctata var. sinaensis husTedT 1949, 
Hydrobiologia 2, p. 43, figs 6, 7. 

LM observations (Figs 11a–x): Valves are linear 
to linear–lanceolate. Valve apices are not or weakly 
separated from the rest of the valve, broadly rounded 
to trunctate. Valve length varies from 32.5 to 43.0 
µm, valve width from 8.5 to 11.5 µm. R–valve (Figs 
11a–k): Axial area is narrow, slightly curved. Central 
area is broad rectangular stauros reaching the valve 
margin. Raphe is weakly lateral, with slightly curved 
raphe branches. Proximal raphe fissures are expanded 
into large central pores, distal fissures are unilaterally 
deflected. Striae are uniseriate, coarsely punctate, 
radiate in the mid–valve becoming strongly radiate 
towards the apices, 10–11 in 10 µm. P–valve (Figs 11l–
x): Rapheless sternum is narrow, but distinct located 
close the valve margin. Striae are coarse, parallel in 
the mid–valve, becoming strongly radiate towards the 
apices, 10–11 in 10 µm. 
SEM observations R–valve (Figs 12a–f): The frustule 
in girdle view is weakly flexed with a concave R–valve 
and convex P–valve (Fig. 12a). The outer surface of 
R–valve is weakly flexed and weakly transapically 
asymmetrical (Figs 12b, d). The central area is flat 
without markings (Fig. 12c), while internally the 
central nodule is thickened and elevated from the rest 
of the valve (Fig. 12e). The raphe has central position 
and the raphe branches are weakly curved. Proximal 
raphe fissures are widened into tear–drop–shaped 
central pores (Fig. 12c). Distally, the raphe fissures 
are prolonged, abruptly unilaterally deflected and 
extending onto the valve mantle (Figs 12b, d). Internally 
the central endings are hooked–shaped, while the distal 

endings terminate with small helictoglossae (Figs 12e, 
f). Striae are uniseriate composed of small, round 
areolae. Externally, areolae have weakly recessed 
foramina and are occluded by cribra (Fig. 12c). The 
cribrum is round to elliptical shaped with narrow 
constriction in the middle, where it is connected by 
2 (very rare 3) small struts to the external wall of the 
areola. Internally, the striae are separated by strongly 
thickened virgae. Areolae have round openings with 
noticeably recessed cribra (Fig. 12f). 
P–valve (Figs 13a–h): Strongly thickened marginal 
ridge is present along the valve face/mantle junction 
(Fig. 13a). The transition from the valve face to valve 
mantle is abrupt (Fig. 13c). Terminal orbiculi are present 
on the valve mantle on each pole and on the same side 
as sternum (white arrows on Figs 13f, g). Externally, 
terminal orbiculus has elongated opening and it is 
occluded with a single flap of silica (Fig. 13f). Spines 
have not been observed. Sternum is narrow but distinct, 
located near the valve margin (Figs 13b, c). Internally, 
sternum appears as a narrow hyaline area near the 
valve margin (Figs 13d, g). Striae are uniseriate, coarse 
composed of round areolae (Fig. 13e). Areolae on P–
valve appear larger than those on R–valve. Differences 
can be noticed also in the shape of cribra. The cribrum 
at the R–valve areolae is perforated with 3–7 small, 
round pores, and the cribrum is attached by 4 (rarely 
5) struts to the areola wall. Striae are continuing onto 
the valve mantle. The areolae found on the mantle are 
larger; subsequently there are more perforations in 
cribrate pores. Externally, areolae are surrounded by 
strongly thickened wall (Fig. 13c). Internally, the striae 
are separated by strongly thickened virgae (Figs 13g, 
h). Areolae have round opening with clearly visible 
internal cribra structure (Fig. 13h). 
Ecology and distribution: Freshwater, aerophytic 
species, usually occurs as epiphyte on wet mosses 
or rocks. In the samples from wet rock on Osogovo 
Mountain this species is very frequent. 
Notes: simonsen (1987, p. 351, fig. 537: 1–5) made 
formal typification of A. coarctata var. sinaensis and 
proposed the types using BRM Ma4/42 (as lectotype) 
and Ma4/49 (as isolectotype). Both slides have been 
observed in this study and the most representative 
valves found on the slides are depicted on Figs 14a–r. 
Additionally, the type material (AS1169) was observed 
with SEM, and observed specimens are illustrated on 
Figs 15a–g. The population of Achnanthes sinaensis 
from Osogovo Mountain resembles A. coarctata var. 
sinaensis husTedT (1949, figs 6, 7) with respect to 
valve appearance. However, differences can be seen 
in few morphological features. Achnanthes sinaensis 
from the type locality has linear–lanceolate valves 
with distinctly protracted apices (Figs 14a–h, k–r), 
whereas the valves from Osogovo Mountain have 
more linear outline with weakly to not protracted 
apices. Additionally, the valves of the type population 
are wider (10.5–12.5 µm) than the population from 
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Osogovo Mountain. However, other morphological 
and numerical features are overlapping. Moreover, the 
SEM observations of the type material (Figs 15a–g) 
do not reveal any significant difference between these 
two populations. Achnanthes spec. cf. coarctata sensu 
meTzelTin et al. (2005, figs 32: 10–13) has similar 
valve outline as population from Osogovo Mt. (linear–
lanceolate with weakly rostrate to subcapitate apices) 
and valve size (length 30–33 µm, width 6.5–8 µm), 
but it differs by the sublateral position of the rapheless 
sternum, whereas in A. sinaensis is marginal. Also A. 
spec. cf. coarctata sensu meTzelTin et al. (2005, figs 
10–13) has higher stria density (13–16 in 10 µm) than 
A. sinaensis.

Achnanthes prominula levKov et tofilovsKa sp. 
nov. (Figs 16a–ac, 17a–f, 18a–g)

Description
LM observations (Figs 16a–ac): Valves are linear–
lanceolate in larger specimens to elliptic–lanceolate 
in smaller specimens. Valve length varies from 18.5 to 
43.0 µm, valve width is 8.5–10.5 µm. R–valve (Figs 
16a–n): Axial area is narrow, central area is variable 
in shape and size, narrow to wide and rectangular to 
panduriform, stauros reaching the valve margin. In 
some specimens central area is bordered by strongly 
shortened central striae (Figs 16e, f, n). Raphe is 
weakly lateral, with slightly curved raphe branches. 
Proximal raphe fissures are slightly expanded into 
central pores; distal fissures are strongly curved in the 
same direction almost till the end of mantle. Striae 
are uniseriate, coarsely punctate, weakly radiate in 
the mid–valve becoming strongly radiate towards the 
apices, 11–12 in 10 µm on raphe valve. P–valve (Figs 
16o–ac): Rapheless sternum is narrow, but distinct, 
located close to the valve margin and following the 
line of the margin. Striae are coarse, parallel in the 
mid–valve, becoming radiate towards the apices and 
strongly curved at the apices, 10–12 in 10 µm.
SEM observations R–valve (Figs 17a–f): The R–
valve is weakly flexed and concave. Externally, the 
central area is flat without markings almost rectangular 
(Figs 17a–c), while internally it is rectangular and 
thickened (Figs 17e, f). A small depression is present 
in the middle of the central nodule (arrow in Fig. 17f). 
The raphe has central position and the raphe branches 
are weakly curved. Proximal raphe fissures externally 
are widened into tear–drop–shaped central pores and 
slightly unilaterally deflected. Distally, the raphe 
fissures are strongly curved in the opposite direction 
of the proximal fissures and continuing onto valve 
mantle (Fig. 17b, d). Internally the central endings are 
hooked–shaped (Fig. 17f), while the distal endings 
terminate with small helictoglossae (Fig. 17e). Striae 
are uniseriate, composed of small, round areolae. 
Externally, areolae are occluded with cribra and have 
weakly recessed foramina. The cribrum is round to 

elliptical and it is connected with usually four small 
(rarely with two or three) struts to the external wall of 
the areola (Figs 17c, d). The cribrum is perforated with 
7–9 cribrate pores. The size of the areolae increases 
towards the apices. Internally, the striae are separated 
by thickened virgae, areolae have round openings with 
noticeably recessed cribra (Figs 17e, f). 
P–valve (Figs 18a–g): The external surface of the P–
valve is flexed with convex mid–valve (Figs 18b, d). 
Strongly thickened marginal ridge is present along 
the valve face/mantle junction (Figs 18a, d). The 
marginal ridge is more pronounced at the apices. The 
transition from the valve face to valve mantle is abrupt 
(Fig. 18c). Spines have not been observed. Terminal 
orbiculi are present on the valve mantle on each pole 
on the same side as sternum (white arrows on Fig. 
18b). Externally, terminal orbiculus has elongated 
opening and it is occluded with a single flap of silica 
(white arrow on Fig. 18e). Occlusion of the terminal 
orbiculus has different structure than the cribrum of 
the areolae (Fig. 18e). The rapheless sternum is narrow 
but distinct, located near the valve margin. Internally, 
sternum appears as a narrow hyaline area near the 
valve margin (Fig. 18f). Striae are uniseriate composed 
of round areolae. The areolae on P–valve are smaller 
than the areolae on R–valve (0.20–0.40 µm vs. 0.45–
0.65 µm) Also difference between cribrate occlusion 
on areolae on P– and R–valve can be noticed. Cribra 
on P–valve is round, perforated with many small round 
pores. Cribrum is attached to the pore wall with many 
small struts. Striae continued on the valve mantle. The 
areolae on the valve mantle, near the marginal ridge 
are larger, surrounded by strongly thickened wall (Figs 
18c, e). Externally, the areolae are occluded by cribra. 
Internally, the striae are separated by strongly thickened 
virgae (Fig. 18f). Areolae have round opening with 
clearly visible internal cribra structure (Fig. 18g). 
Holotype (designated here): Slide 006647/C in 
MKDNC, specimen representing the holotype is Fig. 
16f. 
Isotypes: Slide BRM ZU9/29, BM 101684.
Type locality: Mountain Jakupica, near river Babuna, 
cave Peshti, Macedonia, Lat.: 41°40’11.38”N. Long.: 
21°46’55.65”E.
Type material: Wet mosses and mud, collection 
date: 21.04.2012. Accession No. MKDNC 006647. 
Collected by S. Tofilovska.
Etymology: The specific epithet is used to indicate 
the possession of prominent characters that make easy 
differentiation of this species. 
Ecology and distribution: Freshwater, aerophytic 
species, usually occurs as epiphyte on wet mosses or 
rocks. In the type material it is very frequent. 
Notes: Achnanthes prominula resembles A. intermedia 
küTzinG (1833, p. 576, fig. 16: 56) (here as Figs 19a–
u) with respect to the valve outline. Both species have 
lanceolate to elliptic–lanceolate outline with narrowly 
rounded apices. The lectotypification and LM and 
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SEM observations of the type material of A. intermedia 
have been made by Toyoda & Williams (2004). Main 
differences between A. prominula and A. intermedia 
[= A. brevipes var. intermedia (küTzinG) cleve] can 
be observed in the position of the rapheless sternum 
on P–valve, valve size and stria density. The rapheless 
sternum in A. intermedia is slightly lateral, opposite to 
A. prominula where the rapheless sternum is located 
close to the valve margin and following the line of the 
margin. The valve width of A. intermedia varies from 
9 to 15 μm, whereas in A. prominula the valve width is 
8.5–10.5 µm. The valves from both species with same 
size can be easily differentiated by the stria density 
and areolae size. The striae in smaller specimens of A. 
intermedia are more distantly spaced (8–10 in 10 μm) 
and composed of three large areolae, opposite to 12–
13 striae in 10 mm in A. prominula composed of five 
small areolae. With SEM, differences between these 
two species can be seen in the areolae shape, cribrate 
occlusions and virgae thickness on the P–valve. The 
areolae in A. intermedia (Toyoda & Williams 2004, 
fig. 19) are square occluded with cribra connected to the 
areola wall by four small struts. The virgae are strongly 
thickened and more pronounced in A. intermedia, and 
are interrupted by the raphe less sternum. 

Achnanthes prominula has a similar valve 
outline to Achnanthes pachypus küTzinG, as illustrated 
by cox (2006, figs 8, 9) from type slides BM 18457, 
but from the latter it can be easily differentiated by the 
position of the rapheless sternum (lateral) and the stria 
density (5–7 in 10 µm in A. pachypus). Achnanthes 
subsessilis küTzinG (1833, fig. 55; hendey 1951, figs 
15: 9, 10) has valve with linear outline, almost parallel 
margins and around 7 µm wide. Internally the central 
area is clearly panduriform and elevated from the rest 
of the valve (Blunn & evans 1981, fig. 4). Achnanthes 
subsessilis var. multiarticulata küTzinG (as illustrated 
by cox 2006, figs 8, 9 from type slide BM 18469) 
has comparable stria density as A. prominula, but 
it possesses wider valves and lateral position of the 
sternum. Lectotype valves of A. coarctata var. elliptica 
krasske (1929, fig. 20c), illustrated in lanGe–
BerTaloT et al. (1996, pl. 7, figs 4, 5) represent smaller 
specimens of A. coarctata. Lectotype valves have 
linear outline with slight constriction in the mid–valve 
and slightly protracted and truncate apices. 

Achnanthes prominula resembles A. 
secretitaeniata K. Toyoda et ji. Tanaka in Toyoda et 
al. (2009, figs 1–24) with respect to the valve outline 
(linear–lanceolate with narrowly rounded apices), 
valve size (33–41 µm long, 10–11 µm wide) and 
stria density (10–11 in 10 µm). Differences between 
these two species can be observed in the shape of 
the rapheless sternum and presence of the terminal 
orbiculi. Achnanthes parvula küTzinG has also lateral 
position of the rapheless sternum and panduriform 
central area which is strongly widened near the valve 
margin (mcinTire & reimer 1974, figs 4a, b). The 

valves of A. longboardia sherWood et loWe (in loWe 
et al. 2009, p. 329, figs 1–8) have rhombic–lanceolate 
outline and higher stria density (R–valve = 13–15/10 
µm; P–valve = 12–14/10 µm). Additionally, terminal 
orbiculus is absent in A. longboardia, while it is present 
in A. prominula. 

Achnanthes muelleri G.W.F. carlson (1913, 
p. 23, figs 3: 5–7) is characterized by rhombic–
lanceolate valves even in the smaller specimens in 
the size diminution series (van de vijver et al. 2002). 
Additionally, A. muelleri has an elliptical central area, 
while A. prominula has rectangular to panduriform 
central area. The striae in A. muelleri are coarser 
composed of large, almost rectangular areolae (le cohu 
2005, figs 10, 13). However, some valves of A. muelleri 
depicted in le cohu (2005, figs 2, 3, 6) probably do 
not belong to A. muelleri, having smaller valves with 
higher stria density. Achnanthes taylorensis kelloGG, 
sTuiver, kelloGG et denTon (in kelloGG et al. 1980, 
pp. 174, 175, figs 1: 3, 4; 2: 1, 2) is another freshwater 
species found in Antarctic region. Achnanthes 
prominula can be differentiated from A. taylorensis 
by the valve shape, which in A. taylorensis is linear–
lanceolate with broadly rounded apices. Additionally, 
the striae in A. taylorensis on P–valve are strongly 
radiate throughout the whole valve length, as opposed 
to parallel striae in the mid–valve at A. prominula. 
Achnanthes mauiensis loWe et sherWood (in loWe et 
al. 2009, p. 330, figs 9–19) has different valve shape 
(linear, slightly tumid in the mid–valve) and distinctly 
rostrate apices, which make easy separation from A. 
prominula. Achnanthes muscorum PeraGallo (1921, 
p. 14, fig. 1: 2, 3) has rhombic–lanceolate valves with 
small, irregularly–shaped central area bordered with 
2–3 shortened central striae. These features make easy 
differentiation of A. prominula and A. muscorum. 
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Figs 1a–aa. Achnanthes coarctata, LM, Osogovo Mountain, Macedonia: (1a–m) size diminution series of the R–valve, (1n) frustule in girdle 
view, (1o–aa) size diminution series of the P–valve. Scale bar 10 μm. 
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Figs 2a–f. Achnanthes coarctata, SEM, Osogovo Mountain, Macedonia: R–valve and frustule: (2a) frustule in girdle view, (2b, 2c) external 
valve view, (2d) detailed view of the mid–valve, (2e) internal valve view, (2f) detailed view of the mid–valve. Scale bar 10 μm (Figs 2a–c, 2e), 
5 μm (Figs 2d, 2f).
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Figs 3a–f. Achnanthes coarctata, SEM, Osogovo Mountain, Macedonia: P–valve and frustule: (3a) external valve view, (3b) detailed view of 
the mid–valve, (3c) detailed view of the valve apex, (3d) internal valve view, (3e) internal view of the valve apex, (3f) detail of the mid–valve 
showing the areolae apertures and costae. Scale bar 10 μm (Figs 3a, 3d), 5 μm (3e), 2 μm (3b, 3c), 1 μm (3f).
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Figs 4a–ab. Achnanthes coarctata, LM, syntype populations. Figs 4a–z. Cave near Royat, France: (4a–m) size diminution series of the R–valve, 
(4n–x) size diminution series of the P–valve, (4y–z) frustule in girdle view. Figs 4aa–ab. Falaise, France: (4aa) R–valve, (4ab) P–valve. Scale 
bar 10 μm. 
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Figs 5a–y. Achnanthes coarctata, LM, Grassmere, Westmoreland, United Kingdom: (5a–l) size diminution series of the R–valve, (5m–n) 
frustule in girdle view, (5o–y) size diminution series of the P–valve. Scale bar 10 μm.
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Figs 6a–h. Achnanthes coarctata, SEM, Grassmere, Westmoreland, United Kingdom, R– and P–valve: (6a) P–valve in girdle view, (6b) 
external view of the R–valve, (6c) internal view of the R–valve; (6d) detailed view of the mid–valve of the R–valve, (6e, g) detailed view of 
the valve apex of the P–valve, (6f) external view of the P–valve, (6h) internal view of the P–valve. Scale bar 10 μm (Figs 6a–c, f, h), 5 μm 
(Fig. 6d), 2 μm (6e, g).
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Figs 7a–ad. Achnanthes pseudocoarctata sp. nov. LM, Cave Peshti, Macedonia: (7a–n) size diminution series of the R–valve, (7o) frustule in 
girdle view, (7p–ad) size diminution series of the P–valve. Fig. 7d represents the holotype. Scale bar 10 μm. 
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Figs 8a–f. Achnanthes pseudocoarctata sp. nov. SEM, Cave Peshti, Macedonia: R–valve and frustule: (8a, b) external valve view, (8c) detailed 
view of the mid–valve, (8d) detailed view of the valve apex, (8e) internal valve view, (8f) detailed view of the mid–valve. Scale bar 10 μm 
(Figs 8a, b, e), 5 μm (Fig. 8c), 2 μm (Figs 8d, f).
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Figs 9a–g. Achnanthes pseudocoarctata sp. nov. SEM, Cave Peshti, Macedonia: P–valve and frustule: (9a) frustule in girdle view, (9b) external 
valve view, (9c) detailed view of the valve apex, (9d) detailed view of the mid–valve, (9e, f) internal valve view, (9g) detail of the mid–valve 
showing the areolae apertures and costae. Scale bar 10 μm (Figs 9a, b, e, f), 5 μm (9c, d), 2 μm (9g).
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Figs 10a–v. Achnanthes pseudocoarctata sp. nov. LM, Cave near Royat, France: (10a–j) size diminution series of the R–valve, (10k–t) size 
diminution series of the P–valve, (10u–v) frustule in girdle view. Scale bar 10 μm.
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Figs 11a–x. Achnanthes sinaensis, LM, Osogovo Mountain, Macedonia: (11a–k) size diminution series of the R–valve, (11l–x) size diminution 
series of the P–valve. Scale bar 10 μm. 
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Figs 12a–f. Achnanthes sinaensis, SEM, LM, Osogovo Mountain, Macedonia: R–valve and frustule: (12a) frustule in girdle view, (12b, d) 
external valve view, (12c) detailed view of the mid–valve, (12e) internal valve view, (12f) detailed view of the mid–valve. Scale bar 10 μm 
(Figs 12a, b, d, e), 5 μm (Figs 12c, f).
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Figs 13a–h. Achnanthes sinaensis, SEM, LM, Osogovo Mountain, Macedonia: P–valve and frustule: (13a) frustule in girdle view, (13b, c) 
external valve view, (13d) internal valve view, (13e) detailed external view of the mid–valve, (13f) detail of the valve apex, (13g) detailed 
internal view of the valve apex, (13h) detailed internal view of virgae and areolae. Scale bar 10 μm (Figs 13a–d), 5 μm (13e), 2 μm (13f, g), 
1 μm (13h).
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Figs 14a–r. Achnanthes sinanensis, LM, Dschebel Musa, Sinai Peninsula: (14a–h) size diminution series of the R–valve, (14i–j) frustule in 
girdle view, (14k–r) size diminution series of the P–valve. Scale bar 10 μm. 
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Figs 15a–g. Achnanthes sinaensis, SEM, Dschebel Musa, Sinai Peninsula: R– and P–valve: (15a) R–valve in girdle view, (15b) detailed view 
of the mid–valve of the R–valve, (15c) external view of the P–valve, (15d) external view of the R–valve, (15e) detailed view of the valve apex, 
(15f) internal view of the P–valve, (15g) detailed internal view of virgae and areolae. Scale bar 20 μm (Figs 15a, d, f), 10 μm (Fig. 15c), 5 μm 
(Fig. 15b), 2 μm (Figs 15e, g).
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Figs 16a–ac. Achnanthes prominula sp. nov., LM, Cave Peshti, Macedonia: (16a–n) size diminution series of the R–valve, (16o–ac) size 
diminution series of the P–valve. Fig. 16f represents the holotype. Scale bar 10 μm.
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Figs 17a–f. Achnanthes prominula sp. nov., SEM, Cave Peshti, Macedonia: R–valve: (17a, b) external valve view, (17c) detailed view of the 
mid–valve, (17d) detailed view of the valve apex, (17e) internal valve view, (17f) detailed view of the mid–valve. Scale bar 10 μm (17a, b, e), 
5 μm (17c, f), 2 μm (17d).
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Figs 18a–g. Achnanthes prominula sp. nov., SEM, Cave Peshti, Macedonia: P–valve and frustule: (18a) frustule in girdle view, (18b, d) external 
valve view, (18c) detailed view of the mid–valve with marginal ridge and valve face and mantle, (18e) detailed view of the valve apex, (18f) 
internal valve view, (18g) detail of the valve apex. Scale bar 10 μm (18a, b, d, f), 5 μm (18c, e, g).
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Figs 19a–u. Achnanthes intermedia, LM, near Berlin, Germany: (19a–j) size diminution series of the R–valve, (19k–t) size diminution series 
of the P–valve, (19u) frustule in girdle view. Scale bar 10 μm.
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