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The species of the genus Craticula are widely distributed in Europe, mostly occurring in brackish, saline to heavi-

ly polluted waters. Some of the species are considered as being most tolerant to pollution. Recently, detailed observa-

tions of this genus in Macedonia have been performed. During this study, 15 taxa have been recorded. One of the species 

(Craticula simplex) was observed with three different morphotypes, which can be distinguished by the valve size and 

shape. Craticula cuspidata and C. ambigua were the most frequently recorded species in various habitats, while species 

C. halophila, C. germainii and C. fumantii were observed only on a single locality. The highest diversity of Craticula 

was observed in temporary ponds on halomorphic soils and mineral springs in Eastern Macedonia. 
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INTRODUCTION 
 

The genus Craticula Grunow was described 

based on the species C. perrotettii Grunow [1, p. 

20, Fig. 1: 21] and was forgotten for a long time 

until Mann & Stickle [2] re-established the genus 

and provided a more detailed description based on 

ultrastructural and sexual characteristics. Most of 

the members of this genus were previously includ-

ed in Navicula Bory section Orthostichae (Cleve 

[3], Hustedt [4]). One of the prominent features of 

this genus is the presence of "craticula" – inner 

valves produced during resting spore formation. 

Such inner valves might be produced as a result of 

elevated salt concentrations or desiccation (Schmid 

[5, 6]). The inner valves were referred as "heribau-

dii” valves and they differ by several ultrastructural 

features from the normal valves. However, 

"heribaudii” valves are so far observed only in few 

members of the genus Craticula.  

The genus is characterized by cells with two 

plastids with lenticular pyrenoids that are usually 

associated with a cytoplasmic bridge holding the 

nucleus (Cox [7]). The raphe is filiform and can be 

located externally on thickened conopeum or on 

valve face (Morales & Le [8]). Internally the raphe 

branches are positioned on elevated sternum. The 

striae are composed of a single row of round or api-

cally elongated areolae. Internally the areolae are 

covered by hymen. In some species areolae are 

separated by strongly thickened frets that appear as 

longitudinal ribs. In most of the species, striae are 

parallel to weakly radiate in the mid-valve, becom-

ing slightly convergent toward the valve apices.  

The genus is widely distributed in various 

habitats, from acidic oligotrophic waters to alkaline, 

(hyper)saline, (hyper)eutrophic and heavily polluted 

waters. Some of the members of the genus are con-

sidered as one of the most tolerant species to organic 

pollution (Lange-Bertalot [9, 10]). High diversity of 

the genus was noticed in alkaline, slightly saline and 

warm (even temporary) water habitats (Lange-

Bertalot [10], Lange-Bertalot et al. [11]). Craticula 

was observed frequently in the Tropics (Morales et 

al. 12, Rumrich et al. [13]), but also on Antarctica 

(Van de Vijver et al. [14]; Sabbe et al. [15]).  
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The first records of the genus Craticula in 

Macedonia originated from Schröder [16] and 

Hustedt [17] for lakes Dojran and Ohrid with two 

recorded species: C. ambigua (Ehrenberg) D. G. 

Mann and C. cuspidata (Kützing) D. G. Mann. Ad-

ditionally, Hustedt described Navicula demissa [17, 

p. 928, Fig. 40: 12–15], which was later synony-

myzed by Krammer & Lange-Bertalot [19] with N. 

subminuscula Manguin [18, p. 139, Fig. 2: 39] ≡ C. 

subminuscula (Manguin) C.E. Wetzel & Ector. 

Later, two more species C. perrotettii (Grunow) 

D.G. Mann and C. accomoda (Hustedt) D.G. Mann 

were recorded in Lake Dojran (Stojanov [20]) and 

the River Vardar (Krstic et al. [21]). Recently, a 

detailed observation of the diatom flora of Mace-

donia has been initiated and several genera, includ-

ing Amphora Ehrenberg (Levkov [22]), Eunotia Eh-

renberg (Pavlov & Levkov [23]), Hippodonta 

Lange-Bertalot, Metzeltin & Witkowski (Pavlov et 

al. [24]), Diploneis Ehrenberg (Jovanovska et al. 

[25]), Luticola D.G. Mann (Levkov et al. [26]), 

Odontidium Kützing (Jüttner et al. [27]), Mastogloia 

Thwaites (Pavlov et al. [28]) and Gomphonema Eh-

renberg (Levkov et al. [29]) were observed in more 

details. This resulted in many new records of the 

species distribution and additional descriptions of 

new taxa. Here, we provide a revision of the 

Craticula species, as a part of an ongoing compre-

hensive research on the diatom flora of Macedonia.  
 

EXPERIMENTAL SECTION 
 

More than 6.000 samples observed in this 

study have been collected during various field 

campaigns, starting from 1995 until present. Most 

of the samples were collected within the period 

June–August. Samples from the various habitats 

include: sediments at various depths (0.5–50 m) 

from Ohrid, Prespa and Dojran lakes, sediments, 

stones and macrophytes from rivers, small springs, 

streams and rivulets, high altitude glacial and non-

glacial lakes, ponds and pools of various size, peat 

bogs, fens and mires. The altitudinal range at the 

different sampling sites varies between ca. 200–2500 

m a.s.l. The samples with higher abundance of 

Craticula species are listed in Table 1. Diatom sam-

ples were cleaned by acid digestion using 

K2MnO4/HCl, and permanent slides were mounted 

in Naphrax®. Photomicrographs were taken with a 

Nikon E-80i, a digital Nikon Coolpix 600. For scan-

ning electron microscope (SEM) analyses, cleaned 

material was dried onto aluminum stubs and coated 

with gold/palladium using a sputter coater. SEM 

micrographs were produced with a Cambridge In-

strument S4 Steroscan electron microscope operated 

at 5 kV. Slides are deposited in the Macedonian Na-

tional Diatom Collection (MKNDC), Institute of 

Biology, Skopje, Macedonia (holotype), and the 

Friedrich Hustedt Centre for Diatom Research 

(BRM) in Bremerhaven, Germany (isotype). 

 

Table 1. List of observed samples with the highest abundance and diversity of Craticula species 
 

Acc. No.  Locality Sample 

001133 Lake Ohrid, the Bay of St. Naum sediment 9 m depth 

002212 Lake Dojran, Alex Beach plankton 

003084 Šara Mountain, Lake Karanikoličko  macrophytes 

004798 Lake Dojran, Alex Beach sediment 

005603 Mining Lake Usje macrophytes 

006795 River Bregalnica, before the village of Mačevo epiphytes on reed 

006806 River Bregalnica, before the mouth of river Kočanska yellow filaments 

006837 River Kočanska, before the mouth in R. Bregalnica brown filaments 

006967 Reservoir Ratevsko (Berovsko) sediment 

008234 River Vodenišnica, near Monospitovo rock scrape 

008835 Sveti Nikole, near the village of Adzimatovo, pond sediment 

008836 Sveti Nikole, near the village of Adzimatovo, channel sediment 

008838 Gladno Pole, near Štip, spring,  mud 

008858 Mineral spring near the village of Gabrovo, Delčevo Chara sp. 

008868 Slan Dol, temporary pond mud 

008872 Slan Dol, temporary pond  macrophytes 

008873 Slan Dol, temporary pond  mud 

PS001035 Thermo-mineral spring Negorska Banja rock scrape 
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RESULTS AND DISCUSSION 
 

During the observations of the genus Cratic-

ula in Macedonia, 13 species in total have been 

recorded. One of the species, C. simplex (Krasske) 

Levkov comb. nov. was present with three mor-

photypes which differ with respect to the valve out-

line and size. However, we still consider these pop-

ulations as a part of the morphological variation of 

a single species. Few valves with similar numerical 

features as C. acidoclinata Lange-Bertalot & Met-

zeltin were observed in glacial Lake Karanikoličko 

on Šara Mountain, but they differ from the type 

population with respect to the shape of the valve 

apices. 

 

Craticula perrotettii Grunow  

(Figs 1: 1–3; 2: 1–3) 

 

Valve morphology, LM (Figs 1: 1–3): 

Valves are lanceolate to broadly-lanceolate with 

shortly protracted and rounded apices. Valve length 

varies from 220–244 μm, and valve width 44–48 

μm. Axial area is narrow, linear, widened near the 

central area. Central area is variable in size and 

shape, lanceolate to slightly constricted in the mid-

dle. Raphe is straight, filiform, positioned on well 

developed sternum. Proximal raphe endings are 

expanded into central pores and slightly deflected, 

while distal endings are hooked and reaching the 

valve mantle at the apex. Transapical striae are 

clearly visible with LM, parallel throughout, 11–12 

in 10 μm. Areolae are visible with LM, 16–18 in 10 

μm. Areolae are separated by the longitudinal frets. 

Valve morphology, SEM (Figs 2: 1–3): Ra-

phe branches are located on strongly thickened con-

opeum with equal width throughout. Central pores 

are dilated and slightly unilaterally deflected. Trans-

apical striae are uniseriate composed by areola with 

variable size and shape. Areolae near the axial and 

central area have small round apertures, while the 

rest are apically elongated with slit-like external 

openings. Longitudinal frets are well developed and 

forming grooves in which areola are located.  

Comment: The conopeum and longitudinal 

frets present in the specimen from Lake Dojran are 

narrower and not strongly pronounced as in the spec-

imen depicted in Lange-Bertalot [10, Figs 81: 1–4]. 

Similar species: In general, C. perrotettii has 

a unique set of characters (valve size, shape and 

presence of strongly thickened longitudinal frets) 

that clearly separates it from other Craticula spe-

cies. Craticula pampeana (Frenguelli) Lange-

Bertalot has similar valve size, but different valve 

shape, lanceolate with broadly rounded apices 

(Frenguelli [30]). Craticula cuspidata has similar 

valve shape and longitudinal frets, however it can 

be clearly differentiated by its smaller valves 

(lenght 82–122 μm, width 21.0–27.5 μm). 

Distribution in Macedonia: This species was 

observed only in Lake Dojran. According to Lange-

Bertalot [10, p. 117] this species is rare in Europe and 

it was observed only in Southern Italy.  

Ecology: Craticula perrotettii occurs in eu-

trophic to hypereutrophic habitats on organic sedi-

ment. This is а tropical/subtropical species prefer-

ring habitats with higher temperature [10]. 

 

Craticula cuspidata (Kützing) D.G.Mann 

(Figs 3: 1–5; 4: 1–5; 5: 1–5) 

 

Basionym: Frustulia cuspidata Kützing [31, 

p. 549, Fig. 14: 26] 

Nomenclatural synonym: Navicula cuspidata 

(Kützing) Kützing [32, p. 94] 

Valve morphology, LM (Figs 3: 1–5; 4: 1–

5): Valves are broadly lanceolate to rhombic-

lanceolate, gradually tapering towards apices. 

Valve apices in larger specimens are shortly pro-

tracted and subcapitate to almost acutely rounded in 

smaller specimens. Valve length varies from 82–

122 μm, valve width 21.0–27.5 μm. Axial area is 

very narrow, linear. Central area is absent to narrow 

lanceolate, slightly wider than axial area. Raphe is 

straight, filiform. Proximal raphe endings are ex-

panded into central pores and slightly deflected, 

while distal endings are hooked and reaching the 

valve mantle at the apex. Transapical striae are clear-

ly visible with LM, parallel throughout, 11–14 in 10 

μm. Areolae are visible with LM, 26–30 in 10 μm.  

Valve morphology, SEM (Figs 5: 1–5): The 

valve surface is ornamented with narrow and slight-

ly thickened longitudinal frets (Fig. 5: 4). Raphe is 

located on a narrow, strongly thickened sternum 

(Fig. 5: 1). External proximal raphe endings are 

short, expanded into central pores and slightly uni-

laterally deflected (Fig. 5: 4). Distally, raphe end-

ings are long, hooked and continuing onto the man-

tle (Fig. 5: 2). Striae are uniseriate composed of 

narrow, apically elongated slit-like areolae, except 

near the central area where areolae have round fo-

ramina (Fig. 5: 4). Internally, central nodule is 

slightly raised (Fig. 5: 5). Raphe branches are 

straight, located on inwardly elevated sternum. Ra-

phe proximally terminates with short, unilaterally 

weakly deflected endings, while distally with well 

developed helictoglossa. Areolae are occluded by 

hymenes, located inside each areola (Fig. 5: 5). 

Similar species: Craticula acidoclinata 

Lange-Bertalot & Metzeltin [33, figs 26: 1–3] and 
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C. sardiniana Bahls [34, figs 96–101] are similar to 

C. cuspidata. However, both species have lanceo-

late valves with broadly rounded apices, opposite to 

rhombic-lanceolate with shortly protracted or 

acutely rounded apices in C. cuspidata. 

Distribution in Macedonia: Craticula cus-

pidata is frequently recorded taxon in the diatom 

flora of Macedonia. During this study it was rec-

orded in: lakes: Ohrid, Prespa, Dojran; rivers: Var-

dar, Lepenec, Bregalnica, Zrnovka, Golema Reka, 

Anska; reservoirs: Kalimanci and Mladost, stream 

Jastrebnik on Mt. Osogovo, unnamed streams on 

mountains Kozuf and Šara, peat-bogs on Karadzica, 

Šara and Pelister mountains.  

Ecology: This species was observed in wide 

spectrum of habitats: oligotrophic to eutrophic and 

hyper eutrophic lakes, oligotrophic to mesotrophic 

rivers, slightly polluted to highly polluted rivers. It 

occurs on fine inorganic or organic sediments.  

 

Craticula aff. acidoclinata Lange-Bertalot & 

Metzeltin (Figs 6: 1–7) 

 

Valve morphology, LM: Valves are broadly 

lanceolate gradually tapering towards apices. Valve 

apices are shortly protracted and rostrate. Valve 

length varies from 64–91 μm, valve width from 

17.0–21.0 μm. Axial area is very narrow, linear. 

Central area is absent to narrow lanceolate, slightly 

wider than axial area. Raphe is straight, filiform. 

Proximal raphe endings are expanded into central 

pores and slightly deflected, while distal endings 

are hooked and reaching the valve mantle at the 

apex. Transapical striae are clearly visible with 

LM, parallel throughout, 16–19 in 10 μm. Areolae 

are hardly visible with LM, c. 30 in 10 μm. 

Heribaudii stages are frequently observed.  

Comment: Craticula aff. acidoclinata re-

sembles C. cuspidata, C. acidoclinata and C. non-

ambigua Lange-Bertalot, Cavacini, Tagliaventi & 

Alfinito. In general, C. aff. acidoclinata shares the 

morphological features of C. cuspidata and might 

represent a smaller form of C. cuspidata. However, 

most of the records of C. cuspidata in the available 

literature show larger cells with width 24–35 μm 

and lower striae density (11–15 in 10 μm) in con-

trast to C. aff. acidoclinata. Also C. cuspidata is 

usually observed in the eutrophic lotic and lentic 

waters, while the observed taxon in this study (C. 

aff. acidoclinata) was recorded in an oligotrophic, 

slightly acidic glacial lake. From aspect of the 

ecology, this species is similar to C. acidoclinata. 

Also, similarities in the morphology can be ob-

served with the specimen depicted in Lange-

Bertalot [10, Fig. 87: 2] from the type population. 

However, other illustrated specimens [op.cit., figs 

87: 1, 3–5] have completely different valve apices 

(not protracted and broadly rounded). Similar con-

cept of C. acidoclinata (apices are never or only 

slightly protracted) is presented by Bahls [34, p. 

23]. There is difference too in the valve size (17.0–

21.0 μm. vs 24–35 μm in C. acidoclinata) and stria 

density (16–19 in 10 μm vs 11–15 in 10 μm in C. 

acidoclinata). Craticula aff. acidoclinata differs 

from C. nonambigua by shape of the valve apices, 

having weakly protracted apices, opposite to long 

protracted, rostrate to subcapitate apices in C. non-

ambigua. Additionally, both populations observed 

in this study have different ecology, cold oligo-

trophic and slightly acidic (C. aff. acidoclinata) vs 

dystrophic, alkaline with high mineral content (C. 

nonambigua).  

Distribution in Macedonia: This taxon was 

observed only in glacial Lake Karanikoličko on 

Šara Mountain.  

Ecology: The locality where this taxon was 

observed represents an oligotrophic lake, circum-

neutral to slightly acidic, with low mineral content.  

 

Craticula sardiniana Bahls (Figs 7: 1–3) 

 

Valve morphology, LM: Valves are lanceo-

late gradually tapering towards apices. Apices 

weakly protracted and rounded. Valve length varies 

from 76–93 μm and valve width from 18.5–19.5 

μm. Axial area is very narrow, linear. Central area 

is absent to slightly concave. Raphe is straight, fili-

form. Proximal raphe endings are expanded into 

central pores and slightly deflected, while distal 

endings are hooked and reaching the valve mantle 

at the apex. Transapical striae are parallel in the 

mid-valve, becoming slightly convergent towards 

the apices, 13–17 in 10 μm. Areolae are hardly vis-

ible with LM, 28–32 in 10 μm.  

Comment: According to Lange-Bertalot & 

Metzeltin [33, p. 42] C. acidoclinata occurs in oli-

go-distrophic habitats, while C. sardiniana prefers 

alkaline waters with higher electrolyte content. 

Craticula sardiniana in Macedonia was observed in 

a small pond on halomorphic soils near Sveti Ni-

kole, characterized by slightly alkaline pH (8.3) and 

high conductivity (1300 μS•cm–1).  

The differences between C. sardiniana from 

the type population of Bahls [34, figs 96–101], and 

the population from Macedonia might be noticed in 

the shape of valve apices. In C. sardiniana from the 

type population, apices are bluntly rounded and not 

protracted, while the population from the halomor-

phic soils is characterized by weakly protracted and 

narrower apices. However, the valve shape of the 
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population from Macedonia is similar to the taxon 

depicted by Lange-Bertalot [10, Figs 88: 1–5] named 

as Craticula silviae Lange-Bertalot nov. spec. prov. 

observed in alkaline ephemeral ponds from Sardinia. 

The conspecificity of these two taxa is questionable. 

Further studies are necessary to check the identity of 

C. silviae and its relation with C. sardiniana.  

Similar species: The most similar species to 

C. sardiniana is C acidoclinata Lange-Bertalot & 

Metzeltin (Lange-Bertalot & Metzeltin 33, Figs 26: 

[1–3]). In general morphological and numeral fea-

tures of C. sardiniana and C. acidoclinata are over-

lapping: length 68–113 μm vs 60–130 μm; width 

15.6–19.5 μm vs 16.0–24.0 μm; stria density 14 in 

10 μm vs 13–15.5 in 10 μm. The main difference 

between these two species is the habitat preference 

Bahl (2013, p. 23).  

Distribution in Macedonia: Craticula sar-

diniana was observed only from a small, temporary 

pond on halomorphic soils, Ovche Pole, near the 

town Sveti Nikole.  

Ecology: Craticula sardiniana prefers alka-

line, dystrophic waters with high electrolyte content 

(high conductivity) such as temporary ponds and 

alkaline ferns.  

 

Craticula ambigua (Ehrenberg) D.G.Mann  

(Figs 8: 1–12; 9: 1–5) 

 

Basionym: Navicula ambigua Ehrenberg [35, 

p. 417, Fig. 2/2: 9] 

Nomenclatural synonym: Navicula cuspidata 

var. ambigua (Ehrenberg) Cleve [36, p. 110] 

Valve morphology, LM (Figs 8: 1–12): 

Valves are broadly elliptic, elliptic-lanceolate to 

lanceolate to with abruptly protracted and sub-

capitate apices. Valve margins are with "shoulders" 

near the valve apices. Valve length varies from 47–

77 μm, valve width 14.5–20.0 μm. Axial area is 

very narrow, linear. Central area is absent to slight-

ly wider than axial area. Raphe is straight, filiform. 

Proximal raphe endings are expanded into central 

pores and slightly deflected, while distal endings 

are hooked and reaching the valve mantle at the 

apex. Transapical striae slightly radiate in the mid-

valve, becoming slightly convergent towards the 

apices, 14–17 in 10 μm. Areolae are visible with 

LM, 26–32 in 10 μm.  

Valve morphology, SEM (Figs. 9: 1–5): 

The valve surface is slightly uneven, ornamented 

with weakly developed longitudinal frets (Figs. 9: 

1–4). Raphe is located on a narrow, strongly thick-

ened sternum, slightly expanded in the central area 

(Fig. 9: 3). External proximal raphe endings are 

short, expanded into central pores and slightly uni-

laterally deflected (Fig. 9: 3). Distally, raphe end-

ings are long, strongly hooked and continuing onto 

the mantle (Fig. 9: 4). Striae are uniseriate com-

posed of narrow, apically elongated slit-like areo-

lae, except near the central area where areolae have 

round foramina (Fig. 9: 3). Internally, central nod-

ule is slightly raised (Fig. 9: 5). Raphe branches are 

straight, located on inwardly strongly elevated ster-

num. Raphe proximally terminates with short, sim-

ple endings, while distally with well developed 

helictoglossa. Areolae are covered by hymenes lo-

cated inside each areola (Fig. 9: 5).  

Similar species: Craticula nonambigua 

Lange-Bertalot, Cavacini, Tagliaventi & Alfinito, 

and C. lange-bertalotii E. Reichardt [37, figs 14–

20] are similar to Craticula ambigua. In general 

numerical features of C. ambigua sensu lato and C. 

nonambigua are overlapping: length 42–77 μm vs 

49–66 μm; width 14.5–20.0 μm vs 12.5–18.0 μm; 

stria density 14–17/10 μm vs 14–18/10 μm; areola 

density c. 30 in 10 μm vs 30 in 10 μm. Also signifi-

cant differences in the valve shape cannot be no-

ticed, except the presence of "shoulders" in C. am-

bigua. However, in some smaller specimens of C. 

nonambigua (Figs 11: 6–10) indistinct "shoulders" 

might be noticed too. According to Lange-Bertalot 

[10], both species can be differentiated by the size 

and valve outline. In general, both species can be 

differentiated only by the valve outline (broadly 

elliptic in C. ambigua vs rhombic-lanceolate in C. 

nonambigua) Craticula lange-bertalotii has wider 

valves 21–25 μm with slightly undulated margins 

and lower areola density 24–26 in 10 μm.  

Distribution in Macedonia: Lakes: Ohrid, 

Dojran; rivers: Vardar, Bregalnica, Zrnovka, Zle-

tovska, Svetinikolska, Shamachka, Boshava, Bu-

turica; wetland Studenčiško, mining lake of Usje. 

The record of C. ambigua from Šara Mountain 

(Levkov et al. [38]) belongs to C. fumantii Lange-

Bertalot, Cavacini, Tagliaventi & Alfinito. Some 

older records of C. ambigua (Stojanov [39–41]) 

might belong to other species.  

Ecology: This species was observed in vari-

ous habitats starting from deep oligotrophic Lake 

Ohrid, mesotrophic Lake Prespa, the eutrophic Riv-

er Bregalnica and Lake Dojran. It usually occurs in 

epipelic diatom assemblages on organic or fine in-

organic sediments.  

 

Craticula nonambigua Lange-Bertalot, Cavacini, 

Tagliaventi & Alfinito (Figs 10: 1–8; 11: 1–10) 

 

Valve morphology, LM: Valves are rhom-
bic-lanceolate to elliptic-lanceolate with abruptly 
protracted and sub-capitate apices. Valve margin is 
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gradually narrowing towards the apices in the larg-
er and medium-sized specimens, while in smaller 
specimens (Figs 11: 6–10) "shoulders" might be 
present. Valve length varies from 49–66 μm, valve 
width 12.5–18.0 μm. Axial area is very narrow, line-
ar. Central area is absent to slightly wider than axial 
area. Raphe is straight, filiform. Proximal raphe end-
ings are expanded into central pores and slightly de-
flected, while distal endings are hooked and reaching 
the valve mantle at the apex. Transapical striae radi-
ate in the mid-valve, becoming slightly convergent 
towards the apices, 14–18 in 10 μm. Areolae are 
hardly visible with LM, 30–35 in 10 μm. 

Similar species: Craticula ambigua, C. 
lange-bertalotii and C. fumantii Lange-Bertalot, 
Cavacini, Tagliaventi & Alfinito (Lange-Bertalot et 
al. [11, Figs 8: 1–8; 9: 1–10]). Craticula nonam-
bigua and C. ambigua can be hardly differentiated 
by the valve size. The main difference is that the 
valve margins in C. ambigua have "shoulders" near 
the apices. Craticula lange-bertalotii has wider 
valves (width = 21–25 μm) with slightly undulated 
margins. Craticula fumantii has narrower, lanceo-
late valves (not rhombic-lanceolate or elliptic-
lanceolate as in C. nonambigua).  

Distribution in Macedonia: During this 

study, C. nonambigua was observed only in a 

small, temporary pond on halomorphic soils, Ovče 

Pole, near the town of town of Sveti Nikole. How-

ever, some other records of C. ambigua in Macedo-

nia might belong to this species or to C. fumantii.  

Ecology: Not precisely known. During this 

study, C. nonambigua was observed in an alkaline 

dystrophic pond and channel on halomorphic soils 

with high electrolyte content (high conductivity).  

 

Craticula fumantii Lange-Bertalot, Cavacini, 

Tagliaventi & Alfinito  

(Figs 7: 4–8; 12: 1–11; 14: 1–3) 

 

Valve morphology, LM (Figs 7: 4–8; 12: 1–
11): Valves are strictly lanceolate, with abruptly 
protracted and sub-capitate apices. Valve length 
varies from 49–66 μm, valve width 11.5–13.5 μm. 
Axial area is very narrow, linear. Central area is 
absent to slightly wider than axial area. Raphe is 
straight, filiform. Proximal raphe endings are ex-
panded into central pores and slightly deflected, 
while distal endings are hooked and reaching the 
valve mantle at the apex. Transapical striae radiate 
in the mid-valve, becoming slightly convergent to-
wards the apices, 16–20 in 10 μm. Areolae are 
hardly visible with LM, 30–35 in 10 μm. 

Valve morphology, SEM (Figs 14: 1–3): 

The valve surface is flat, without developed longi-

tudinal frets (Figs 14: 1, 2). Raphe is located on a 

moderately wide, strongly thickened sternum, 

slightly expanded in the central area (Fig. 14: 2). 

External proximal raphe endings are short, expand-

ed into central pores and slightly unilaterally de-

flected (Fig. 14: 2). Distally, raphe endings are 

long, hooked and continuing onto the mantle (Fig. 

14: 3). Striae are strongly radiate, uniseriate, com-

posed mainly of round areolae. Areolae near the 

raphe sternum, and especially around the central 

area have larger, slightly elongated to ovate foram-

ina (Fig. 14: 2). Internally, central nodule is slightly 

raised. Raphe branches are straight located on in-

wardly strongly elevated sternum. Raphe proximal-

ly terminates with short, simple endings, while dis-

tally with well developed helictoglossa. Areolae are 

covered by hymenes, located inside each areola 

(figure not shown).  

Similar species: Craticula ambigua, C. non-

ambigua and C. johnstoniae Bahls [34, Figs 90–

95]. Craticula ambigua and C. nonambigua appear 

very similar to C. fumantii. Although Lange-

Bertalot et al. [11, p. 34] stated that there is a dif-

ference in the striae density between C. ambigua 

and C. fumantii, in this study that cannot be con-

firmed. Differentiation between these three species 

can be made in combination of valve shape and 

size. Craticula ambigua and C. nonambigua are 

wider (14.5–20.0 μm and 12.5–18.0 μm respective-

ly) with elliptic-lanceolate to rhombic-lanceolate 

valve outline. Craticula johnstoniae has similar 

valve outline as C. fumantii, but the valves are larg-

er (length 68–113 μm, width 15.6–19.5 μm).  

Distribution in Macedonia: Craticula fu-

mantii has been observed on two localities in Mac-

edonia: Lake Karanikoličko on Šara Mountain and 

the River Buturica, Mariovo.  

Ecology: Not precisely known. In Macedo-

nia it was observed in an oligotrophic lake and riv-

er, slightly acidic to circumneutral, with low miner-

al content.  

 

Craticula germainii Lange-Bertalot, Cavacini, 

Tagliaventi & Alfinito (Figs 13: 1–17; 14: 4, 5) 

 

Valve morphology, LM (Figs 13: 1–17): 

Valves are linear-lanceolate to elliptic-lanceolate, 

with sub-capitate to rostrate and broadly rounded 

apices. Valve length varies from 32–43 μm, valve 

width 9.0–11.5 μm. Axial area is very narrow, line-

ar. Central area is well defined, lanceolate. Striae 

around central area more distantly spaced. Raphe is 

straight, filiform. Proximal raphe endings are ex-

panded into central pores and slightly deflected, 

while distal endings are hooked and reaching the 

valve mantle at the apex. Transapical striae are ra-
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diate to strongly radiate, becoming convergent near 

the apices, 14–20 in 10 μm. Areolae are not visible 

with LM. 

Valve morphology, SEM (Figs 14: 4, 5): 

The species is rare in the sample and SEM observa-

tions of the valve exterior were not possible and 

only valve interior was observed. Internally, central 

nodule is distinct, elliptical and slightly raised (Fig. 

14: 5). Raphe branches are straight located on in-

wardly strongly elevated sternum (Fig. 14: 4). Ra-

phe proximally terminates with short, slightly de-

flected endings, while distally with well developed 

helictoglossa (Fig. 14: 4). Striae are strongly radi-

ate, uniseriate, composed mainly of round areolae. 

Areolae probably are covered by hymenes, but due 

to the cleaning process, hymens are corroded. 

Areolae have slightly transapically elongated inter-

nal foramina (Fig. 14: 4). 

Comment: The population of C. germainii 

from Macedonia is characterized by smaller valves 

compared to the type population (length 42–58 μm, 

width 11.5–13.5 μm). Additionally, difference in 

the striae orientation between this and the type 

population can be noticed. The striae in the type 

population are more or less equally spaced, are par-

allel to slightly radiate throughout the valve, while 

the observed valves in this study have more distant-

ly spaced striae in the mid-valve and distinctly ra-

diate striae. No SEM images are available for C. 

germainii, so ultrastructural features cannot be 

compared. In this moment we consider this popula-

tion as conspecific with C. germainii, but further 

studies might suggest their separation into two taxa.  

Similar species: Craticula germainii has 

unique set of characters (valve shape, striae orienta-

tion) that make its identification simple and cannot 

be confused with other species. Craticula simplex 

(Krasske) Levkov comb. nov. and C. accomodi-

formis Lange-Bertalot have comparable valve size, 

but they significantly differ in valve shape.  

Distribution in Macedonia: Craticula ger-

mainii was observed only in a small, temporary 

pond on halomorphic soils, Ovče Pole, near the 

town of Sveti Nikole.  

Ecology: Craticula germainii prefers alka-

line dystrophic waters with high electrolyte content 

(high conductivity) such as temporary ponds and 

alkaline ferns. 

  

Craticula minusculoides (Hustedt) 

Lange-Bertalot (Figs 13: 18, 19; 20: 1) 

 

Valve morphology, LM (Figs 13: 18, 19): 

Valves are elliptic to elliptic-lanceolate with nar-

rowly rounded and not protracted apices. Valve 

length varies from 14–15 μm, valve width 4.5–5.0 

μm. Axial area is very narrow, linear. Central area 

is absent or weakly expressed. Raphe is straight, 

filiform. Proximal raphe endings are slightly ex-

panded into central pores, while distal endings are 

curved and terminating on the valve face near the 

valve apex. Transapical striae parallel throughout 

the valve, 25–28 in 10 μm. Areolae are not visible 

with LM, c. 50 in 10 μm.  

Valve morphology, SEM (Fig. 20: 1): The 

valve surface is flat, without developed longitudinal 

frets. Well developed sternum is absent. Raphe 

branches are straight and proximally terminate with 

expanded central pores. Distally, raphe endings are 

long, curved and not continuing on the valve man-

tle. Striae are parallel throughout the whole valve, 

uniseriate, composed of slightly elongated areolae. 

Similar species: Craticula minusculoides 

can be confused with C. molestiformis (Hustedt) 

Mayama (Figs 18: 31–58) and C. subminuscula 

(Manguin) C.E.Wetzel & Ector (Figs 21: 31–69). 

These three species can be clearly separated with 

SEM. In C. minusculoides the areolae are not oc-

cluded with hymens externally as in the other two 

species (compare with Figs 20: 2–5 and Figs 23: 1–

4). The distal raphe endings in C. molestiformis are 

long, strongly hooked and continuing onto the 

valve mantle (Figs 20: 2–5). In C. subminuscula the 

distal raphe endings are short, strongly deflected 

and not passing on the valve mantle (Figs 23: 1–4), 

while in C. minusculoides they are curved and ter-

minating on the valve face. The areolae in C. sub-

minuscula and C. molestiformis have round forami-

na, while in C. minusculoides the areolae have 

transapically elliptical foramina.  

Distribution in Macedonia: Craticula minus-

culoides was observed only in a small, temporary 

pond on halomorphic soils, Ovče Pole, near the town 

of Sveti Nikole. It is extremely rare in the sample.  

Ecology: Not precisely known. According to 

Lange-Bertalot [10, p. 115] it occurs in electrolyte 

rich, eutrophic, α-β mesosaprobic waters. The lo-

cality where it was observed is characterized by 

slightly alkaline water (pH = 8.3) with high con-

ductivity (1300 μS•cm–1). 

 

Craticula accomodiformis Lange-Bertalot 

(Figs 15: 1–20) 

 

Valve morphology, LM: Valves are elliptic-
lanceolate to elliptic with shortly rostrate apices. 
Valve length varies from 32–50 μm, valve width 
10.5–13.0 μm. Axial area is very narrow, linear. 
Central area is small, lanceolate. Raphe is straight, 
filiform. Proximal raphe endings are expanded into 
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central pores and slightly deflected, while distal 
endings are hooked and reaching the valve mantle 
at the apex. Transapical striae are parallel in the 
mid-valve, becoming convergent near the apices, 
19–21 in 10 μm. Areolae are hardly visible with 
LM, c. 35 in 10 μm.  

Similar species: Craticula accomodiformis 
can be confused with C. accomoda (Hustedt) D.G. 
Mann and C. halophila (Grunow) D.G. Mann. 
Craticula accomoda can be easily differentiated by 
its smaller valves (length 18–22 μm, width 6.0–7.5 
μm), while C. halophila has different valve shape 
(rhombic to rhombic-lanceolate) 

Comment: The population of C. accomodi-

formis observed in this study is characterized by 

larger valves than type population (length 24–37 

μm, width 8–11.5 μm). 

Distribution in Macedonia: Craticula ac-

comodiformis was observed only on two localities, 

Negorska Banja and Banjsko.  

Ecology: Both localities where C. accomodi-
formis was observed are thermo-mineral springs 
with high electrolyte content. The type population 
originates from Syria (Lange-Bertalot [9, Figs 69: 
6–8, 10]), and was infrequently observed in Europe, 
mainly in the regions with a Mediterranean climate 
(Lange-Bertalot [10]). 
 

Craticula halophila (Grunow) D.G.Mann 

(Figs 16: 1–18) 

 

Basionym: Navicula cuspidata var. halophila 

Grunow in Van Heurck [42, p. 100, Suppl. pl. B, 

Fig. 30] 

Nomenclatural synonym: Navicula halophila 

(Grunow) Cleve [36, p. 109] 

Valve morphology, LM: Valves are rhom-
bic to rhombic-lanceolate with acute to slightly pro-
tracted apices. Valve length varies from 27–54 μm, 
valve width 9.0–12.0 μm. Axial area is very nar-
row, linear. Central area is absent with same width 
as axial areal. Raphe is straight, filiform. Proximal 
raphe endings are expanded into central pores and 
slightly deflected, while distal endings are hooked 
and reaching the valve mantle at the apex. Trans-
apical striae are parallel to slightly radiate in the 
mid-valve becoming strongly convergent towards 
the apices, 17–19 in 10 μm. Areolae are hardly vis-
ible with LM, c. 35 in 10 μm.  

Similar species: Craticula halophila can be 

hardly confused with other species, since it has 

characteristic valve shape that makes its identifica-

tion simple. Craticula accomodiformis Lange-

Bertalot has similar size, but it has elliptic-

lanceolate valves with shortly rostrate apices.  

Distribution in Macedonia: So far, C. hal-

ophila was observed only in temporary ponds on 

Slan Dol. It was reported from Lake Dojran, but 

this data was not confirmed during this study. 

Ecology: Halophilic species, occurring in 

salt springs and ponds with high content of salts.  

 

Craticula simplex (Krasske) Levkov comb. nov. 

(Figs 17: 1–38; 18: 1–20; 19: 1–6) 

 

Basionym: Navicula simplex Krasske [43], 

Abhandlungen und Bericht LVI des Vereins für 

Naturkunde zu Cassel, 84-89 Vereinsjahr 1919–

1925, p. 51, Fig. 2: 33. 

Valve morphology, LM (Figs 17: 1–38; 18: 

1–20): Valves are lanceolate, linear-lanceolate to 

rhombic-lanceolate with shortly protracted, rostrate 

to subcapitate apices. Valve length varies from 19–

37 μm, valve width 5.5–8.5 μm. Axial area is nar-

row, linear. Central area is absent or weakly devel-

oped, slightly wider than the axial area. Raphe is 

straight, filiform. Proximal raphe endings are ex-

panded into central pores and are slightly deflected, 

while distal endings are hooked and reaching the 

valve mantle at the apex. Transapical striae are par-

allel to slightly radiate in the mid-valve becoming 

convergent towards the apices, 17–19 in 10 μm. 

Areolae are not visible with LM. 

Valve morphology, SEM (Figs 19: 1–6): 

The valve surface is flat without longitudinal frets 

(Figs 19: 1, 2, 4). The axial area is moderately 

wide. Raphe branches are straight. External proxi-

mal raphe endings are short, expanded into small 

central pores and unilaterally deflected (Fig. 19: 4). 

Distally, raphe endings are long, strongly hooked 

and continuing onto the mantle (Fig. 19: 5). Striae 

are uniseriate composed of large, apically elongated 

like areolae, except near the central area where are-

olae have elliptical foramina (Fig. 19: 4). Internally, 

central nodule is slightly raised (Fig. 19: 5). Raphe 

branches are straight located on inwardly slightly 

elevated raphe sternum. Raphe proximally termi-

nates with short, slightly deflected endings, while 

distally with weakly developed helictoglossa. Areo-

lae are covered by hymenes, located inside each 

areola (Fig. 19: 4).  

Comment: The observed species has similar 

characteristics as Navicula simplex Krasske [43, 

Fig. 2: 33]. In the past, this taxon was recognized as 

a separate and distinct species by Hustedt [44, p. 

296, fig. 500], and there are several records in the 

older literature. More recently, Hustedt's concept of 

N. simplex was presented by Krammer & Lange-

Bertalot [19, Fig. 44: 6]. However, later Lange-

Bertalot [10, p. 110] considered this species as a 
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part of the life cycle of N. buderi Hustedt [45, p. 

279, figs 11–15] ≡ C. buderi (Hustedt) Lange-

Bertalot (in Rumrich et al. [13, p. 101]). The type 

material of N. buderi was observed with LM and 

SEM by Ector & Wetzel (pers. comm.) and both 

species considerably differ with respect to the valve 

shape and size.   

During this study three different mor-

photypes of C. simplex were observed. The first 

morphotype (Figs 17: 1–18; 18: 11–21), is charac-

terized by larger (26–37 μm long, 7.0–8.5 μm wide) 

and lanceolate valves with subcapitate apices. This 

morphotype is the most commonly observed during 

this study. The second morphotype (Figs 17: 19–

38) has smaller (23–27 μm long, 5.5–6.0 μm) lan-

ceolate valves with rostrate apices. This population 

was observed as epiphyte in temporary ponds on 

Slan Dol. The third morphotype (Figs 18: 1–10) is 

characterized by smaller (19–26 μm long, 6.0–7.0 

μm wide) linear-lanceolate valves with shortly ros-

trate apices. This morphotype was observed in sed-

iments from saline temporary ponds. However, all 

habitats are characterized with same ecology: high-

er temperature (around 30 0C) and high mineral 

content (conductivity 1200–2000 μS•cm–1). Alt-

hough clear difference in the valve morphology 

between these three populations can be noticed, we 

still consider them as conspecific, being a part of 

the morphological variability of a single species. 

Similar species: Craticula simplex is similar 

to C. guaykuruorum C.E.Wetzel, E.Morales & Ec-

tor (in Morales et al. [12, Figs 15–23, 31–37]), C. 

elkab (O. Müller ex O. Müller) Lange-Bertalot, 

Kusber & Cocquyt (Kusber & Cocquyt [46]), C. 

riparia (Hustedt) Lange-Bertalot and C. antarctica 

Van de Vijver & Sabbe (in Van de Vijver et al. [14, 

figs 19–36]). Craticula simplex can be differentiat-

ed from C. guaykuruorum by the shape of valve 

apices (narrow and weakly protracted), stria density 

(21–23 in 10 μm) and orientation (parallel in C. 

guaykuruorum) as well as by the absence of longi-

tudinal frets. Craticula elkab has comparable valve 

size and shape with morphotype 3 (Figs 18: 1–10), 

but it differs with the shape of the valve apices 

(narrowly rounded to weakly protracted especially 

in larger specimens) and striae density (22–26 in 10 

μm). Craticula riparia var. riparia is characterized 

by larger valves (35–50 μm long, 8.0–10.5 μm 

wide) with 15–18 striae in 10 μm which are parallel 

through. Craticula riparia var. mollenhaueri 

Lange-Bertalot [9, figs 70: 10–13) has comparable 

valve size as C. simplex, but can be differentiated 

by the presence of strongly silicified raphe sternum 

and striae orientation (parallel in C. riparia var. 

mollenhaueri). Probably the most similar species to 

C. simplex is C. antarctica. The latter species is 

characterized by lanceolate valves with (sub) capi-

tate apices, 23.5–36.0 μm long and 6.2–8.0 μm 

wide with 17–22 striae in 10 μm which are radiate 

in the middle, becoming convergent towards apices. 

Slight difference between these two species can be 

noticed in the valve shape (rhombic lanceolate vs. 

elliptic lanceolate in C. antarctica) and valve apices 

(rostrate vs. capitate C. antarctica). Difference can 

be noticed also in ecology: Craticula antarctica 

was observed in a cold lake on Antarctica, while C. 

simplex was observed in thermo-mineral springs 

and warm temporary ponds on halomorphic soils.  

Distribution in Macedonia: Craticula sim-

plex was observed on several localities in Macedo-

nia: halomorphic soils in Sveti Nikole and Gladno 

Pole, the thermo-mineral springs near the villages 

Gabrovo, Stamer and Katlanovo, temporary ponds 

in Slan Dol and mining Lake Usje.  

Ecology: Halophilic and alkaliphilic species, 

present in mineral springs, temporary ponds on 

halomorphic soils, mining lakes.  

 

Craticula accomoda (Hustedt) D.G.Mann 

(Figs 18: 21–30; 21: 1–30; 22: 1–6) 

 

Basionym: Navicula accommoda Hustedt 

[47, p. 446, Figs 39: 17, 18] 

Valve morphology, LM (Figs 18: 21–30; 

21: 1–30): Valves are elliptic-lanceolate to elliptic 

with shortly rostrate apices. Valve length varies 

from 18–22 μm, valve width 6.0–7.5 μm. Axial 

area is very narrow, linear. Central area is absent or 

weakly expressed with almost the same width as 

axial area. Raphe is straight, filiform. Proximal ra-

phe endings are expanded into central pores and 

slightly deflected, while distal endings are hooked 

and reaching the valve mantle at the apex. Trans-

apical striae are parallel to slightly radiate in the 

mid-valve becoming convergent towards the apices, 

22–28 in 10 μm. Areolae are not visible with LM. 

Valve morphology, SEM (Figs 22: 1–6): 

The valve surface is flat, without developed longi-

tudinal frets (Figs 22: 1–4). Axial area is very nar-

row. Raphe is linear, located on the valve surface 

(Figs 22: 1–4). External proximal raphe endings are 

short, straight and slightly expanded into central 

small pores (Fig. 22: 4). Distally, raphe endings are 

long, strongly hooked and terminating on the valve 

face (Figs 22: 1–3). Striae are uniseriate composed 

of narrow, apically elongated slit-like areolae. Are-

olae around central area have transapically elongat-

ed foramina (Fig. 22: 4). Internally, central nodule 

is distinctly raised (Figs 22: 5, 6). Raphe branches 

are straight located on inwardly strongly elevated 



Z. Levkov, S. Tofilovska, D. Mitić-Kopanja 

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 37 (2), 129–165 (2016) 

138 

sternum (Fig. 22: 6). Raphe proximally terminates 

with short slightly deflected endings, while distally 

with slightly developed helictoglossa. Areolae are 

covered by hymenes, located inside each areola 

(Figs 22: 5, 6).  

Similar species: Craticula accomoda can be 

hardly confused with other species. Craticula ac-

comodiformis is larger (32–50 μm long, 10.5–13.0 

μm wide), while C. molestiformis (Hustedt) Maya-

ma is smaller (9.5–22 μm long and 3–5 μm wide) 

with weakly protracted apices. Craticula simplex 

MT3 has comparable valve size, but it can be easily 

differentiated by the stria density and orientation.  

Distribution in Macedonia: During this 

study C. accomoda was observed in the rivers Var-

dar, Bregalnica, Strumica, Zrnovka, Kočanska, 

Svetinikolska, Vodenišnica, reservoir Kalimanci, 

halomorphic soils near Sveti Nikole and Gladno 

Pole, temporary ponds in Slan Dol and mining 

Lake Usje.  

Ecology: Eutraphentic species, it was ob-

served in the most polluted sites in rivers. In the 

River Vodenišnica (a heavy polluted river with 

communal and industrial waste waters) is one of the 

dominant species, together with C. subminuscula 

(Manguin) Wetzel & Ector. 

 

Craticula molestiformis (Hustedt) Mayama 

(Figs 18: 31–58; 20: 2–6) 

 

Basionym: Navicula molestiformis Hustedt 

[48, p. 86, fig. 5: 9] 

Valve morphology, LM (Figs 18: 31–58): 

Valves are elliptic to elliptic-lanceolate with nar-

rowly rounded apices. Valve length varies from 9–

16 μm, valve width 3.5–5.0 μm. Axial area is very 

narrow, linear. Central area is absent or weakly ex-

pressed. Raphe is straight, filiform. Proximal raphe 

endings are expanded into central pores, while dis-

tal endings are long, strongly hooked and continu-

ing on the valve mantle. Transapical striae are par-

allel in the middle becoming slightly radiate to-

wards the apices, 26–32 in 10 μm. Areolae are not 

visible with LM, c. 50 in 10 μm.  

Valve morphology, SEM (Figs 20: 2–6): 

The valve surface is flat, without developed longi-

tudinal frets (Figs 20: 2–5). Axial area is very nar-

row. Raphe is linear located on the valve surface 

(Figs 20: 2–5). External proximal raphe endings are 

short, straight and slightly expanded into small cen-

tral pores (Figs 20: 2–5). Distally, raphe endings 

are long, strongly hooked and continuing onto 

valve mantle (Figs 20: 2, 4, 5). Striae are uniseriate 

composed of small elliptical areolae with same size. 

Externally, areolae are covered with hymens. Inter-

nally, central nodule is slightly inwardly elevated 

(Fig. 20: 6). Raphe branches are straight located on 

inwardly weakly elevated sternum (Fig. 20: 6). Ra-

phe proximally terminates with short and distinctly 

deflected endings, while distally with slightly de-

veloped helictoglossa. Areolae covered by hy-

menes, located inside each areola towards the outer 

valve surface (Fig. 20: 6).  

Similar species: Craticula molestiformis can 

be confused with C. subminuscula. Both species 

have similar valve size and valve shape, but can be 

differentiated by the stria density (26–32/10 μm vs 

22–26/10 μm). Additional differences can be ob-

served in the raphe morphology. The distal raphe 

endings in C. molestiformis are long, strongly 

hooked and continuing onto the valve mantle (Figs 

20: 2–5). In C. subminuscula the distal raphe end-

ings are short, deflected and not passing on the 

valve mantle (Figs 23: 1–4). Craticula submolesta 

(Hustedt) Lange-Bertalot and C. molesta (Krasske) 

Lange-Bertalot & Willmann have shortly rostrate 

apices.  

Distribution in Macedonia: Craticula mo-

lestiformis was observed only in the reservoir Rat-

evsko. It is possible to have broader distribution in 

Macedonia, but very likely it is overlooked or misi-

dentified with other small-celled species.  

Ecology: According to Lange-Bertalot [10] 

C. molestiformis prefers electrolyte rich, often 

heavily polluted waters. However, during this study 

it was observed in the oligo- to mesotrophic reser-

voir and Lake Vevčansko on Mountain Jablanica.  

 

Craticula subminuscula (Manguin) C.E.Wetzel 

& Ector (Figs 21: 31–69; 23: 1–6) 

 

Basionym: Navicula subminuscula Manguin 

[18, p. 139, Fig. 2: 39]  

Nomenclatural synonym: Eolimna subminus-

cula (Manguin) Moser, Lange-Bertalot & Metzeltin 

[49, p. 154] 

Valve morphology, LM (Figs 21: 31–69): 

Valves are elliptic to narrowly to broadly rounded 

apices. Valve length varies from 8–14 μm, valve 

width 3.5–5.5 μm. Axial area is very narrow, linear. 

Central area is absent or weakly expressed. Raphe 

is straight, filiform. Proximal raphe endings are 

expanded into central pores, while distal endings 

are short, deflected and not passing on the valve 

mantle. Transapical striae are radiate to strongly 

radiate throughout the valve, 22–24 in 10 μm. Are-

olae are not visible with LM.  

Valve morphology, SEM (Figs 23: 1–6): 

The valve surface is flat, without developed longi-

tudinal frets (Figs 23: 1–4). Axial area is very nar-
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row. Raphe is linear located on the valve surface 

(Figs 23: 1, 4) or on slightly elevated sternum (Figs 

23: 2, 3). External proximal raphe endings are 

short, weakly deflected and expanded into small 

central small pores (Figs 23: 1–4). Distally, raphe 

endings are short and unilaterally deflected and not 

continuing onto valve mantle (Figs 23: 1–4). Striae 

are uniseriate composed of small round areolae. 

Areolae near the valve face/mantle junction have 

larger external foramina (Figs 23: 2, 3). Externally, 

areolae are covered with slightly recessed hymens. 

Internally, central nodule is slightly inwardly ele-

vated (Figs 23: 5, 6). Raphe branches are straight 

located on inwardly weakly elevated sternum (Figs 

23: 5, 6). Raphe proximally terminates with short 

and slightly deflected endings, while distally with 

slightly developed helictoglossa. Areolae are cov-

ered by hymenes, located inside each areola to-

wards the outer valve surface (Figs 23: 5, 6).  

Comment: Craticula subminuscula was 

formerly transferred to the genus Eolimna Lange-

Bertalot & W.Schiller [in Schiller & Lange-

Bertalot 50] by Moser et al. [49]. More recently it 

was transferred to the genus Craticula by Wetzel et 

al. [51, p. 229], based on previously published 

morphological and molecular data. However, C. 

subminuscula and C. molestiformis have slightly 

different ultrastructural features than other Craticu-

la species. The areola are externally occluded (Figs 

20: 2–5 and Figs 23: 1–4) opposite to other Cratic-

ula species where the areolae are internally occlud-

ed. The shapes of the foramina in C. subminuscula 

and C. molestiformis are round opposite to slit-like 

areola in other Craticula species. Their allocation  

in the genus Craticula should be examined more in 

detail in the future.  

Similar species: As mentioned above, C. 

subminuscula can be confused with C. molestiform-

is, but both species can be easily differentiated by 

the raphe morphology, stria orientation and density.  

Distribution in Macedonia: The rivers: 
Vodenišnica, Strumica, Bregalnica and Vardar. 
Probably it has wider distribution in polluted rivers, 
but very likely it is neglected or confused with oth-
er small-celled species. Hustedt [17] recorded this 
species from Lake Ohrid under N. demissa. How-
ever, during the recent observations of the flora of 
Lake Ohrid (Levkov et al. [52]) and this study, N. 
demissa (or C. subminuscula) was not recorded.  

Ecology: Craticula subminuscula is one of 

the most tolerant species to organic pollution. Dur-

ing this study, this species was observed with high 

abundance in two of the most polluted rivers: 

Vodenišnica and Bregalnica.  

 

CONCLUSIONS 
 

The Republic of Macedonia is characterized 
by presence of various water habitats which host 
highly diverse diatom flora. Recently more atten-
tion was paid to the so called "extreme habitats". 
Those habitats include thermo-mineral springs, 
temporarily wet rocks, hypersaline lakes, wet 
halomorphic soils, ice layers and caves. Such habi-
tats are unfavourable for most of the algae, but on 
the other hand, they are inhabited by specialized 
organisms which are adapted to numerous fluctuat-
ing and extremely adverse physico-chemical condi-
tions. During this study the highest diversity of 
Craticula was observed exactly in such extreme 
habitats. A large number of species were observed 
on the halomorphic soils near Gladno Pole and Slan 
Dol. However, these regions are most intensively 
utilized for agriculture and farming which have a 
significant impact on their surface area and degra-
dation. Moreover, the scenarios for climate change 
of the region of Gladno Pole suggest decrease of 
precipitation and increase of air temperature. Such 
alterations will have an influence on environment 
and the functioning of habitats. Therefore the dis-
tribution of the remarkable diatom species inhabit-
ing these habitats is under threat.  
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Figure 1: 1–3. Light micrographs (LM) of Craticula perrotettii Grunow. Lake Dojran, Alex Beach, plankton  

(Slide MKNDC 002212). Scale bar = 20 µm. 
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Figure 2: 1–3. Scanning electron micrographs of Craticula perrotettii. 1. External view of the whole valve.  

2, 3. Detailed view of the mid-valve. Areolae are separated by strongly thickened frets (longitudinal ribs).  

Areolae in the mid-valve have round foramina, while distally have slit-like openings.  

Scale bar = 20 µm (1), 10 µm (2), 5 µm (3). 
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Figure 3: 1–6. LM micrographs of Craticula cuspidata (Kützing) D. G. Mann. The River Bregalnica,  

before the mouth of the River Kočanska, yellow filaments (Slide MKNDC 006806). Scale bar = 10 µm. 
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Figure 4: 1–5. LM micrographs of Craticula cuspidata (Kützing) D.G.Mann. Lake Ohrid, Bay of St. Naum,  

sediment 9 m depth (Slide MKNDC 001133). Scale bar = 10 µm. 
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Figure 5: 1–5. Scanning electron micrographs of Craticula cuspidata. 1–3. External view of the whole valve.  

4. Detailed view of the mid-valve. Areolae are separated by thickened frets (longitudinal ribs).  

Areolae in the mid-valve have round foramina, while distally have slit-like openings.  

5. Internal view. Areolae are occluded by hymen. Scale bar = 20 µm (1–3), 5 µm (4), 10 µm (5). 
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Figure 6: 1–7. LM micrographs of Craticula aff. acidoclinata Lange-Bertalot & Metzeltin. Šara Mountain,  

Lake Karanikoličko, macrophytes (Slide MKNDC 003084). Scale bar = 10 µm. 
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Figure 7: 1–3. LM micrographs of Craticula sardiniana Bahls. Sveti Nikole, the village of Adzimatovo, pond, sediment 

(Slide MKNDC 008835). 4–8. LM micrographs of Craticula fumantii Lange-Bertalot, Cavacini, Tagliaventi & Alfinito. 

Lake Karanikoličko, Šara Mountain, macrophytes (Slide MKNDC 003084). Scale bar = 10 µm. 
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Figure 8: 1–12. LM micrographs of Craticula ambigua (Ehrenberg) D.G. Mann. The River Bregalnica,  

before the mouth of the River Kočanska, yellow filaments (Slide MKNDC 006806). Scale bar = 10 µm. 
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Figure 9: 1–5. Scanning electron micrographs of Craticula ambigua. 1, 2. External view of the whole valve.  

3. Detailed view of the mid-valve. Areolae in the mid-valve have round foramina, while distally have slit-like openings. 

4. Detailed view of the valve apex showing the "shoulder" and capitate apex.  

5. Internal view. Areolae are occluded by hymen. Scale bar = 20 µm (1, 2), 5 µm (3), 10 µm (4, 5). 
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Figure 10: 1–8. LM micrographs of Craticula nonambigua Lange-Bertalot, Cavacini, Tagliaventi & Alfinito.  

Sveti Nikole, near the village of Adzimatovo, pond, mud (Slides MKNDC 008835 and 008836). Scale bar = 10 µm. 
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Figure 11: 1–10. LM micrographs of Craticula nonambigua Lange-Bertalot, Cavacini, Tagliaventi & Alfinito.  

Sveti Nikole, near the village of Adzimatovo, pond, mud (Slides MKNDC 008835 and 008836). Scale bar = 10 µm. 
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Figure 12: 1–11. LM micrographs of Craticula fumantii Lange-Bertalot, Cavacini, Tagliaventi & Alfinito.  

Lake Karanikoličko, Šara Mountain, macrophytes (Slide MKNDC 003084). Scale bar = 10 µm. 
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Figure 13: 1–17. LM micrographs of Craticula germainii Lange-Bertalot, Cavacini, Tagliaventi & Alfinito. Sveti Nikole, 

near the village of Adzimatovo, pond, mud (Slide MKNDC 008835). 18, 19. LM micrographs of Craticula minusculoides 

(Hustedt) Lange-Bertalot. Gladno Pole, near Shtip, spring, mud (Slide MKNDC 008838). 

20, 21. LM micrographs of Craticula aff. molestiformis (Hustedt) D.G.Mann. The River Bregalnica, before the village  

of Mačevo, epiphytes on reed (Slide MKNDC 006795). Scale bar = 10 µm. 
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Figure 14: 1–3. Scanning electron micrographs of Craticula fumantii. 1. External view of the whole valve. 2. Detailed view 

of the mid-valve. The central area is strongly thickened. Proximally raphe branches terminate with large central pores.  

3. Detailed view of the valve apex. The raphe fissure is long, curved and continuing on the valve mantle.  

4, 5. Scanning electron micrographs of Craticula germainii. 4. Internal view of the whole valve.  

5. Detailed view of the mid-valve. Central area is distinct and bordered with more distantly spaced striae.  

Scale bar = 20 µm (1, 4), 5 µm (2, 5), 2 µm (3). 
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Figure 15: 1–20. LM micrographs of Craticula accomodiformis Lange-Bertalot.  

Thermo-mineral spring Negorska Banja, rock scrape (Slide MKNDC PS001035). Scale bar = 10 µm. 
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Figure 16: 1–18. LM micrographs of Craticula halophila (Grunow) D.G.Mann. Slan Dol, temporary pond,  

mud (Slide MKNDC 008873). Scale bar = 10 µm. 
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Figure 17: 1–18. LM micrographs of Craticula simplex (Krasske) Levkov comb. nov. MT 1. Mineral spring near  

the village of Gabrovo, Delchevo, Chara sp. (Slide MKNDC 008858). 19–38. LM micrographs of Craticula simplex Krass-

ke) Levkov comb. nov. MT 2. Slan Dol, pond, macrophytes (Slide MKNDC 008872). Scale bar = 10 µm. 
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Figure 18: 1–10. LM micrographs of Craticula simplex (Krasske) Levkov comb. nov. MT 3. Slan Dol, pond, mud (Slide 

MKNDC 008873). 11–20. LM micrographs of Craticula simplex (Krasske) Levkov comb. nov. MT 1. Slan Dol, pond,  

macrophytes (Slide MKNDC 008872). 21–30. LM micrographs of Craticula accomoda (Hustedt) D.G.Mann. Mining Lake 

Usje, macrophytes (Slide MKNDC 005603). 31–58. LM micrographs of Craticula molestiformis (Hustedt) Lange-Bertalot. 

Reservoir Ratevsko, sediment (Slide MKNDC 006967). Scale bar = 10 µm. 
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Figure 19: 1–6. Scanning electron micrographs of Craticula simplex. 1, 2. External view of the whole valve. 3. Internal 

view of the whole valve. Raphe located on strongly thickened sternum. 4. Detailed view of the mid-valve. Areolae in the 

mid-valve have round foramina near the central area, while distally are longitudinally elongated foramina. Proximal raphe 

endings slightly unilaterally deflected. 5. Detailed view of the valve apex. Distal raphe fissures long, hooked and continuing 

on the valve mantle. 6. Internal view of the mid-valve. Proximal raphe endings not expanded.  

Scale bar = 10 µm (1–3), 2 µm (4–6). 
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Figure 20: 1. Scanning electron micrograph of Craticula minusculoides. Distally raphe fissures deflected and not continu-

ing on the valve mantle, proximally terminate with small central pores. Areolae around central area and near the raphe with 

round openings, the rest with small longitudinally orientated openings. 2–6. Scanning electron micrographs of Craticula 

molestiformis. 2–5. External view of the whole valve. Distally raphe fissures long, hooked and continuing on the valve  

mantle. Externally, areolae occluded with a fine hymen. 6. Internal valve view. Raphe branches located on the valve  

surface, without elevated sternum. Areolae occluded with hymen located towards the outer valve surface.  

Proximal raphe endings unilaterally deflected. Scale bar = 2 µm (1–6). 
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Figure 21: 1–30. LM micrographs of Craticula accomoda (Hustedt) D.G.Mann. The River Vodenišnica, near Monospitovo, 

rock scrape (Slide MKNDC 008234). 31–69. LM micrographs of Craticula subminuscula (Manguin) C. E. Wetzel & Ector. 

The River Vodenišnica, near Monospitovo, rock scrape (Slide MKNDC 008234). Scale bar = 10 µm. 
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Figure 22: 1–6. Scanning electron micrographs of Craticula accomoda. 1–3. External view of the whole valve.  

4. Detailed view of the mid-valve. Areolae around central area with transversally elongated slit-like opening,  

the rest with longitudinally orientated openings. 5, 6. Internal view. Areolae are occluded by hymen.  

Raphe located on elevated sternum. Scale bar = 10 µm (1–3), 2 µm (4), 5 µm (5, 6). 
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Figure 23: 1–6. Scanning electron micrographs of Craticula subminuscula. 1–4. External view of the whole valve.  

Distally raphe fissures strongly deflected, not continuing on the valve mantle. Proximally raphe fissures terminate  

with small central pores, slightly deflected on the same side. Areolae with small, round foramina. 5, 6. Internal view.  

Areolae are occluded by hymen. Raphe branches located on the valve surface, without elevated sternum.  

Scale bar = 2 µm (1–6). 
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ВИДОВИ ОД РОДОТ CRATICULA GRUNOW (BACILLARIOPHYCEAE) ВО МАКЕДОНИЈА 

 

Златко Левков, Славица Тофиловска, Данијела Митиќ-Копања 

 

Институт за биологија, Природно-математички факултет, „Св. Кирил и Методиј“, 

Скопје, Република Македонија 
 

 

Видовите од родот Craticula се широко распространети во Европа и главно се сретнуваат во бракични, 

солени до силно загадени води. Некои од видовите се сметаат и за едни од најтолерантните кон загадување. 

Во поново време се спроведени детални истражувања на видовите од родот Craticula. Во рамките на оваа 

студија се регистрирани вкупно 15 вида. Кај еден од видовите (Craticula simplex) е утврдено постоење на три 

различни морфотипови, кои можат да се разликуваат според големината и формата на валвата. Craticula cus-

pidata и C. ambigua се видови кои беа најчесто забележани и тоа на различни станишта, додека видовите C. 

halophila, C. germainii и C. fumantii беа регистрирани само на едно станиште. Највисока видова разновидност 

на Craticula беше забележана во непостојани бари на халоморфни почви и минерални извори во Источна 

Македонија. 

 

Клучни зборови: Craticula; дијатомеи; диверзитет; Македонија 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 


