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Abstract 

The unique character of biotas on Table Mountains (tepuis) is well documented for macroscopic 
organisms. However, much less is known about the microorganisms inhabiting these unusual and 
diverse biotopes. Previously, new algal and cyanobacterial taxa have been described from South 
American Table Mountains, providing evidence for a frequently disputed concept of microorganismal 
endemism. The present study adds additional support for this concept. A number of unusual 
microalgae were found during a 2012 expedition on the top of Churí-tepui (Chimantá Massif, 
Venezuela). These organisms were thoroughly examined and herein we propose the establishment of 
two new species of Cyanobacteria - Schizothrix venezuelanus sp. nov., Porphyrosiphon santa-theresae 
sp. nov., two diatoms - Eunotia multirimoportulata and E. churiensis, and one filamentous green alga, 
for which we also present molecular phylogenetic support, Ekerewekia churicola gen. et sp. nov. 
(Chlorophyta). Our results indicate that there is further potential for discovery of new species in future 
microfloristic surveys on tepuis.  
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Introduction 
 
Table Mountains - tepuis - from northern South America represent one of the most unique ecosystems 
in the World. The largest complex of tepuis, the Chimantá Massif consists of eleven table mountains 
(Abacapá, Acopán, Agparamán, Amurí, Apacará, Chimantá, Churí, Murey, Sarvén, Tirepón and 
Toronó) cut into siliceous sandstones of the Mataui' Formation intruded by Precambrian diabase dikes 
and sills (Briceno et al. 1990). This massif (and Churí-tepui especially) belongs to the most intensively 
studied tepuis in the world (numerous bio- and geological studies reviewed in Aubrecht et al. 2012 
and Brewer-Carias & Audy 2010).  
Botanically, the Churí-tepui plateau is a mosaic of bare rock, mountain meadows dominated by the 
grasses Cortaderia (Stapf 1897: 396) and Schefflera (Forst & Forst 1776: 45), with Spathelia 
(Linnaeus 1763:386) as woody dominant, broadleaved meadows with Stegolepis (Klotzsch ex 
Körnicke  1872:  480) and Brocchinia (Schultes & Schultes 1830: 70), small forests with Bonnetia 
(Martius 1826: 114) as the dominant tree (Huber 2006), and peat bogs with unique „Paramos-like“ 
shrublands dominated by the endemic Chimantaea humilis  (Maguire, Steyermark & Wurdack 1957: 
432) 
The unique nature of the table mountain habitats and the high incidence of endemics among vascular 
plants and animals prompts the question whether such a level of endemism is reflected in Churí's 
microflora as well. Microbial endemism is a widely debated topic and currently accepted theories 
about microbial distribution allow for very limited levels of endemism and assume that most microbes 
are cosmopolitan and ubiquitous (Fenchel & Finley 2004, Foissner 2008). Roraima tepui, a table 
mountain from another South American Massif, was recently surveyed and putative endemic algae and 
cyanobacteria were reported (Fučíková & Kaštovský 2009, Kaštovský et al. 2011), suggesting that 
endemism among microorganisms may not be as rare as commonly assumed. The present study 
further supports this view by bringing forth the highlights of the algal flora from the top of the newly 
surveyed Churí-tepui. We characterize two new cyanobacterial species, two new species of diatoms 
(Bacillariophyceae) and a new genus of a branching filamentous green alga (Chlorophyta, 
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Trebouxiophyceae). A comprehensive algal and cyanobacterial flora of Churí-tepui will be presented 
in an upcoming compilation (Kaštovský et al. in prep.). 
 
Material and methods 
 
Study site:—Samples were collected during a combined speleological and biological expedition 
“Zuna 2012” organized by Charles Brewer-Carías from 15th to 23rd January 2012 on the Churí-tepui, 
a flat top meseta located at the ENE edge of the Chimantá Massif (Fig. 1). The sampling area was ca. 
1 km2 around the main base camp located on a rim above entrance into Charles Brewer Cave (Brewer 
& Audy 2010), 2,200 m a.s.l. (N 05º 14.952´, W 062º 01.588´, Fig. 2).  
Exceptionally well documented is the paleoecological history of the Chimantá Massif (Nogue et al. 
2009), and the present abiotic factors are also well known. The climate of Churí-tepui (Galán 1992) 
has been considered cool and extremely humid with an air temperature between 9.4°C and 21.4°C 
measured at soil level (February 11, 1984). The minimal air temperature of 1.3°C as was observed at 
the Apakará-tepui at 2,200 m a.s.l., another tepui of the Chimantá Massiff (January 30, 1983).  
Comparably low temperatures are therefore not unlikely to occur at our collection site in Churí-tepui. 
The annual rainfall has been estimated to 3,600 mm, based on 20 years of observations at 5 
meteorological stations that surround the flat top of the mountain (Aubrecht et al. 2012). All of the 
waters (rain, river and stream, peat, and plant-contained waters) are acidic (pH range 3.5-4.7) (Briceno 
et al. 1990) with low electrolyte content, where conductivity ranges from 9 µS.m−1 (streams) to 21 
µS.m−1 (peat-bogs). 
Sampling and methods of observation:— A total of 132 samples from various terrestrial and aquatic 
biotopes were collected (Kaštovský et al. in prep). Samples were obtained by scraping off the 
substrata with a knife and directly analyzed at base camp using an Olympus CX21 LED microscope 
equipped with a digital camera (InfinityX-32, Lumenera Corporation, Canada) and the software 
Infinity Analyze (Lumenera Corporation, Canada). Interesting samples (n=74) were subsequently 
dried, transported to the laboratory and analyzed using an Olympus BX 51 light microscope with high 
resolution Nomarski DIC optics equipped with an Olympus DP 71 digital camera and the software DP 
Controller (Olympus Inc.). From samples containing significant amount of diatom frustules (n=17), 
permanent diatom slides were prepared following the protocol by Sgro & Johansen (1995). Six 
additional samples were obtained by Charles Brewer-Carías in 2013. Two of them contained copious 
biomass of filamentous green algae without any contaminants visible under the light microscope, 
which allowed for DNA analysis. 
Molecular analyses:—Genomic DNA from both unialgal samples of the green algal mats was 
isolated (independently for each of the two samples) by modified xanthogenate-SDS buffer extraction 
protocol with the addition of 3% PVPP and PEG-MgCl2 precipitation Yilmaz et al. (2009). Two 
commonly used molecular markers (SSU rRNA and rbcL) were amplified by PCR reaction at least 
two independent times to exclude potential contamination coming from the environmental sample. All 
reactions consisted of 10 ng of template DNA with 2.5 pmol of forward and reverse primer (Tab. 1) 
and 10 µl Plain PP Master Mix (Top Bio, the Czech Republic) were amplified using T 300 
Thermocycler - Biometra. Program for PCR reaction started by denaturation (95°C, 1 min), followed 
by 35 cycles of denaturation (95°C, 1 min), annealing (52°C rbcl and 55°C SSU primers, 1 min) and 
elongation (72°C, 3 min), and completed by final elongation (72°C, 10 min). Successfully amplified 
DNA was visualized using gel electrophoresis (1% agarose gel in TBE buffer). DNA stained by GEL 
RED was visualized by UV transilluminator ULTRA LUM. INC – gel imager with software Scion 
VisiCapture. PCR products were refined by JetQuick PCR Purification Kit (Genomed) following the 
manufacturer’s instructions. Sequencing was provided by the Laboratory of Genomics, Biology Centre 
of the Academy of Sciences of the Czech Republic, České Budějovice with the sequence analyser ABI 
PRISM 3130 XL (Applied Biosystems, Life Technologies Corp., CA, USA). 
Phylogenetic analyses:— Individual sequence reads for each of the two sequences of both genes 
obtained in the present study were assembled by SeqAssem (Hepperle 2004) and the approximate 
phylogenetic affiliation of the newly characterized green alga, hereafter referred to as Ekerewekia 
churicola, was checked by BLAST searches against all sequences contained in NCBI (Altschul et al. 
1990). Alignment of SSU rRNA was compiled using all main lineages of Trebouxiophyceae with 
focus on putative Ekerewekia’s close relatives (Prasiola clade) and three Chlorophycean sequences 
used as an outgroup acquired from GenBank (NCBI: http://www.ncbi.nlm.nih.gov/) and the two newly 
obtained sequences. Alignment of rbcL gene comprised our new sequences together with sequences of 
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Prasiola clade representatives with two outgroup sequences of the genus Neocystis. Data sets were 
assembled using ClustalW algorithm (Larkin et al. 2007) and adjusted manually in the software 
MEGA.2.2 (Tamura et al. 2011). The phylogenetic trees were inferred for both datasets using 
Maximum Likelihood by PHYML 3.0 (Guindon et al. 2010). Generalized time-reversible (Tavaré 
1986) model of evolution with gamma distribution and invariable sites (GTR+Γ+I) was applied. The 
gamma shape parameter α as well as the proportion of invariable sites were estimated from the data 
sets. Nonparametric bootstrap support was calculated (1000 repetitions) for each data set. Bayesian 
inference implemented in Mr.Bayes 3.2.2 was also performed (Ronquist et al. 2012), using two runs, 
both with four MCMC chains with default parameters for 5.106 generations, sampling every 100 
generations. First 25% of the run was discarded as burn-in. 
Herbarium specimens and accession numbers:—Herbarium specimens were deposited in the 
Herbarium for Nonvascular Cryptogams at the Department of Botany, Faculty of Science, University 
of South Bohemia, Czech Republic, with accession numbers CBTS A-019-022. Sequences obtained 
within this study are available from the GenBank database under the numbers KR066786 - 89. 
 
Results 
 
On the top of Churí-tepui, more than 160 species of algae and cyanobacteria were found, the dominant 
groups being cyanobacteria, desmids and diatoms (Kaštovský et al. in prep.). The majority of the 
species were successfully identified using the current taxonomic literature, but a few of them could not 
be matched to known taxa. Two species of cyanobacteria, two diatoms and one green filamentous alga 
differed greatly from any previously described species and simultaneously were relatively common at 
the locality, allowing their thorough examination and description as new species. 
 
Taxonomic descriptions 
Phylum: Cyanobacteria  
Class: Cyanophyceae  
Order: Synechococcales  
Family: Schizothrichaceae   
Genus: Schizothrix  
 
Schizothrix venezuelanus Kaštovský, Fučíková & Bohunická spec. nov. (Fig. 3) 
 
Type:—VENEZUELA. Bolívar State, Guyana Highlands: Chimantá Massif, Churí-tepui–Charles 
Brewer Cave Base Camp, “Kitchen grieta”, rim above entrance into Charles Brewer Cave, N 05º 
14.952´, W 062º 01.588´, 2,200 m a.s.l., 16. January 2012. J. Kaštovský (holotype:  CBTS! A-021, 
Herbarium for Nonvascular Cryptogams at the Department of Botany, Faculty of Science, University 
of South Bohemia, České Budějovice, Czech Republic). 
 
Trichomes in mats or fascicles (Fig. 3D) , pale green, 1–2 per sheath (Figs.3C, E, F). Sheaths wide, 
distinctly lamellate, red, dark red to red-brown, sometimes colorless (especially in the centre of the 
mats), narrowed towards ends and closed at tip, (13)17–20(25) µm wide (Fig. 3A, B), Cells 1.5–2(3) 
µm wide, 1.5–2 (2.5) times longer than wide. Cell content smooth or granulated, without aerotopes. 
Trichomes slightly constricted or not constricted at cross walls. Apical cells rounded, without calyptra, 
sometime tapered at the end and longer than normal cells (up to 11 µm). (Fig.3A, B). Reproduction by 
disintegration of the ends of trichomes into motile few celled hormogonia. Necridic cells or false 
branching were not observed. 
 Etymology:— From the Latin adjective venezuelanus (from Venezuela), referring to the 
country of the species’ occurrence. 
 Ecology and distribution:—This taxon occurred frequently on wet sandstone rocks, 
Venezuela.  
 Observations:—This species was found growing abundantly in 55% of the collected samples 
from wet rock walls on both Churí-tepui and  Roraima (where it was designated in the past as S. cf. 
telephoroides (Kaštovský et al. 2011); Golubić (1967) reported similar cyanobacteria from other wet 
rock walls in Venezuela. Similar species S. telephoroides (Montagne) Gomont (1890: 319) has much 
wider filaments (4–9 µm versus 2–3 µm), Schizothrix minor (Gardner) Anagnostidis (2001: 368) (syn. 
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Schizothrix telephoroides var. minor Gardner 1927: 53) from lateric soil in Puerto Rico is similar in 
size, but has false branching (lacking in the newly described species) and is pink, rather than dark red 
or red-brown. 
Note: We used the nomenclatural system according to Komárek et al. 2014 for Cyanobacteria. 
 
Phylum: Cyanobacteria 
Class: Cyanophyceae 
Order: Oscillatoriales  
Family: Microcoleaceae  
Genus: Porphyrosiphon  
 
Porphyrosiphon santa-theresae Kaštovský, Fučíková & Bohunická spec. nov. (Fig.4) 
 
Type:—VENEZUELA. Bolívar State, Guyana Highlands: Chimantá Massif, Churí-tepui–Charles 
Brewer Cave Base Camp, Bathroom Creek canyon, above entrance into Charles Brewer Cave, N 05º 
14.952´, W 062º 01.588´, 2,200 m a.s.l., 17. January 2012. J. Kaštovský (holotype: CBTS! A-020, 
Herbarium for Nonvascular Cryptogams at the Department of Botany, Faculty of Science, University 
of South Bohemia, České Budějovice, Czech Republic). 
 
Cells approximately isodiametric, 4.5– 6 (7) µm wide, 3.5–5.5(7) µm long, barrel shaped, distinctly 
constricted at cross walls, with granulated, yellow-brown content without aerotopes. Apical cells 
rounded, without calyptra, with the same dimensions as other cells in filament (Figs. 4B, E, G). Sheath 
wide, distinctly lamellate, yellow to brown, widely open at tip, considerably longer than trichome 
(Figs.4B, E–G). Filament including sheath (25)30–40(50) µm wide. Generally one trichome per 
sheath, two in rare cases of pseudobranching (Fig.4F). Reproduction by disintegration of the ends of 
trichomes into one or more motile hormogonia (Fig. 4C) with 8 -22 cells. Necridic cells were not 
observed. 
 
 Etymology:— From the Latin santa-thereseae in honor of rum Santa Theresa, which is an 
obligatory support article of expeditions on the top of tepuis. 
 Ecology and distribution:—This taxon occurred frequently on wet sandstone rocks, in the 
Pantepui region. 
 Observation:—This species was found occurring 10% of samples from  Churí-tepui wet walls 
and previously also more frequently on Roraima (30 % of wet walls samples, designated as P. cf. 
notarisii, Kaštovský et al. 2011). Generic characteristic (single Phormidium-like trichome in wide 
lamellate and colored sheath, rarely two trichomes in filament) corresponds with the genus 
Porphyrosiphon, but the specimens from Churí-tepui have a specific combination of relatively thin 
trichomes and wide sheaths. The most similar described species P. notarisii (Meneghini) Kützing ex 
Gomont (1892: 331) has the widest sheath in the genus Porphyrosiphon (up to 30 µm) but it has cells 
of more than double the size observed here. This type is perhaps similar to P. notarisii var minor Li 
(1989: 30) from China, but that taxon has not been described in sufficient detail and occurs in a 
different habitat. 
 
Division: Bacillariophyta 
Subdivision: Bacillariophytina  
Class: Bacillariophyceae  
Order: Eunotiales  
Family: Eunotiaceae  
Genus: Eunotia  
 
Eunotia churiensis Veselá, Bohunická & Kaštovský spec. nov. (Figs. 5–8) 
 
Type:—VENEZUELA. Bolívar State, Guyana Highlands: Chimantá Massif, Churí-tepui–
Charles Brewer Cave Base Camp, Bathroom Creek, N 05º 14.952´, W 062º 01.588´, 2,200 m 
a.s.l., 20. January 2012. Kaštovský J. 107 (ANSP!). The holotype designated here on the slide 
ANSP GC59084, Fig. 6A depicts the holotype (11.6 mm south by 23.1 mm east from the 
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benchmark cross on the slide); isotype slide: CBFS A-016 (isotype specimen in Fig. 5I, 8.45 
mm south by 12.25 mm east from the benchmark cross on the slide).  
 
Frustules rectangular in girdle view from the ventral side (Figs 6G–J), ca. 40–50 µm wide. 
Valves with moderately to strongly concave ventral margins and highly convex dorsal 
margins (Figs 5A–L, 6A–F), mostly with four wave crests on the dorsal margin (e.g., Figs 
5A–E, 6A–C), less commonly with three crests (Figs 6D, F) or transition between three and 
four crests, i.e., one of the distant crests rather melted with the valve end (Figs 5G, J, L). 
Valve crests bluntly pointed, the depressions between the crests wide and open (Fig. 6A). 
Valves noticeably large, 54.5–115.5 µm long, 31.5–58 µm wide in the largest peak, and 29–
51 µm wide in the central “saddle” part. Valve length-to-width ratio mostly around 2 (1.8–
2.6). Valve ends variable from broadly pointed (e.g., Fig. 6C), truncated (e.g., Fig. 5E) to 
bluntly round (e.g., Figs 5C, 6A). Terminal nodules on the ventral side of the valve, not far 
from the apices (Figs 5, 6A–F). Terminal raphe fissures curving onto the valve face, and 
pointing towards the dorsal part of the apex (Figs 6A, 7B, D). Helictoglossa is massive and 
well visible in LM (Figs 5, 6A–E). Number and arrangement of rimoportulae variable, one to 
four (most commonly two) ripomortulae per each valve apex (Figs 8C–E, H, I), in total three 
to five per valve. Rimoportulae arranged individually (Figs 8D, E), as a group (Fig. 8C), or as 
a combination of both. External opening of each individual rimoportula (or a group of 
rimoportulae) mostly as an elongated pore (Fig. 7B), sometimes as a small round pore, located 
at the apex on the mantle (Fig. 7D) or on the conjunction of the valve face and mantle (Fig. 
7B). Valves densely striated (Figs 5, 6A–F, 7A, C, 8A, F), 15–17 striae in 10 µm near the 
center of ventral part of the valve, up to 20 striae in 10 µm at the wave crests due to the 
inserted striae (Fig. 8B), and 17–20 striae in 10 µm near the apices (Figs 8E, H). External 
small ridges in between striae irregularly spaced, giving the valve surface appearance of a 
“rough cloth” (Figs 6A, 7A–H). At the valve edges the small ridges fused in a certain extent, 
sometimes forming a web-like structure (Figs 7G, H). Externally areolae open, small and 
embedded in between the ridges (Figs 7B, E, F, H); internally areolae also unoccluded, well 
rounded and large (Figs 8B, E, G); 24–30 in 10 µm.  
 Etymology:—From the Latin adjective churiensis (from the table mountain Churí-
tepui), referring to the area of the species occurrence. 

Ecology and distribution:—This taxon occurred only in a single site, i.e., Bathroom 
Creek near the Charles Brewer Cave Base Camp as an epiphyte on an unidentified red alga 
(Rhodophyta).  
 Observations:—Eunotia churiensis is very similar in its valve outline to Eunotia 
tetraodon Ehrenberg (1838: 192), having valves with slightly concave ventral margins and 
highly convex dorsal margins, and with four wave crest in most of the cases. However, 
Eunotia churiensis possesses valves approximately two times larger as opposed to 24–70 µm 
long and 10–24 µm wide valves of E. tetraodon (Lange-Bertalot et al. 2011). Also, valves of 
E. churiensis have slightly denser striation compared to E. tetraodon (with 6–12 striae in 10 
µm at ventral part and 15–20 striae in 10 µm near the apices). Unfortunately, Lange-Bertalot 
et al. (2011) and other authors did not mention any information about the presence of 
rimoportulae in E. tetraodon. A single picture known to us, e.i., plate 105, fig. 1 in Lange-
Bertalot et al. (2011), indicates that this taxon might possess two rimoportulae at one apex, 
similar to E.churiensis. Additionally, valves of E. tetraodon are smooth (plate 103, fig. 3, 4, 
Lange-Bertalot et al. 2011) without any hint of ridges as observed in valves of E. churiensis. 
 Without any doubt, morphologically the most similar taxon to E. churiensis is here 
described E. multirimoportulata. They both share very similar valve outline and dimensions 
(valve length, width, striae and punctae density). The main feature separating those two taxa 
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is the number of rimoportulae (see further), different ecology and a softer arching of the valve 
crests. 
 
Division: Bacillariophyta 
Subdivision: Bacillariophytina  
Class: Bacillariophyceae 
Order: Eunotiales  
Family: Eunotiaceae  
Genus: Eunotia  
 
Eunotia multirimoportulata Veselá, Bohunická & Kaštovský spec. nov. (Figs. 9–12) 
Type:—VENEZUELA. Bolívar State, Guyana Highlands: Chimantá Massif, Churí-tepui– 
small pool close to the entrance of Charles Brewer Cave, N 05º 14.952´, W 062º 01.588´, 
2,200 m a.s.l., 20. January 2012. Kaštovský J. 508 (ANSP!). The holotype designated here is 
the slide ANSP! GC59085, Fig. 9A depicts the holotype (8.9 mm south by 6.5 mm east from 
the benchmark cross on the slide); isotype slide: CBFS A-017 (isotype specimen in Fig. 9D, 
14.4 mm south by 10.2 mm east from the benchmark cross on the slide). 
 
Frustules rectangular in girdle view from the ventral side (Figs 9I–K), ca. 40 µm wide. Valves 
with slightly to moderately concave ventral margins and highly convex dorsal margins, 
constantly with four wave crests on the dorsal margin (Figs 9A–H, 10A–K). Valve crests 
rounded, with a similar curvature of the crests and the depressions (Fig. 10A). Valves 
noticeably large, 85–128 µm long, 36–46 µm wide in the largest peak, and 33–43 µm wide in 
the central “saddle” part. Valve length-to-width ratio mostly around 2.6 (2.3–3.0). Valve 
apices broadly truncated (e.g., Figs 9A, G, 10A) to round (e.g., Figs 9C, H, 10F, K). Terminal 
nodules on the ventral side of the valve, not far from the apices (Figs 9A–H, 10A–K). 
Terminal raphe fissures curving onto the valve face (Figs 11B, D, E, H, I), pointing towards 
the center of the apical part of the valve (Figs 9A, 10A, 11F). Helictoglossa is massive and 
well visible in LM (Figs 9A–H, 10). Number and arrangement of rimoportulae highly 
variable, two to five (most commonly three or four) ripomortulae per each valve apex (Figs 
10D, 12B, E–I), in total five to eight per valve. Rimoportulae arranged individually (Figs 12B, 
F), as a group (Figs 12G, H), or as a combination of both (Figs 12E, I). External opening of 
each individual rimoportula (or a group of rimoportulae) usually as an elongated pore (Fig. 
11C–E, H, I), sometimes as a round pore (Fig. 11C), located at the apex on the mantle. Valves 
densely striated (e.g., Figs 9A, 10A, 11A, 12A), 14–17.5 striae in 10 µm near the center of 
ventral part of the valve (Fig. 12C), up to 23 striae in 10 µm at the wave crests due to the 
inserted striae (Fig. 11G, 12D), and 20–23 striae in 10 µm near the apices (Fig. 11F). External 
small ridges in between striae irregularly spaced, giving the valve surface appearance of a 
“rough cloth” (Figs 9B, 10G, 11A, G). On the mantle, slightly below the valve edges, a thin 
irregular siliceous rim-like structure (Figs 11C–E, H, I). Externally areolae open, small and 
embedded in between the ridges (Fig. 11G); internally areolae also unoccluded, well rounded 
and large (Fig. 12J); 22–30 in 10 µm.  
 Etymology:—From the Latin words multi (many) and rimoportula (labiate process), 
referring to the prominent feature of having a noticeably larger number of rimoportulae 
compared to other species within the genus Eunotia. 
 Ecology and distribution:—This taxon was observed in a single site as an epiphyte 
on a red alga Audouinella sp. (Bory 1823: 340) growing on the bottom of a small pool close to 
the entrance to the Charles Brewer Cave. 
 Observations:—Eunotia multirimoportulata is unique among the species of this 
genus, together with E. churiensis, because these two newly described taxa are one of few 
species within this genus possessing more than two rimoportulae per valve. This taxon, i.e., E. 



 7 

multirimoportulata, possesses at least four, up to eight rimoportulae per valve. It is interesting 
that the rimoportulae are always paired and share a single external opening.  
Eunotia multirimoportulata is sometimes difficult to distinguish from an extremely similar, 
here described taxon E. churiensis. It is also very similar to E. tetraodon for the similar 
reasons as above described E. churiensis. 
 
Phyllum: Chlorophyta 
Class: Trebouxiophyceae 
Order: Prasiolales  
Family: Koliellaceae 
 
Ekerewekia Kaštovský, Fučíková, Štenclová & Brewer-Carías, gen. nov. (Figs. 13,14) 
 
Filamentous green alga with long truly branched filaments (Fig. 13 A, B, J, K). The type of branching 
resembles the branching of Cladophora (Fig. 13 H, I). Cells of lateral branches are the same width as 
the main filament. Rounded apical cells do not differ morphologically from other vegetative cells. 
When the filament breaks, the colorless, firm, H-shaped cell wall reminiscent of Microspora (Fig. 13. 
E–G) is visible. One to two (two to four in dividing cells) large rounded to oval chloroplasts each with 
a distinct pyrenoid fill nearly the entire cell (Fig. 13 C, D). Growth is both apical and diffuse, 
occurring throughout the filament. Branching starts by lateral bulging of the cell wall close to the 
cell’s apex (Fig. 13 H, I). Only asexual reproduction by fragmentation of the filament was observed, 
especially at the ends of the filaments. 

Etymology:— “Ekerewek” means “alga” (=any small slimey organism in the water) in the 
laguage of the Pemon tribe, who inhabit the Guyana Highland. 
 
Type species:—Ekerewekia churicola Kaštovský, Fučíková, Štenclová & Brewer-Carias, spec. nov.  
 
Ekerewekia churicola Kaštovský, Fučíková, Štenclová & Brewer-Carias, spec. nov. (Figs. 13,14). 
 
 Type:—VENEZUELA. Bolívar State, Guyana Highlands: Chimantá Massif, Churí-tepui–
Charles Brewer Cave Base Camp, Bathroom Creek, above entrance into Charles Brewer Cave, N 05º 
14.952´, W 062º 01.588´, 2,200 m a.s.l., 17. January 2012. J. Kaštovský (holotype:  CBTS! A-022, 
Herbarium for Nonvascular Cryptogams at the Department of Botany, Faculty of Science, University 
of South Bohemia, České Budějovice, Czech Republic). 
 
Thallus filamentous, pale green, with monopodial, multilateral branching (Figs. 13A, B, J, K). Main 
filaments long (more than 1 mm), secondary branches usually shorter (up to 100 µm), ocassionally 
slightly longer. Cylindrical cells of both main and lateral branches (8)10–13 µm wide and 25–40 (60) 
µm long, immediately after division cells almost isodiametric. (Figs.13C, D, I).  Cells mostly not 
constricted at cross walls (Fig. 13 D) or only slightly constricted (Fig. 13E). Apical cells cylindrical, 
rounded at the end, not tapered, not different from other vegetative cells. 
 
Each cell nearly entirely filled by 1-2 (-4) round to oval chloroplast with rough edges and one distinct 
pyrenoid in each plastid.  Cell walls firm, colorless, thin (0.5 µm), on older filaments slightly 
thickened (1-2 µm, Figs. 13C, I). Asexual reproduction by one- or two-celled fragments, derived from 
ends of filament’s branches. The ends of filaments suggest a two-pieced mother cell wall similar to the 
genus Microspora (Fig. 13 G), but unlike in Microspora, overlapping pieces of cell wall are not 
visible in live filaments.     
 
 Etymology:— From the Latin adjective churicola (from Churí tepui), referring to the locality 
of the species occurrence. 
 Ecology and distribution:—epilithic on the bottom of streaming waters. 
 Observations:— No similar green alga is known thus far. The combination of the 
morphological traits seems to be strange as well as its phylogenetic position nested among coccal 
green algae. At the locality of origin this species is quite abundant (Fig.13 B). This species was found 
in the only stream on Churí-tepui, and formed macroscopic, monospecific mats. 
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 Evidence of phylogenetic separation:—Ekerewekia is nested within the Prasiola clade, class 
Trebouxiophyceae, with good statistical support for its phylogenetic placement. Analyses of both 
phylogenetic markers (SSU and rbcL) demonstrated clear distinctness of the proposed new taxon from 
any genus that has been studied with the use of molecular data thus far. The two samples obtained in 
this study yielded sequences that grouped strongly together in both genes (Figs. 15, 16) and were 
subtended by a considerably long branch.  
 
Discussion 
 
Table Mountains of the Pantepui region harbor floras and faunas with high incidence of endemism 
(Mayr & Phelps 1967, Huber 1987, Aubrecht 2012). While there is little doubt that endemic organisms 
(at least macroscopic ones) do exist on tepuis, it is still unclear how this distribution arose. There are 
two competing hypotheses regarding how this high endemism came to be: the Lost World hypothesis 
postulating a relictual character of the biota, and the Vertical Displacement hypothesis explaining the 
distribution of species through migration during glacial cycles (Rull 2004). As far as microorganisms 
are concerned, endemism is a widely debated topic. The commonly accepted theory of ubiquitous 
nature and cosmopolitan distribution of all microorganisms (Fenchel & Finley 2004) has recently been 
contested by the moderate endemicity distribution model (Foissner 2008). Both theories state that most 
microorganisms are cosmopolitan, but the latter is less absolute, allowing a low degree of endemism. 
The unique character of tepuis makes them an excellent system for addressing hypotheses regarding 
microorganismal endemism. Our study presents further evidence that microorganismal endemics occur 
on South American Table Mountains, adding to information accumulated in previous works (Fučíková 
& Kaštovský 2009, Kaštovský et al. 2011). Thus, our findings are consistent with the moderate 
endemicity theory. 
We propose the establishment of a novel green algal genus and species, Ekerewekia churicola based 
on its unique combination of morphological characters, with additional support for its distinctness 
yielded by analyses of molecular sequence data. The alga belongs to the family Koliellaceae in the 
Prasiola clade, class Trebouxiophyceae (Fig. 16) and is morphologically very different from all its 
close relatives. The Prasiola clade contains numerous coccoid (unicellular, vegetatively non-motile) 
forms as well as filamentous to thalloid forms. Ekerewekia is unique in the clade with its long, 
frequently branched filaments that resemble somewhat the ulvophycean genus Cladophora, combined 
with two-piece cell walls resembling the chlorophycean genus Microspora. The flat, sometimes almost 
stellate chloroplasts are slightly reminiscent of Zygnematales (Figs. 13C, D). In the phylogenetic 
analyses, Ekerewekia was clearly distinct from any other genus in the Prasiola clade. Its putative 
closest relatives are coccoid (e.g., Pseudochlorella) but some genera can form short, loose filaments 
(Koliella, Raphidonema). Other representatives of the Prasiola group are unbranched-filamentous to 
thalloid, e.g., Prasiola, Prasiolopsis, and Rosenvingiella, as well as the predominantly coccoid 
Stichococcus, which can also form loose filaments. Our discovery of this branched form among 
coccoid close relatives suggests that multicellularity may have evolved multiple times not only in 
several lineages of Chlorophyta but even within the Prasiola clade. 
Additionally, we propose the establishment of two new cyanobacterial and two new diatom species 
based on their morphological, geographical, and ecological uniqueness. Ideally, new taxonomic 
circumscriptions are corroborated by morphological, ecological and molecular evidence – but in 
microorganisms (especially diatoms, which are notoriously difficult to maintain in culture) this is often 
not possible. The cyanobacterial and diatom taxa newly described in the present article are merely 
“morphospecies”, lacking evidence from molecular sequence data. This is mainly due to the nature of 
the field collection during the expedition, where transfer of live material for future culturing and 
sequencing was not technically possible. The morphological and ecological distinctness of these 
selected cases, however, justifies formal new species descriptions. Furthermore, these particular 
genera have not been explored with molecular tools at all, or only to a very limited extent. Therefore 
molecular sequences from our specimens would not be particularly informative due to the lack of 
phylogenetic context. 
At the examined locality, several other taxa were found, which were not possible to identify with the 
use of contemporary keys, but these species either differed only slightly from their close matches in 
the literature, or (more frequently) not enough specimens were found for a detailed study. This article 
therefore only includes those species, which we considered well-enough documented and sufficiently 
distinct for taxonomic treatment. In several instances over the recent few years, thoroughly described 
morpho-ecological species were subsequently confirmed with the use of molecular methods (e.g., the 
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genera Streptostemon Sant´anna et al. 2010, Anathece Komárek et al. 2011, and Limnococcus 
Komárková et al. 2010). From these examples it is apparent that “classical” methods are still relevant 
in microorganismal taxonomy. Supportive of our taxonomic decisions is the fact that two species 
recently described from Roraima tepui, Albrightia roraimae Kaštovský et al. (2011: 176) and 
Entophysalis arboriformis Kaštovský et al. (2011: 174), were found again on Churí-tepui. This, in our 
opinion, indicates that we are not describing entities with stable morphologies that occur in habitats of 
a consistent type, and that we are capturing enough naturally occurring morphological variation within 
these species to be able to recognize these species outside of their type localities.  
Conclusions  
 
Our study contributes five examples of endemic microorganisms spanning cyanobacteria, diatoms, and 
green algae. While it is commonly assumed that microorganisms are predominantly if not exclusively 
cosmopolitan, an increasing body of evidence – including the present study - indicates otherwise, at 
least in algae. Moreover, our findings suggest that the list of taxa specific to the Pantepuí region is far 
from complete and that further investigations will discover many more as additional surveys are 
conducted on other South American table mountains. 
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Tab.1 
 
 
Gen Name sequence F/R References 
rbcL ORB1F CCACAAACTGAAACAAAAGCA F Košnar unpublished 
rbcL ORB1R CCTTGGGGTAATGCTCCAG R Košnar unpublished 
SSU NS1F GTAGTCATATGCTTGTCTC F Friedl unpublished 
SSU 1150R* ACGCCTGGTGGTGCCCTTCCGT  R Pažoutová et al. 2010 
SSU 1170F* CTGTGGCTTAATTTGACTCAACACG F Pažoutová et al. 2010 
SSU 1650R  TCACCAGCACACCCAAT R Kipp 2004 
 
 
 
Table legends 
TAB. 1.  Primers used in the present study. Primers used only for sequencing are marked by an 
asterisk. 
 
Figure legends 
 
FIGURE 1 
Map of the central part of north of South America. Red arrow marks Chimatá Massif.  
 
FIGURE 2 
Aerial photograph of Churí-tepui, red arrow indicates the sampling area.  
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FIGURE 3 
Schizothrix venezuelanus Kaštovský, Fučíková & Bohunická spec. nov.; scale A-C=10 µm, D-F=20 
µm 
 
 
FIGURE 4 
Porphyrosiphon santa-theresae Kaštovský, Fučíková & Bohunická spec. nov.; scale=20 µm. 
 
 
FIGURE 5. Eunotia churiensis, spec. nov. Size diminution series and the variation of the 
valve shapes of the holotype population in LM (part 1). Fig. 5I represents the isotype 
specimen. Scale bar = 10 µm. 
(Magnification of Fig. 5: 750x) 
 
FIGURE 6. Eunotia churiensis, spec. nov. Size diminution series and the variation of the 
valve shapes of the holotype population in LM (part 2), including girdle views. Fig. 6A 
represents the holotype specimen with well visible multiple rimoportulae on both apices 
(white arrows). White lines draw attention to the typical different shape of the top of the crests 
versus the area in between the crests (compare to Fig. 10A). “=” indicate the same specimen 
in different foci. Scale bars = 10 µm. 
(Magnification of Fig. 6B to 6J: 750x, Fig. 6A: 1500x) 
 
FIGURE 7. Eunotia churiensis, spec. nov., external views in SEM: valve overviews (A, C), 
details of the uneven valve surface (E, H) and the mantle (E), close-ups of the apices (B, F) 
with an opening to rimoportula on the tip (B), detail of the external raphe ending on the valve 
mantle together with a valvocopula (D), and the arrangement of the girdle bands (G). “=” 
indicate different parts or views of the same specimen. Scale bars = 10 µm (A, C, G) or 1 µm 
(B, D–F, H). 
 
FIGURE 8. Eunotia churiensis, spec. nov., internal views in SEM: valve overviews (A, F), 
detail of the arrangement of striae changing from the ventral towards the dorsal part of the 
valve (B), close-ups of apices (C–E, H, I) with a various number and layout of rimoportulae 
(3 in C, D; 2 in E, H, I), and a detail of internal openings of areolae (G). “=” indicate different 
parts or views of the same specimen. Scale bars = 10 µm (A, E, F) or 1 µm (B, C, D, G–I). 
 
FIGURE 9. Eunotia multirimoportulata, spec. nov. Size diminution series and the variation 
of the valve shapes of the holotype population in LM (part 1), including girdle views. Fig. 9A 
represents the holotype specimen; Fig. 9D the isotype specimen. “=” indicate the same 
specimen in different foci. Scale bars = 10 µm. 
(Magnification of Fig. 9: 750x) 
 
FIGURE 10. Eunotia multirimoportulata, spec. nov. Size diminution series and the variation 
of the valve shapes of the holotype population in LM (part 2). White lines in Fig. 10A draw 
attention to the typical similar shape of the top of the crests and the area in between the crests 
(compare to Fig. 6A). “=” indicate the same specimen in different foci. Well visible multiple 
rimoportulae are marked with white arrows. Scale bars = 10 µm. 
(Magnification of Fig. 10: 750x, Fig. 10A: 1500x) 
 
 
FIGURE 11. Eunotia multirimoportulata, spec. nov., external views in SEM: valve 
overviews (A, B), details of the apices (C–F) with multiple openings to rimoportulae (C–E), 
detail of the uneven valve surface (F, G) with external areolae openings (G), and the detail of 
the external raphe endings on the valve mantle together with several girdle bands (H, I). “=” 
indicate different parts or views of the same specimen. Scale bars = 10 µm (A, B, H, I) or 1 
µm (C–G).  
 
FIGURE 12. Eunotia multirimoportulata, spec. nov., internal views in SEM: valve overview 
(A), close-ups of the striae arrangement on the ventral (C) and dorsal part of the valve (D), 
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close-ups of apices (B, E–I) with a various number and layout of rimoportulae (2 in B; 3 in G; 
4 in E, F, I; and 5 in H), and a detail of internal openings of areolae (J). “=” indicate different 
parts or views of the same specimen. Scale bars = 10 µm (A) or 1 µm (B–J). 
 
FIGURE 13 
Ekerewekia churicola Kaštovský, Fučíková, Štenclová & Brewer-Carias, spec. nov., microphotograph, 
A, B, J, K: general view, branching, C,D: chloroplast shape, E, F, G: Micropsora-like cell walls at the 
end of filament, H,I: beginning of branching; scale=10 µm 
 
FIGURE 14 
Ekerewekia churicola Kaštovský, Fučíková, Štenclová & Brewer-Carias, spec. nov., A: makrophoto, 
B: type locality, Bathroom Creek, dominant part of green biomass is E. churicola, in the background 
Ch. Brewer-Carías, C: line drawing of general pattern of thalus, scale=200 µm, D: line drawing of 
branching and chloroplast shape, scale 10 µm.  
 
FIGURE 15 
Maximum Likelihood phylogenetic tree based on analysis of SSU rRNA gene sequences of 
members of Trebouxiophyceae with Chlorophyceae as outgroup. Numbers at branches 
indicate bootstrap support from maximum likelihood (1000 replicates) and Bayesian posterior 
propabilities ML/BI. Support 70% and over for ML and 0.95 and over for BI is shown. 
 
 
FIGURE 16 
Maximum Likelihood phylogenetic tree based on analysis of rbcL gene sequences of 
members of Prasiola clade with Neocystis clade as outgroup. Numbers at branches indicate 
bootstrap support from maximum likelihood (1000 replicates) and Bayesian posterior 
probabilities. ML/BI. Support 70% and over for ML and 0.95 and over for BI is shown. 
 
 
 
 
 

 


