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Abstract: Biodiversity “hotspot” areas have been shown to possess unique diatom floras. During our diatom 
studies of some of these types of areas in China, samples were collected from Hainan and Guangdong Provinces, 
and four species from 4 different genera are proposed as new to science based on LM and SEM observations. 
These new taxa are Eunotia dinghunsis Liu & Kociolek, sp. nov., Brachysira subirawanae Kociolek & Liu, sp. 
nov., Microcostatus muscus Liu & Kociolek, sp. nov. and Iconella sanyatangum Liu & Kociolek, sp. nov. In 
addition, a species known previously only from Java and Sumatra, Pinnularia rivularis Hustedt, was observed, 
and herein we provide LM and the first SEM observations of this species.
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Introduction

Biodiversity “hotspots” have been identified as those 
areas featuring exceptional concentrations of endemic 
species and experiencing exceptional loss of habitat 
(Myer et al. 2000). Twenty–five hotspots have been 
identified from around the world, amounting to just 
1.4 percent of the land surface of the planet, yet sup-
porting nearly 60 percent of the world’s plant, bird, 
mammal, reptile, and amphibian species (Myer et al. 
2000). Diatom research has occurred from just a few 
of these hotspots, for example in the regions in and 
around Amazonia, resulting in the description of many 
new taxa and documentation of tremendous biodiversity 
(e.g., Metzeltin & Lange–Bertalot 1998, 2002, 2007; 
Rumrich et al. 2000). 

Two areas within China are among the 25 
worldwide hotspots. These two Chinese sites include 
“Mountains of Southwest China” and the “Indo–Chinese 
subregion”. The latter area covers part of southern and 
western Yunnan Province, coastal lowlands of southern 
Guangxi and Guangdong provinces, as well as several 
offshore islands, such as Hainan Island in China (Myer et 
al. 2000). To begin to develop a better understanding of 
the diatom biodiversity of these hotspot areas in China, 

a research initiative was developed to understand the 
freshwater diatom flora of the “Indo–Chinese subregion”, 
including places such as Hainan island, and the southern 
sections of Guangdong, Guangxi and Yunnan Provinces. 
Past efforts yielded several species new to science (Liu 
et al. 2014a, b; Liu et al. 2016; Liu et al. 2018a; Jiang 
et al. 2018; Cheng et al. 2018) , suggesting this area 
may have a unique diatom flora. 

Hainan island is a tropical island, located in 
the South China Sea. It is the second largest island of 
China. It was separated from the Leizhou Peninsula 
by volcanism in middle of Pleistocene. It is home to 
numerous organisms and many endemic species; 630 
plants, 2 mammal and 2 birds were reported as endemic 
to this island (Carpenter 2001). Many new species 
were reported from Hainan, including vascular plants 
(Huang et al. 2012), ferns (Dong 2010), invertebrates 
(Liu & Li 2009; Zhao et al. 2013) and vertebrates 
(Zhao 1997), among others. But our understanding of 
the diatom flora of Hainan is far from comprehensive. 
Reports of diatoms from Hainan are rare. Primary re-
search of this area was done in late 1980’s and 1990’s, 
resulting in the description of five new diatom taxa. 
The new taxa include: Gomphonema turris var. reimeri 
(Zhang & Cai 1988), Eunotia hainanensis (Zhang & 
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Qi 1993), Fragilaria hainanensis Zhang in Zhang & Qi 
(1994), Fragilaria leptostuaron var. hainanensis Zhang 
in Zhang & Qi (1994), and Fragilaria lapponica var. 
lanceolata Zhang in Zhang & Qi (1994) (non Fragilaria 
lapponica var. lanceolata Hustedt). These new species 
have never been reported outside of China, but they may 
be unknown to most researchers since the literatures on 
diatoms from this region were in the Chinese language. 
Making comparisons of these taxa more difficult is the 
fact that all of the type materials for them have been 
lost for the historical reasons. Most taxa found in these 
studies are considered as cosmopolitan species in the 
compilation study, Diatom Flora of China (Qi 1995; Qi 
& Li 2004; Li & Qi 2010; Shi 2004, 2013). 

Guangdong Province is located in the southern 
portion of the Chinese mainland, just opposite (North of) 
Hainan island. The tropical and subtropical monsoonal 
climate in the region make this province warm and moist. 
Studies on the freshwater diatoms of this province are 
rare, with the only studies being by Li et al. (2009) and 
Liu et al. (2013), but neither identified new species. 

In 2012, 60 collections were taken from Hainan 
island and the southern portion of Guangdong province. 
In this paper, 4 species are proposed as new to science, 
and we offer formal descriptions of these taxa based on 
LM and SEM observations. In addition, we have en-
countered a previously–described species of Pinnularia 
known only from Java and Sumatra. We present LM and 
the first SEM observations of this species described by 
Friedrich Hustedt.

Material and Methods

Samples were collected from Hainan Province and the southern 
part of Guangdong Province in February, 2012. Sixty samples 
were collected and field–fixed with 4% formalin, while pH, 
temperature and conductivity were determined for each sam-
pling locality with a KL–009III Pen–based high–precision pH 
meter and a DDB–11A portable digital conductivity meter. 
Sample information and measured environmental parameters 
are provided for the four samples used to describe the new 
taxa herein in Table 1. 

Samples were boiled in concentrated nitric acid for an 
hour and washed, and alternatively settled for 24 hours and 
washed with distilled water 7 times in the laboratory. Cleaned 
materials were preserved in distilled water in 10 ml glass tubes. 
For LM observations, cleaned material was air–dried onto 
coverslips which were subsequently mounted in Naphrax on 
microscope slides, then examined with an Olympus BX 51 
microscope, DIC, at the University of Colorado, and Zeiss 
Imager A2 with DIC, at Harbin Normal University. For SEM 
observations, cleaned material was air–dried onto copper 
stubs, coated with gold/palladium, and observed with a Hitachi 
S–4800 field emission electron microscope (Harbin Normal 
University, voltage 15kv), FEI Quanta 200FEG field emission 
electronic microscope (Harbin Institute of Technology) or a 
JEOL 6380–LA scanning electronic microscope (Shanghai 
Normal University). Material and slides are housed at the 
Key Laboratory of Biodiversity of Aquatic Organisms, Harbin 
Normal University and at the Diatom Lab at the University 

of Colorado, Boulder. Diatom images were compiled with 
Photoshop 7.0. 

Results and Discussion

Eunotia dinghunsis Liu et Kociolek sp. nov. (Figs 1–10)
Description
LM observations: Valves distinctly dorsiventral, lunate, 
slightly swollen towards the apices, ends of the valves 
obtusely rounded. Ventral margin concave to almost 
straight. Dorsal margin convex, parallel to the ventral 
margin. Valve length 94–200 μm, width 7.0–10.5 μm. 
Striae almost parallel in the middle of the valve, slightly 
radiate close to the ends, 12–13/10 μm in the middle, 
denser towards the ends, 14–15/10 μm. Spines are present 
along both margins, 5–7/ 10 μm. Distal raphe endings 
extend markedly onto the valve face. 
SEM observations: Externally, valve face flat, connect-
ing with the ventral mantle at a right angle. Distal raphe 
endings are clearly visible, extending onto the valve 
face; the central raphe endings are curved to the oppo-
site side of the valve (Fig. 6) on the mantle. Uniseriate 
striae consist of small round areolae (Fig. 7). Acute 
spines are present along the entire valve margin (Figs 
5, 7, 8). Mantle and girdle bands contain open areolae 
(Fig. 8). Internally, internal areolar openings are simple, 
unoccluded (Fig. 10). Distal raphe endings terminate in 
well–developed helictoglossae (Figs 9–10). The valve 
has a single rimoportula at each apex, located at the tip 
of the valve. The rimoportulae have distinct, lip–like 
outer openings (Figs 9–10). 

Holotype: HANU! Slide no. THGZ2012023 (Harbin 
Normal University, Harbin.
China). Fig. 2 is of a specimen from the holotype slide.
Isotype: COLO! Kociolek Collection (University of 
Colorado, Boulder, U.S.A.). Accession Number 9054. 
Type locality: Dinghu Mountain in Guangzhou Province, 
China. Collected at 9th Feb. 2012, by Liu Y. et Li L.X.
Habitat: Epiphyton to filamentous algae, in a small 
stream under the waterfall.
Etymology: Named for the type locality.

Remarks: This large species has the raphe located 
mostly on the mantle, then running onto the valve face. 
Rimoportulae are present at both apices, and spines outline 
the valve along the valve margin. Together these features 
have been used to recognize the genus Desmogonium 
Ehrenberg. Recognition of Desmogonium as a genus 
separate from Eunotia Ehrenberg has varied, with some 
authors considering it to be a synonym or subgenus 
of Eunotia (e.g. Hustedt 1933, 1949; Metzeltin & 
Lange–Bertalot 1998), or accepted as a separate genus 
(Metzeltin & Lange–Bertalot 2007). The features 
used to distinguish between Desmogonium and Eunotia 
are the spines on both margins and the rimoportulae on 
both apices (Patrick & Reimer 1966; Metzeltin & 
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Lange–Bertalot 1998). However, some have argued 
that these two characters cannot be the diagnostic features 
of Desmogonium. For example, while most “typical” 
Eunotia species have only one rimoportula per valve, 
located at one apex, several Eunotia species also have 
two rimoportulae, one located at each apex, such as in 
E. densistriata Torgan (Torgan & Becker 1997) , E. 
charliereimeri Edlund et Brant (Edlund & Brant 2010) 
and E. corsica Lange–Bertalot et Roland Schmidt 
(Lange–Bertalot et al. 2011). In these cases, the former 
two species do not have spines, while the latter species 
has prominent polar spines (Lange–Bertalot et al. 
2011). More generally within the Eunotiaceae Kützing 
(Kützing 1844), the number of rimoportulae differs 
among genera, with some having no rimoportulae, such 
is the case in Semiorbis Patrick (Patrick & Reimer 1966) 
and Colliculoamphora Williams et Reid (Williams & 
Reid 2006b). Other genera have a single rimoportula 
at each apex, such as in Amphorotia Williams et Reid 
(Williams & Reid 2006a) and Eunophora Vyverman, 
Sabbe et Mann (Vyverman et al. 1998), and valves with 
one rimoportula, such as in most Eunotia species and 
Actinella Lewis (Lewis 1864), in which there is one 
rimoportula at either the headpole or footpole (Round 
et al. 1990). More recently, Eunotioforma Kociolek et 
Burliga (Kociolek & Burliga 2013) was shown to have 
several rimoportulae per valve (up to 8). 
Spines are a relatively common feature in Eunotia, and 
several species may have various arrangements of spines 
along the margin or only at the apex, for example in E. 
pseudopectinalis Hustedt, E. soleirolii (Kützing) Rabenhorst, 
E. denticulate (Brébisson & Kützing) Rabenhorst, and 
E. flexuosa (Brébisson) Kützing (Lange–Bertalot et 
al. 2011; Pavlov & Levkov 2013). These observations 
suggest the presence of spines might not be a useful 
feature to distinguish Desmogonium from Eunotia.

The number of taxa assigned to Desmogonium is 
15 (as listed in DiatomBase, Kociolek et al. 2020), and 
described as “very common in the tropics, in strongly 
acid water” (Patrick & Reimer 1966). Several species 
of the genus have already been transferred to Eunotia, 
such as Desmogonium rabenhorstianum, Desmogonium 
rabenhorstianum var. elongatum and Desmogonium 
transfugum (Metzeltin et Lange–Bertalot) Metzeltin et 
Lange–Bertalot. The latter species was initially described 
as a Eunotia then transferred back to Desmogonium 
(Metzeltin & Lange–Bertalot 2007). 

Our new species presented here is quite similar 
in outline to some Desmogonium species, but most of 
the Desmogonium species have apices that are swollen, 
as in D. guianaense Ehrenberg, D. rabenhorstianum and 
D. transfugum or triangulate ends, such as               D. 
kurzianum (Grunow) Hustedt (Schmidt 1911) and D. 
ossiculum Metzeltin et Lange–Bertalot (Metzeltin & 
Lange–Bertalot 2007). Valve outline easily differenti-
ates these taxa from E. dinghunsis sp. nov.

Other Eunotia species that are similar to E. din-
ghunsis sp. nov. include E. corsica found from Corsica, 
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E. genkalii Glushchenko, Kulikovskiy et Kociolek, E. 
bauchimiensis Glushchenko, Kulikovskiy et Kociolek, 
E. streltsovii Glushchenko, Kulikovskiy et Kociolek, 
E. prowseii Glushchenko, Kulikovskiy et Kociolek, E. 
camranhiensis Glushchenko, Kulikovskiy et Kociolek 
and E. pantropica, all share the similar morphology with 
our new species and were found nearby in southeast Asia 
(Glushchenko et al. 2018). The differences between these 
species and our new species are valve outline, breadth, 
striae density, and presence or absence of spines, and 
these differences are detailed in Table 2. 

A further review of morphological features and / 
or new molecular data may indicate that Desmogonium 
should be segregated from Eunotia. If that is the case 
our new species might be better placed in Desmogonium. 
However, currently we include our new species in 
Eunotia, and await revisionary work on Desmogonium 
with analyses based on morphological and molecular 
approaches to resolve the relationship of Desmogonium 
to Eunotia, and in the context of the entire Eunotiaceae.

Brachysira subirawanae Kociolek et Liu sp. nov. 
(Figs 11–26)
Description
LM observations: Valve lanceolate–clavate, apices 
protracted with narrowly rostrate ends. Length 23.0–38.7 
μm, width 5.5–6.9 μm. Axial area linear, very narrow, 
slightly expand in the middle of the valve, forming 
a small elongated elliptic central area. Striae slightly 
radiate, composed of 2–4 areolae, areolae irregularly 
spaced transversally, producing longitudinal hyaline 
undulations on the valve surface.
SEM observations: Externally, raphe straight, proximal 
raphe endings straight (Fig. 21). Distal raphe endings 
straight, combined with a groove between the last 
areola at each side (Figs 22, 23). Ribs are present along 
both sides of the raphe in some specimens (Figs 20, 
22). Striae are uniseriate, 25–26/10 μm in the center, 
27–28/10 μm at the apices. Areolae are transversally 
elongate, irregularly–sized and spaced (Figs 19, 20). A 
single row of slit–like areolae is present on the valve 
mantle (Figs 21–23). Internally, each stria is occluded 
by a single hymenate covering (Figs 24–26). Proximal 
raphe endings are slightly curved toward the same side 
(Fig. 26). Helictoglossae slightly raise at the end of the 
raphe (Figs 24–25).
Holotype: HANU! Slide no. THHN2012015 (Harbin 
Normal University, Harbin, China). Fig. 11 is of a 
specimen from the holotype slide.
Isotype: COLO! Kociolek Collection (University of 
Colorado, Boulder, U.S.A.). Accession Number 9047.
Type locality: Orchid valley in Yalong Bay Forest 
Park, Hainan Province. Collected at 14th February 
2012, by Liu Y. et Li L.X.
Habitat: Epiphyton on leaves and stones, in a small 
flowing stream.
Etymology: Named for resembling the species 
Brachysira irawanae (Podzorski et Håkansson) 

Figs 1–4. Eunotia dinghunsis Liu et Kociolek sp. nov., LM pictures, 
showing size range of the species. Fig. 2 is of the holotype. Scale 
bar 10µm.

France, which was reported to co–occur with numerous 
Eunotia and acidobiontic diatoms (Lange–Bertalot 
et al. 2011), E. macedonica Lange–Bertalot, Pavlov et 
Levkov was described from Southern Europe also. E. 
tauntoniensis Hustedt et Patrick was reported from U.S.A. 
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Figs 5–10. Eunotia dinghunsis Liu et Kociolek sp. nov. SEM pictures: (5–8) external view, (5) apex of the valve showing the spines, (6) apex of 
the valve, showing the raphe, (7) middle of the valve, showing the spines and striae, (8) girdle view of the valve apex, showing the open band 
with multi–rows of poroides; (9–10) internal view of the two apices of one valve, (9) apex of the valve, showing helictoglossa (white arrow) 
and rimportula (black arrow), (10) apex of the valve, showing the internal opening of areolae (white arrow). Scale bar 5µm (5–8), 1µm (9–10).

of species with gomphonemoid symmetry (Lange–
Bertalot & Moser 1994: Taf 29–32). Among this 
group, Brachysira gomphonemoides (Maillard) 
Lange–Bertalot et Moser, B. seippii Lange–Bertalot 
et Moser, B. maillaridii Lange–Bertalot et Moser, 
and B. insolita (Manuskriptnamen) Lange–Bertalot 
et Moser are easily separated from our new species 

Lange–Bertalot et Podzorski.
Remarks: Brachysira Kützing is characterized by 
having linear to lanceolate valves with round to 
protracted apices, longitudinal undulations formed 
by areolae, ribs present along the raphe and valve–
mantle junction, and elongate areolae on the mantle 
(Vouilloud et al. 2014). This genus has a group 
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Figs 11–18. Brachysira subirawanae Kociolek et Liu sp. nov., LM 
pictures, showing size range of the species. Fig. 11 is of the holotype. 
Scale bar 10µm.

by outline; B. microclava Lange–Bertalot et Moser is 
smaller and has papillae on valve surface; B. blanche-
ana (Maillard) Lange–Bertalot et Moser has capitate 
apices; B. archibaldii Coste et Ricard, B. archibaldii 
var. crassistriata Lange–Bertalot and B. procera 
Lange–Bertalot et Moser all lack protracted ends. 

The species most similar in morphology to B. 
subirawanae, sp. nov. are B. irawanoides Lange–Bertalot 
et Moser and B. irawanae (Podzorski et Håkansson) 
Lange–Bertalot et Podzorski. B.irawanae was described 
as having wedge–shaped ends, and it is longer and nar-
rower (length 15–50 µm, breadth 4.5–6.5 µm) than B. 
subirawanae sp. nov. B. irawanoides was described 
as having blunt, rounded ends, and it has valves that 
are smaller (length 19–30 µm, breadth 4.2–4.8 µm) 
(Lange–Bertalot & Moser 1994) than B. subirawa-
nae sp. nov. Our new species has protracted to rostrate 
ends, valves with higher length to breadth ratio than the 

former two species. Another difference among these 
three taxa is the density of the striae, with B. irawanae 
and B. irawanoides having denser striae, up to 30–32 
per 10 µm, as compared with B. subirawanae sp. nov. 
which has 25–26/10 µm.

Microcostatus muscus Liu et Kociolek sp. nov. (Figs 
27–45)
Description
LM observations: Frustule small. Valve linear to lan-
ceolate, with small capitate apices. Length 10.0–15.7 
μm, width 3.0–3.5 μm. Axial area narrow, central area 
small. Striae not visible under LM. 
SEM observations: Externally, two lyre–shaped depres-
sions are present along the prominent sternum parallel to 
the axial area (Fig. 38). The depressions are wider in the 
middle of the valve and become narrower, discontinuous 
and punctate towards the apices. Depressions contain 
small slit–like costae (Fig. 39),4–6 per 1μm. Axial 
area narrow, linear. Valve face with thick silicification, 
areolae are occluded externally. Proximal raphe endings 
straight (Fig. 39), distal raphe endings curved in same 
directions onto the mantle (Fig.38). Internally, raphe 
straight, proximal raphe endings slightly expanded, small 
and round (Fig. 43). Areolae are unoccluded, round or 
elliptic, 2–3 per stria. Helictoglossa are slightly raised 
at the end of valve (Figs 44–45). 
An incomplete valve is shown in figure 42. In this 
valve the striae are composed of slit–like areolae, one 
per striae. A row of pores on the mantle appears to be a 
continuation of the striae.

Holotype: HANU! Slide no. THGZ2012030 (Harbin 
Normal University, Harbin, China). Fig. 27 is of a speci-
men from the holotype slide.
Isotype: COLO! Kociolek Collection (University of 
Colorado, Boulder, U.S.A.). Accession Number 9032.
Type locality: Dinghu Mountains, Guangdong Province. 
Collected on 9 February, 2012, by Liu Y. et Li L.X.
Habitat: Living in the mosses on the wet wall. 
Etymology: This species is named for it being found 
living amongst moss on a wet wall.
Remarks: Microcostatus Johansen et Sray (Johansen 
& Sray 1998) is a small genus, with 22 taxa listed in 
Kociolek et al. (2020). The most distinctive characters 
for the genus are that the valves are small, with two 
longitudinal depressions along the central sternum and 
lacking a conopeum (Van de Vijver et al. 2010; Stanek–
Tarkowska et al. 2016).  More recently, however, a 
conopeum and pseudoconopeum have been reported 
from species in this genus (Taylor et al. 2010; Van de 
Vijver et al. 2013; Li et al. 2016). 

The characters used to differentiate the species 
within this genus are the outline of valve, striae and 
areolar pattern on the depressions and valves, areolae 
on the conopeum or pseudoconopum if they are present, 
and areolae internal openings. Our new species is very 
distinctive compared with other known species in this 
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Figs 19–26. Brachysira subirawanae Kociolek et Liu sp. nov., SEM pictures: (19–23) external view, (19–20) whole valve, (21) central area, 
showing the straight proximal raphe endings and elongated areolae, (22) headpole of the valve, showing the terminal raphe endings and gro-
ove between the last two areolae (white arrow), (23) footpole of the valve, showing the terminal raphe endings, groove between the last two 
areolae (white arrow) and the slit–like areoale on the mantle; (24–26) internal view, (24) footpole of the valve, showing the helictoglossa, (25) 
headpole, showing the helictoglossa, (26) central area, showing the hymens of areolae (white arrow). Scale bar 10µm (19–20), 1µm (21–26).
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genus based on its outline, discontinuous depressions, 
and small slit–like costae within the depressions. 

Pinnularia rivularis Hustedt (Figs 46–59)
Schmidt 1934, pl. 392: 1; Simonsen 1987, plate 255: 3–5.
LM observations: Valves large, linear, slightly expanded 
in the center and at the ends, with nearly undulate 
sides, ends bluntly rounded. Length 75.8–83.6 μm, 
width 10.6–11.5 μm. Axial area linear, occupying 1/5 
–1/4 width of the valve. Central area large, rhombic, 
extended to the valve margin. On one side of the central 
area, next to the end of the striae, 2–3 thickened areas 
are visible (Figs 53, 57, 58). Raphe lateral, with small, 
rounded proximal raphe ends. Terminal fissures on the 
valve, large, “?” shaped. Striae radiate in the middle, 
convergent towards the ends. 
SEM observations: Externally, the raphe is straight, with 
proximal raphe ends small and round, slightly curved 
toward one side of the valve (Fig. 54). Distal raphe 
endings are large, “?”–shaped, barely extending onto 
the mantle (Figs 55–56). Striae composed of 4–5 rows 
of areolae with silicified external opening. Internally, 
raphe continuous, without an intermissio. On one side 
of the central area there are 2–3 round depressions (Fig. 
57). At each distal end, a small helictoglossa is present 
(Fig. 59). Areolae are unoccluded (Fig. 58).

Remarks: This species differs from other Pinnularia spe-
cies by its outline and round, internal depressions around 
the central area. Hustedt published this new species from 
Java and Sumatra (Schmidt 1934; Hustedt 1938), with 
the remark “until now found in the pH range of 6.5–7.8, 
further information is not possible for the time being” 
(Hustedt 1935, 1938). Simonsen (1987) presented three 
valves from Hustedt’s type. This species has been poorly 

illustrated since it was reported. Hohn & Hellerman 
(1963) recorded one valve from La Vase River, Canada, 
without a detailed description, and Patrick & Reimer 
(1966) listed the species under “Name of taxa reported 
from the U.S. (fresh water) which could not be verified 
by a specimen from a public herbarium” suggesting the 
record by Hohn and Hellermann is suspect. Our specimens 
were also found from a tropical area (sample number 
THHN2012015, see Table 1), near the type locality, and 
the morphological features found in the Chinese specimens 
fit Hustedt’s description of Pinnularia rivularis. This is 
the first publication of SEM observations of this taxon.

Iconella sanyatangum Liu et Kociolek sp. nov. (Figs 
60–79)
Description
LM observations: Frustules are rectangular in girdle 
view (Figs 65–67). Valves are long, slender and straight. 
The two sides of the valve are almost parallel the entire 
length of the valve, without a median constriction; towards 
the apices valves become narrower and form bluntly–
rounded, but not protracted ends. Length 150–207 µm, 
breadth 6.8–8.8 µm. The external valve surface consists 
of thickened and evenly–spaced transverse ribs across 
the valve. A very narrow median region is present in 
the middle of the valve. Alar canals 30–40 in 100 µm. 
Striae 17–19 in 10 µm.
SEM observations: Externally, the raphe is situated 
between two relatively wide ridges on top of the keel. 
Raphe ridges thicken around the apex of the valve at 
the point where the distal raphe fissures curve down 
onto and back along the mantle forming a fish hook 
design (Fig. 70). The fenestrae and alar canals are very 
short, such that the keel almost rests on the valve sur-
face (Figs 68, 73). The ends of the valve are depressed 
and smooth (Fig. 68). Otherwise ribs are flat and wide, 
supported by thicken siliceous ridges across the whole 
valve (Figs 69, 71). Some ribs terminate in the middle of 
the valve, others are combined and become a single rib 
at the middle of the valve (Fig. 69). Two or three rows 
of siliceous granules are difficult to observe between 
the ribs. There is a narrow median area between the 
two sides of siliceous granules (Fig. 71). The siliceous 
granules cover the areolae externally. Internally, areolae 
are unoccluded (Fig. 77). The striae are composed of 
two to three rows of areolae (Fig. 77). Alar canals are 
narrow, about 2–3 µm wide.

In girdle view mantle ribs differ from valve ribs, 
as they appear wider, with regular or irregular sides (Figs 
70, 72). The ribs are almost connected. Fenestral openings 
are similar to other parts of the valve, however they are 
not as obvious as those at the apex since the valve are 
depressed here. Copulae are open laterally.
Valves with rimmed areolae at apex but no siliceous 
granules were observed (Fig. 75). The rimmed areolae 
can be found in both valve view and girdle view. And 
granules were also observed between ribs, which the 
sides were not silicified (Fig. 74). But comparing the 

Figs 27–37. Microcostatus muscus Liu et Kociolek sp. nov. LM 
pictures, showing the size range of the species. Fig. 27 is of the ho-
lotype. Scale bar 10µm.
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Figs 38–42. Microcostatus muscus Liu et Kociolek sp. nov., SEM external view: (38) whole valve, showing the depression along the central 
sternum; (39) central area, showing the slit–like coste in the depressions (white arrow), and the straight proximal raphe endings; (40–41) apex 
of the valve, showing the terminal raphe ending; (42) uncompleted valve, showing the areolae opening (black arrow). Scale bar 1µm (38–41), 
0.5µm (42).

structure of valve areolae and mantle ribs with other 
valves, we considered these valves to be incompletely 
formed valve.
Holotype: HANU! Slide no. THGZ2012017 (Harbin 
Normal University, Harbin, China). Fig. 62 is of a speci-
men from the holotype slide.
Isotype: COLO! Kociolek Collection (University of 
Colorado, Boulder, U.S.A.). Accession Number 9049.
Type locality: Sanyatang valley in Guangdong Province, 
China. Subaerial, attached to filamentous algae on decayed 
wood. Collected on Feb. 7, 2012, by Liu Y. et Li L.X.

Habitat: Epiphyton on filament algae in the stream. 
Etymology: Named for the type locality.
 
Remarks: Based on the recent classification scheme for 
Surirellaceae, our new species would belong to Iconella 
Jurilj, which was resurrected by Ruck et al. (2016) and 
expanded to include the Robustae group of Surirella Turpin 
and Campylodiscus (Ehrenberg) Ehrenberg et Kützing, 
as well as the entire genus Stenopterobia Brébisson et 
Van Heurck. The morphological features for identifying 
Iconella are “raphe canal rises above the valve face and 
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Figs 43–45. Microcostatus muscus Liu et Kociolek sp. nov., SEM 
internal view: (43) whole valve; (44) apex of the valve, showing the 
helictoglossa and areolae openings; (45) apex of the valve, showing 
the helictoglossa. Scal bar 1µm.

Figs 46–52. Pinnularia rivularis Hustedt., LM pictures, showing the 
size range of the species, white arrows show the stigma. Scale bar 
10µm.

mantle and has alar canals with fenestral openings oc-
cluded by fenestral bars with internally rimmed pores” 
(Jahn et al. 2017). According to its long, slender valve 
with bluntly round apices, this new species shares some 
features with the straight species in previously–recognized 
genus Stenopterobia. Iconella sanyatangum sp. nov. 
most closely resembles Stenopterobia schweickerdtii 
(Cholnoky) Brassac, Ludwig et Torgan (Brassac et 
al. 2003) which was originally described as Surirella 
schweickerdtii Cholnoky (Cholnoky 1954). Brassac 
et al. (2003) did not study the type material. We cannot 
conclude whether the specimens studied by them are 
indeed the same as the original species, but the specimens 
illustrated in Brassac et al. (2003) are more similar to 
our new species in terms of size, alar canal and striae 
densities, and valve structure. Mantle ribs in Iconella 
sanyatangum are wider and the fenestral openings are 
obvious near the apex of the valve only; this feature helps 
to distinguish it from the specimens in Brazil reported 
as Stenopterobia schweickerdtii.

Some of the valve features found in S. sanyatangum 
appear unique in this group, such as the transverse ribs 
across the valve, which were supported by the silica 
ridges, lack of median area, and granules present on 
the valve surface. 

Conclusions

Although there has been a tremendous amount of work 
done to describe the freshwater diatoms of China (Bi & 
Liang 1994; Bi et al. 2001), many areas lack even initial 
surveys, let alone the development of a comprehensive 
flora. Recent diatom research in China yielded the de-
scription of many new species from many area of China, 
with more than 75 new species reported since 2017, e.g. 
Li et al. (2019), Liu B. et al. (2018a, b; 2019), Liu Q. 
et al. (2017; 2019a, b), Liu Y. et al. (2018a, b, 2020a, b, 
c), Luo et al. (2018),You et al. (2017; 2019a, b) Yu et 

al. (2018, 2019), Yang et al. (2019) and Zhang et al. 
(2018a, b; 2019). The discovery of these new species 
from Hainan island and South of Guangdong Province 
indicate these places may have high biodiversity of 
diatom. Further research of “Indo–Chinese subregion” 
biodiversity hotspot will likely yield additional interest-
ing results to help us to understand the overall number 
and taxonomic breadth of the diatom flora in this region.  
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Figs 60–64. Iconella sanyatangum Liu et Kociolek sp. nov., LM pic-
tures, valve view. Fig. 62 is of the holotype, showing the siza range 
of species. Scale bar 10µm

Figures 65–67. Iconella sanyatangum Liu et Kociolek sp. nov., LM 
pictures, girdle view. Scale bar 10µm
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Figs 68–73. Iconella sanyatangum Liu et Kociolek sp. nov., SEM pictures, external view: (68) apex of the valve, showing the terminal raphe 
endings, the capped areolae (white arrow) and smooth depression (black arrow); (69) surface of the valve, showing the ribs across the whole 
valve. Some ribs stopped at the middle of the valve (white arrow), some ribs combined and become one rib in the middle (black arrow); (70) 
girdle view of the valve apex, showing the terminal raphe fissure (white arrow) and wide mantle ribs with regular sides (black arrow); (71) 
a broken valve, showing the median area (large white arrows) and granules covered the areolae (small white arrows); (72) girdle view of the 
valve apex, showing the wide mantle ribs with irregular sides (black arrow); (73) girdle view of valves showing numerous opening bands. 
Scale bar 1µm.
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Figs 74–79. Iconella sanyatangum Liu et Kociolek sp. nov., SEM pictures: (74–75) external view of uncompleted valve; (74) girdle view of the 
valve apex, showing the granules (white arrow) and irregular rib sides (black arrow); (75) apex of the valve, showing the rimmed areolae (white 
arrow); (76–79) internal view, (76) middle of the valve, showing biseriate or multiseriate stria, (77) magnification of part of 76, showing the 
unoccluded areolae (white arrow), (78) apex of the valve, showing the terminal raphe endings, helictoglossa not raise, (79) apex of the valve, 
showing the depression of the valve ends formed a rise internally (white arrow). Scale bar 1µm.
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