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Abstract: Three new freshwater diatoms are described from China’s Yunnan Plateau region in sediments from 
Lake Fuxian. Navicula australasiatica nov. sp., Navicula perangustissima nov. spec., and Navicula turriformis 
nov. spec. were identified from light and scanning electron micrographs. All new species are sufficiently different 
from other similar species based on valve outline, shape of the axial and center areas, and stria density. These 
three new species are all observed in surficial sediment from Lake Fuxian and compared to morphologically 
similar species from the genus Navicula.
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Introduction

Fuxian Lake is an oligotrophic, deep lake, and the most 
important fresh–water resource of Yunan Province in 
China accounting for around two–thirds of the total 
fresh–water storage in the Yunnan Plateau (Wang & 
Dou 1998). Lake Fuxian fits some aspects of the an-
cient lake model as there are several endemic fishes and 
oligochaetes, and, among the diatoms, endemic species 
(Skuja 1937; Li et al. 2010a, b; Gong & Li 2011). Lake 
Fuxian was formed by faulting in the late Pliocene 
(3.0–4.0 Ma), is one of the characteristic tectonic lakes 
of the Yunnan–Guizhou Plateau. Ancient lake systems 
harbor some of the highest diversity of any freshwater 
ecosystems and are characterized by endemism and 
groups of related species often referred to as species flocks 
(Brooks 1950; Edlund & Soninkhishig 2009). Lake 
Fuxian have also unique fauna (mainly fish, Crustacea 
and Oligochaeta, including 14 endemic diatom species) 
and flora (including 7 endemic diatom species) (Yang 
& Chen 1995; Sket 2000; Cui & Wang 2005). Zhu & 
Chen (1994) reported 18 and 49 taxa from Lake Fuxian 
in 1957 and 1989, respectively. In more recent studies 
on Lake Fuxian, new diatoms have been reported, in-
cluding the description of three new Sellaphora species 
(Sellaphora fuxianensis Li, Sellaphora yunnanensis Li 
et Metzeltin, Sellaphora sinensis Li et Metzeltin) (Li 

et al. 2010a, b), one new Cymbella species (Cymbella 
fuxianensis Li et Gong) (Gong & Li 2011), and three 
new Navicula species (Navicula craticuloides Li et 
Metzeltin, Navicula gongii Metzeltin et Li and Navicula 
yunnanensis Li et Metzeltin) (Gong et al. 2015). In this 
paper, we continue to document the diatom diversity of 
the lake and report three new Navicula species based on 
analyses of surficial sediments using light and scanning 
electron microscopy.

Materials And Methods

One sample (24°24.870'N, 102°50.590'E) was collected from 
surficial sediment (0.5 cm) of Lake Fuxian using a Kajak gravity 
corer in 2005. Diatom samples were treated using 10% HCl 
to dissolve calcium carbonate and 30% H2O2 to oxidize the 
organic matter (Battarbee 1986). All samples and slides are 
deposited in the Herbarium of Nanjing Institute of Geography 
and Limnology. Diatoms were identified under oil immersion 
at 1000× magnification with an Olympus microscope (BX51–
DIC). Cleaned material for scanning electron microscope (SEM) 
analysis was air–dried onto cover glasses, mounted onto stubs, 
and coated with 20 nm of Au. Samples were examined and 
photographed using a Leo 1530. 
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Results

Navicula australasiatica Li et Metzeltin, sp. nov. 
(Figs 1–8)
Description
Light microscopy (Figs 1–5): Valves linear–lanceolate 
to linear, ends wedge–shaped. Length 86–95 µm, breadth 
12–13 µm. Raphe filiform with central ends clearly 
deflected to the primary side of the valve with small 
central pores lying in the expanded part of the asym-
metrical central nodule. Axial area very narrow, straight. 
Central area transapically expanded rectangular, large, 
confined by 3–5 hardly radiate, shortened striae. Other 
striae distinctly radiate becoming abruptly subparallel at 
the conspicuous Voigt fault, finally convergent near the 
ends, consistently 7–7.5 in 10 µm. Lineolae appearing 
coarser, clearly wider spaced, 24–25 in 10 µm. 
Scanning electron microscopy (Figs 6–8): In SEM 
external view, raphe distinctly curved and central pores 
deflected to the primary side. The central pores curved 
like crochet–hooks (Figs 6–8).
Holotype: HANU! Individual in slide YUNFX2005326 
(Harbin Normal University Heilongjiang Harbin ). Isotype: 
YNU! Individual in slide 46109 (School of Ecology and 
Environmental Science, Yunnan University).
Type locality: Surficial sediments of Lake Fuxian 
(24°24.870'N, 102°50.590'E)

Ecology and confirmed distribution: So far this 
species only observed in surficial sediments of Lake 
Fuxian. In this site, diatom assemblages were dominated 
by Cyclotella krammeri Häkansson, Stephanodiscus 
hantzschii Grunow, Fragilaria crotonensis Kitton, 
Cyclotella rhomboideo–elliptica Skuja, Achnanthes 
Bory et St.–Vincent, Amphora Ehrenber, Aulacoseira 
granulata (Ehrenberg) Simonsen, and Stephanodiscus 
minutulus (Kützing) Cleve et Möller.

Navicula perangustissima Li et Metzeltin, sp. nov. 
(Figs 9–24)
Description
Light microscopy (Figs 9–18): Valves narrowly lan-
ceolate with rather acutely rounded apices being oc-
casionally gradually protracted, particularly in longer 
specimens. Length 34–61 µm, breadth 6–7 µm. Ratio 
length/breadth 5.2–9.0. Raphe filiform to weakly lateral 
with narrowly spaced small central pores. Axial area 
narrow to very narrow, linear, not or very little widened 
near the small central area which varies in shape due to 
irregularly shortened few stria pairs. Transapical striae 
radiate throughout, 14–17 in 10 µm. Lineolae coarse, 
22–24 in 10 µm. 
Scanning electron microscopy (Figs 19–24): In SEM 
external view, raphe with central pores curved like the 
head of a crosier. The terminal raphe fissures arising 
from the terminal pores run almost straight to the valve 
mantle with forming a clear curve to the secondary 
side. Satellite pore difficult to discern. Foramina lying 
in continuous depressions between distinct apical ribs 
masking the apical costae. The inner surface of the valve 
reveals almost square areolae with hardly any suggestion 
of sunken alveoli (Figs 19–21). 
In SEM internal view, the raphe sternum with central 
nodule and additional rib are likewise comparatively 
narrow (Figs 22–24).
Holotype: HANU! Individual in slide YUNFX2005327 
(Harbin Normal University Heilongjiang Harbin). Isotype: 
YNU! Individual in slide 46110 (School of Ecology and 
Environmental Science, Yunnan University).
Type locality: surficial sediments of Lake Fuxian 
(24°24.870'N, 102°50.590'E).
Etymology: the specific epithet refers to the close rela-
tion with N. angustissima.

Ecology and confirmed distribution: So far this species 
only observed in surficial sediments of Lake Fuxian.

Table 1. Morphological characteristics of N. australasiatica sp. nov. and Navicula species sharing similar morphological features.
 

Species /Feature N. australasiatica N. vuridula 
(Kützing) 
Ehrenberg

N. viridula           
var. linearis Hustedt

N. viridulacalcis Lange-
Bertalot in Rumrich 

Reference this study Lange-Bertalot 
2001

Maidana 1996 Lange-Bertalot 2001

Valve length, µm 86–95 40–100 55–65 30–65

Valve width, µm 12–13 10–15 6–8 8–12

Lineolae in 10 µm 24–25 24 28–29 21–25

Stria in 10 µm 7–7.5 8–11 8–12 8–11

Valve shape Linear–lanceolate 
to linear

Linearto 
linear–lanceolate 

Linear–lanceolate Linear

End shape wedge–shaped Obtusely rounded, 
strongly protacted

Apices sub–rostrate Abruptly wedge–shaped
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Table 2. Morphological characteristics of N. perangustissima sp. nov. and Navicula species sharing similar morphological 
features. 

Species /Feature N. perangustissima N. angustissima 
Hustedt

N. kristicii Levkov N. trophicathrix 
Lange-Bertalot

Reference this study Hustedt 1934 Levkov et al. 2007 Lange-Bertalot & 
Metzeltin 1996

Valve length, µm 34–61 50–75 42–61 25–50

Valve width, µm 6–7 11–13 7–9.5 7.5–10

Ratio length/breadth 5.2–9.0 5.9–6.3 6–6.2 3.3–5.3

Stria in 10 µm 14–17 7–10 12–14 11–13

Valve shape Narrowly lanceolate Lanceolate Narrowly lanceolate Lanceolate to 
rhombic–lanceolate

End shape Rounded, protracted Abruptly 
wedge–shaped

Subrostrated ends, 
protracted

Narrowed to wedge–
shaped, acutely rounded

Navicula turriformis Li et Metzeltin, sp. nov. (Figs 
25–40)
Description
Light microscopy (Figs 25–34): Valves generally elliptical 
to elliptical–lanceolate; ends becoming broadly cuneate 
with more or less distinctly pointed apices. The ends shape 
resembles with the apex of Gomphonema turris. Length 
41–66 µm, breadth 15.5–19.5 µm. Length–to–breadth 
ratio 3.0–3.8. Raphe filiform to slightly lateral with tear 
drop–like central pores appearing very weakly deflected 
to the primary side of the valve; terminal fissures shortly 
hooked just as in N. turris. Axial area narrow–linear, not 
or slightly expanded proximally. Central area distinctly 
much more expanded transapically, bow–tie–shaped. 
Striae moderately radiate throughout, two or three pairs 
irregularly shortened proximally, 6–7.5 in 10 µm. Voigt 
fault to discern more or less easily. Lineolae compara-
tively coarse, 19–21 in 10 µm. 
Scanning electron microscopy (Figs 35–40): In SEM 
external view (Figs 35–37), almost straight central raphe 
ends with simple drop–like expanded central pores. The 
sternum neither depressed not conspicuously expanded 
at the central nodule. The terminal raphe fissures arising 
from the terminal pores run almost straight to the valve 
mantle with forming a curve and turning to opposite 
sides at both poles. In SEM internal view, the raphe ster-
num with central nodule and additional rib are likewise 
comparatively narrow. Raphe terminates at the apices 
in a curved helictoglossa (Figs 38–40).
Holotype: HANU! Individual in slide YUNFX2005328 
(Harbin Normal University Heilongjiang Harbin ). Isotype: 
YNU! Individual in slide 46111 (School of Ecology and 
Environmental Science, Yunnan University).
Type locality: surficial sediments of Lake Fuxian 
(24°24.870'N, 102°50.590'E).
Etymology: the specific epithet refers to the close rela-
tion with N. turris.

Ecology and confirmed distribution: So far this species 
only observed in surficial sediments of Lake Fuxian.

Discussion

In Lake Fuxian, we collected 22 samples in different 
sites, but the new species were found at only one site, 
which may be related to the microenvironment of the 
site where water depth was 19 m, while water depths of 
other sites were more than 36 m. Increased eutrophication 
in Lake Fuxian is of concern, especially for its endemic 
species, which are often the most vulnerable to chang-
ing environmental conditions (Edlund & Jahn 2001). 

The characters and habitat of N. australasiatica 
resemble Navicula viridula var. linearis Hustedt from 
Lake Toba in Sumatra (Maidana 1996). The main distin-
guishing feature is the significantly lower areola density 
of this species (24–25 in 10 µm) and wedge–shaped 
ends, while that of N. viridula var. linearis is 28–29 
in 10 µm and abruptly wedge–shaped. Without doubt, 
our species belong to the subgen. Alinea in which the 
central pores of the raphe are clearly deflected to the 
primary side of the valve (Lange–Bertalot 2001). 
It is also distinguished from Navicula viridulacalcis 
Lange–Bertalot in Rumrich (Lange–Bertalot 2001) 
by length, breadth, stria density and shape. Length, 
breadth, stria density of N. viridulacalcis are 30–65 
µm, 8–12 µm, 21–25/10 µm, and its ends are abruptly 
wedge–shaped, respectively (Lange–Bertalot 2001). 
The outline shape of this species is rare, as it is in all 
the similar species (Table 1).

A few species of Navicula s. str. share this type 
of structural pattern which includes a more or less nar-
row–lanceolate valve shape, radiate striae throughout 
with coarse, apically short lineolae from the centre, the 
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Figs 9–18. Navicula perangustissima, LM, valve views showing reduction. Fig. 9 is the holotype. 

Figs 1–5. Navicula australasiatica, light microscopy (LM), valve views 
showing size diminution series. Fig. 1 is the holotype. Scale bar 10 µm.

Figs 6–8. Navicula australasiatica, SEM, external views: (6) entire 
valve view; (7) view of the end with prolongation of the raphe slit from 
a terminal pore to the valve mantle with a clear curve to the secondary 
side; (8) central portion of the valve showing distinctly curved like 
crochet–hooks. Scale bar 10 µm. 
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Figs 19–21. Navicula perangustissima. SEM, external views: (19) 
entire valve view; (20) central portion of the valve with central pores 
curved like the head of a crosier, there are longitudinal grooves along 
the valve, aligned with the lineolae; (21) view of the end showing 
distal raphe end deflected onto the valve mantle. Scale bar 10 µm. 

Figs 22–24. Navicula perangustissima, SEM, internal views: (22) 
internal valve view with central nodule, raphe slit and helictoglossae; 
(23) helictoglossa slightly offset from raphe terminates; (24) central 
nodule with scarcely expanded and inclined to the secondary valve 
side. Scale bar 3 µm. 

Figs 25–34. Navicula turriformis, LM, valve views showing size dimi-
nution series for the species. Fig. 25 is the holotype. Scale bar 10 µm.

median striae are wider spaced towards ends, and central 
pores with “satellite pores” visible in SEM. Navicula 
trophicathrix is a prominent example from Europe, and 
possesses the same combination of morphologic characters. 
N. trophicathrix Lange–Bertalot in Lange–Bertalot & 
Metzeltin (1996) differs by a length–to–breadth ratio 

of 3.3–5.3. N. perangustissima is distinguished from 
Navicula angustissima Hustedt by breadth and striae in 
10 µm (N. angustissima breadth 11–13 µm, transapical 
striae 7–10 in 10 µm). The outline shape of this species 
is rare, as it is in all the similar species (Table 2).

Despite N. turriformis have resemblance of dimen-
sions of valve outlines, and most of the other morpho-
logical characters conspecificity with N. turris. They are 
very unlikely considering the different central area and 
lineola densities. The central area and stria densities of N. 
turris are slightly greater, 25–28 in 10 µm. Remarkable 
in a wider context is that Levkov et al. (2007) found 
N. turris in Lake Ohrid whereas the few other records 
concern fossil specimens from the upper Tertiary period 
of southeastern Europe. The raphe system (the terminal 
raphe fissures turning to opposite sides at both poles) of 
N. turriformis is similar with N. reinchardtii Grunow. In 
old tectonic aligomictic deep lakes Ohrid and Prespa, 
more than 150 new taxa were described (Levkov et al. 
2007), thus there is still a tremendous amount of work 
to do to uncover the phylogenetic relationships of the 
freshwater diatoms in Lake Fuxian.
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