Fottea, Olomouc, 22(1): 13-29, 2022
DOI: 10.5507/fot.2021.013

13

Three new Gomphonema Ehrenberg (Bacillariophyta, Gomphonemataceae)
species from the lower reaches of Yangtze River, China

Pan Yu'?, Qingmin You', Yonghong Br?, John Patrick KocioLEK® & Quanxi WANG'*

!College of Life Sciences, Shanghai Normal University, Shanghai 200234, P. R. China; *Corresponding author
e—mail: wanggx@shnu.edu.cn

’Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan, 430072, P. R. China.

SMuseum of Natural History and Department of Ecology and Evolutionary Biology, University of Colorado,
UCB 218, Boulder CO80309, USA

Abstract: In this study, three new species of the genus Gomphonema from freshwater lakes of the lower reaches
of Yangtze River, China. They include G. gii sp. nov. from Yangcheng Lake, G. poyangense sp. nov. from Poyang
Lake, and G. longganense sp. nov. from Longgan Lake, and all of these new species were collected on stone.
We detailed morphological features of these new species are described based on light microscopy (LM) and
scanning electron microscopy (SEM), and the LM and SEM photographs illustrate the size ranges and particular
ultrastructure of these new species. G. gii sp. nov. with clavate—lanceolate valves, bluntly rounded headpole
and narrowly—rounded footpole, narrowly axial area, uniseriate striac. G. poyangense sp. nov. with clavate—
lanceolate valves, rounded headpole and narrowly—rounded footpole, broadly rhombic—lanceolate axial area,
short uniseriate striae, c—shaped to irregularly shaped areolae. G. longganense sp. nov. with slightly heteropolar,
linear—lanceolate valves, protruded headpole and rounded footpole, narrowly axial area, variously—shaped are-
olae. Additionally, three new species only have one stigma per valve. We compare these new species with other
similar species of Gomphonema based on valve outline, shape of the axial and center areas, and striae density.
While their valve features and symmetry easily assign them to Gomphonema, their differences with ‘core’ spe-

cies of the genus are discussed.
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INTRODUCTION

Species of the freshwater diatom genus Gomphonema
Ehrenberg (EHRENBERG 1832, p. 87) are well known
worldwide, and they occur over a wide range of environ-
ment conditions. Gomphonema is a large genus of over
2400 species (KocioLEK et al. 2019; Liu et al. 2020), and
those species are found from oligotrophic to eurtrophic
or organically polluted freshwater (FORE & GRAFE 2002;
JIANG et al. 2018). Moreover, Gomphonema species can
be found in waters of low to high conductivity, and occur
at neutral to slightly alkaline pH (VAN Dawm et al. 1994;
Potapowa et al. 2003; GONG et al. 2012).

The primary characteristic of this genus includes
the valves are asymmetric to the transpapical axis. Valves
are linear to linear—lanceolate and headpole wider than
footpole (RounD et al. 1990). The raphe is straight or
slightly lateral, and with straight or slightly curved and
expanded proximal endings and slightly curved distal
endings (LUDWIG & TREMARIN 2006; MEDERIOS et al.
2018). An apical pore fields is position and bisected by

the terminal raphe. Stigamata is presence or absence.
Striae uniseriate or biseriate, and have highly variability
areolar (ALMEIDA et al. 2020), and most species possess
both septa and pseudosepta at the apices (KOCIOLEK &
STOERMER 1993).

In China, studies on the genus Gomphonema have
been carried out by Skvortzow (1928, 1929, 1930 a, b,
1935, 1937, 1938, 1946), who documented many new
gomphonemoid species from the eastern part of China
(L1u et al. 2021). Later, some species of Gomphonema
were described from the Tibet Region and South—Western
China (Jao et al. 1964, 1973; L1 1983; ZHU & CHEN 1994,
2000; SHr 1994). Additional species of Gomphonema have
been reported from Northeast China (Bao et al. 1992;
BAoO & REIMER 1992; KocIOLEK 1992; FaN 1998, 2004).
A review of the gomphonemoid diatoms of China was
published by SHi (2004). Recently, some new species
of this genus have been described from eastern China
(ZHANG et al. 2016, 2018 a, b; ZHANG LX et al. 2020),
North—Eastern China (BAO & REIMER 1992; FAN 2004;
Liu et al. 2013; Ler et al. 2014), Southwest China (L1
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et al. 2006, 2010; GONG & L1 2012; JIANG et al. 2018;
Liao et al. 2018; Liu et al. 2020), Western—Southwestern
China (You et al. 2015), and from Henan province (L1u
et al. 2021).

In this paper, we described three new freshwater
diatoms species of the genus Gomphonema. The first
species G. gii sp. nov. is from Yangcheng Lake, the
second species G. poyangense sp. nov. is from Poyang
Lake, and the third species G. longganense sp. nov. is
from Longan Lake, All of these are located at the lower
reaches of Yangtze River, China. We documented those
new species valve morphology with light (LM) and
scanning electron microscopy (SEM), and compared
them with similar species in this genus.

MATERIAL AND METHODS

For this study we used diatom samples that were collected from
three lakes of the lower reaches of Yangtze River, collected
in August, 2019. Poyang Lake (28°22'-29°45'N, 115°47'—
116°45'E) is located at the junction of the middle and lower
reaches of Yangtze River, it is the largest freshwater lake in
China. Yangcheng Lake (31°21'-31°30'N, 120°39'-120°51'E)
is located in Northeast Suzhou, Jiangsu Province, and this lake
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Fig. 1. Map of the study area.
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consists of three parts, west—lake, east—lake and mid—lake. The
sample on which our observations have been made is from the
west—lake. Longgan Lake (29°52'-30°05'N, 115°35'-116°17'E)
is located on the border between Hubei and Anhui provinces,
which is consists of two sub lakes, Long Lake and Gan Lake,
and the material studied herein came from Long Lake (Fig.
1). In the field, several water chemistry characteristics were
recorded, including: pH, temperature, dissolved oxygen, total
dissolved solids (TDS), and conductivity (EC). These were all
measured using a YSIPro Plus multiparameter meter (YSI, Ohio,
USA). Diatom samples were collected from natural substrates,
including stones, or from navigation buoys, by brushing with
clean toothbrushes. Samples were placed in sample bottles and
preserved with formalin (4% final concentration).

In the laboratory, diatom samples were cleaned with
concentrated nitric acid using the Microwave Accelerated
Reaction System (Model MARS, CEM Corporation, Charlotte,
USA) (PARR et al. 2004), with a pre—programmed digestion
scheme (temperature, 180°C) ( YU et al. 2019). Next, samples
were alternately centrifuged for 8 min at 3000 rpm (TDZ5-WS,
Luyi Corporation, Shanghai, China) and washed five times using
distilled water. The resulting diatom samples were preserved
with 95% ethanol. Permanent diatom slides were made with
Naphrax for light microscopy (LM), and the cleaned diatom
samples were air—dried onto cover slips and mounted onto alloy
stubs for observation with the scanning electron microscope
(SEM). LM studies were made with an ZEISS AXIO Imager A2
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microscope fitted with DIC optics and at 1000x magnification
(1.4 numerical aperture). SEM examination was made using
a SU8010 (Hitachi High—Technologies Corp., Tokyo, Japan)
at 2 kV, and at a working distance of less than 6 mm. Images
were compiled with Adobe Photoshop CS6 (Adobe Systems
Inc., San Jose, C.A., U.S.A.). Morphological terminology
follows RounD et al. (1990). All of the diatom samples and
permanent slides are housed in Lab of Algae and Environment,
College of Life Sciences, Shanghai Normal University (SHTU).
[sotype material and slides have been deposited in the Kociolek
Collection at the University of Colorado, Boulder (COLO).

RESULTS

Class Bacillariophyceae Haeckel emend. Medlin et
Kaczmarska 2004

Subclass Bacillariophycideae Mann in Round et al. 1990
Order Cymbellales Mann in Round et al. 1990
Family Gomphonemataceae Mann in Round et al. 1990

Gomphonema qii Yu, You, Kociolek et Wang sp. nov.
(Figs 2-30)

Description: LM observations (Figs 2—17), valves
clavate—lanceolate, gradually tapering towards the head-
pole with bluntly rounded, but more abruptly tapering
from the valve central towards the footpole with nar-
rowly—rounded. Length 40—73 um, breadth 15-17 pm
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(n=100). Axial area narrow, linear. Central area small,
with one or two shortened central striae on one side,
and an isolated stigma site on other side at the end of
the central stria. Raphe is lateral, and slightly undulate.
Transapical striae punctate, nearly parallel to slightly
radiate at the central, becoming strongly radiate towards
the headpole and footpole. Striae number is 7-12/10 um
at the center, 9-12/10 um at the headpole and 10-12/10
um at the footpole. Footpole with a distinct and bilobed
apical pore field.

SEM observations (Figs 18-30), externally, raphe
with proximal ends tear—drop shaped and stigma opening
circular in outline (Fig. 21). The distal raphe ends bend
slightly towards the primary valve side and continue as
terminal raphe fissures bending towards the secondary
side and extending onto the mantle (Figs 20, 22). Striae
are uniseriate, and extend onto the mantle (Figs 18-22,
29). Areolae are slit-like, shorter or slightly undulate or,
near the axial area, c—shaped (Figs 20-22). At the foot-
pole the distal raphe end bisects the porelli of the apical
pore field, and the porelli are small, round and clearly
separated from the areolae, porelli number is 50/10 um
(Figs 22, 30). Internally, in the central area, proximal
raphe ends are distinctly deflected and positioned on the
elongated central nodule, and the long, slit-like stigma
opening is distinctly separated from the last areola in
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Figs 2-17. LM valve views of Gomphonema qii sp. nov., Scale bar 10 pm.
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the central striae (Figs 23—24). Headpole distal raphe
end deflected opposite or towards the stigma side (Figs
23-24,26-27), and footpole distal raphe end deflected
opposite the stigma side (Figs 23-24, 28). In the striae,
there are small tooth—like projections from each side
suggesting the presence of tectullae, the areolae are cir-
cular or slit-like, without occlusions (Figs 26-28). The
helictoglossa and pseudoseptum are visible at both poles
(Figs 26, 28), and the septum appears at the headpole
and footpole (Figs 27-28). Girdle composed of several
open, smooth bands, at least two bands with a row of
small slit-like or irregular oval poroids near the edge
away from the valve (Figs 25, 29-30).

Holotype (designated here): SHTU! Slide YCXH201908-
Z1 in Lab of Algae and Environment, College of Life
Sciences, Shanghai Normal University, Shanghai, China.
Holotype illustrated in Fig. 5.

Isotype (designated here): COLO! 650045, Kociolek
Collection, University of Colorado, Museum of Natural
History Diatom Herbarium, Boulder, USA.

Type locality: CHINA. Yangcheng Lake, Jiangsu
Province, 31°21'-31°30'N, 120°39'-120°51'E. collected
by Pan Yu, 25th August 2019.

Etymology: The species is named for Prof. Yuzao Qi,
Jinan University, China, for his pioneering work on
the diatoms of China, and for his continued support of
diatom research.

Ecology: Collected in one sample (YCXH201908-Z1)
on stones. water temperature (T) (°C) —30.9, pH —9.15,
Salinity (%o) — 0.16, Total Dissolved Solids (TDS)
(mg.I") — 218.4, EC (uS.cm™) — 374.2, Total Nitrogen
(TN) (mg.I'") — 1, Total Phosphorus (TP) (mg.I'") — 0.22,
Chemical Oxygen Demand (COD) (mg.1"") — 21.
Distribution: So far, the new species is known only
from the type locality.

Gomphonema poyangense Yu, You, Kociolek et Wang
sp. nov. (Figs 31-71)

Description: LM observations (Figs 31-59), valves
clavate—lanceolate, the headpole rounded and the foot-
pole narrowly—rounded. Distance from central nodule to
footpole is greater than the distance from central nodule
to headpole. Length 35.0-41.5 pm, breadth 6.5-8.0 pm
(n=80). Axial area broad, rhombic—lanceolate. A single,
isolated stigma located near the proximal raphe ends.
Raphe lateral, and slightly undulate. Transapical striae
nearly parallel at the headpole, slightly radiate at the
center, becoming strongly radiate towards the footpole.
Striae number 13—16/10 pm at the center and footpole,
and up to 16—17/10 um at the headpole. Footpole with
a distinct and bilobed apical pore field.

SEM observations (Figs 60—71), externally, raphe
with proximal ends tear—drop shaped, curved toward
the stigma. Stigma opening small, circular (Figs 60-61,
65). Distal raphe ends bend slightly towards the primary
valve side and continue as terminal raphe fissures bend-
ing towards the secondary side and extending onto the

Yu et al.: Three new Gomphonema Ehrenberg

Figs 18-22. Gomphonema gii sp. nov., SEM, external views: (18-19)
entire valve view; (20) details of the headpole with distal raphe end
curved on the mantle; (21) central portion of the valve showing
proximal raphe ends and rounded stigma opening; (22) details of the
footpole with distal raphe end curved on the mantle and apical filed
porelli are small round and clearly separated from the areolae. Scale
bars 10 pm (18-19), 2 pm (21), 1 pm (20, 22).

Figs 23-25. Gomphonema qii sp. nov., SEM, internal and girdle views:
(23-24) pseudosepta are evident at the poles, and in the central area,
proximal ends are distinctly deflected and positioned on the elongated
central nodule, and the stigma opening long slit-like; (25) frustule in
girdle view. Scale bars 10 pm.

mantle (Figs 60—63). Striae are uniseriate, composed of
c—shaped to irregularly shaped areolae, which extend onto
the mantle (Figs 60-65, 68). Areolae adjacent to the axial
area are c—shaped (Figs 63—65). On some valves, there
are some irregular, round shallow depressions distributed
in the region near the axial area at the footpole (Fig. 64).
At the footpole, the distal raphe end bisects the porelli of
the apical pore field. Porelli are small round and clearly
separated from the areolae, porelli number is 70/10 um
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Figs 26-30. Gomphonema qii sp. nov., SEM: (26-27) headpole, with pseudoseptum obscures the helictoglossa, and septum appears at the
headpole; (28) footpole, with pseudoseptum and helictoglossa evident, and septum appears at the footpole; (29-30) girdle views. Bands are
open and smooth, at least two bands with a row of small slit-like or irregular oval areolae near the edge away from the valve. Scale bars 2 pm

(29), 1 um (26-28, 30).

(Fig. 64). Internally, the alveoli have straight edges without
struts and the areolae have irregularly—shaped internal
openings (Figs 69—71). In the central area, the proximal
raphe fissures are hooked, and curved to the opposite side
of stigma. The stigma opening is long slit-like, and the
axial plate covers approximately 1/3 to 2/3 of the striae
length on the valve face (Figs 66—67). The helictoglossa
and pseudoseptum are visible at both poles (Figs 6667,
69-71). At the pseudoseptum, a few small round pores
may be present (Figs 69, 71). The septum appears at the
headpole and footpole (Figs 69—71). Striae are composed
of 3—6 arcolae on the mantle (Fig. 68). Girdle composed
of several open, smooth bands, at least one band with a
row of irregular oval poroids near the edge away from
the valve (Figs 63—64, 68).

Holotype (designated here): SHTU! Slide PYH201908—
738 in Lab of Algae and Environment, College of Life
Sciences, Shanghai Normal University, Shanghai, China.
Holotype illustrated in Fig. 33.

Isotype (designated here): COLO! 650046, Kociolek
Collection, University of Colorado, Museum of Natural
History Diatom Herbarium, Boulder, USA.

Type locality: CHINA. Poyang Lake, Jiangxi Province,
28°22'-29°45'N, 115°47'-116°45'E. collected by Quanxi
Wang, 21th August 2019.

Etymology: The species is named for Poyang Lake,
where it was discovered.

Ecology: Collected in one sample (PYH201908-Z38)
on stone. T (°C) — 32.79 °C, pH — 8.06, Salinity (%o) —
0.049, TDS (mg.I'") — 66, EC (uS.cm™) — 99.
Distribution: The new species is known only from the
type locality.

Gomphonema longganense You, Yu, Kociolek etWang
sp. nov. (Figs 72—-126)
Description: LM observations (Figs 72—116), frustules
slightly wedge—shaped in girdle view. Valves slightly
heteropolar, linear—lanceolate with its greatest breadth
near midvalve, headpole protruded, and the footpole
rounded. Length 13.5-26.0 um, breadth 4-5 pm (n =
100). Axial area narrow, linear. A single, pronounced
isolated stigma located one side at the central area. Raphe
laterally expanded and slightly undulate. Striaec weakly
radiate at the central area to headpole, becoming strongly
radiate at the footpole. Striae number 12—-16/10 pm.
SEM observations (Figs 117-126), externally,
raphe with proximal ends tear—drop shaped and stigma
opening is a circular (Figs 117-119). The distal raphe
ends bend slightly towards the primary valve side and
extend onto the mantle (Figs 117-118, 120-121). Striae
are uniseriate, and extending onto the mantle; some striae
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Figs 31-59. LM valve views of Gomphonema poyangense sp. nov. Scale bar 10 pm.

are biseriate on the valve margin (Figs 117-118, 124).
Areolae are variously—shaped, including small circular,
irregular oval, long slit-like, or irregular c—shaped (Figs
118-121). Striae are composed of 2-3 rows of small circular
and 2-5 rows slit-like areolae on the mantle (Fig. 124).
At the footpole the distal raphe end bisects the porelli
of the apical pore field, and the porelli are small round
and clearly separated from the areolae, porelli number is
60/10 um (Fig. 121). There are notches or faint depres-
sions on the valve face of around the raphe and areolae
(Fig. 119). Internally, the areolae are irregular oval, long
slit-like, or irregularly c—shaped (Figs 122—-123, 126).
In the central area, proximal raphe ends are distinctly
deflected and positioned on the elongated central nodule,
and the stigma opening is long, slit-like and distinctly
separated from the last areola in the central striae (Fig.
126). The helictoglossae and pseudosepta are visible at
both poles (Figs 122—123). Girdle composed of several
open, smooth bands, at least two bands with a row of
small irregular oval poroids near the edge away from
the valve (Fig. 124).

Holotype (designated here): SHTU! Slide LGH201908—
Z1 in Lab of Algae and Environment, College of Life
Sciences, Shanghai Normal University, Shanghai, China.
Holotype illustrated in Fig. 75.

Isotype (designated here): COLO! 650047, Kociolek
Collection, University of Colorado, Museum of Natural
History Diatom Herbarium, Boulder, USA.

Type locality: CHINA. Longgan Lake, Anhui Province,
29°52'-30°05'N, 115°35'-116°17'E. collected by Pan Yu,
22th August 2019.

Etymology: The species is named for the place where
it was found, namely Longgan Lake.

Ecology: Collected in one sample (LGH201908-Z1)
on stone. T (°C) — 31.2 °C, pH — 8.12, Salinity (%o) —
0.12, TDS (mg.I'") - 163.15, EC (uS.cm™) — 280.6, TN
(mg.I'")—2.1, TP (mg.I'}) — 0.1, COD (mg.I'}) — 13.2.
Distribution: So far, the new species is known only
from the type locality.

DiISCUSSION

Gomphonema qii, G. poyangense, and G. longganense
are new species that possess certain characteristics that
support their classification in the genus Gomphonema,
including: asymmetry about the transapical axis, clavate
frustules in girdle view, a stigma present on one side
of the central area, presence of pseudosepta and when
visible septa on the girdle bands, and an apical pore
field present and bisected by the terminal raphe on the
footpole. The structure of the areolae in these species are
variable, with most examples being slit-like to rounded.
This is quite different from the classical or ‘core’ species
of the genus (e.g. G. parvulum (Kiitzing) Kiitzing, G.
acuminatum Ehrenberg, etc. — see ABARCA et al. 2020),
which predominantly have c—shaped areolae (REICHARDT
1999, 2001; KuLikovskry et al. 2015). Species currently
assigned to the genus Gomphonema that differ from
the classical taxa in this regard can be found in many
parts of the globe (e.g. METZELTIN & LANGE-BERTALOT
1998; REICHARDT 2005b; KocIOLEK et al. 2016), but are
particularly common in freshwaters of Asia (KoCIOLEK
1992; Liu et al. 2013; KocIoLEK et al. 2015; You et al.
2015; Lu et al. 2020, Liu et al. 2021).

The new taxa described herein can be compared
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Figs 60—65. Gomphonema poyangense sp. nov., SEM, external views: (60-61) valve with a broadly rhombic—lanceolate axial; (62—63) details
of the headpole with distal raphe end curved on the mantle; (64) details of the footpole with distal raphe end curved on the mantle and apical
filed porelli are small round and clearly separated from the areolae. Some irregular round shallow depressions distributed at near the axial area
of footpole. (65) central portion of the valve showing proximal raphe ends and rounded stigma opening. Scale bars 5 um (60-61), 1 um (62—65).

with others in the genus that appear similar. For example,
Gomphonema qii is similar to several species, including
G. aciforme Kociolek, Spaulding, Sabbe et Vyverman
(KocioLek et al. 2004), G. matanoense Kapustin, Kociolek
et Kulikovskiy (KocioLEx et al. 2018), G. yaominae Li
(GongG et al. 2012), G. krammeri (REICHARDT 2005a), and

G. affine var. rhombicum Reichardt (REICHARDT 1999).
There are also additional features that distinguish this new
species from other, similar species (Table 1). Valve shape
is clavate—lanceolate in G. gii, but rhomboid—clavate in
G. matanoense, and rhombic—lanceolate in G. krammeri
and G. affine var. rhombicum. The headpole is bluntly
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Figs 66-71. Gomphonema poyangense sp. nov., SEM, internal and girdle views: (66—-67) pseudosepta are evident at the poles, and in the central
area, proximal raphe fissures are hooked, and curved to the opposite side of stigma, the stigma opening long slit-like; (68) frustule in girdle
view; (69,71) footpole, with pseudoseptum and helictoglossa evident, and septum appears at the footpole. At the pseudoseptum, have a few
small round psuedopore. (70) headpole, with pseudoseptum obscures the helictoglossa. Scale bars 5 um (66-68), 1 pm (69-71).

rounded in G. gii, while very narrow in G. aciforme at
the headpole, and narrowly rounded in G. krammeri and
G. affine var. rhombicum. Additionally, valves of G. gii
are longer (40-73 pum) than G. affine var. rhombicum
(35-62 pm), shorter than G. matanoense (92.5-108.1 pm)
and G. yaominae (72-97 pm). Valves of G. gii are wider
(1517 pum), as compared to G. aciforme (6.5-12.0 pm),
G. krammeri (10.5-14.7 pym), G. yaominae (13.0-14.5
um) and G. affine var. rhombicum (10.0-12.8 pm), and
narrower than G. matanoense (26.7-30.0 pm). The striae

density at mid—valve in G. gii (7-12/10 pm) is higher
than G. matanoense (6-7/10 um). In the SEM, the arcolae
shape is slit-like, shorter or slightly undulate or c—shaped
in G. gii, but ovoid in G. matanoense, c—shaped or elon-
gate in G. yaominae, round or slit-like in G. krammeri
and c—shaped in G. affine var. rhombicum. Moreover,
G. yaominae and G. krammeri have irregular, round
shallow depressions distributed in the axial area, but G.
qii is without this character. Finally, the G. krammeri
has 3-5 stigma, while G. gii has only a single stigma.
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Figs 117-121. Gomphonema longganense sp. nov., SEM, external views: (117-119) central portion of the valve showing proximal raphe ends
and small rounded stigma opening; (120) details of the headpole with distal raphe end curved on the mantle; (121) details of the footpole with
distal raphe end curved on the mantle and apical filed porelli are small round and clearly separated from the areolae. Scale bars 5 pm (117-118),
1 pm (119), 0.5 um (120-121).
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Figs 122-126. Gomphonema longganense sp. nov., SEM: (122—123) entire internal valve view; (124) girdle view. with several open, smooth
bands, at least two bands with a row of small irregular oval areolae near the edge away from the valve; (125) footpole, with helictoglossa evident;
(126) central area, proximal raphe ends is recurved and stigma opening long slit-like and distinctly separated from the last areola in the central

striae. Scale bars 5 pm (122-124), 0.5 um (125-126).

In G. poyangense, which has a wide axial area, some
species that are similar include G. hawaiiense Reichardt
(REICHARDT 2005b), G. caperatum Ponader et Potapova
(PONADER et al. 2017), G.obstipum Potapova, Ponader
et Desianti (PONADER et al. 2017), G. amerhombicum
Reichardt (REICHARDT 2007), and G. medioasiae
Metzeltin, Lange—Bertalot et Soninkhishig (METZELTIN
et al. 2009). The main characters found in the new spe-
cies and similar species are summarized in Table 2.
Valve shape is clavate—lanceolate in G. poyangense, but
rhomboid—lanceolate in G. hawaiiense. The headpole is
rounded in G. poyangense, while G. hawaiiense and G.
amerhombicum have subacute, rounded headpoles and
in G. caperatum the headpole is acutely rounded. The
axial area is rhomboid—lanceolate in G. poyangense,
but linear—lanceolate in G. amerhombicum. Valves
of G. poyangense are longer (35.0-41.5 um) than G.
caperatum (18-31 um), G. obstipum (23-29 pm), and
G. amerhombicum (22.0-58.7 pm), while shorter than
G. medioasiae (47-52 pm). valves of G. poyangense are
wider (6.5-8.0 pm) than G. caperatum (3.7-5.0 um),
G.obstipum (5-6 pm), G. andd amerhombicum (5.5-7.6
um). Additionally, the shape of the areolae is c—shaped to
irregularly shaped in G. poyangense, but small circular
in G. amerhombicum, c—shaped, e—shaped or I-shape
in G.obstipum, andd c—shaped or small circular in G.
caperatum. Moreover, G. caperatum has shallow grooves
or wrinkles on external valve suface often aligned with

the striae, but G. poyangense is without this character.
G.obstipum has shallow circular depressions in the axial
area, but a similar feature is only distributed in the region
near the axial area of footpole in G. poyangense. The
striae are biseriate in G. amerhombicum, while they are
uniseriate in G. poyangense.

G. longganense can be compared to several
Gomphonema species, based on similarities in out-
line and structure of the valve including G. cholnokyi
Passy, Kociolek et Lowe (Passy et al. 1997), G. alfini-
toanum Metzeltin et Lange—Bertalot (METZELTIN &
LANGE-BERTALOT 2007), G. andinum Morales et Vis
(MORALES & Vis 2007), and G. subbulbosum Reichardt
(ReIcHARDT 2008). The morphological characteristics
of G. longganense and these similar species are sum-
marized in Table 3. Valve shape is linecar—lanceolate in
G. longganense, but in G. alfinitoanum valves are curved
elongated pear—shaped, in G. andinum it is clavatae, and
in G. subbulbosum it is clavatae—lanceolate to elliptical.
The headpole is protruded in G. longganense, while in G.
andinum the headpole is broadly rounded. The footpole
is rounded in G. longganense, but in G. alfinitoanum the
footpole is acutely rounded, and in G. subbulbosum it is
narrowly rounded. Valves of G. longganense are shorter
(13.5-26.0 um) than G. cholnokyi (29—44 um), G. al-
finitoanum (27-35 um), and G. subbulbosum (23.5-57.0
pm). Additionally, the number of striae of in G. long-
ganense (12—16/10 pm) is higher than in G. cholnokyi
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Table 1. Comparison of morphological characteristics of Gomphonema gii sp. nov. and closely related taxa.

Species/Feature G. qii G. aciforme G. matanoense G. yaominae G. krammeri G. affine var. rhombicum

Valve length (um) 40-73 36-80 92.5-108.1 72-97 44-175 35-62

Valve width (pm) 15-17 6.5-12 26.7-30 13-14.5 10.5-14.7 10-12.8

Valve outline Clavate—lanceolate Lanceolate—clavate Broadly rhomboid—clavate Lanceolate Minime clavatae, rhom- Rhombic—lanceolate
bic—lanceolate

Headpole Bluntly rounded Narrow Bluntly rounded Broadly rounded Narrowly rounded Narrowly rounded

Footpole Narrowly—rounded Narrow Rounded Narrowly rounded Narrowly rounded Narrow

Axial area Narrow, linear Narrow linear Lanceolate Narrow, lanceolate Lanceolate to linear—lan- Narrow linear

Central area

Striae

Areolae

Density of striae (10 pm)

References

Small

Nearly paralleled to
slightly radiate, becom-
ing strongly radiate to-
wards the poles

Slit-like, shorter or
slightly undulate or c—
shaped

7-12 (middle), 9-12
(headpole), 10-12 (foot-
pole)

Current study

Absent

Nearly paralleled

Straight slits

10-12

KocIoLEK et al.
(2004)

Not distinct

Distinctly punctate and
paralleled (middle), par-
alleled and condensed
(headpole), less or more
paralleled (footpole)

Ovoid

6-7 (middle), 10-12
(poles)

KocloLEk et al. (2018)

Not distinct

Slightly radiate,
becoming radiate
towards the poles

C—shape or long strip

shape

7-14

GONG et al. (2012)

ceolate

Not distinct

Radiate on middle,
becoming paralleled
towards the poles

Round or slits

REICHARDT (2005a)

Absent

Nearly paralleled, becom-
ing radiate towards the
poles

C—shape

REICHARDT (1999)
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Table 3. Comparison of morphological characteristics of Gomphonema longganense sp. nov. and closely related taxa.

Species/Feature G. longganense G. cholnokyi G. alfinitoanum G. andinum G. subbulbosum

Valve length (um) 13.5-26 29-44 27-35 14-31.6 23.5-57.6

Valve width (pm) 4-5 5.5-7 6-6.6 4.8-7.2 7.5-10.6

Valve outline Linear—lanceolate Linear—lanceolate Curved elongated pear—shaped Clavatae Clavatae lanceolate to el-
liptical

Headpole Protruded Rounded Obtusely rounded Broadly rounded Obtusely rounded

Footpole Rounded Rounded Acutely rounded Blunt rounded Narrowly rounded

Axial area Narrow, linear Narrow, linear Narrow, linear Narrow, linear Narrow, linear

Central area

Striae

Areolae

Density of striae (10 um)

References

Absent

weakly radiate at the middle
to headpole, becoming
strongly radiate at the foot-
pole

Circular, slit-like, irregular
oval or c—shaped

12-16

Current study

Rectangular

Radiate, becoming weakly
radiate to paralleled (head-
pole) , strongly radiate
(footpole)

C—shape or indented

10-12

Passy et al. (1997)

Not distinct

Radiate, becoming nearlly paral-
leled towards the poles

No data

14-15

METZELTIN & LANGE-BERTALOT
(2007)

Absent

weakly radiate at the middle,
becoming nearlly paralleled
(headpole) and strongly radiate
(footpole)

Reniform

10—15 (middle), 15-20 (poles)

MORALES & Vis (2007)

Not distinct
Radiate on middle to foot-

pole, becoming paralleled
towards the headpole

C—shape or slit-like

10-12

REICHARDT (2008)
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(10—-12/10 pm) and G. subbulbosum (10-12/10 pm).
The shape of the areolae is circular, slit-like, irregular
oval or c—shaped in G. longganense, but reniform in G.
andinum, and c—shaped or indented in G. cholnokyi.
Moreover, G. alfinitoanum has two stigmata, but in G.
longganense only a single stigma is presentt. The internal
stigma opening is long and slit-like in G. longganense,
while it is small and round in G. cholnokyi. The striac
are biseriate in G. amerhombicum, but uniseriate in G.
longganense. And the striae are biseriate with pores on
mantle of G. subbulbosum, but in G. longganense theis
feature in uniseriate.

In our study, these three new Gomphonema species
were only been found their respective type localities. G.
qii is known only from Yangcheng Lake, which has low
TN (1 mg.I'") and TP (0.22 mg.I""), high COD (21 mg.I'!).
In addition, our data show this species is a common spe-
cies in type locality, and the main accompanying diatom
taxa in the flora include Ulnaria ulna (Nitzsch) Compére
(ComPERE 2001), Fragilaria pararumpens Lange—Bertalot,
Hofmann et Werum (HorManN et al. 2011), Cocconeis
placentula Ehrenberg (EHRENBERG 1838), Gomphonema
turris Ehrenberg (EHRENBERG 1843), G. lagenula Kiitzing
(KUTZING 1844), Lemnicola hungarica (Grunow) Round
& Basson (ROUND & BASSON 1997), Nitzschia amphibia
Grunow (GruNow 1862) and N. palea (Kiitzing) Smith
(SmitH 1856). G. poyangense is described from Poyang
Lake, and the water in this lake has low TDS (66 mg.1'!)
and low EC (99 pS.cm™). In our data, G. poyangense is
abundant in the type locality, and the main co—occurring
diatom species include, Achnanthidium minutissimum
(Kiitzing) Czarnecki (CzZARNECKI et al. 1994), G. grac-
iledictum Reichardt (REICHARDT 2015) and Ulnaria ulna
(Nitzsch) Compere (CoMPERE 2001). G. poyangense
is abundant in the type locality of Longgan Lake, and
this lake has low TN (2.1 mg.l"") and TP (0.1 mg.I'"),
and high COD (13.2 mg.1""). In the type locality, the
main co—occurring diatom species include, Tabularia
fasciculata (Agardh) Williams et Round (WILLIAMS &
RounD 1986), Gomphonema lagenula Kiitzing (KUTZING
1844), G. minutum (Agardh) Agardh (AGARDH 1831),
Actinocyclus normanii (Gregory) Hustedt (HUSTEDT
1957), Stephanodiscus hantzschii Grunow (CLEVE &
Grunow 1880) and Craticula subminuscula (Manguin)
Wetzel et Ector (WETZEL & ECTOR 2015).

Recently, have four new species of the genus
Gomphonema from eastern China, these three new
species are sufficiently different from these four species
based on valve outline, shape of the axial and center
areas, and striae density. G. shanghaiensis Zhang et
Kociolek (ZHANG et al. 2016) collected from river in from
Shujiawan River, Shanghai City, G. bicepiformis Zhang
et Kociolek (ZHANG et al. 2018 a) collected from stream
in the Xianju County, Zhejiang Province, G. wuyiensis
Zhang et Kociolek (ZHANG et al. 2018 b) collected from
river in Wuyi Mountains, Jiangxi Province, and G. gin-
gyiensis Zhang, Yu et You (ZHANG et al. 2020) collected
from river in Qingyi River, Anhui Province, and all of

Yu et al.: Three new Gomphonema Ehrenberg

these four species occurs in low conductivity, slightly
alkaline water and relatively clean water. Although in
our study, these new species were collected from lake,
but they also mainly occurs in slightly alkaline and
relatively clean water, G. poyangense sp. nov. occurs
in low conductivity (99 puS.cm™) water, but G. gii sp.
nov. and G. longganense sp. nov. occurs in slightly high
conductivity (374.2 pS.cm ™! and 280.6 pS.cm™) water.
So far, these species have been described only from the
type locality, and further research is needed to determine
whether they are geographically unique.

Further studies are needed to fully document the
diatom flora of the Yangtze River, and in China generally.
We will continue to study relationship between diatom
diversity and ecology from this region, which will be
useful in applying diatoms to gain an understanding of
water quality in the region.
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