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Abstract: Lagoons are natural bodies of water that are isolated from the sea due to the develop-
ment of a sand bar or spit. Each lagoon has distinct ecological characteristics, and these sites also
serve as popular tourist attractions because they are common habitats for migratory birds and are
characterized by beautiful natural scenery. Lagoons also have distinct ecological characteristics
from those of their associated estuaries, and there are active research efforts to classify, qualify, and
quantify the high biodiversity of lagoons. The lagoons in Korea are primarily distributed in the
East Sea, and are represented by Hwajinpo, Yeongrangho, and Gyeongpoho. Here, we report the
discovery of 11 unrecorded diatom species (Diploneis didyma, Mastogloia elliptica, Cosmioneis citriformis,
Haslea crucigera, Pinnularia bertrandii, Pinnularia nodosa var. percapitata, Gyrosigma sinense, Gomphonema
guaraniarum, Gomphonema italicum, Navicula freesei, Trybionella littoralis var. tergestina) among samples
collected from the Hwajinpo, Hyangho, Maeho, Gapyeongri wetland, Cheonjinho, and Gyeong-
poho lagoons in Korea during a survey from 2018–2020. We present the taxonomic characteristics,
ecological information, habitat environmental conditions, and references for these 11 species.

Keywords: lagoon; new record diatoms; taxonomic; ecological; habitat

1. Introduction

Lagoons are a form of riparian terrain where the river and sea water meet, but they
have unique ecological characteristics that distinguish them from estuaries because, in
lagoons, the entrance to the coast is blocked by sand dunes [1,2]. The lagoons distributed
along the Korean coast are known to have been formed by a combination of rising sea
levels during the postglacial age and the development of sandbars or sand dunes [3,4].

The East Sea coast boasts the cleanest marine environments in Korea and is blessed
with natural resources to sustain the area. There are 18 lagoons distributed along a 112 km
stretch of the East Sea coast [5]. These lagoons provide beautiful natural scenery and have
unique ecological value with their brackish water lakes, important migratory bird habitats,
and are also economically valuable as tourist attractions [4,6].

Hwajinpo Lake is the largest lake in Korea with a circumference of 16 km and is a
typical high-salinity brackish lake with a high ecological value [4,7]. Hyangho Lagoon
hosts a community of aquatic plants covering approximately 20% of its area. It belongs to a
heavily landlocked lake, and, unlike other lagoons, freshwater lakes are distributed behind
it, serving as a sheltered habitat for organisms living in the lake [8]. Cheonjinho Lake’s
characteristic brackish water has disappeared due to the blocked inflow of seawater; it has
a wide variety of free-floating and floating-leaved plants, and a high proportion of aquatic
and wetting plants [9,10]. Gyeongpoho is the representative lagoon of the East Sea coast
for the endangered prickly waterlily, Euryale ferox, which appeared 40 years ago and is
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known as a favored habitat for various migratory birds [11,12]. The Maeho lake has a high
ecological conservation value due to its diverse distribution of biological resources and
ecosystem services, such as being designated as a cultural heritage reserve. However, the
lake area is decreasing due to the nearby expansion of farmland and subsequent soil erosion,
causing sedimentation [4]. Gapyeongri wetland is one of the smallest lagoons, well-hidden
behind a widely developed coastal sand dune [13]. Yeomgaeho Lake is also small, but is a
typical natural lagoon, suitable as a migratory bird habitat; however, land reclamation is
occurring rapidly in the area [13]. Regardless, the lagoons are worthy of research because
they have ecologically diverse characteristics and high biodiversity [14,15].

Diatoms are recognized worldwide as one of the most suitable biological components
for water quality assessments because they continuously occur in aquatic ecosystems and
respond quickly to environmental changes [16,17]. Diatoms can occur wherever there
is water, can attach to all substrates, such as gravel and plants, and can live in various
water environments [18,19]. However, research on diatoms in lagoons is poor. Even
though data from low-salinity environments are readily available, those from high-salinity
environments are limited [20].

There are many reports of new and unrecorded diatoms in Korea [21–23]. Species
collected in environments such as lagoons, estuaries, and sedimentary soils with unique
habitats other than freshwater environments are being reported [23–25].

In this study, we describe taxonomic information on 11 previously unrecorded diatom
species found in six lagoons in Korea, and provide details on the ecological characteristics,
reference specimen, basionym, synonym, and distribution of each.

2. Materials and Methods
2.1. Collecting and Fixation of Samples

Samples were collected from six lagoons: Hwajinpo, Hyangho, Maeho, Gapyeongri
wetland, Cheonjinho, and Gyeongpoho, adjacent to the East Sea in Korea from 2018–2020.
The epilithic diatoms were scraped off the upper surface of the gravel using a small chisel
or toothbrush. The collected wild cells were immediately fixed with Lugol’s solution
(iodine-iodide solution), 4% neutralized formalin, or 2% glutaraldehyde [26]. Environ-
mental parameters such as water temperature (◦C), pH, dissolved oxygen (mg/L), electric
conductivity (µs/cm3), and salinity (PSU) were measured using a portable multiparameter
water quality meter (Pro DSS, YSI, Yellow Springs, OH, USA) in the field.

2.2. Pretreatment and Observation of Diatoms

To remove organic matter, the fixed samples were boiled in equal amounts of mixed
HCl and KMnO4 at 70 ◦C until the samples were slightly colored, and were then rinsed in
distilled water to remove residual acid, following a modified method of Hasle & Fryxell [27].
The samples were then rinsed in distilled water to remove any residual acid. The samples,
some fixed and some cleaned, were mounted in Pleurax (Mountmedia, Wako, Japan) for
observation using a light microscope (LM) (Eclipse Ni; Nikon, Tokyo, Japan), equipped
with Nomarski differential interference contrast optics (DIC) and a digital camera (DS-Ri2;
Nikon, Tokyo, Japan). In addition, the morphological characteristics of various foci on the
valve face on Mastogloia elliptica were observed with a microscope.

The terminology was according to that of Anonymous [28], Ross et al. [29], and
Round et al. [30].

3. Results
3.1. Identification of Diatom Species in Korean Lagoons

A total of 11 previously unrecorded diatom species were identified from the six lagoon
sites surveyed in this study (Figure 1). Two species each belonged to the genera Gomphonema
and Pinnularia, with one species represented by the genera Diploneis, Mastogloia, Cosmioneis,
Haslea, Gyrosigma, Navicula, and Tryblionella, respectively. According to site, four of the un-
recorded species (Mastogloia elliptica, Cosmioneis citriformis, Haslea crucigera, and Pinnularia
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bertrandii) were detected at Hyangho, the two Gomphonema species (G. guaraniarum and
G. italicum) were detected in the Gapyeongri wetland, and two species (Navicula freesei and
Tryblionella littoralis var. tergestina) appeared in Yeomgaeho. One unrecorded species was,
respectively, detected at Gyeongpoho (Diploneis didyma), Cheonjinho (Pinnularia nodosa var.
percapitata), and Maeho (Gyrosigma sinense) (Table 1).
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Figure 1. Sampling sites along the lagoons (CJH: Chunjinho, GPW: Gapyeongri wetland, YGH:
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Table 1. Information of sampling sites.

Site Location Latitude (N) Longitude (E) Collected Species

GPH Jeo-dong, Gangneung-si,
Gangwon-do 34◦47′32.43” 128◦53′48.89” Diploneis didyma

HH
Hyangho-ri, Jumunjin-eup,

Gangneung-si, Gangwon-do 37◦54′35.2” 128◦48′22.2”

Mastogloia elliptica;
Cosmioneis citriformis;

Haslea crucigera;
Pinnularia bertrandii

CJH Bongpo-ri, Toseong-myeon,
Goseong-gun, Gangwon-do 38◦15′14.97” 128◦33′20.47” Pinnularia nodosa var. percapitata

MH Maeho-gil, Hyeonnam-myeon,
Yangyang-gun, Gangwon-do 37◦57′8.17” 128◦46′8.88” Gyrosigma sinense

GPW
Gapyeong-ri, Sonyang-myeon,
Yangyang-gun, Gangwon-do 38◦6′8.46” 128◦38′50.58”

Gomphonema guaraniarum;
Gomphonema italicum

YGH
Yeounpo-ri, Sonyang-myeon,
Yangyang-gun, Gangwon-do 38◦2′14.12” 128◦42′1.73”

Navicula freesei;
Tryblionella littoralis var. tergestina

3.2. Environmental Characteristics at the Sampling Sites

The pH of the six sites ranged from 7.6 to 8.5, showing a weakly basic range. The
salinity of Gyeongpoho was in the range of 22.1–25.4 PSU and the electrical conductivity
was higher than 35,000 µS/cm3. By contrast, Yeomgaeho and Cheonjinho had a salinity of
less than 0.2 PSU and an electrical conductivity of less than 360 µS/cm3, which are more
similar to the conditions of a freshwater environment (Table 2).
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Table 2. Field water quality of sampling sites.

Site Year Temperature (◦C)
DO

(mg/L)
Conductivity

(µS/cm3)
Salinity
(PSU) pH

GPH
2018 20.8 8.5 35,261 22.1 8.4
2019 16.0 10.4 39,820 25.4 8.5

HH
2018 17.8 11.0 8926 5.0 8.1
2020 28.6 - 60 0.03 8.2

CJH
2019 16.0 9.5 360 0.2 8.7
2020 14.0 9.2 152 0.1 8.1

MH
2018 20.2 10.9 15,969 9.4 8.1
2020 15.8 10.8 5767 3.9 7.9

GPW 2020 13.3 16.2 1528 0.9 8.0

YGH 2020 8.3 11.5 288 0.1 7.6

3.3. Species Descriptions
3.3.1. Cosmioneis citriformis R.L. Lowe & A.R. Sherwood 2010

Original description: Lowe and Sherwood 2010, p. 24, Figures 10–18 [31].
Dimensions: Length Range 29–33 µm, width range 12–15 µm, 17–20 striae in 10 µm.
Description: The valves are citriform with broadly rounded margins. The ends are

short, narrow, and rostrate. The axial area is narrow and expands to a rounded central
area. The proximal raphe ends are slightly expanded. The distal raphe ends are curved
in the same direction. Internally, the raphe ends are anchor-shaped. Striae are punctate
and radiate, curving from the margin towards the center of the valve. There are 17 striae
in 10 µm in the centre that become finer at the ends (20 in 10 µm). There are 16 areolae in
10 µm, which are round towards the valve ends, becoming transversely elongated near the
centre (Figure 2A).
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Gomphonema guaraniarum (E) Gomphonema italicum (F,G) Gyrosigma sinense (H) Haslea crucigera. Scale
bars. 2–6, 8, 9:10 µm; 7:50 µm.
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Ecology and distribution: Distributed in freshwater habitats, benthic taxon. Hyangho
lake is the focus in this study (Table 1).

3.3.2. Diploneis didyma (Ehrenberg) Ehrenberg 1839

Original description: Ehrenberg 1839, pls. 1–4 [32].
Basionym: Pinnularia didyma Ehrenberg 1844 [33].
Dimensions: Length Range 60–74 µm, width range 25–28 µm, 8–10 striae in 10 µm.
Description: The cells are solitary and free, the valves are elliptical or linear-elliptical,

with or without a median constriction, and the apices are rounded or broadly cuneate.
The central nodule is prominent, often large, quadrate, and strongly formed; the central
area is small, reduced, and produces longitudinal extensions that are usually described as
“horns” which lie on either side of the raphe and enclose it as solid ribs. Beyond the horns,
there are thinner, usually narrow, and depressed areas, typically referred to as “furrows.”
These may be hyaline and structureless, may contain a row of large puncta, or may be
crossed by faintly transverse costae. Beyond the furrows, on each side of the raphe, some
specimens have a lunate area in each segment, which is usually referred to as the “lunula.”
This may be crossed by costae or alveoli, which may or may not bear a single or double row
of puncta; these are frequently more developed and closer to the valve margin. In some
specimens, transverse costae may be absent. Chromatophores are usually found as two
deeply crenulated bodies that lie along the girdle. The valves are panduriform and slightly
constricted in the middle, dividing the valve surface into two tongue-shaped segments.
The central nodule is subquadrate or almost circular in some cases and protrudes to form
two horns on either side of the raphe or median line, respectively. The valve surface is
costate, transverse in the middle, but slightly curving. Radiating lines are found towards
the apices that are crossed by numerous undulating longitudinal lines (Figure 2B).

Ecology and distribution: Distributed in marine-brackish habitats, benthic taxon.
Gyeongpoho lake is the focus in this study (Table 1).

3.3.3. Gomphonema guaraniarum Metzeltin & Lange-Bertalot 2007

Original description: Metzeltin & Lange-Bertalot 2007,p. 147, pl. 212, Figures 9–14 [34].
Dimensions: Length Range 58–77 µm, width range 10–12 µm, 10–12 striae in 10 µm.
Description: The valves are rhombic-lanceolate, with less rounding of the apical

and basal ends. The raphe-sternum is narrow and linear. The central area is unilaterally
expanded, which is limited by a shortened median striae. The raphe is slightly sinuous
with proximal ends that are punctuated and are slightly curved towards the stigma. The
transapical striae slightly radiate parallel to the central region. Areolae are inconspicuous.
There is a stigma at the end of the central stria. Under scanning electron microscopy (SEM),
the stigma appears delicate and rounded, and striae are uniseriate with the areolae rounded
to elongate longitudinally. The ends of the raphe dilate into pores, and the distal ends
are curved, extending to the valve mantle. The pore field is formed by rounded poroids
disposed on both sides of the terminal raphe fissure (Figure 2C,D).

Ecology and distribution: Distributed in freshwater habitats, epiphytic taxon. Gapyeon-
gri Wetland is the focus in this study (Table 1).

3.3.4. Gomphonema italicum Kützing 1844

Original description: Kützing 1844, p. 85, pl. 30, Figure 75 [35].
Dimensions: Length Range 24–50 µm, width range 10–12 µm, 11–14 striae in 10 µm.
Description: The frustules in girdle view are wedge-shaped. The valves are strongly

heteropolar and clavate, with the largest valve width in the upper valve half. The valves are
tumid at the center, gradually narrowing towards the footpole and are slightly constricted
towards the broadly rounded headpole. The axial area is moderately broad and linear. The
central area is small and irregular in shape, bordered on each margin by a few irregularly
shortened striae. One isolated pore is present at the end of the long central stria. The
external isolated pore opening is small and rounded. The raphe is distinctly lateral and
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strongly undulated, with simple and slightly expanded proximal endings. The external
proximal raphe endings are teardrop-shaped and are deflected towards the isolated pore.
At the headpole, the distal raphe ends first deflect towards the pore-bearing side and then
towards the opposite side, extending onto the valve mantle. At the footpole, the distal
raphe dissects into a well-developed pore field. The transapical striae are not interrupted
near the valve face/mantle junction but rather continue onto the valve mantle (Figure 2E).

Ecology and distribution: Distributed in freshwater and terrestrial habitats, epiphytic
taxon. Gapyeongri Wetland is the focus in this study (Table 1).

3.3.5. Gyrosigma sinense (Ehrenberg) Desikachary 1988

Original description: Desikachary 1988, pp. 1–13, pls. 401–621 [36].
Basionym: Navicula sinensis Ehrenberg 1847 [37].
Description: The valves are linear-sigmoid, with inflated central and distal portions.

The color in resin and standardized dark-field microscopy is bright blue. The raphe sternum
has a double curvature and is rotated towards the internal central raphe node, strongly
eccentric at the ends, where it is markedly displaced owing to its concavity. The central
area is rhombic and rotated. The terminal areas are triangular and strongly displaced away
from the apices so that they are in a completely lateral position. The central external raphe
fissures have isomorphic deflection patterns crossing the striae. The apical structure shows
one very long and one short apical microforamina segment on opposite sides of the raphe
sternum (Figure 2F,G).

Ecology and distribution: Distributed in marine habitats, benthic taxon. Maeho lake is
the focus in this study (Table 1).

3.3.6. Haslea crucigera (W. Smith) Simonsen 1974

Original description: Simonsen 1974, pp. 47 [38].
Basionym: Schizonema crucigerum W. Smith 1856 [39].
Dimensions: Length Range 95–97 µm, width range 11–12 µm, 17–20 striae in 10 µm.
Description: Living cells have slightly curved, narrowly rectangular frustules in girdle

view. The valves are lanceolate to linear–lanceolate. Two band-like plastids lie against the
girdle on each side of the cell. The internal margin of the plastids usually appears to be
slightly undulating because of the presence of small, obliquely inserted, and rod-shaped
pyrenoids. In the cleaned cells, the raphe appears straight and central. Transapical striae
are visible under light microscopy and are crossed by more delicate longitudinal striae.
The central two or three transapical virgae are thickened, forming a pseudostauros. Under
SEM, the external valve surface is covered with closely spaced longitudinal strips of silica
separated by narrow slits, which merge with a continuous peripheral slit near the apices.
The external raphe fissures are slightly expanded and turn to one side centrally before
sharply deflecting to the same side at the poles. Internally, the raphe slits open laterally in
the raphe sternum, except at the center where the endings are straight and approximate,
and at the apices, where they are slightly expanded in a slightly raised helictoglossa. An
accessory rib on the primary side of the valve flanges over the raphe sternum, obscuring
it for much of its length. The internal areola arrangement is similar to that of the other
taxa, but with fewer longitudinal striae. On both sides of the raphe, the three central virgae
thicken, forming a pseudostauros. The thickened virgae are fused with an accessory rib
on the primary side of the valve and with a shorter thinner rib on the secondary side of
the valve. The thickening of the virgae extends further across the valve and is more even
compared with that in H. salstonica (Figure 2H).

Ecology and distribution: Distributed in brackish inland water habitats, benthic taxon.
Hyangho lake is the focus in this study (Table 1).

3.3.7. Mastogloia elliptica (C. Agardh) Cleve 1983

Original description: (C. Agardh) Cleve 1983, pl. 185, Figures 24–27 [40].
Basionym: Frustulia elliptica C. Agardh 1824 [41].
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Dimensions: Length Range 17–57 µm, width range 8–12 µm, 15–18 striae in 10 µm.
Description: The valves are elliptical to linear-elliptical with convex to nearly parallel

sides, and blunt, obtusely rounded apices. The axial area is narrow and barely wider than
the raphe, and the central area is circular. The raphe branches are lateral and sinuous, with
weakly expanded proximal ends. There are numerous tecta of approximately the same
size. The striae consist of single rows of areolae that radiate throughout (Figure 3A–I).
The raphe is a straight line or an undulate shape. The striae of Mastogloia elliptica are
parallel in shape, and the raphe is straight (Figure 3A). In addition, due to the complex
valvocopula structure, pertaca and striae are visible at the same time (Figure 3B–D), with
seven symmetrical pertaca on each side (Figure 3E–I).

J. Mar. Sci. Eng. 2021, 9, x FOR PEER REVIEW 8 of 14 
 

 

 
Figure 3. Light micrographs of Mastogloia elliptica in various depth of field ranges in microscope. 
(A–C,I) surface focus of valve face with uniseriate striae (D–H) Deeper focus with similar sized 
numerous partecta (arrows). Scale bar:10 µm. 

Ecology and distribution: Distributed in marine and freshwater habitats, benthic 
taxon. Hyangho lake is the focus in this study (Table 1). 

3.3.8. Navicula freesei R.M. Patrick & Freese 1961 
Original description: Patrick, R.M. & Freese 1961, p. 206, pl. 2, Figure 14 [42]. 
Dimensions: Length Range 61–77 µm, width range 13–15 µm, 8–9 striae in 10 µm. 
Description: The valves are lanceolate with rounded apices. The striae are radiated 

at the center, and are parallel and slightly convergent at the apices. The central area is 
asymmetrically rounded, whereas the axial area is narrow and straight. Striae on one or 
both sides of the central area are irregularly spaced. The raphe is lateral and straight. The 
distal raphe fissures form curved hooks onto the mantle. The proximal raphe ends form 
an elongated central poroid. A thickened central nodule is evident. Girdle bands have not 
yet been defined (Figure 4A). 

Figure 3. Light micrographs of Mastogloia elliptica in various depth of field ranges in microscope.
(A–C,I) surface focus of valve face with uniseriate striae (D–H) Deeper focus with similar sized
numerous partecta (arrows). Scale bar:10 µm.

Ecology and distribution: Distributed in marine and freshwater habitats, benthic
taxon. Hyangho lake is the focus in this study (Table 1).

3.3.8. Navicula freesei R.M. Patrick & Freese 1961

Original description: Patrick, R.M. & Freese 1961, p. 206, pl. 2, Figure 14 [42].
Dimensions: Length Range 61–77 µm, width range 13–15 µm, 8–9 striae in 10 µm.
Description: The valves are lanceolate with rounded apices. The striae are radiated

at the center, and are parallel and slightly convergent at the apices. The central area is
asymmetrically rounded, whereas the axial area is narrow and straight. Striae on one or
both sides of the central area are irregularly spaced. The raphe is lateral and straight. The
distal raphe fissures form curved hooks onto the mantle. The proximal raphe ends form an
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elongated central poroid. A thickened central nodule is evident. Girdle bands have not yet
been defined (Figure 4A).
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Ecology and distribution: Distributed in freshwater habitats, benthic taxon. Yeom-
gaeho is the focus in this study (Table 1).

3.3.9. Pinnularia bertrandii Krammer 2000

Original description: Krammer 2000, pp. 122, 226, pl. 91, Figures 22–30 [43].
Dimensions: Length Range 14–27 µm, width range 4–6 µm, 17–18 striae in 10 µm.
Description: The valves are linear-elliptical to linear-lanceolate with weakly convex

sides. The ends are subcapitate nearly covering the breadth of the valve body, which are
broadly rounded. The raphe is filiform to slightly lateral, the central pores are small and
slightly laterally bent, and the terminal fissures are distinct. The axial area is narrowed
and the lanceolate is widened from the ends to the fascia. The striae in the middle weakly
radiate and moderately converge at the ends and longitudinal bands are absent (Figure 4B).

Ecology and distribution: Distributed in freshwater habitats, benthic taxon. Hyangho
lake is the focus in this study (Table 1).

3.3.10. Pinnularia nodosa var. percapitata Krammer 2000

Original description: Krammer 2000, pp. 57, Figures 26:9-12; 27:9, 10 [43].
Dimensions: Length Range 47–61 µm, width range 9–10 µm, 8–10 striae in 10 µm.
Description: The valves are linear with triundulate margins. In the largest specimens,

the central undulation is wider than the distal undulations. Apices are distinctly capitated.
Axial areas are about one-third of the valve’s width and widen from the apices towards
the valve center. The central area is a bilateral fascia. The surface of the valve is mottled
along either side of the raphe and continues into the central area. The raphe is straight. The
proximal raphe ends are bent to one side and terminate in small, tear-shaped pores. Distal
raphe fissures are shaped like question marks. The striae are weakly radiated at the valve
center and become strongly convergent at the apices (Figure 4C).

Ecology and distribution: Distributed in freshwater habitats, benthic taxon. Chunjinho
lake is the focus in this study (Table 1).
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3.3.11. Tryblionella littoralis var. tergestina (Grunow) Snoeijs 1998

Original description: Snoeijs & Balashova 1998, pp. 1–144, Figure 1, pls. 101 [44].
Basionym: Nitzschia littoralis var. tergestina Grunow 1880 [45].
Dimensions: Length Range 30–100 µm, width range 12–30 µm, 30–38 striae in 10 µm.
Description: The valves are broadly elliptical-lanceolate to linear-elliptical, with a very

slight central constriction of the keel. Apices are cuneate, narrowed, and rounded. Striae
are difficult to resolve under light microscopy (Figure 4D,E).

Ecology and distribution: Distributed in freshwater habitats, benthic taxon. Yeom-
gaeho is the focus in this study (Table 1).

4. Discussion

Reservoir salt concentrations fluctuate over time; thus, lagoons create a unique ecosys-
tem by mixing inland freshwater with intrusions of seawater. Accordingly, freshwater
life with resistance to salt mixes with marine life in the lagoon ecosystem [3]. In this
study, 11 previously unrecorded diatom species were discovered in six lagoons in Korea.
Diploneis didyma was detected in Gyeongpoho. This species is mainly found in harbors but
has also been reported in freshwater. At the time of the survey, Gyeongpoho had a high
electrical conductivity above 30,000 µS/cm3 and the salinity was 22 PSU, demonstrating
environmental conditions similar to those of seawater (Tables 2 and 3). Cosmioneis predomi-
nantly inhabits brackish water zones [46–48] but has also been found in alkaline freshwater
environments [30,49]. We detected Cosmioneis citriformis in Hyangho, which has very low
salinity (0.03 PSU) and an electrical conductivity of 60 µS/cm3, demonstrating similarity
to the conditions of a freshwater environment. However, the measurements taken in the
survey of 2018 showed a salinity of 5.0 PSU and an electrical conductivity of 8925 µS/cm3

at this site, and C. citriformis was not found at that time (Tables 2 and 3). Haslea crucigera
is a benthic species and is mainly found in high-salinity water [50]; however, during the
2018 survey, the salinity at Hyangho was 5.0 PSU and the electrical conductivity was
8926 µS/cm3. Therefore, H. crucigera appears to prefer a water environment with some salt,
although the salinity at this site remained lower than that of seawater throughout the sur-
vey period (Tables 2 and 3). Pinnularia bertrandii is a benthic species that is mainly detected
in freshwater environments [51]. During the survey in 2020, the environmental conditions
of the water at Hyangho were similar to those of a freshwater environment with a salinity of
0.03 PSU and an electrical conductivity of 60 µS/cm3 (Tables 2 and 3). Pinnularia nodosa var.
percapitata is also a benthic species that is mainly found in freshwater environments, mostly
in streams, reservoirs, and small lakes, with a pH ranging from 6.1 to 7.8 (slightly acidic to
neutral), and an electric conductivity from 22 to 169 µS/cm3 [43]. At the time of sampling,
the water of Chunjinho had very low salinity of 0.1–0.2 PSU, with a pH of 8.1 to 8.7 and a
relatively low electrical conductivity of 152–360 µS/cm3 (Tables 2 and 3). Gyrosimga sinense
is a benthic species that has a seawater-based and widespread distribution under high
water temperatures [52]. At the time of sampling, the water temperature of Maeho was
relatively high, ranging from 15.8 ◦C to 20.2 ◦C, with salinity ranging from 3.9 to 9.4 PSU,
and electrical conductivity ranging from 5767 to 15,969 µS/cm3 (Tables 2 and 3). The genus
Gomphonema is mostly attachable and is mainly found in freshwater environments, repre-
senting the largest genus in freshwater environments among diatoms of the world’s most
broadly distributed species [53,54]. In particular, Gomphonema can grow by attaching to
aquatic plants because of the mucous stem secreted from the pore fields at the end of the
valve [30,55,56]. G. guaraniarum is a freshwater species and its ecological properties are
rarely described in the literature. G. italicum is also a freshwater species with a relatively
high electrical conductivity of 13,250 µS/cm3 and is known to emerge in environments
with a weakly basic pH [57]. In this study, G. guaraniarum and G. italicum were detected
at the Gapyeong-ri wetland, with a water temperature of 13.3 ◦C, a DO of 16.2 mg/L,
a pH of 8.0, a salinity of 0.9 PSU, and an electrical conductivity of 1528 µS/cm3, indi-
cating that they inhabit an environment with freshwater-like conditions (Tables 2 and 3).
Navicula freesei was found in freshwater and brackish environments, mainly with neutral
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to weakly basic conditions [42]. Tryblionella littoralis var. tergestina is an epipelic diatom and
marine species [44]. In this study, these two species were identified at Yeomgaeho, with the
water environment being similar to a freshwater environment at the time of sampling (a
salinity 0.1 PSU, a pH of 7.6, and an electrical conductivity of 288 µS/cm3) (Tables 2 and 3).
This suggests that Tryblionella littoralis var. tergestina adapted to the desalinated lagoon.
Mastogloia is a benthic and epiphytic diatom, which was identified in both freshwater and
marine environments; however, most species of this genus appear in marine environments
and prefer weakly basic water bodies [58,59]. Patrick and Reimer [60] report M. elliptica
as a halophilic to mesohalobic taxon characteristic of coastal areas, but is also found in
inland lakes with some salinity. In Europe, Krammer and Lange-Bertalot [61] report M.
elliptica from brackish waters in coastal areas and from saline inland waters. At the time of
sampling, the pH of Hyangho was 8.2 and the salinity was 0.03 PSU, exhibiting a water en-
vironment close to that of the freshwater environment (Tables 2 and 3). Mastogloia has oval
to linear oval convex valves, with complex silica chambers on both sides, called pertaca,
that secrete mucus, and living cells that have two plastids [39,62]. This genus appears to be
closely related to the genus Aneumastus but with a more complex valvocopula [63]. Patrick
and Reimer [60] reported that M. elliptica is a halophilic to mesohalobic taxon characteristic
of coastal areas but is also found in inland lakes with some salinity. In Europe, Krammer
and Lange-Bertalot [61] reported M. elliptica from brackish waters in coastal areas and from
saline inland waters.

Table 3. Information of New record diatoms in Korea.

No. Species Habitat Distribution
This Study

Reference
Salinity Habitat

1 Diploneis didyma Benthic
Marine

22.1–25.4 Epilithic [64,65]Freshwater

2 Mastogloia elliptica Benthic Marine
0.03–5.0 Epilithic [59]Epiphytic Freshwater

3 Cosmioneis citriformis Benthic Freshwater 0.03–5.0 Epilithic [31]
4 Haslea crucigera Benthic Marine 0.03–5.0 Epilithic [50]
5 Pinnularia bertrandii Benthic Freshwater 0.03–5.0 Epilithic [51]
6 Pinnularia nodosa var. percapitata Benthic Freshwater 0.1–0.2 Epilithic [66]
7 Gyrosigma sinense Benthic Marine 3.9–9.4 Epilithic [52]
8 Gomphonema guaraniarum Benthic Freshwater 0.9 Epilithic [67]

9 Gomphonema italicum Benthic
Freshwater

0.9 Epilithic [67]Terrestrial
10 Navicula freesei Benthic Freshwater 0.1 Epilithic [42]
11 Tryblionella littoralis var. tergestina Benthic Marine 0.1 Epilithic [44]
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