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As a group of marine Protozoa, foraminifera play an important role in marine ecosystems. The data
about hard-shelled foraminiferans from the Spratly Islands was reported in results of geological sur-
veys. So far, there is no information on soft-walled foraminifera, for the Spratly Islands and the South
China Sea (in Vietnamese, Bién Pong) in particular. This study aims to provide the first data on soft-
walled foraminiferans and gromiids of the Truong Sa Archipelago. We also analyzed taxonomical
diversity of the meiobenthic communities in bottom sediments and periphyton in aquatic habitats
of the archipelago. Sampling was carried out during an expedition to the Spratly Islands in April 2022
at eight stations within a depth range of 6-20 m. Representatives of 20 high-level taxa (phylum, class,
and order) were revealed in the composition of the meiobenthic communities of periphyton and bottom
sediments in the study area. Among the protozoan hydrobionts, Ciliophora Doflein, 1901, Foraminifera
d’Orbigny, 1826 (hard-shelled and soft-walled), and Gromiidea Cavalier-Smith, 2003 were recorded.
In this work, particular attention is paid to Protozoa previously unknown for waters of the Vietnamese
region: Foraminifera (monothalamous, soft-walled) and Cercozoa (Gromiidea). The former were found
at two stations in periphyton; the latter were noted at seven stations in periphyton and at two stations
in coral sand. We identified three species of soft-walled foraminifera, and two of those were tenta-
tively assigned to the genera Bowseria Sinniger et al., 2008 and Bathyallogromia Gooday et al., 2004.
Gromiids were represented by nine morphotypes; each morphotype is briefly described in the paper.

Keywords: Gromia, monothalamids, South China Sea, Truong Sa Archipelago, soft-walled
foraminifera, meiobenthos
The Spratly Islands (Truong Sa Archipelago, Vietnam) have high biodiversity and are of great eco-

logical importance [Latypov, 2012; Tkachenko et al., 2020]. For numerous marine species, coral reefs
and atolls off the archipelago serve as ‘marine oases’ forming habitats for reproduction and migration.
The marine area off the Spratly Islands is a critical fishing ground for Vietnam, providing the catch
of many commercially valuable species [Nguyen et al., 2020]. Despite the ecological, economic, and po-
litical significance of the Spratly Islands, the studies on their marine biodiversity are still limited. In ad-
dition, increasing anthropogenic load on islands and surrounding ecosystems could result in extinction
of marine species before they are even discovered. Therefore, it is crucial to carry out more research
on marine bioresources of the Spratly Islands and assess their role globally.
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Corals, fish, and molluscs are the most studied groups of marine hydrobionts off the Spratly Islands.
Based on several surveys, Yu. Latypov [2012] listed for this water area 261 species belonging to 71 genera
of the order Scleractinia Bourne, 1900. Recently, K. Tkachenko ef al. [2020] revealed transformations
of coral communities of the archipelago: changes toward the dominance of thermally-resistant and stress-
tolerant coral species. V. Nguyen [2005] identified 332 species of reef fish representing 131 genera
of 44 families for four islands of the archipelago. Later, 331 reef fish species belonging to 38 fam-
ilies were recorded during JOMSRE III and JOMSRE IV expeditions [Stockwell, Nguyen, 2008].
V. Tran et al. [2023] reported 9 reef fish species from the Spratly Islands, which were noted in the Viet-
nam Sea for the first time. Representatives of Mollusca, Crustacea, Annelida, and Echinodermata (other
groups important for reef ecosystems) were also registered: 443, 128, 93, and 75 species, respec-
tively, were found [Do, Le, 2008]. Interestingly, new Mollusca species are constantly being discovered
and described [Sirenko, 2024; Sirenko, Nguyen, 2021, 2022].

Foraminifera, a group of marine Protozoa, play an important role in marine ecosystems. Also, they
are used for the assessment of the ecological health of coral reefs [A’ziz et al., 2021]. The informa-
tion about foraminiferans from the Spratly Islands can be found in results of geological surveys. N. Ngoc
and N. C [2002] listed 80 Foraminifera species belonging to 40 genera for Barque Canada Reef (Thuyen
Chai Island). In other work, N. Ngoc [2018] identified 69 species of 42 genera of Holocene foraminifer-
ans for Pearson Reef (Phan Vinh Island). However, there is still no material on soft-walled foraminifera,
in particular for the Spratly Islands and the South China Sea (in Vietnamese, Bién Pong). This study
aims to provide the first data on soft-walled foraminifera and gromiids off the archipelago.

MATERIAL AND METHODS

Sampling was carried out during an expedi-
tion to the Spratly Islands in April 2022. Peri-
phyton was sampled at eight stations (TS1-TS8),
while benthos was sampled at seven stations (except
for TS5) (Fig. 1, Table 1). Periphytonic samples in-
cluded dead corals and macroalgae, while the ben-
thic ones were coral sediments. They were sam-
pled at depths of 6-20 m by scuba diving. Peri-
phyton fauna was studied on complex types of sub-
strates (Table 1). At all the stations, bottom sedi-
ments inhabited by benthic fauna were white coral
sand.

The samples were fixed with Lugol’s iodine,
and later processed and analyzed in IBSS lab-
oratory (Sevastopol). The samples were washed
through two sieves: the upper one with a mesh
size of 1 mm, and the lower one with a mesh size
of 63 um.

Fig. 1. Map of sampling stations TS1-TS8 marked
with flags

Detailed microscopic analysis of soft-walled foraminifera and gromiids was performed under
MSP-2 (Russia), Olympus CX41 (Philippines), Nikon (Japan), and Mikmed-6 (Russia) microscopes

(magnification of 400x) equipped with photo cameras connected to a computer.
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Table 1. Stations of soft-walled foraminifera sampling on the Spratly Islands (Truong Sa Archipelago,
Vietnam). Substrate type: R, rock; RB, rubble; SD, sand; HC, hard coral; SC, soft coral; SP, sponge;

MA, macroalgae. Parameters: T, temperature, °C; EC, conductivity, mS-cm™!; TDS, total dissolved

solids, g-L™!; S, salinity, %o

Physical parameters
Station Location Coordinates | Depth, m Substrate type of surface water

T | EC | TDS | S
TSI N‘zrstgnz?fe;al;fef ;;;i;;;‘f;}ﬁé 14 R+RB+SD | +29.6 | 48.28 | 26.06 | 31.15
TS2 No(rstf)‘n]za]{‘ff}ral;)eef 111144321?8941\1]3 7 R+RB+SD | +29.4 | 48.16 | 26.00 | 31.10
$3 sm( ngﬁ (I)S;?“d 19151312123% 7 HC+SC+R+SD | +29.1 | 48.18 | 2596 | 31
TS4 Si"(;x‘}g‘;‘m 191?083’21% 616NE 10 HCRgSfSBR T 4296 | 4961 | 26.69 | 32.1
TS5 %ZCC?V(GI;Z S;E?t ;?30§43?820NE 20 HC+SC+R | +29.5 | 49.02 | 26.46 | 31.69
TS6 A(gf)(;néfsf 1813839241;11\1]5 6 SC+R+RB+SD | +32.5 | 489 |26.53 | 32.02
57 A(g?cnéi?f 181‘;8029';90-;;5]’5 20 %CB N gCD : }§P+ +29.9 | 4931 | 26.62 | 31.9
TS8 (TSrI:;:;gsIZliﬁ) ﬁoﬁfgll%g"gjﬁ 7 R+RB+SD+MA | +31.4 | 48385 | 26.15 | 31.36

RESULTS

During our studies of the meiobenthic communities of the northwestern Russian shelf of the Sea
of Japan [Sergeeva, Anikeeva, 2023], we revealed protozoans, namely soft-walled foraminifera
and gromiids. However, they had not been previously known for this region. Therefore, they were not
considered as an integral part of the benthic communities, and their role in benthic ecosystems was not
estimated. We suggest that it is important to draw the attention of researchers to taxonomic diver-
sity of the benthic fauna and the distribution of these protozoans in the course of further studies
of the meiobenthic communities in the waters of Vietnam (the Spratly Islands, Truong Sa Archipelago).

In the study area, the meiobenthic communities of periphyton and bottom sediments include repre-
sentatives of 20 high-level taxa (phylum, class, and order). Among Protozoa hydrobionts, we recorded
species of Ciliophora Doflein, 1901, Foraminifera d’Orbigny, 1826 (hard-shelled and soft-walled),
and Cercozoa Cavalier-Smith, 1998 (Gromiidea). The other hydrobionts belonged to the multicellular
fauna, and two representatives were not identified to a high level. The data on the occurrence of different
taxa in biotopes of periphyton and bottom sediments (white coral sand) is provided in Table 2.

In this paper, we focus on the groups of Protozoa: soft-walled foraminifera and gromiids,
new for aquatic habitats within the archipelago. We identified three representatives of soft-walled
foraminifera and nine species of gromiids inhabiting periphyton and coral sand. Morphometrically,
gromiids did not exceed 400 um, while soft-walled foraminifera ranged 600—1,150 pm. The spots of their
occurrence are indicated in Table 2. Brief description of each representative of the studied groups is given
below. The abbreviation used below, SCS, stands for the South China Sea. The designation used below,
coefficient C, stands for length/width ratio.
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Table 2. Taxonomic composition of meiobenthos in biotopes of periphyton (Pe) and bottom
sediments (Bo) in the study water area of the Truong Sa Archipelago (Pe/Bo)

Station number
Taxon TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8
Pe/Bo | Pe/Bo | Pe/Bo | Pe/Bo | Pe/Bo | Pe/Bo | Pe/Bo | Pe/Bo

Ciliophora Doflein, 1901 -/ + -/ + -/ + -/ + -/ - -/ - -/ + -/ +
Foraminifera d’Orbigny, 1826:

hard-shelled +/+ +/+ +/+ +/+ +/- +/+ +/+ +/+

soft-walled -/- +/- -/ - -/ - -/ - -/ - +/ - -/ -
Gromiidea Cavalier-Smith, 2003 +/+ +/+ +/- +/- +/- -/ - +/- +/-
Nematoda Rudolphi, 1808 +/+ +/+ +/+ +/+ +/- +/+ +/+ +/+
Polychaeta Grube, 1850 +/+ +/+ +/+ +/+ +/- -/ + +/+ +/+
Turbellaria Ehrenberg, 1831 -/- +/- -/ - -/- -/ - -/ - -/ - -/ -

Mollusca
Gastropoda Cuvier, 1795 -/ + -/ + +/+ -/ + -/ - +/- +/- +/-
Bivalvia Linnaeus, 1758 -/ + -/ + -/ + -/ - -/ - -/ - -/ - -/ +
Polyplacophora Gray, 1821 -/- -/- -/- -/- -/- -/- -/- +/-

Arthropoda
Harpacticoida Sars G. O., 1903 +/+ +/+ -/+ +/+ +/- +/+ +/+ +/+
Amphipoda Latreille, 1816 -/- -/- -/ + -/- -/- +/- +/- +/+
Tanaidacea Dana, 1849 -/ - -/ - -/ - -/ - -/ - +/- -/ - -/ -
Isopoda Latreille, 1816 -/ - -/ - -/ - -/ - -/ - -/ + +/- +/-
Ostracoda Latreille, 1802 +/+ -/ + -/ - -/ + -/ - +/+ +/- +/+
Pantopoda Gersticker, 1863 -/- -/+ -/ - -/- -/- -/ - -/ - -/ -
Nauplia (Decapoda) Latreille, 1802 | —/— -/ + -/ + -/- -/- -/- -/- -/-
Chironomidae -/- -/- +/- -/ - -/ - -/- -/- -/-
Arachnida Cuvier, 1812 +/+ +/+ +/- -/ + +/- +/+ +/+ +/+
Chaetognatha -/- -/- -/- -/ - -/- -/- -/ + +/+
Echinodermata Klein, 1778 -/ = -/ + -/ + -/ + -/ - -/ + +/+ -/ +
Unknown 1 -/ = -/ + +/- -/ - -/ - -/ + -/ - -/ -
Unknown 2 -/- -/- -/+ -/ - -/ - -/- -/- -/ -

Bowseria-like sp. SCS. The test is elongated, large (1,150 x 190 um), with single simple aper-
ture (Fig. 2B). The test wall is thin and transparent. The cytoplasm is dark, homogeneous, fine-
grained (Fig. 2A). Coeflicient C is about 6. The main morphological traits (the shape and size of the test,
single terminal aperture, and the thin and transparent wall) allow assigning this specimen to the genus
Bowseria [Sinniger et al., 2008] on this stage of our research. Distribution: Vietnam, sta. TS2, periphyton.

Bathyallogromia sp. SCS. This species is morphologically similar to Bathyallogromia sp. 2 found
by us in the Black Sea at depths of 120 and 130 m [Sergeeva et al., 2010, see pl. 1, Fig. J]. The test
1s large (610 x 480 um), more or less spherical (Fig. 2C), with a simple aperture (80 um in diameter)
that does not project beyond the general outline of the test (Fig. 2D). The cytoplasm occupies the entire
test and contains various small inclusions. A ‘peduncular sheath’ (this common term indicates the internal
channel from the aperture to the inside of the cytoplasm) is clearly developed. A nucleus is not clearly
visible. Coefficient C is about 1.27. Distribution: Vietnam, sta. TS7, periphyton.

Allogromiid sp. 1SCS. The test is large (900 x 700 um), rounded, with wide simple aperture (Fig. 2E).
The test wall is thin and transparent. The cytoplasm is dark, homogeneous (Fig. 2F). Coeflicient C
is about 1.3. Distribution: Vietnam, sta. TS2, periphyton.
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Fig. 2. Soft-walled foraminifera from the study area in the South China Sea. Bowseria-like sp. SCS:
A, general view; B, aperture. Bathyallogromia sp. SCS: C, general view; D, aperture. Allogromiid sp. 1SCS:
E, general view; F, aperture. Scale bars are 100 um (A, C, F), 50 um (B, D), and 200 um (E)

Gromia sp. 1SCS. This specimen has average-sized (370 x 275 um), oval test (Fig. 3A) with
the thin wall (Fig. 3B) and heterogeneous brownish cytoplasm. Oral capsule is not visible. Coefficient C
is about 1.3. Distribution: Vietnam, sta. TS8, periphyton.

Gromia sp. 2SCS. Almost spherical cell (200 x 190 pum) is filled with homogeneous dark cyto-
plasm (Fig. 3C). The test wall is thin and transparent (Fig. 3D). Oral capsule is not visible. Coefficient C
is 1.05. Distribution: Vietnam, sta. TS8, periphyton.

Gromia sp. 3SCS. The rectangular-oval test 1s 280 x 230 pum in size (Fig. 3E). Oral capsule looks like
a convex transparent structure and has a diameter of 30 um (Fig. 3F). The cytoplasm is dark and dense.
Coefficient C is 1.2. Distribution: Vietnam, sta. TS1, periphyton.

Gromia sp. 4SCS. This specimen is similar with Gromia sp. 1SCS (see Fig. 3A) in the shape
of the test. Oral capsule is also not visible. However, Gromia sp. 4SCS (Fig. 3G) 1s smaller (210 x 180 um)
and has a light brown, almost orange cytoplasm. Coefficient C is about 1.1. Distribution: Vietnam,
sta. TS1, periphyton.

Gromia sp. 5SCS. The test is spherical (180 x 180 um) (Fig. 3H), with heterogeneous brown cyto-
plasm and small but clearly visible oral capsule (Fig. 3I) in the form of a short cap (23 pm in diameter).
Coeflicient C is equal to 1. Distribution: Vietnam, sta. TS1, periphyton.

Marine Biological Journal 2026 Vol. 11 No. 1
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Fig. 3. Gromiids from the study area in the South China Sea. Gromia sp. 1SCS: A, general view; B, test
wall. Gromia sp. 2SCS: C, general view; D, test wall. Gromia sp. 3SCS: E, general view; F, oral capsule.
Gromia sp. 4SCS: G, general view. Gromia sp. SSCS: H, general view; I, oral capsule. Gromia sp. 7SCS:
J, general view. Gromia sp. 6SCS: K, general view; L, oral capsule; M, protoplasm content. Scale bars

are 50 um (A, C, E, G, H, J, K) and 20 um (F, I)

Gromia sp. 6SCS. The test is almost spherical (210 x 190 um). The cytoplasm is heteroge-
neous (Fig. 3K), with many little rounded inclusions (Fig. 3M). The test wall is thin, in one spot forming
a small protrusion like an oral capsule (Fig. 3L). Coefficient C is about 1.1. Distribution: Vietnam,
sta. TS1, periphyton.

Gromia sp. 7SCS. This species resembles Gromia sp. 2SCS (see Fig. 3C) in spherical form of the test
and the absence of obvious oral capsule (Fig. 3]). However, Gromia sp. 7SCS is larger (310 x 290 um)
than the second species. Also, it has a lighter and less dense cytoplasm. Coefficient C is about 1.06.
Distribution: Vietnam, sta. TS1, periphyton; sta. TS5, periphyton; and sta. TS2, bottom sediments.

Gromia sp. 8SCS. The test is spherical (Fig. 4A) and not large (280 x 240 um). The oral cap-
sule (34 um in diameter) is slightly flattened and nipple-like in shape (Fig. 4B). The cytoplasm is dense
and dark. Coefficient C is about 1.16. Distribution: Vietnam, sta. TS1, periphyton.

Gromia sp. 9SCS. The test is rounded, slightly elongated (260 x 210 um). The cytoplasm is hetero-
geneous, taupe (Fig. 4C). The oral capsule is a small protrusion of the thin test wall with a diameter
of 36 um (Fig. 4D). Coeflicient C is about 1.2. Distribution: Vietnam, sta. TS1, periphyton.

Marine Biological Journal 2026 Vol. 11 No. 1
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Fig. 4. Gromiids from the study area in the South China Sea (the continuation). Gromia sp. 8SCS: A, gen-
eral view; B, oral capsule. Gromia sp. 9SCS: C, general view; D, oral capsule. Scale bars are 50 um (A, C)
and 20 um (B, D)

DISCUSSION

Soft-walled foraminifera and gromiids, an important component of marine meiobenthos, are almost
unknown for the South China Sea, including the Spratly Islands (Truong Sa Archipelago, Vietnam). Thus,
all soft-walled foraminifera and gromiids considered in the present study are the first records for this
marine region.

These protozoans are involved in the organic matter cycle of bottom ecosystems [Sergeeva, Anikeeva,
2018, 2023], and inhabit various depths and biotopes of the South China Sea and adjacent water areas.
They definitely require further detailed study. The list of monothalamous foraminifera and gromiids
presented in this paper should be regarded as preliminary, as it will undoubtedly be supplemented during
further research.

Conclusions. Despite the environmental importance of the Spratly Islands (Truong Sa Archipelago,
Vietnam), the biodiversity of this marine region is poorly studied. Many groups of marine hydrobionts,
such as soft-walled foraminifera and gromiids, remain unknown from this area. This survey provides
the first data on soft-walled foraminifera and gromiids of the Spratly Islands. There, three representatives
of soft-walled Foraminifera and nine Gromia species are recorded for the first time. None of them could
be classified down to the species level which indicates the high specificity of their morphological traits.
Therefore, further studies should be conducted to determine whether they represent new species for this
marine region.

This work was carried out within the framework of IBSS state research assignment “Biodiversity as the ba-
sis for the sustainable functioning of marine ecosystems, criteria and scientific principles for its conserva-
tion” (No. 124022400148-4). This study was partly supported by the Joint Viemam—Russia Tropical Science
and Technology Research Center (grant No. KCB-TS03).
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Popamunndepsl Kak rpynna MOPCKUX NPOCTEHMIINX UIPAIOT BaKHYIO POJb B MOPCKUX IKOCHCTEMAX.
Nudopmanus o popamunmndepax ¢ TBEPIOM paKOBUHOW ¢ OCTpOBOB CIIpaTiiy MPeICTaBIeHA B Pe3yJib-
TaTax reoJIOTMYeCKUX ucciienoBanuil. CBeieHrsI 0 MATKOPaKOBUHHBIX (hopamMuHH(dEpax, B YaCTHOCTH
Ha ocrpoBax Cripam u B FOxkuH0-Kuraiickom mope (Bién Dong no-BbeTHAMCKM), 1O CUX TIOP OTCYT-
cTBYIOT. Llenbio HacTosIero uccieoBaHus ObUIO MPEAOCTABUTh MEPBbIE JaHHBIE O MATKOPAKOBUH-
HBIX (popamuHnpepax u rpomungax Ha apxunenare Ysionr Ila (IOxHo-Kutaiickoe mope, BeetHam),
a TaKk’Ke OIIEHUTh TAKCOHOMMYECKOE pa3HOOOpasme COOOIEecTB MeHOOeHTOCa B JOHHBIX OTIOKEHHUIX
U nieprpUTOHE B BOJHBIX MECTOOOMTaHHAX apxurienara. OO6pasiusl coOOpaHbl BO BpeMsl SKCIESANIUH
Ha octpoBa Cnpatiu B anpenie 2022 1. Ha BOCBMU CTaHIIUSIX B Auana3oHe riyoud 6-20 M. B cocrase
coo0LIeCTB Merio0eHTOca eprudUTOHA U JOHHBIX OCA/IKOB B HCCJIElyeMOM paiioHe OTMEYeHbI Ipe/IcTa-
BuTeaM 20 TaKCOHOB BBICOKOT'O paHra (THUIl, Kjiacc U otpsaa). Cpean mpocTefImX 3aperucTpypoBaHbl
Ciliophora Doflein, 1901, Foraminifera d’Orbigny, 1826 (TBEpao- u MarkopakoBuHHbIEe) 1 Gromiidea
Cavalier-Smith, 2003. Oco6oe BHUMaHUe yEIeHO MPOCTEHINNM, paHee HEU3BECTHBIM ISl BOJI BbET-
HaMCKOro peruona, — Foraminifera (omHokamepHbIe, MarkopakoBuHHBIE) U Cercozoa (Gromiidea).
[NepBble OTMEUYEHB! HA JBYX CTAHLMSX B HEepU(UTOHE; BTOPHIE 3apPErMCTPUPOBAHbl HA CEMU CTAHLIU-
SIX B NepU(HUTOHE U Ha [BYX CTaHLMAX B KOPAUIOBOM IECKe. BBIsSBIEHO TpU BHIAa MSATKOPAKOBHH-
HBIX (popaMuHM(]ep; ABa U3 HUX NPeBapUTENIbHO OTHECEHH! K pojaM Bowseria Sinniger et al., 2008
u Bathyallogromia Gooday et al., 2004. I'pomun npencrapieHs! AeBAThI0 Mopgotunamu. Ilpuseneno
KpaTKoe OMKCAHUE KaXJO0ro MPeACTaBUTEN S N3yIEHHbBIX IPYIIIL.
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