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A B S T R A C T

In this study, Plectocapillus antarcticus gen. et sp. nov., belonging to the Family Pseudobolivinidae Wiesner, 1931, 
Superfamily Spiroplectamminoidea Cushman, 1927, was described from Maxwell Bay, King George Island, 
Antarctica. The species is distinguished by its elongate, slender, and entirely biserial test, fragile, thin aggluti
nated wall, a globular, organic proloculus, and the areal, rounded to arch-like aperture. Notably, this species 
previously assigned taxonomically as Spiroplectammina filiformis Earland, 1934 or Textularia tenuissima Earland, 
1933, in nearby areas. However, morphological comparison revealed differences in chamber arrangement, 
biserial pair number, test width, and proloculus wall composition. SEM-DES analysis identified Al, Ca, Fe, Mg, Si, 
and Ti as major chemical elements present in the test wall, along with the traces of K, Mn, Na, P, Ce, Cl, F, S, Sr, 
and Zr. Phylogenetic analysis of partial SSU rRNA and mitochondrial COI gene sequences confirmed that 
P. antarcticus forms a well-supported clade, sister to Spiroplectammina biformis. The slender, flexible test, organic 
proloculus, and inclusion of heavy element-rich minerals suggests potential adaptation to hypoxic or interstitial 
habitats. By integrating morphological, chemical, and molecular data, this study contributes to the expanding 
fundamental database and understanding of Antarctic foraminiferal diversity and emphasizes the necessity for 
continued research in the region.

1. Introduction

West Antarctic is one of the regions on Earth that is highly impacted 
by climate (Davison et al., 2024). Rapid environmental variations due to 
climate change in the region have been reported, for instance, in the 
annual ice sheet loss that increased approximately three-fold from the 
year 1992 to 2017 (Shepherd et al., 2018). Furthermore, it is predicted 
that the West Antarctic ice-shelf melting will accelerate (Naughten et al., 
2023) affecting terrestrial and marine biodiversity in the region (Lin 
et al., 2021; Lee et al., 2022; Strugnell et al., 2022). Therefore, ongoing 
biodiversity monitoring and research in the West Antarctic region is 
crucial to improve our understanding of the impact of environmental 
changes on biodiversity and to predict future trends and threats.

Studies on Antarctic foraminiferal diversity and distribution started 
from the nineteenth century (d’Orbigny, 1839; Brady, 1884) and 

numerous studies have been published up to date (Heron-Allen and 
Earland, 1922, 1932; Wiesner, 1931; Earland, 1933, 1934, 1936; Parr, 
1950; Uchio, 1960; McKnight, 1962; Pflum, 1966; Kennett, 1967, 1968; 
Anderson, 1975; Osterman and Kellogg, 1979; Finger and Lipps, 1981; 
Milam and Anderson, 1981; Ward et al., 1987; Mackensen et al., 1990; 
Violanti, 1996; Mikhalevich, 2004; Majewski, 2005, 2010; Dejardin 
et al., 2018; Mikhalevich and Bozhenova, 2018; Majewski et al., 2023). 
However, research sites are concentrated in specific areas in the Ant
arctic regions, and morphological descriptions are commonly omitted 
leading to ambiguous species identifications. To improve the under
standing of the Antarctic foraminiferal fauna, investigations of less- 
studied sites and taxonomical studies including re-examination of 
tentatively identified species are necessary. Referring to some recent 
studies, the Antarctic foraminiferal fauna shows a high degree of 
endemism and relatively high abundance-to-predominance of 
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agglutinated taxa, due to the low water temperature and under
saturation of CaCO3 (Mikhalevich, 2004). High taxonomic diversity and 
richness of monothalamous foraminifera (agglutinated or organic- 
walled, unilocular foraminifera) have been commonly reported in 
some Antarctic regions (Gooday et al., 1996; Pawlowski et al., 2002; 
Habura et al., 2004; Majewski et al., 2007), and several new forami
niferal taxa have been described, including: Bowseria arctowskii 
(Sinniger et al., 2008), Crithionina delacai (Gooday et al., 1995), Noto
dendrodes hyalinosphaira (De Laca et al., 2002), Psammophaga magnetica 
(Pawlowski and Majewski, 2011), and Vellaria zucchellii (Sabbatini et al., 
2004). In the same context, during the 2021/2022 and 2022/2023 
austral summer, we identified a new agglutinated foraminiferal genus, 
belonging to the Family Pseudobolivinidae Wiesner, 1931, Superfamily 
Spiroplectamminoidea Cushman, 1927, from Maxwell Bay, King George 
Island (West Antarctic).

The Family Pseudobolivinidae Wiesner, 1931 is one of the five extant 
families included in the Superfamily Spiroplectamminoidea Cushman, 
1927. This family was originally established at the subfamily level, in 
association with the description of genus Pseudobolivina Wiesner, 1931. 
The type species, Pseudobolivina antarctica, was originally described as 
Bolivina punctata var. arenacea Heron-Allen & Earland, 1922, from 
Antarctic regions (Ellis and Messina, 1940 and later). Pseudobolivinidae 
can be distinguished from other families within Spiroplectamminoidea 
by the biserial to loosely biserial arrangement without a distinct initial 
planispiral stage and wedge-shaped chambers not strongly overhanging 
at the sides. On the other hand, since the morphological feature of 
biserial arrangement without a planispiral initial stage is inconsistent 
with the description of the Superfamily Spiroplectamminoidea in Loe
blich and Tappan (1987), “Test planispirally coiled in early stage; later 
biserial”, further examination of this group to emend the superfamily 
description or to make the Pseudobolivinidae an independent super
family is needed. Presently, three extant genera – Lacroixina Saidova, 
1981, Parvigenerina Vella, 1957 and Pseudobolivina Wiesner, 1931 – and 
nine extant species are included in the Family Pseudobolivinidae.

Here, we describe a new pseudobolivinid genus and a new species 
from Antarctica and provide plates including SEM and photomicro
graphs, as well as the chemical characterization of the dominant ele
ments constituting the test identified by Scanning Electron Microscopy 
with Energy Dispersive X-ray Spectrometry (SEM-EDS) analysis, and the 

partial sequences from the mitochondrial COI (Cytochrome c Oxidase 
subunit I) and Small Subunit ribosomal RNA (SSU rRNA) genes.

2. Materials and methods

2.1. Sample collection

Field sampling was conducted in the two inlets of the Maxwell Bay, 
King George Island (Antarctica), during 2021/2022 and 2022/2023 
austral summer (Fig. 1; Table 1). The sediment samples were collected 
by using van Veen grab sampler on a small vessel “Sejong I”. The 
collected sediment was directly subsampled using an acrylic corer, or 
plastic spoons, and placed into 250 ml sample bottles. After arriving at 
the King Sejong Station, the samples were sieved through 63 μm or 38 
μm sieves, fixed with 99 % EtOH, and stored at a temperature lower than 
− 30 ◦C until transported to the biodiversity laboratory at the Hanyang 
University (South Korea).

2.2. Laboratory procedures and morphological analysis

In the laboratory, sediment samples from Marian Cove were dried at 
55 ◦C in an oven before being observed under a stereomicroscope 
(Olympus SZX12), and the samples from Potter Cove were examined in 
wet conditions. Individuals of the new inferred genus were picked and 
preserved on a cardboard micropaleontology slide or 1.5 ml tube with 
99 % EtOH. Photomicrographs of selected individuals were taken under 
multi-focus using a digital camera (Canon EOS 90D) attached to a ste
reomicroscope (Olympus SZX12), and the stacked images were obtained 
by Helicon Focus 7.6.4, software (Helicon Soft). Because of the fragile 
test, some specimens were mounted on glass slides with 70 % EtOH, 
temporally covered with cover glasses, and observed under a compound 
microscope (Olympus BX51TF). Photomicrography was also done with 
the temporal slides using the same digital camera attached to the optical 
stereomicroscopes. For more detailed morphological observation, some 
specimens were placed on SEM stubs, coated with gold in an ion coater 
(COXEM SPT-20), and examined under a SEM (COXEM EM30). Test size 
measurement was performed using the obtained photographs and Fiji 
software (Schindelin et al., 2012). Test length, maximum width, prolo
culus diameter were measured and the number of biserial chamber pairs 

Fig. 1. Map showing the sample stations. (a) Map showing Antarctica, the purple dot indicates the location of King George Island, adjacent to the Antarctic 
peninsula; (b) Enlarged map of the purple dot in (a), showing King George Island. The location of Maxwell Bay is markd by a purple square; (c) Magnified map of 
Maxwell Bay, indicated by the purple square in (b). Sampling sites (MC19, PC5, and PC7) in Marian Cove and Potter Cove are marked with red dots.
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were counted. Due to the common damage and deformation into 
irregular shapes, both Feret diameter and the minimal Feret diameter 
(minFeret) were measured for the proloculus, and the average values 
were calculated. Taxonomic classification was done based on Kaminski 
(2014), Loeblich and Tappan (1987), and the original descriptions of 
related taxa, collected in the online database, the Ellis and Messina 
Catalogue of Foraminifera (Ellis and Messina, 1940 and later).

Additionally, the EDS analyses were conducted to determine the 
major elements comprising the test wall. Four gold coated specimens 
used for SEM imaging were analyzed using a SEM (COXEM, EM30-AXN) 
equipped with Oxford AztecOne platform, at COXEM analysis center, 
Daejeon (South Korea). The measurement was carried out at an accel
eration voltage of 20 kV. BSE (Backscattered electron) with images of 
the whole test were obtained at first, and then the EDS analysis. For 
some individuals, additional analyses were conducted by focusing on the 
middle part of test, apertural region, and the basal part around the 
proloculus.

2.3. DNA extraction, PCR amplification, and sequencing

Twenty-seven individuals isolated from station PC7 were used to 
extract DNA, with each extraction performed using a single individual. 
Prior to DNA extraction, 23 individuals photographed before extraction 
using a digital camera (Canon EOS 90D) attached stereomicroscope 
(Olympus SZX12) or compound microscope (Olympus BX51). gDNA was 
extracted referred to GITC* method (Weiner et al., 2016) or by using 
Qiagen DNeasy Blood and Tissue Kit and the manual provided by 
manufacturer with the reduced elution buffer volume (60 μl) at the final 
step. PCR amplification of partial COI (Leray COI fragment) and 3′ end 
partial SSU rRNA gene sequences were performed with the primers lis
ted below (Table 2). MAXIME™ PCR PreMix i-Taq (iNtRON Biotech
nology, Korea) was used to prepare the reaction mix, Ultra-Pure Water 
(WELGENE, Korea) 5–13 μl, forward primer (10 pMol/μl) 1 μl, reverse 
primer (10 pMol/μl) 1 μl and DNA template 1–5 μl were added to the 
reaction volume of 20 μl, referring to the manufacturer’s guide. Clontech 
PCR Thermal Cycler GP (TaKaRa, Japan) was used for all PCR reactions, 
and the thermal cycle used for the COI fragment amplification was 2 min 
at 96 ◦C, followed by 40 cycles of 96 ◦C for 20 s, 50 ◦C for 30 s, 72 ◦C for 
40 s, and the final extension 5 min at 72 ◦C. Sequences of the 3′ end 

region in SSU rRNA gene were amplified by nested PCR, with the primer 
pair s14F3-sB for the first PCR, and the second reaction was carried out 
with the primer pair S15r-NewR. PCR conditions were 2 min at 94 ◦C 
followed by 35 cycles of 94 ◦C for 20 s, 50 ◦C for 15 s, 68 ◦C for 90 s and 
the final elongation at 72 ◦C for 3 min. The secondary PCR was done 
under the same conditions as the first, with the annealing temperature of 
52 ◦C and the cycle number 25. Amplification results were confirmed on 
1.5 % agarose gels using 4 μl of each PCR product, then for the successful 
samples, purification and Sanger sequencing were performed using 
sequencing services provided by Bionics (Seoul, Korea). The obtained 
sequences were registered in the NCBI/GenBank database (accession 
nos. PQ810949-PQ810952 for SSU rRNA sequences; PQ811770- 
PQ811772 for the partial COI sequences).

2.4. Phylogenetic analysis

Four newly obtained partial SSU rRNA gene sequences were aligned 
with 25 sequences retrieved from the GenBank database, including 22 
sequences belonging to the Superfamily Spiroplectamminoidea, and 
three sequences of Ammobaculites selected as the outgroup. The multiple 
sequence alignment was performed using MUSCLE alignment tool with 
default option, as implemented in MEGA X software (Kumar et al., 
2018). Phylogenetic trees were constructed using Maximum Likelihood 
(ML) method in the same software. The Hasegawa-Kishino-Yano (HKY; 
Hasegawa et al., 1985) model was selected as the substitution model, 
and Gamma distribution (+G) was selected for the among-site rate 
variation model, based on the result of the implemented model test. The 
relative measure of node support for the resulting trees were obtained as 
Bootstrap values (BVs) based on 1000 replicates. All positions with less 
than 95 % site coverage were eliminated using the partial deletion op
tion, resulting in a dataset of 710 positions used for the analysis.

The newly obtained COI sequences were verified using Open Reading 
Frame Finder (ORFFinder), BLAST, and CD-Search tool based on 
Conserved Domain Database (CDD) of NCBI. The sequences were 
analyzed using ORF Finder with Genetic code 4 applied based on 
(Macher et al., 2021), to confirm the ORFs and Coding Sequences 
(CDSs). The resulting ORFs were then searched against the non- 
redundant (nr) protein sequences database using BLASTP to identify 
and validate the foraminiferal COI CDS. Additionally, the confirmed 
CDS were submitted to CD-Search tool to identify associated protein 
families and verify the functions of the Conserved Domains (CDs). 
Following verification, three newly obtained partial COI sequences were 
aligned with 13 sequences from GenBank encompassing all validated 
COI sequences available for agglutinated foraminiferal taxa at the time 
of analysis. Multiple sequence alignment of the 16 sequences was per
formed using the MUSCLE alignment tool with default settings in MEGA 
X software. Maximum Likelihood (ML) phylogenetic tree was con
structed based on the dataset, with the HKY + I was selected as the 
substitution and among-site rate variation model, according to the 
implemented model test. BVs were based on 1000 replicates. Using the 
partial deletion option, all positions with less than 98 % site coverage 
were eliminated, resulting in a dataset of 308 sites for the analysis. The 
accession numbers of all sequences downloaded from GenBank were 
listed in the Supplementary data 1.

Table 1 
Sampling information including labels (PC: Potter Cove, MC: Marian Cove), geographical coordinates, date of sampling, method of sediment collection, temperature, 
and water depth.

Station Lat. (S) Long. (W) Date Equipment Temp. (◦C) Depth (m)

PC5 62◦13′48.29″ 58◦39′55.08″ 2023.1.13. van Veen Grab 1.7 43
PC7 62◦13′48.64″ 58◦40′57.73″ 2023.1.13. van Veen Grab 1.7 30
MC19 62◦13′14.88″ 58◦48′31.32″ 2022.1.24. van Veen Grab 1 102

Table 2 
Primer sequences used for PCR amplification.

Primer Type Sequence (5′ - 
3′)

Reference

COI

Foraminifera_COI_fwd1 forward
GWG GWG TTA 
ATG CTG GTY 
GAAC (Macher 

et al., 2021)
Foraminifera_COI_rev reverse

RWR CTT CWG 
GAT GWC TAA 
GAR ATC

SSU 
rRNA

s14F3 forward ACG CAA GTG 
TGA AAC TTG

(Pawlowski, 
2000)

sB reverse
TGA TCC TTC 
TGC AGG TTC 
ACC TAC

S15r forward
GTG GTG CAT 
GGC CGT

NewR reverse
TTC ATC GGT 
AAG AGC GAC

(Merkado 
et al., 2015)
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3. Results

3.1. Systematic Taxonomy

Phylum Foraminifera d’Orbigny, 1826.
Class Globothalamea Pawlowski, Holzmann & Tyszka, 2013.
Order Lituolida Lankester, 1885.
Suborder Spiroplectamminina Mikhalevich, 1992.
Superfamily Spiroplectamminoidea Cushman, 1927 Emended.
Test planispirally coiled in early stage, later biserial, or biserial 

throughout; agglutinated, non-canaliculate.
Remarks. To include the Family Pseudobolivinidae in the Super

family Spiroplectamminoidea as Loeblich and Tappan (1987) and 
Kaminski (2014) suggest, the description of the Spiroplectamminoidea 
needs to be revised to include taxa with an entirely biserial chamber 
alignment. Therefore, a slight modification is made here, by adding the 
phrase ‘or biserial throughout’.

Family Pseudobolivinidae Wiesner, 1931.
Test biserial or loosely biserial with cuneate chambers in later stage; 

wall thin, agglutinated; aperture oval to rounded, single or multiple, 
areal to terminal and may be produced on a neck.

Plectocapillus Lee, Kaminski & Frontalini gen. nov.
Type species. Plectocapillus antarcticus gen. et sp. nov.
Derivation of name. Latin plĕcto (to plait, braid, interweave) +

căpíllus (hair), meaning ‘plaited hair’. Slender, flexible and biserial test is 
reminiscent of plaited hair.

Description. Test elongate, slender, flexible, and fragile. Chamber 
arrangement biserial throughout, with a tendency to become loosely 
biserial in the later part of the test. Aperture single, rounded to arch-like 
areal opening, slightly above the base of the apertural face. Wall finely 
agglutinated, except the proloculus, without agglutinated particles.

ZooBank registration. LSID: urn:lsid:zoobank.org:act:9E1BE047- 
BF99-4BEE-B329-392496FC9C85.

Remarks. Due to the wholly biserial test without an early spiral 
stage, and thin single-layered agglutinated wall without canaliculi, we 
placed this genus in the Family Pseudobolivinidae Wiesner, 1931. The 
Pseudobolivinidae currently includes three extant genera (i.e., Lacroix
ina Saidova 1981, Parvigenerina Vella, 1957 and Pseudobolivina Wiesner, 
1931). The present genus differs from Lacroixina by the early chamber 
arrangement, and the apertural details. Lacroixina has streptospiral-like 
arrangement with two pairs of opposed chambers at the base in the 
microspheric generation, and a produced oval aperture on a neck. 
Plectocapillus has biserial chamber arrangement throughout, and a 
rounded to arch-shaped areal aperture without a neck. Meanwhile, 
Plectocapillus is similar to Parvigenerina by its biseriality, however, the 
latter has a distinct neck and a nearly rectilinear, uniserial chamber 
arrangement in the later stage. Additionally, the present genus differs 
from Pseudobolivina in having almost parallel sides, rather than a 
distinctly tapering aboral part with rapidly enlarging chambers. Despite 
belonging to a different family, Spiroplectamminidae Cushman, 1927, 
the megalospheric form of the genus Palustrella Brönnimann, Whittaker, 
& Zaninetti, 1992, is very similar to Plectocapillus, by having an entirely 
biserial chamber arrangement, gradually tapering width, and rounded 
periphery. However, Palustrella differs from Plectocapillus by having a 
planispiral early stage in the microspheric form, and its interiomarginal 
elongate arch-like equatorial aperture, rather than a rounded to arch- 
like areal aperture slightly above the basal margin of the final cham
ber. Likewise, Morulaplecta Höglund, 1947 within the Family Spior
oplectamminidae, is similar to Plectocapillus in possessing a non- 
agglutinated, proteinaceous bulbous proloculus. However, it is distin
guished from Plectocapillus by its early streptospiral chamber arrange
ment, which completely encloses the proloculus.

Plectocapillus antarcticus Lee, Kaminski & Frontalini gen. et sp. 
nov. (Figs. 2, 3. 1–10; Supplementary data 2).

Textularia tenuissima: Earland, 1934, p. 115. pl.10, fig. 22; Ishman 
and Domack, 1994, p. 153, pl. 1, Fig. 1; Majewski, 2010, p. 65, text 
Fig. 2–2.

Spiroplectammina filiformis: Rodrigues et al., 2010, p. 354, text 
Fig. 4b.

Materials examined. Total of 55 individuals; two from station 
MC19, seven from station PC5, 46 from station PC7. Two from MC19 
and nine from PC7 for SEM, including one from MC19 and three from 
PC7 for EDS; seven from PC5, 10 from PC7 for photomicrography; 27 
individuals from PC7 for DNA extraction, 23 individuals among DNA 
extracted individuals also morphologically examined by 
photomicrography.

Type material. Holotype (register no. NIBRPR0000111310) from 
Potter Cove, King George Island, station PC7, 62◦13′48.64″ S, 
58◦40′57.73″ W, depth 30 m, collected by van Veen Grab, on 13 January 
2023, preserved in 70 % EtOH due to highly delicate test. Four para
types; register no. NIBRPR0000111311 from Marian Cove, King George 
Island, station MC19, 62◦13′14.88″ S, 58◦48′31.32″ W, water depth 102 
m, collected by van Veen Grab, on 24 January 2022, mounted on a SEM 
stub and Au coated; register nos. NIBRPR0000111312- 
NIBRPR0000111314 from Potter Cove, King George Island, station 
PC5, 62◦13′48.29″ S, 58◦39′55.08″ W, depth 43 m, collected by van Veen 
Grab, on 13 January 2023, preserved in 70 % EtOH due to the highly 
delicate test to handle. All type specimens deposited in National Institute 
of Biological Resources (NIBR, South Korea).

Other materials. Five individuals were successfully sequenced among 
27 DNA extracted individuals, two of which yielded both SSU rRNA and 
COI sequences, while the SSU rRNA sequence was obtained from two 

Fig. 2. Photomicrographs of Plectocapillus antarcticus gen. et sp. nov. Scale is 
100 μm, indicated at upper left. 1: Holotype (NIBRPR0000111310) from the 
station PC7, entire test view; 2: Paratype (NIBRPR0000111312) from PC5, 
entire test view, chambers are more separated than other specimens due to 
deformation during slide preparation; 3: Paratype (NIBRPR0000111313) from 
PC5, entire test view; 4: Paratype (NIBRPR0000111314) from PC5, entire test 
view, the lower part is bent and rotated (black triangle).
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Fig. 3. SEM images of Plectocapillus antarcticus gen. et sp. nov. (1–10) and paratypes of Textularia earlandi (11–19). T. earlandi specimens are deposited in NHM 
London, Earland collection, Cabinet A30, slide ZF3518, from Discovery Station 144, South Georgia, depth 155–178 m. Scales are 100 mm unless otherwise explained, 
scale bar for P. antarcticus is at the top left and the scale bar for T. earlandi is at the middle left. 1: Paratype from MC19 (NIBRPR0000111311), (1a) entire test view, 
(1b) close-up of apertural part from BSE image, (1c) close-up of aperture at the apertural face, (1d) close-up of proloculus, from BSE image, scales of 1b–d are 10 mm, 
indicated at the top left of each image; 2a, 3–8a, 9, 10a: Entire test view of P. antarcticus specimens from PC7. Most of the tests are bent or curved, and some chambers 
are damaged or shrunken. Proloculus in 4, 5 and 8 are intact, 2a, 3, 6, 7, and 9a have damaged proloculus, and the proloculus of 9 is lost; 2b, 8b, 10b: Close-up of 
aperture, scales are 10 mm, indicated at the top left of each figure; 10c: close-up of proloculus, from BSE image, scale is 10 mm, at the top left; 11, 12, 13a, 14a, 
16–19: Entire test view of T. earlandi paratype specimens, the apertural part of figure 17 damaged; 15: Peripheral view of T. earlandi specimen, the apertural part is 
damaged; 13b, 14b: Close-up of the early spiral arrangement, scale is 50 mm, indicated at the upper side of both images.
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others and the COI sequence from the remaining one (GenBank acces
sion nos. PQ810949-PQ810952 for SSU rRNA sequences; PQ811770- 
PQ811772 for the partial COI sequences).

Derivation of name. The specific name ‘antarcticus’ corresponds to 
the Latinized ‘Antarctic’, in the masculine form according to the gender 
of the genus name ‘Plectocapillus’ (‘căpíllus’ is masculine), because the 
type locality of the new species is in Antarctica.

ZooBank registration. LSID: urn:lsid:zoobank.org:act:579021CE- 
C0AE-4460-A98D-00F81BD750C7.

Description. Test slender, elongate, flexible and very delicate, easy 
to break; oval to rounded rectangular in section. Periphery bluntly 
rounded throughout, edge slightly straight in early portion, more 
lobulate in later portion. Chamber arrangement biserial throughout, 
later tending to become more loosely biserial than early part. Flexibility 
of the test causing some specimens to bend during sorting or observation 
process, resulting highly loose biserial appearance, as if each chamber 
about to separate. Chamber pair number ranging from 9 to 21, with an 
average of 14. Chambers cuneate, with round upper margins. Sutures 
distinct, straight, and oblique with respect to the central axis of the test 
from the proloculus to the final chamber. Aperture single, rounded to 
arch-like areal opening, on the apertural face, slightly above the basal 
border of the final chamber. Wall agglutinated, built of fine particles in a 
single layer, except the proloculus; particles agglutinated densely, 
cement material and type difficult to distinguish, no surface pores of 
calcitic cement observed. Proloculus globular, without agglutinated 
particles, transparent when observed under stereo- or compound- 
microscope in liquid fixative; the proloculus very fragile, only 18 of 
51 examined individuals having intact globular proloculus, the rest with 
broken initial end or shrunken proloculus. Surface smooth, silvery to 
grayish in color, occasionally black and white colored particles included, 
under stereomicroscope; under compound microscope, test dark gray to 
slightly brownish with darker agglutinated particles more distinctly 
visible. Test length about 212 to 676 μm, with average of 414 μm; width 
42 to 81 μm, average 59 μm; average proloculus diameter 9 to 25 μm, 
with an average of 20 μm (Supplementary data 3).

Remarks. Due to the flexibility and fragility of the test, damage, or 
deformation such as shrinkage of chambers, bending and stretching of 
test occurs very easily, changes in the size and shape of the apertural 
part and proloculus has been frequently observed (Fig. 3.1–10).

In several genera and species belonging to Spiroplectamminoidea, 
both megalospheric and microspheric forms have been described, 
differing in the presence or absence of an early spiral arrangement 
(Supplementary data 4). In contrast, in this new species, all observed 
specimens exhibit a fully biserial arrangement, with no evidence of 
alternation of generations with early spiral coiling. There is another 
possibility that two generations distinguishable by differences in pro
loculus diameter and test size may exist, however, further examination 
of larger sample data is necessary to verify the statistical significance.

This species has previously been recorded as slender variety of 
Textularia tenuissima or Spiroplectammina filiformis in marine areas 
around the Antarctic Peninsula and the South Shetland Islands (Earland, 
1934; Ishman and Domack, 1994; Majewski, 2010; Rodrigues et al., 
2010). However, the specimens figured in these references mostly have 
damaged initial ends, and the morphological description were omitted. 
Based on the figures, the specimens show greater similarity to the cur
rent new species than the original descriptions of the assigned species, in 
terms of chamber shape and degree of the test tapering.

Referred to the original description, S. filiformis has a spiral coil in 
early stage of both the megalo- and microspheric forms and has 6 to 10 
pairs of chambers in the biserial part (Earland, 1934). The present new 

species has a greater number of chamber pairs with an average of 14, 
and an initial spiral coil is not observed in any of the examined 
specimens.

Textularia tenuissima is originally described from South Georgia and 
Antarctic regions by Earland (Earland, 1933) and due to the preoccu
pancy of the name, it was later renamed T. earlandi, by Parker (1952). 
The morphological characteristics of T. earlandi - fragile, elongate, 
straight to curved test; a single layered thin wall of light gray to silver in 
color; little sign of interstitial cement - is very similar to P. antarcticus. 
The range of proloculus diameter recorded in the original description of 
T. earlandi also almost the same as in P. antarcticus: proloculus diameter 
of 8–24 (T. earlandi) vs. 9–25 (P. antarcticus). However, these species can 
be distinguished by several characteristics: the number of chamber 
pairs, test length, presence of an initial spiral, the proloculus, and 
aperture morphology. Textularia earlandi has an entirely agglutinated 
test, and trimorphic form, with two megalospheric forms, A1, A2, and a 
microspheric form, B. A1 has a shorter test and large neatly rounded 
initial spire. A2 has almost acutely pointed apex with an equally long 
test, and in some cases, no initial spire. B has an acute apex and usually 
no initial coil, but some B forms were reported as with complete initial 
coil (Earland, 1933). However, the initial spiral arrangement in 
P. antarcticus is not present. Additionally, the chamber pair number, test 
length is much higher and longer in P. antarcticus than in T. earlandi: the 
chamber pair number of 5.5–12 (T. earlandi) vs. 9–21 (P. antarcticus, 
average 14); length of 184–500 (T. earlandi) vs. 212–676 (P. antarcticus, 
average 414). The described width (breadth) of T. earlandi is wider than 
that of P. antarcticus: 52–100 (T. earlandi) vs. 42–81 (P. antarcticus, 
average 59). Meanwhile, there is no mention of a naked proloculus in 
the description of T. earlandi, but P. antarcticus has non-agglutinated 
proloculus. The apertural details of both species are also different: the 
new species has an aerial opening, while T. earlandi has a curved slit on 
the inner edge of final chamber. The differences between these species 
are confirmed by the SEM images of ‘T. tenuissima’ type slide (ZF 3518) 
deposited in the NHM London, Earland collection (Fig. 3. 11–19).

Distribution. Antarctic regions close to the Western Antarctic 
Peninsula.

This study: Maxwell Bay (King George Is.).
Records from previous studies presumed to be misidentified 

(Earland, 1934; Ishman and Domack, 1994; Majewski, 2005, 2010; 
Rodrigues et al., 2010): Port Lockroy (Wiencke Is.) off Adelaide Is., 
Bransfield Strait, Admiralty Bay (King George Is.), Maxwell Bay (King 
George Is.), Flandres Bay, Andvord Bay, Marguerite Bay, off Anvers Is., 
Andvord Bay, off Brabant Is., Flandres Bay, off Kyiv Peninsula, Beasco
chea Bay, off Davis Coast, Cierva Cove, Brialmont Cove). The detailed 
distributional records and map indicating the recorded locations are 
presented in the supplementary data 5.

3.2. Test chemical composition

The main elements constituting the test wall were determined 
through SEM-EDS analysis with four specimens in the Fig. 3 (no. 1, 2, 7, 
10). The results of the entire test surface revealed that aluminum (Al), 
calcium (Ca), iron (Fe), oxygen (O), silicon (Si), and titanium (Ti) were 
commonly detected with similar weigth percent (wt%) in the entire test 
surface mapping of all specimens (Table 3; Fig. 4; Supplementary data 
6). Magnesium (Mg) was detected only in the specimen Fig. 3–1 as the 
lowest wt% (0.39 %). However, subsequent analyses on magnified re
gions within other specimens confirmed the presence of Mg, which was 
consistently identified as one of the elements with the lowest wt% 
(Table 3; Supplementary data 6). The signal of carbon (C) detected with 
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the highest wt% in the entire test surface analysis of all examined 
specimens. However, the majority of the detected C originate from the 
background carbon tape (Fig. 4; Supplementary data 6). Based on the 
mapping results, most detected elements exhibit uniform distribution 
across the entire surface with relatively consistent intensity, excluding 
the proloculus. In the case of Ti, certain particles exhibited distinctly 
higher signal intensities than those detected in the surrounding areas. 
The proloculus region exhibited generally lower intensities for all 
detected elements compared to other parts on the test (Fig. 4; Supple
mentary data 6).

Analysis on the magnified area of the middle, aperture, and basal end 
of the test detected additional elements: potassium (K), manganese 
(Mn), sodium (Na), and phosphorus (P). The wt% of these elements were 
found to be among the lowest (Table 3). The main elemental composi
tion and distribution of the magnified regions were consistent with those 
observed in the entire test surface mapping results. Additionally, the 
particles containing certain elements at high wt% were observed more 
distinctly in the magnified mapping results, indicating enrichment of 
these elements within specific grains (Fig. 4; Supplementary data 6).

The point analysis performed on several distinguishable particles 
observed in the BSE images also identified additional elements, indi
cating the presence of particles containing these elements (Supplemen
tary data 6): cerium (Ce), chlorine (Cl), fluorine (F), sulfur (S), strontium 
(Sr), and zirconium (Zr). Point analysis of the proloculus region detected 
the presence of C, O, Fe, Si, Al, Ca, Mg, Na, P, and K (Table 3). The el
ements C, O, Fe, and Ca were consistently detected across all three 
points. At each measured point, C and O exhibited the highest wt%, 
collectively accounting for approximately 83–90 %. Variations were 
observed in the presence of other elements, along with slight differences 
in their wt%. Ti, one of the main elements detected from tests, was not 
detected in all three points.

3.3. Phylogenetic analysis

The DNA extraction and PCR amplification successfully yielded 
either SSU rDNA or COI sequences from a total of five specimens. Among 
them, both SSU rDNA and COI sequences were successfully obtained 
from two specimens, only SSU rDNA sequences were amplified from two 
others, and only the COI sequence was amplified from a single specimen. 
The newly obtained 3′ end partial SSU rDNA sequences of P. antarcticus 

comprise 790–969 nt (872 nt in average), and the GC content ranges 
39.2–40.5 % (39.7 % in average). The partial COI sequences comprise 
342–356 nt (347 nt in average), and GC content ranges 26.6–27.5 % 
(26.9 % in average). The CDS of partial COI gene comprise 312–324 nt, 
and the GC content ranges 26.0–26.2 %. The obtained COI sequences 
were analyzed using ORF Finder, which identified three potential ORF 
candidates for each sequence. BLAST analysis of these candidates 
revealed that only one ORF in each sequence corresponded to the 
foraminiferal COI. The CDS corresponding to this ORF was further 
analyzed using the CD-search tool, which confirmed that the conserved 
domains of these CDSs belong to the Heme‑copper oxidase subunit I 
superfamily (CDD accession no. cl00275) and match the cytochrome 
oxidase subunit 1 (CDD accession no. cd01663) group.

In the MLtree of partial SSU rRNA gene sequences, all included 
genera except Spiroplectammina spp., form well-supported clades (BV =
99, 100 %). Plectocapillus antarcticus, forming a well-supported (BV = 99 
%) clade, branches within a group (BV = 74 %) consisting of two sister 
clades: one including Spiroplectammina spp. clade (1) and Spirotextularia 
spp., without significant BV support, and the other group (BV = 99 %) of 
Spiroplectammina spp. clade (2) and P. antarcticus. Nouria poly
morphinoides branches at the base of the two-sister clade containing 
group (BV = 100 %). Spiroplectammina represents polyphyletic groups, 
with the clade (1) forming a sister clade with Spirotextularia spp., 
another genus of Spiroplectamminidae, and the clade (2) with 
P. antarcticus, which results in the Family Spiroplectamminidae 
appearing paraphyletic in the tree.

In the MLtree of partial COI sequences, Plectocapillus antarcticus 
forms a well-supported clade (BV = 99 %), and branches with Spi
roplectammina sp. (BV = 95 %). The tree basically consists of two clades, 
one of the Suborder Xenophyophoroidea Lister, 1909 (Bizarria bryi
formis, Psammina limbata, and Aschemonella monilis) and the other clade 
including other agglutinated taxa, which is not well supported (BV < 70 
%). The latter clade includes two relatively well-supported subclades, 
one with monothalamiids (Micrometula sp. and Psammophaga sp., BV =
76 %) and the other consisting of taxa of the class Globothalamea (BV =
99 %). The Globothalamea clade groups taxa belonging to the order 
Lituolida (Plectocapillus antarcticus, Spiroplectammina sp., Trochammina 
hadai, Eggerelloides scaber, Entzia macrescens, and Cribrostomoides sp.) 
and Textulariida (Cyrea szymborska and Textularia pseudogramen), and 
both of which appear to be paraphyletic.

Table 3 
Weight % of main constituent elements identified from EDS analysis of the entire test, magnified parts and points on the proloculus.

Analyzed part Specimen Al C Ca Fe K Mg Mn Na O P Si Ti

Entire test

Fig. 3–1 0.85 64.25 2.68 2.6 0.39 27.87 0.95 0.42
Fig. 3–2 0.76 64.74 2.08 3.35 27.51 0.97 0.59
Fig. 3–7 0.92 64.66 2.42 3.2 27.31 0.99 0.51
Fig. 3–10 0.61 67.92 1.65 3.21 25.4 0.71 0.49

Apertural part

Fig. 3–1 1.92 47.54 7 5.78 0.15 0.97 31.58 1.04 2.88 1.13
Fig. 3–2 1.77 48.43 5.56 7.68 0.71 30.93 0.68 2.92 1.32
Fig. 3–10 1.39 54.91 5.32 7.38 0.65 26.44 0.25 2.53 1.14

Middle part of test
Fig. 3–1 3.14 32.08 9.47 10.28 0.24 1.4 0.39 34.74 1.32 4.68 2.26
Fig. 3–7 3.05 33.49 10.14 11.34 0.32 1.05 0.27 32.02 1.58 4.7 2.03

Basal end

Fig. 3–1 1.27 58.37 3.68 5.13 0.56 27.91 0.26 1.86 0.95
Fig. 3–7 0.92 64.44 3.38 5.66 0.17 0.28 23.04 1.3 0.8
Fig. 3–10 0.61 65.89 2.19 5.04 0.25 0.29 24.05 0.87 0.8

Proloculus 
(point analysis)

Fig. 3–1 2.32 50.82 1.48 4.01 0.78 37.91 2.68
Fig. 3–7 45.42 7.85 5.06 1.74 37.44 2.5
Fig. 3–10 0.54 57.27 2.08 5.34 1.6 32.73 0.45
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Fig. 4. BSE and major element mapping images obtained from SEM-EDS analysis of the specimen in figure3-1. The type of element is indicated at the bottom left of 
each mapping image, and the distribution of the elements is indicated by color, with the intensity of the color corresponding to the intensity of the detected signal. 
The (*) symbol is indicating the point analysis performed spot.

S. Lee et al.                                                                                                                                                                                                                                       Marine Micropaleontology 195 (2025) 102451 

8 



4. Discussion

4.1. Distribution and ecology

As outlined in the remarks in the systematic taxonomy section, 
P. antarcticus has previously been assigned as other species by various 
authors. Based on existing records including images of specimens pre
sumed to represent P. antarcticus, it is confirmed to have a wide distri
bution across the coastal waters, adjacent seas, and nearby islands of 
Western Antarctic Peninsula (Supplementary data 5). According to the 
previous records and this study, P. antarcticus may also exhibit a broad 
bathymetric range, occurring at depths from 47 m (Admiralty Bay; 
Majewski, 2005, 2010) to 2200 m (Bransfield Strait; Ishman and 
Domack, 1994). Such a wide bathymetric distribution is one of the 
common peculiar features observed in benthic foraminiferal assem
blages from Antarctic waters (Mikhalevich, 2004). However, it is 
simultaneously necessary to re-examine the voucher specimens in pre
vious records to verify whether they are all taxonomically consistent 
with P. antarcticus or represent a mixed species complex. Furthermore, 
additional sampling in the region to collect sufficient specimens, fol
lowed by morphological and molecular analyses, would enhance our 
understanding of the wide depth range of P. antarcticus.

Unfortunately, the vertical distributional pattern in sediment layer or 
mode of life of P. antarcticus was not examined in this study. Based on 
the elongate, biserial test morphology, this species may however be able 
to penetrate the sediment layers and adaptive to low-oxygen conditions. 
Slender, elongate, and serial (uni-, bi-, or tri-) morphotypes of forami
nifera are common and adapted to low-oxygen environments, and re
ported to dwell as epifauna in low-oxygen waters or as infauna in well- 
oxygenated environments (Kaiho, 1994; Bernhard and Sen Gupta, 1999; 
Mancin et al., 2013; Nwojiji et al., 2019). Test structures of such mor
photypes exhibit high surface area to volume ratio that can enhance the 
efficiency of protoplasmic mixing between the inner and outer parts of 
the shell, thereby decreasing metabolic activity within the cell, and 
lower the oxygen and nutrient requirements of the organism. Similarly, 
the slender elongated body form is a convergent trend in interstitial 
meiofauna, which enhances mobility, adhesion, and anchoring in hab
itats of small dimension while promoting substance absorption and 
diffusion within the body through an increased surface-to-diameter ratio 
(Giere, 2009). Therefore, the test morphology of P. antarcticus also 
seems to be advantageous in hypoxic conditions at bathyal depths and in 
an interstitial habitat. Future physiological studies within their cyto
plasm, as well as the behavioral responses of living individuals, and 
sediment depth-specific sampling could further enhance our under
standing of the life strategy of the species within the sediment.

4.2. Flexible test wall and organic proloculus

Plectocapillus antarcticus possesses a thin, delicate, test wall which is 
flexible when wet. Generally, a flexible test wall is uncommon in mul
tilocular agglutinated group and is mainly observed in monothalamous 
taxa (Bender, 1995). Among the multilocular agglutinated group, the 
genus Leptohalysis Loeblich and Tappan, 1984, which belongs to the 
Family Reophacidae, Suborder Hormosinina, has been described as 
possessing a flexible test when wet (Chaster, 1892; Höglund, 1947; 
Loeblich and Tappan, 1984; Bell, 1996). It has a slender, elongate test, 
and uniserial chamber arrangement. In particular, the test of L. catella 
(Höglund, 1947) is described as exhibiting test wall similar with 
P. antarcticus: thin and delicate, with small polyhedral particles arranged 
edge to edge, attached to an inner lining. Although no detailed studies 
have been conducted on the evolutionary or ecological significance of 
the flexible test in these taxa, the observed similarities between their 
tests suggest that the combination of a thin delicate test wall, a slender, 
elongate, and segmented (serial) body may be the factors contributing to 
this flexibility.

The transparent, rounded proloculus predominantly composed 

organic materials, is another distinctive characteristic of Plectocapillus. 
Such proloculus type has been reported in a few multichambered 
agglutinated taxa: Morulaplecta (Höglund, 1947), Cyrea (Holzmann 
et al., 2018), Leptohalysis (Loeblich and Tappan, 1984; Kitazato et al., 
2009). The proloculus of Morulaplecta and Cyrea are covered by subse
quent chambers. In contrast, the photomicrographs of Leptohalysis kaikoi 
(Kitazato et al., 2009) reveal an exposed, smooth, rounded, naked pro
loculus closely resembling that of P. antarcticus. In detail, L. kaikoi has 
been described as predominantly composed of organic matter, with 
some mineral grains very sparsely distributed. Furthermore, EDS anal
ysis of the proloculus detected the signals of Si, Al, Mg, Ca, and Fe, which 
were interpreted as originating from those mineral grains. The EDS point 
analysis of the Plectocapillus’ proloculus also reveals the presence of the 
same types of elements, with C and O detected at significantly high 
concentrations, accounting for 83–90 wt% in total (Table 3). This sug
gests that the proloculus is mainly composed of organic material, and 
the detected inorganic elements may originate from incorporated min
eral particles, as proposed for L. kaikoi (Kitazato et al., 2009). Alterna
tively, certain elements, such as Fe or Ca, may be biologically bound to 
organic components through biomineralization (Hedley, 1963; Bertram 
and Cowen, 1998). However, further biochemical studies, including 
mass spectrometry, are required to precisely determine the components 
of the proloculus.

The evolutionary and biological significance of the flexible test and 
organic proloculus in multilocular agglutinated foraminifera remains 
poorly understood. In meiofauna, a flexible body is known to represent a 
convergent trend as an adaptation for survival in interstitial habitats. In 
particular, a rugged body enhances articulation and increases the 
number of segments, resulting in a flexible, vermiform morphology 
(Giere, 2009). At the same time, the flexible body can reduce drag in 
strong currents within epibenthic habitats (Levinton, 2009). In this 
respect, segmentation through serially arranged chambers in Plectoca
pillus and Leptohalysis may contribute to the test flexibility. For instance, 
L. scotti has been reported to inhabit both epifaunal and infaunal envi
ronments (Ernst et al., 2000; Gustafsson and Nordberg, 2001), and its 
flexible test is possibly advantageous for survival in these habitats. At 
the same time, thin foraminiferal test wall may enhance material ex
change efficiency in low-oxygen environments (Kaiho, 1994; Ni et al., 
2024). Therefore, the thin-walled proloculus in Plectocapillus may be 
also related to high metabolic efficiency, which could be advantageous 
for the survival of juveniles in such environments.

Further ecological and biological investigations with a greater 
number of taxa exhibiting these traits will provide clearer insights into 
such characteristics. Continuous taxonomic investigations and surveys 
of unexplored regions are necessary to discover additional taxa with 
similar test wall and proloculus.

4.3. Test wall composition

The EDS analysis revealed the main elemental composition (Al, Ca, 
Fe, Mg, O, Si, Ti) and distribution in both the overall structure and 
magnified regions of P. antarcticus. Additionally, point analysis provides 
the chemical composition of certain distinct particles in the test. The 
detected elements are consistent with previously reported elements in 
the environments adjacent to the present study area (Yeo et al., 2004; 
Jerosch et al., 2018). Based on relevant literatures including previous 
studies analyzing the test mineral composition of agglutinated taxa 
(Jeong and Yoon, 2002; Armynot du Châtelet et al., 2013; Capotondi 
et al., 2019; Mohan and Kumari, 2021), approximate mineral groups of 
the analyzed particles were broadly inferred: carbonates, phosphates 
(apatite), Fe- or Ti-rich oxides, silicates, and zircon. Additionally, some 
grains exhibited elemental compositions of complexity with relatively 
high wt% of Al, suggesting either the presence of mixed mineral phases 
or clay minerals including aluminosilicates with the incorporation of 
several elements as impurities (Fig. 4; Supplementary data 6).

Unfortunately, research on the mineral composition of surface 
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sediments in the study area is highly limited, restricting its use as 
additional supporting evidence for the mineral assignment in this study. 
The component of benthic sediment or even biochemical component of 
benthic organisms in the study area is however known to be influenced 
by terrestrial, lithogenic particles transported by glaciomarine sedi
mentation processes (Ahn et al., 1996; Chang and Yoon, 2000; Abele 
et al., 2008; López-Martínez et al., 2012). Therefore, mineralogical 
characters and tectonic settings of the surrounding terrestrial environ
ment (e.g., Barton Peninsula) are additionally considered. The source 
rocks of Barton Peninsula mainly consist of volcanic rock and plutonic 
rock. Notably, various minerals derived from source rocks and their 
alternation minerals have been reported in the sediments of adjacent 
terrains: Fe-rich smectite, kaolinite, illite, chlorite, quartz, plagioclase, 
amphibole, mica, zeolite, pyrite, halite, gypsum, pyrophyllite, carbonate 
minerals, Ti- and Fe-oxides, magnetite, and zircon (Cox et al., 1980; 
Willan and Armstrong, 2002; Lee et al., 2004; Hauck et al., 2012; Jung 
et al., 2017; Lee et al., 2019). These minerals are consistent with those 
inferred in the test particles of P. antarcticus.

Previous studies have been reported the accumulation of Fe-, Ti- or 
Zr-rich heavy mineral particles in the test wall or in the cytoplasm of 
other taxa, including Bathysiphon, Psammophaga, Reophax, Textularia, 
and Agglutinella (Cole and Valentine, 2006; Makled and Langer, 2010; 
Pawlowski and Majewski, 2011; Sabbatini et al., 2016; Capotondi et al., 
2019; Garrison, 2019). The physicochemical properties (electron den
sity and polarity) of such minerals are possible to form chemical bond
ings with biological structures composing the foraminiferal pseudopodia 
or test cement materials (Makled and Langer, 2010; Pawlowski and 
Majewski, 2011; Sabbatini et al., 2016). Such features have been sug
gested to be related to the mineral selection mechanism, and to enhance 
the physical stability of the test, thereby enhancing protection against 
predation (Langer et al., 1995) and environments characterized by high 
wave or current agitation (Capotondi et al., 2019; Garrison, 2019). 
Additionally, the heavy minerals in monothalamiids have been sug
gested to contribute to buoyancy regulation, thereby enabling the 

individuals to anchor more efficiently within the sediment (Nyholm, 
1957; Dahlgren, 1962; Pawlowski and Majewski, 2011; Sabbatini et al., 
2016). Therefore, Fe-, Ti-rich and zircon mineral particles in the test of 
Plectocapillus possibly contribute to the structural stability of its delicate, 
flexible test to penetrate the sediment, or to survive in environments 
subject to disturbances such as glacier erosion or seasonal influx of 
detrital materials.

Further crystallographic studies using X-ray diffraction (XRD) and 
Raman spectroscopy are expected to enable more precise mineral 
identification of both the test of P. antarcticus and surrounding seafloor 
sediments. Additionally, quantitative assessment and comparison of the 
morphological and compositional diversity of the particles constituting 
tests and the sediment will provide insights into the particle selectivity 
of P. antarcticus in the environment. Furthermore, integrating physio
logical and ecological examinations on the species would enhance the 
understanding of adaptive mechanisms in response to specific 
environments.

4.4. Phylogenetic relationships

In this study, we obtained the 3′ end SSU rRNA and Leroy COI gene 
fragment sequences of a newly discovered Antarctic agglutinated fora
minifera. Phylogenetic analysis confirms that these sequences form a 
monophyletic group distinct from other related agglutinated genera. 
Consequently, this work contributes to the expansion of foraminiferal 
reference sequence data, by providing verified DNA sequences for two 
molecular markers, accompanied by species-level taxonomic classifica
tion and detailed morphological descriptions. Notably, foraminiferal 
COI sequences were first reported as recently as 2021, with research 
initially focusing on calcareous LBF species (Macher et al., 2021; Girard 
et al., 2022), thereby limiting the availability of validated Spi
roplectamminoidea sequences on GenBank to just one at the time of 
analysis for this study. By contributing to the expansion of the forami
niferal reference sequence database, this study ultimately enhances the 

Fig. 5. Maximum Likelihood (ML) phylogenetic trees inferred from the partial SSU rRNA and COI gene sequences of Plectocapillus antarcticus gen. et sp. nov., and 
other agglutinated taxa. Bootstrap values (BV) > 70 % are shown at the nodes, and the trees are unrooted. Sequences indicated in bold are newly obtained in this 
study. The accession numbers are indicated next to the underscore (_) symbol following each taxon name. The numbers in brackets - (1), (2) - for Spiroplectammina sp. 
in the SSU rRNA tree are added to distinguish different clades. The taxon names at the right end of the SSU rRNA tree represent the families of taxa included in each 
black bar region.
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resolution of research utilizing the database, such as species diversity 
assessments and environmental monitoring through Next-Generation 
Sequencing (NGS) techniques (e. g., eDNA metabarcoding).

The phylogenetic analysis revealed that, in the SSU rRNA ML tree, 
Spiroplectammina sp. appeared paraphyletic, unlike other genera 
(Fig. 5). Clade (2) formed a sister group with P. antarctica rather than 
being branched within the Family Spiroplectamminidae. Notably, all 
specimens of clade (2) were collected from the Arctic Svalbard 
(Holzmann et al., 2024). They may represent Arctic endemic taxa that is 
not part of the Family Spiroplectamminidae. Further collection of the 
specimens and detailed morphological analyses is essential to validate 
this hypothesis. An alternative possibility is that the entire branches, 
including Spirotextularia sp., Spiroplectammina sp., clades (1) and (2), 
and P. antarcticus, belongs to Spiroplectamminidae. However, under this 
scenario, Plectocapillus, which does not exhibit the early spiral chamber 
arrangement, would be included in Spiroplectamminidae, leading to a 
conflict with the traditional morphological classification criteria (see the 
Supplementary data 4). On the other hand, it may be attributed to the 
limited dataset used for the analysis, as numerous taxa within Spi
roplectamminoidea were missing from the reference database. At the 
time of the analysis, SSU rRNA gene sequences were available for only 
two families and three genera out of the five families and 16 genera 
within Spiroplectamminoidea, while COI sequences were available for 
only one genus (Spiroplectammina). Furthermore, as shown in the Fig. 5, 
many of the data entries lacked species-level identification. Enhancing 
both the quality and quantity of database would improve the resolution 
of phylogenetic relationships.

Such discrepancies between morphological classification and mo
lecular phylogeny have been reported across multilocular agglutinated 
foraminifera. Recent molecular phylogenetic studies have suggested 
that multilocular agglutinated taxa are paraphyletic, and the monophyly 
of orders (Lituolida, Loftusiida, Textulariida) proposed by Loeblich and 
Tappan (Loeblich and Tappan, 1989) has not been confirmed. Further
more, most clades, aside from a few genera, have not been well- 
supported (Pawlowski et al., 2013; Holzmann et al., 2018). Hence, the 
precise molecular phylogenetic position of P. antarcticus remains unclear 
and requires cautious interpretation. Alternatively, we primarily clas
sified P. antarcticus within the Order Lituolida, Superfamily Spi
roplectamminoidea, and Family Pseudobolivinidae, based on the 
Kaminski (2014) classification. Simultaneously, molecular phylogeny 
for the SSU rRNA sequences was performed using GenBank-registered 
sequences assigned to Spiroplectamminoidea under the same classifi
cation, rather than including all the taxa assigned as “Textulariida” in 
Pawlowski et al. (2013).

Therefore, expansion of molecular datasets along with precise 
morphological identification is essential to resolve the molecular 
phylogenetic relationships across multilocular agglutinated taxa. Addi
tionally, further integrative studies on the candidates of phenotypes that 
reflect the evolutionary relationships of foraminifera, such as test 
organic linings (Tyszka et al., 2021) and wall ultrastructure (Dubicka, 
2019), would significantly help resolve inconsistencies between 
morphological classification and molecular phylogeny, and advance our 
understanding of the evolutionary relationships of this group.

5. Conclusion

A new genus and species, Plectocapillus antarcticus, belonging to the 
Order Lituolida, Family Pseudobolivinidae, was described from King 
George Island (West Antarctica). The entire biseriality, organic prolo
culus, flexible, fragile test, and the areal aperture are the distinguishable 
characteristics. SEM-EDS analysis revealed major elements constituting 
the test surface: Al, Ca, Fe, Mg, O, Si, and Ti. The molecular phylogeny 
with partial SSU rRNA gene and partial COI sequences of P. antarcticus 
revealed a well-supported clade, sister to Spiroplectammina biformis 
(Spiroplectamminidae). Due to insufficient reference sequences and the 
problem of inconsistency between molecular and morphological 

phylogenies in multilocular agglutinated foraminifera, the position of 
Plectocapillus remains unresolved. Further molecular and morphological 
studies including more taxa within the Superfamily Spi
roplectamminoidea are necessary to reveal the phylogenetic relation
ships. The slender, flexible test, organic proloculus wall, and chamber 
arrangement suggest possible adaptations to hypoxic conditions and 
interstitial habitats, warranting further ecological and physiological 
investigations. In this regard, this study contributes to expanding the 
foundational dataset on extant foraminifera, and improving the under
standing of Antarctic biodiversity, by providing morphological and 
molecular data on the newly discovered taxon. Furthermore, by 
describing a new species and genus, we emphasize the necessity of 
additional exploration in this region.
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