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Two identical dinoflagellate cell specimens were found in a seawater sample
collected from Tanjung Pasir Beach (TPB; 6.01 S,106.8 N), Banten, Indonesia and
subjected to morphological characterization light microscopy (LM). The cells
measured 71.97-72.86 pm long and 52.55-52.76 pm wide, fusiform or biconical-
shaped, with tapered apical and antapical horns. A sharp and pointy spine was
present at the antapex. The Kofoidean thecal plates arrangement pattern of
the specimens was formulated as Po, 4', 2a, 7', 3(?)c, 4s, 5", 2'""". Based on
this thecal plate tabulation formula combined with the cell morphologies, the
specimens conformed to the original description of, and therefore identified
as, Protoperidinium abei (Paulsen) Balech. This study constitutes the first
record of P. abei in Indonesia and the first to illustrate and describe its detailed
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morphology using LM.

1. Introduction

The dinoflagellates represent one of the most
diverse, complex, and abundant eukaryotic
microalgae that play crucial ecological roles in
aquatic ecosystems (Le Bescot et al. 2016; Taylor et al.
2008). They are distinguished from other microalgae
lineages by a set of unique features like the presence
of two distinct flagella (i.e. the transverse and
longitudinal flagella), pigmentations (e.g. peridinin,
dinoxanthin), specific organelles (e.g. the pusule,
numerous) types of eyespots and its nucleus (i.e. the
dinokaryon), among others (Fensome et al. 1993;
Hackett et al. 2004; Taylor et al. 2008).

Some dinoflagellate genera possess cellulosic
'armour’ plates (i.e. thecae) positioned within the
amphiesmal vesicles (Taylor 1987). These thecal
plates' number, shape and arrangement are species-
specific and generally well conserved. Hence, they
can be used as reliable identification criteria for
distinguishing numerous armoured dinoflagellates
at the species level (Fensome et al. 1993; Taylor 1987).

One of them is the genus Protoperidinium Bergh
which harbours over 280 described thecate marine
species (Gémez 2012). Some Protoperidinium species
possess essential ecological roles, such as forming
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algal bloom, serving as a conduit for algal toxins, or
even regulating the bloom of other dinoflagellates
(Gribble et al. 2007). Therefore accurate identification
of this dinoflagellate at the species level is crucial,
particularly for Dbiodiversity assessments or
monitoring. The motile and thecate forms are
morphologically identified based on the cell size,
cell shape, the presence of apical and/or antapical
spines, the displacement of the cingulum, and most
importantly, the composition and arrangement
pattern of the thecal plates (e.g. Hoppenrath et al.
2009; Okolodkov 2008).

During inventorying the marine microalgae in
Indonesia, we encountered two dinoflagellate cells
representing the first record of Protoperidinium abei
(Paulsen) Balech in Indonesia. This study aims to
morphologically characterize, illustrate, describe,
and identify this dinoflagellate species using light
microscopy (LM).

2. Materials and Methods

2.1. Sampling Location, Collection and
Processing

Samplings were conducted in Tanjung Pasir
Beach (TPB; GPS: 6.01 S, 106.8 N), Banten, Indonesia
in October 10" 2021 (Figure 1). Seawater sample
was collected at the surface layer (ca. 0.5 m deep)

using a 20 pm mesh plankton net from the pier
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Figure 1. (A) Map of Indonesia indicating the (B-D) sampling location in Tanjung Pasir Beach (TPB), Banten (GPS: 6.01 S,
106.8 N). (E) Seawater sample was collected using a 20 ym mesh-size plankton net from the sampling boat or
pier. All satellite images were obtained from Google Earth
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and transferred into two 200 ml plastic bottles. The
sample was subsequently enriched with a few drops
of Daigo's IMK medium (Wako, Tokyo, Japan) before
being transported in a cool box to the Laboratory of
Algae at the Indonesian Culture Collection (InaCC)
in Cibinong, West Java, Indonesia. At the laboratory,
samples were immediately transferred into clean
plastic Petri dishes and incubated under 25°C with
about 30 pmol m-2s-! fluorescent illumination (12:12
hours light-dark cycles). Two identical dinoflagellate
cells were found in the seawater sample. One cell
(i.e. TP1a specimen) was isolated using a hand-
drawn glass capillary micropipette into one of the
48-well culture plates containing a few drops of IMK
medium and incubated under the same conditions
mentioned previously. Unfortunately, the TPla
specimen was eventually lost during the culture
attempt. Consequently, molecular phylogenetic
analyses that require DNA extraction from such
microalgal cultures could not be performed. Hence,
species-level identification of the dinoflagellate
encountered in this study solely relied on the
morphological characterization of the other cell (i.e.
TP1b specimen) using light microscopy (LM).

22. LM Observation, Morphological
Characterization, Taxonomic Identification
Light microscopic (LM) observation of the cell
(i.e. for general morphology and thecal plates
arrangement) was performed using an Olympus
CKX 53 inverted microscope (Olympus Corp., Tokyo,
Japan). Due to the scarcely available specimens in
the sample, we took utmost care when handling the
TP1b cell for LM observation and photomicrography.
Excess seawater was deliberately siphoned out from
the Petri dish using a 2.0 ml plastic pipette to limit
the movement area of this specimen until a small
pool of seawater containing the TP1b cell remained.
A fine hand-drawn glass capillary micropipette was
used to carefully adjust the orientation of the cell
under the inverted microscope for photomicrography
at 20x and 40x objectives magnifications. Acquired
micrographs were subsequently post-edited using
Adobe Photoshop 21.1.1 (e.g. adjusting the brightness,
exposure, contrast, orientation and presenting the
cell with clean background). Line drawings of the cell
and its thecal plates were manually produced using
Affinity Designer ver. 1.10.1 (Serif Europe Ltd).

We adopted the Kofoidan plate tabulation
system (Kofoid 1909; Kofoid 1911) to enumerate and
determine the thecal plate arrangement pattern of
the TP1b specimen. The identity of the species was
determined based on general cell morphology and
the thecal plate arrangement of P. abei originally
described by Abé (1927) and supporting reports by
Paulsen (1931), Balech (1974), Okolodkov (2008), and
Luom et al. (2015).

3. Results

3.1. Systematics
Class: Dinophyceae (West and Fritch, 1927)
Order: (Peridiniales Haeckel, 1894)
Family: Protoperidinaceae (Balech, 1988)
Genus: Protoperidinium (Bergh, 1881)
Protoperidinium abei (Paulsen) (Balech, 1974)

Figures 2-4
Plate tabulation formula: Po, 4', 2a, 7", 3(?)c, 4s, 5",
2""

Locality: Tanjung Pasir Beach, Banten, Indonesia
Basionym: Peridinium abei (Paulsen, 1931)
Synonym: Peridinium biconicum (Abé, 1927)

3.2. General Cell Morphology

The cells measured 71.97-72.86 pm long and
52.55-52.76 pm (n = 2). Cells are fusiform or
biconical, with tapered apical and antapical horns
(Figures 2A and B). A sharp and pointy spine was
present at the antapex (Figure 2B). The apical pore
has a slit visible at the ventral and dorsal areas of the
apical horn, while two tiny protrusions or processes
bordered the left and right margins of the apex
(Figures 2C and D). No hyalious or membrane-like
structure was observed at the apical pore. The apical
horn was bent or curved towards the dorsal area of
the cell in lateral view (Figure 2E). The cingulum is
median, dividing the epi- and hypotheca almost in
the same size, descended leftward, with its left and
right distal ends displaced about 1.5x of its width
(Figure 2E). The right cingulum end partially covered
the ventral area where the flagella were supposedly
to emerge (Figure 2F). The anterior and posterior
rims of the cingulum were thick, while its furrow was
deeply excavated with numerous strong longitudinal
ribs parallelly arranged on its wall (Figures 2F and
G). The right part of the hypotheca was larger than
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Figure 2. Light micrographs of P. abei specimens from TPB, Banten, Indonesia, showing (A) the TP1a specimen isolated
for culture attempt. (B-H) TP1b specimen subjected to LM observation showing the (B) general cell shape/
outline, the nucleus, and the sharp antapical spine; (C and D), the slit-like apical pore in ventral and dorsal
view, respectively (notice the small protrusions at the tip of the apex (black arrowheads)); (E and G) the deeply
excavated cingulum furrow with the displaced right (RCE) and left cingulum ends (LCE) (notice the strong
longitudinal ribs, also the dorsally-bent apical horn); (H) the narrow sulcus ('s'; area marked with dashed white
line), notice the sharp spine at posterior of the antapex; (I) left lateral view showing the median-located nucleus

('n"). Scale bars = 20 pm, except for C-D = 10 pm

the left one, forming the extended antapical horn,
tipped with a sharp and pointy spine (Figure 2H).
The sulcal area was narrow, excavated and extended
towards the posterior part of the antapical horn at
the hypotheca (Figure 2H). The nucleus is at the
median, just beneath the cingulum girdle (Figure
2I). No chloroplast was observed within the cell,
suggesting the heterotrophic nature of this species.

3.3. Thecal Plates Arrangement

The complete thecal plates arrangement of the
TP1b specimen is illustrated in Figures 3, 4 and 5A-
D. At least 28 thecal plates were enumerated and its

tabulation formula was defined as Po, 4', 2a, 7", 3(?)c,
4s,5"',2"". The epitheca comprised 14 plates (Figures
3A-H) and comprised one apical pore plate (Po), four
apical plates (1'-4"), and two anterior intercalary (1a,
2a), and seven rectangular plates (1"-7"). The 1" plate
was 'ortho' and the longest among the epithecal
plates (Figure 3A), while the two intercalary plates
were hexagonal and similar in size (Figures 3C-E). At
the girdle level, three cingular plates were observed
(c1-c3) (Figures 3E-H and 3P). The position of the
transitional plate was not identified in this study
as its border could not be distinguished from the
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Figure 3. (A-D, I-]) Light micrographs and (E-H, M-P) hand-drawings of P. abei (TP1b specimen) showing the epithecal
plates arrangement pattern displayed in sequential rightward turning directions. White arrowheads indicate the
ventral parts of the cell. Yellow and red indicate the cingulum and sulcus, respectively-scale bars: 20 pm
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Figure 4. (A-D) Light micrographs and (E—HR line-drawings of P. abei (TP1b specimen) showing the sulcal and hypothecal
plates arrangements pattern displayed in sequential rightward turning directions. Yellow and red indicate the
cingulum and sulcus, respectively-scale bars: 20 pm

Po

Protoperidinium abei
(Po, 4',2a, 7", 3c(?), 4s, 5™, 2™")

Spiraulax jollifei Gonyaulax fusiformis Gonyaulax birostris Protoperidinium abei var. rot
(3", 2a, 6", 6¢, 65, 6™, 1p, 1™) (3" 2a, 6" 6c, 6s, 6", 1p, 1™) (3", 2a, 6", 6¢, 65, 6, 1p, 1) (Po, 4", 2a, 7", 3c+t, ds, 5", 2"")

Figure 5. Comparative line drawings show the cell outline and thecal plate arranfement atterns between (A-D) P. abei
and other dinoflagellate species bearing similar morphologa/: (E) Spiraulax jolliffgi, F) Gonyaulax fusiformis, (G)
Gonyaulax birostris, and (H) P. abei var. rotundatum. The line drawings of P. abei were based on the TP1b specimen
observed in this study. The following three species were redrawan based on the report of Carbonell-Moore
%1996), while P. abei var. rotundatum was redrawn based on Omura et al. (2012) with additional information

rom Ifuom et al. (2016). Yellow and red colours indicate the cingulum and sulcus, respectively. Images are not
to scale
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longitudinalribs of the cingulumatventral view using
LM. Hence, a question mark was added following the
'3¢' notation to indicate the total unknown number
of the cingular plates in our specimen. At the ventral
view, the sulcal area of TP1b contained four sulcal
plates (Sa, Sd, Ss and Sp) (Figure 3I). Finally, a total of
seven hypothecal plates were observed (Figures 3I-
L), which consisted of five postcingular plates (1''-
5'") and two antapical plates (1""-2"").

4. Discussion

Following rigorous LM observation involving
the TP1b specimen from TPB, we revealed that the
morphology (i.e. cell size, fusiform/biconical shape,
the presence of an antapical spine, and cingulum
displacement of about 1.5x of its width) combined
with the thecal plate tabulation pattern (i.e. Po,
4' 2a, 7", 3(?)c, 4s, 5™, 2"") of the TP1b specimen
undoubtedly conformed to the original description
of P. abei from Japan (Abé 1927) and other reports
of this species (Balech 1974; Okolodkov 2008; Luom
et al. 2015; Paulsen 1931). Hence, the two identical
specimens reported herein were identified as P. abei.

The tapered biconical cell shape combined with
the lack of two antapical horns in P. abei superficially
distinguishes this species from the typical and
more commonly found Protoperidinium spp., like P.
conicum, P. obtusum, P. oceanicum and others (e.g.
Okolodkov 2008). However, when examined closely,
two antapical horns were present at the hypotheca
(Figure 2H). Although, the posterior part of the left
antapical horn was greatly reduced in size compared
to the right one, creating a pseudo-outline as if the
cell only has a single antapical horn, especially when
viewed laterally. To unfamiliar eyes, this peculiar cell
appearance could lead to the misidentification of P.
abei under LM as other species of dinoflagellate that
bear somewhat similar cell outlines, like Spiraulax
jolliffei (Figure 5E), Gonyaulax fusiformis (Figure
5F), or Gonyaulax birostris (Figure 5G) (Carbonell-
Moore 1996). However, when their thecal plate
compositions are taken into account, P. abei differs
substantially from these planktonic dinoflagellates
regarding the overall arrangement pattern of the
plates (Figures 5A-G), specifically concerning the
presence of an apical pore plate (Po), the number of
precingular plates (7" vs 6"), cingular plates (3-4c vs
6¢), sulcal plates (4s vs 6s), and antapical plates (2"
vs 1"). The lack of a posterior intercalary plate (1p)
(Figures 5A-D)in P. abei further differentiates it from
the dinoflagellates above (Figures 5E-G). It signifies
the importance of determining the thecal plates
tabulation pattern for species-level identification of
armoured dinoflagellates.

Our P. abei specimens from TPB share similar
thecal plate composition and arrangement with P.
abeivar.rotundata (Abé) Taylor (Figure 5H). However,
our specimens discriminate from the latter species
by having more prolonged and tapered apical and
antapical horns (Figures 2-4 and 5A-D). P. abei var.
rotundata, on the other hand, possess shorter and
somewhat blunt epi- and hypotheca (Figure 5H),
also shown by Liuetal. (2015), Luom et al. (2015), and
Luom et al. (2016). It is also worth mentioning that
a small transitional plate (t) was present in the left
ventral part of the cingulum in P. abei var. rotundata
(e.g. Liu et al. 2015). Unfortunately, the location of
such a plate could not be verified in our study using
LM due to the difficulty in differentiating its border
with the longitudinal ribs of the cingulum furrow.

Aside from the original description of Abé
(1927), the cells of P. abei described in this study
agree well with the morphology of the specimens
reported from other localities, such as the Gulf of
Mexico (Okolodkov 2008), Vietnam (Luom et al.
2015), and the Red Sea (Prabowo and Agusti 2019).
Geographically, P. abei has been widely recorded in
numerous marine areas, such as Bangladesh (Ahmed
et al. 2009), Russia (Gail 1950; Kisselev 1950), Black
Sea (Zotov 2018), Mediterranean Sea (Gémez 2003),
the Caribbean (Merino-Virgilio et al. 2013 ), Colombia
(Luzano-Duque et al. 2011), Australia (McCarthy
2013) and others (Guiry and Guiry 2018), suggesting
its wide distribution, particularly in warm and
tropical seas.

In Indonesia, at least 29 Protoperidinium
species were recorded, of which 28 were identified
down to the species level (Table 1). Unfortunately,
most of them lack illustrations or morphological
descriptions, making it impossible to verify and
validate their identity and occurrence in Indonesia
accurately. Nevertheless, among the listed
Protoperidinium species (Table 1), none was P. abei,
therefore, highlighting the present study as the first
to record, illustrate, and describe the morphology of
this thecate marine dinoflagellate from Indonesian
water. The finding of P. abei in Indonesia further
extends its geographical distribution to include the
equatorial waters of Southeast Asia.

In conclusion, this study successfully identified
the two dinoflagellate specimens found in Tanjung
Pasir Beach (TPB), Banten as P. abei and reported
for the first time its occurrence in Indonesia.
Although identification of microalgal species
based on polyphasic approaches (e.g. combining
morphological, molecular, and chemical data) is
currently preferred, we demonstrated that species-
level identification using LM is still highly relevant for
dinoflagellates, particularly thecate marine species.
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Table 1. Recorded Protoperidinium species in Indonesia

Species

Reference

Protoperidinium abei
Protoperidinium avellana
Protoperidinium balticum

Protoperidinium cf. americanum

Protoperidinium cf. divergen

Protoperidinium cf. excentricum

Protoperidinium claudicans
Protoperidinium compressum
Protoperidinium conicoides
Protoperidinium conicum
Protoperidinium curtipes
Protoperidinium denticulatum
Protoperidinium depressum
Protoperidinium divergens
Protoperidinium faltipes
Protoperidinium fukuyoi
Protoperidinium leonis
Protoperidinium minutum
Protoperidinium nudum
Protoperidinium oblongum
Protoperidinium oceanicum
Protoperidinium pentagonum
Protoperidinium punctulatum
Protoperidinium rectum
Protoperidinium roseum
Protoperidinium sphaericum
Protoperidinium subinerme
Protoperidinium subinerum
Protoperdinium pellucidum
Protoperidinium spp.

This study

Rukmanasari and Thahir (2020)

Rachman (2020)

Rukmanasari and Thahir

Rukmanasari and Thahir

Rukmanasari and Thahir

Rukmanasari and Thahir

Furio et al. (2012)

Rukmanasari and Thahir (2020)

Furio et al. (2012), Sidharta and Ahyadi (2007)

Rachman (2020)

Furio et al. (2012)

Rachman (2020)

Rachman (2020), Sidharta and Ahyadi (2007), Lestari et al. (2021)

Rachman (2020)

Rukmanasari and Thahir (2020)

Furio et al. (2012), Sidharta and Ahyadi (2007)

Rachman (2020)

Likumahuwa et al. (2021)

Rukmanasari and Thahir (2020); Furio et al. (2012)

Rachman (2020); Thoha et al. (2010)

Rachman (2020); Rukmanasari and Thahir (2020); Furio et al. (2012)

Rukmanasari and Thahir (2020)

Rachman (2020)

Rachman (2020)

Rachman (2020)

Furio et al. (2012)

Rukmanasari and Thahir (2020)

Sidharta and Ahyadi (2007)

Thoha et al. (2010); Furio et al. (2012); Syafriani dan Afriadi (2018); Mujib et
al. (2015); Thoha and Rachman (2012); Lestari et al. 2021; Pello et al. (2017);
Thoha et al. (2019)

2020
2020
2020
2020

—~
—

, Furio et al. (2012)

Therefore, we encourage future biodiversity studies
of dinoflagellates in Indonesia to harness the full
potential of LM for supplying each reported species
with high-quality photomicrographs for taxonomic
verification and validation instead of presenting an
inventory checklist of the encountered taxa.
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