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ABSTRACT: The poorly known dinoflagellate Sinophysis canaliculata, which was originally described from the Indian
Ocean, was abundant in a collection from 2015 from Rapa Iti, a small, remote island of French Polynesia. Since the
taxonomic description of this species was incomplete, a detailed morphological study was carried out. The theca was
studied with epifluorescence microscopy using Solophenyl Flavine 7GFE500, a fluorescent dye specific to cellulose. This
fluorophore was used successfully for the first time with a thecate dinoflagellate. It has the advantage of using blue
excitation light and avoids the fading of fluorescence encountered with other dyes with long excitation time. Using this
technique and high-resolution field emission scanning electron microscopy, the thecal plate pattern was clarified, and the
epitheca had six major plates, 4E and 2A. A conspicuous apical pore was present on the left side of the epitheca. A smaller
pore was located on the ventral left side of the apical pore. The apical plates A1 and A2 formed prominent projections
which encircled and partly covered the pores. This thecal pattern agreed with the recent emended description of the genus.
Two additional platelets, visible only from inside the cell, were possibly present in contact with the pores. In addition, the
‘canal’ cut on the left hypothecal plate H2 had a slit at its base. Seen from the inside, the slit was actually a sieve-like area
comprising several small pores with a diameter of 80–100 nm. We hypothesise that this novel structure functions in the
extrusion of mucus threads.

KEY WORDS: Dinoflagellate, Dinophysales, Epifluorescence, Microscopy, Morphology, Pacific Ocean, Scanning electron
microscopy, Sinophysis, Solophenyl Flavine 7GFE, Taxonomy

INTRODUCTION

Ciguatera fish poisoning (CFP) caused by toxins produced
by dinoflagellates is a common serious disease in several
archipelagos and islands of the Pacific Ocean (Lewis 1986;
Lehane & Lewis 2000; Skinner et al. 2011). The genus
responsible for the production of ciguatoxins was isolated
and characterised in the Gambier Islands (French Polynesia)
and named Gambierdiscus in the late 1970s (Adachi &
Fukuyo 1979). The five archipelagos which compose French
Polynesia, namely, Austral Islands, Marquesas Islands,
Society Islands, Tuamotu Islands and Gambier Islands,
have all had recurrent serious events of ciguatera (Skinner et
al. 2011). Several Gambierdiscus species were described in
these areas and named after geographical names of the
archipelagos (Chinain et al. 1999), emphasising the impor-
tance of toxic events in French Polynesia. Indeed, based on
the long-term CFP surveillance program ongoing in French
Polynesia since 2007, between 300 and 500 new CFP cases
are reported annually. For example, the mean ciguatera
incidence rate reported in Rapa Island (Australes Archipel-
ago) since 2009 is around 630 cases per 10,000 inhabitants,
which makes this island a CFP hot spot (Gatti et al. 2016).

Surprisingly, before 2009, no ciguatera had been reported
on Rapa Iti until a severe outbreak of fish poisoning affected
half the population, causing two fatalities. This followed a

community fishing party in a specific area of the lagoon
restricted by a rāhui placed as a conservation measure of fish
stocks and lifted periodically by the Council of Elders of
Rapa, as in November 2009 (Chinain et al. 2014). In the
following year, an integrated study was undertaken, and a
survey of toxic dinoflagellates was conducted at 36 sampling
sites and revealed the presence of the toxic genera
Gambierdiscus Adachi & Fukuyo and Ostreopsis Schmidt
(Chinain et al. 2014). Since then, macroalgae have been
sampled on a regular basis in order to better characterise the
diversity and potential toxicity of benthic dinoflagellate
assemblages.

In January 2015, another field trip was organised, and in
one of the samples, an abundant population of the benthic
and heterotrophic species Sinophysis canaliculata J.-P.Quod,
L.Ten-Hage, J.Turquet, G.Mascarell & Couté has been
found in a dense epiphytic assemblage dominated by
Ostreopsis spp. This species was originally described from
the Indian Ocean and was subsequently found at Reunion
Island and the Comorro Islands (Quod et al. 1999). It was
also observed in Malaysia (Mohammad-Noor et al. 2007a).
More recently, it was reported from Crete in the Mediter-
ranean Sea (Aligizaki & Nikolaidis 2008). Although it was
misidentified as a morphotype of Sinophysis microcephala
Nie & Wang with a keyhole pore on the left hypothecal
plate, S. canaliculata was found by Carlson (1984; cf. pl. VII,
fig. i) in the Virgin Islands (Caribbean). This was the first
documented observation of this species and a unique report
in the Atlantic to date. In the Pacific Ocean, it has been
observed in Mexican waters (Okolodkov & Gárate-Lizárra-
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ga 2006); Shikoku Island, southern Japan (Escalera et al.
2011); and Hawai‘i (Hoppenrath and Chomérat, unpub-
lished observations) but was never reported from the
southern Polynesian islands.

Although S. canaliculata has been observed in several
places and also studied in detail for the cyanobacterial
endosymbionts present in its cells (Escalera et al. 2011), the
morphological understanding is incomplete, as the epithecal
plate pattern has not been elucidated. In addition, the
detailed structure of the ‘canal’ slit of the left hypothecal
plate has not been studied. The present study characterises
the thecal morphology of S. canaliculata using light,
epifluorescence and high-resolution scanning electron mi-
croscopy (SEM) to resolve the plate pattern and compare it
with the general model recently proposed for the genus
Sinophysis (Chomérat 2016).

MATERIAL AND METHODS

The Austral Islands are the southernmost groups of islands
of French Polynesia and form two archipelagos. The
northern and larger archipelago, known as Tupua‘i Islands,
is composed of five main islands; whereas, the two remote
small southern islands form the Bass Islands. Of these, only
Rapa Island is inhabited, and it is 500 km from the closest
inhabited island (Raivavae, Austral Islands) and about 1420
km southeast of Tahiti. This small island, named Rapa Iti
(Little Rapa), distinguishes it from Rapa Nui (the big Rapa,
also known as Easter Island).

Samples were collected in January 2015 in the small
volcanic island of Rapa (40 km2 in area) located farther
south than the Tropic of Capricorn (27836.286 0S,
144819.8430W) (Fig. 1). Rapa Island is about 90 km from
four inhabited islets (Marotiri), with which they compose the
Bass Islands. Due to the absence of an airport, Rapa is
difficult to access and can be reached only by boat after
several days of sailing, which makes the sampling very
challenging.

Samples of Sargassum spp. and Lobophora spp., two of the
most representative macroalgal forms on Rapa, were collected
in two sites of the rāhui (reservation) zone most prone to CFP
outbreaks, namely, Motu Rapa Iti (27837.1340S, 144818.1120W)
and Motu Tarakoi (27836.5810S, 144818.1080W). Briefly, 200–
500 g of macroalgal samples were picked and sealed within
plastic bags underwater, shaken and kneaded vigorously to
dislodge microalgal cells. The detrital suspension was succes-
sively filtered through 125-, 40-, and 20-lm-mesh sieves, and
the 40- and 20-lm fractions were preserved in 30 ml of seawater
containing 1% Lugol solution. They were then stored at room
temperature for 3 days of travel and put in the dark at 48C until
further examination.

For light and epifluorescence microscopy, cells were first
isolated with either an IX51 (Olympus, Tokyo, Japan) or an
IM35 (Zeiss, Oberkochen, Germany) inverted microscope,
using a micropipette. They were transferred in a drop of
clean water on a slide and covered with a 0.17-mm-thick
coverslip. Photomicrographs were taken with a Zeiss
Universal microscope fitted with an EOS-M (Canon, Tokyo,
Japan) digital camera. To better visualise thecal plates,

epifluorescence microscopy was performed using Solophenyl
Flavine 7GFE 500 (Ciba Specialty Chemicals, High Point,
North Carolina USA), a stilbene-based dye, supplied as a
powder and prepared as a 0.1% (w/v) stock solution, as a
fluorophore specific to cellulose (Hoch et al. 2005). A drop of
that solution and a drop of a saturated solution of NaHCO3

were added to the isolated cells before covering with a
standard 0.17-mm-thick coverslip. With that fluorochrome
for which the emission peak is at 492 nm (Hoch et al. 2005),
we used a custom set of interference filters consisting of a
443AF40 excitation filter (blue excitation), a 475DCLP
dichromatic beam splitter, and a 500DF25 or 535AF55
emission filter (Omega Optical, Brattleboro, Vermont USA).
The observations were done with a Zeiss Universal
microscope fitted with epifluorescence, Nikon CF Fluor
optics (Nikon, Tokyo, Japan), an HBO 50-W mercury lamp
and an EOS-M digital camera.

For SEM, specimens were first isolated from raw samples
with a micropipette using an IX51 (Olympus) or an IM35
(Zeiss) inverted microscope and transferred into a tube
containing a small amount of distilled water and 1%
formaldehyde. They were then filtered and processed

Fig. 1. Map of Rapa island (upper right) and its location in French
Polynesia (lower), South Pacific Ocean (upper left).
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according to the methods described in Couté (2002) and
Chomérat & Couté (2008). They were dehydrated in a
graded series of ethanol baths (15%–100%), critical point
dried and coated with gold. Then they were observed at the
Station of Marine Biology of Concarneau with a Sigma 300
(Zeiss) field-emission SEM equipped with a conventional
Everhart–Thornley and in-lens detectors of secondary
electrons at 1.5 kV.

Cells were measured from SEM digital micrographs using
ImageJ software (Rasband 1997–2006). SEM images were
presented on a uniform background using Adobe Photoshop
CS5 (v12.1; Adobe Systems, San Jose, California USA).
Thecal plates were labelled as in Chomérat (2016).

The SEM stub #IFR–16A7 used in this study has been
deposited at the Centre of Excellence for Dinophyte
Taxonomy with the reference (CEDiT2016RM60).

RESULTS

Sinophysis canaliculata J.-P.Quod, L.Ten-Hage, J.Turquet,

G.Mascarell & Couté

Figs 2–46

Cells were slightly subcircular (Figs 2–7, 17–19) in lateral
views, 52.3–55.5 lm (53.6 6 1.08 lm, X̄ 6 s, n ¼ 10) long
and 47.2–51.7 lm (49.3 6 1.56 lm, n ¼ 10) deep. The
length-to-depth ratio varied from 1.06 to 1.12 (1.09 6 0.02,
n ¼ 10). Cells were flattened laterally, but in all specimens,
the left hypothecal half appeared to be flat or slightly
concave; whereas, the right half was always convex (Figs
21, 23). Compared to other Sinophysis species, the epitheca
was large (15.8 6 0.64 lm, n¼ 8), dome-shaped and slightly
emergent from the hypotheca (Figs 2–7, 17–19). Seen
apically, it was asymmetrical, with a pointed extension
towards the sulcal area (Fig. 32). The sagittal suture divided
the epitheca in two halves (Figs 20, 21, 23, 24). Six major
plates composed the epitheca. Four E plates contacted the
cingulum (Figs 11, 13–16, 45, 46). Ventrally, two small
plates, E1 and E4, were found; whereas, the E2 and E3 plates
were conspicuously larger and located on the left and right
dorsal parts of the epitheca, respectively (Figs 29–32, 45,
46). Plate E1 was small and sometimes difficult to see from
the outside in SEM (Figs 31–35). Seen from the inside, this
plate was rather large, almost triangular, and extended
dorsally below the projections of other plates (Figs 36, 46).
Plate E2 was large and C-shaped and formed the left lateral
part of the epitheca, extending until the dorsal sagittal
suture (Figs 30–36). Plate E3 was the largest of the epitheca
and formed almost the whole right half (Figs 11, 29–32).
Plate E4 was located ventrally on the right half and was
almost triangular in shape (Figs 11, 29–32). The two other
plates encircled the apical pore and were located on the left
half of the epitheca relative to the sagittal suture (Figs 13–
16, 32–36, 45, 46). The apical pore was conspicuous in
epifluorescence microscopy (Figs 13–16); although, it was
often hidden by projections of A plates in SEM (Figs 32–
37). This subcircular pore was about 1.8 lm in length. The
boundaries of the A plates were difficult to resolve with
epifluorescence because of their complex projections (Figs

13–16), but they were rather clear with SEM. Plate A1 was
narrow, elongated and located on the left of the apical pore.
This plate was along the E2 plate and extended dorsally to
reach the sagittal suture and plate E3 (Figs 32–35). Plate A1

formed two major projections, one directed dorsally and
one ventrally, making like a flap over the apical pore (Figs
32–35). Plate A2 was larger, on the right of the apical pore.
It formed peculiar projections on its margins, especially on
the right along the contact with E3 and on the left side
bordering the pore (Figs 32–34). These projections were
sometimes in contact, forming a gutter-like structure
parallel to the sagittal suture on the A2 plate (Figs 33–35,
37). A smaller oval pore, about 0.8 lm long, occurred on
the left ventral side of the apical pore and was seen both in
epifluorescence microscopy and in SEM (Figs 13–16, 33, 34,
36, 37). The exact location of this pore and its associations
with thecal plates were difficult to resolve because of
projections. Seen from the inside of the left epithecal half,
two additional platelets seemed to be present on both sides
of the small pore with one of them separating it from the
apical pore (Figs 36, 46). Regardless, this feature was
observed in only one specimen, and it could not be
confirmed.

The cingulum comprised four unequally sized plates, with
c1 and c3 being smaller than c2 and c4 (Figs 11, 12, 29, 30).
The sulcus was located on the right side of the cell and
reached two-thirds of the cell length (Figs 2, 3, 17, 18, 20).
Sulcal plates were partially studied, and four were identified
(Figs 8, 37). With epifluorescence, two internal projections
were observed within the sulcal area at the level of the
flagellar pore (Fig. 7). These projections correspond to three-
dimensional structures of some sulcal plates as the posterior
sulcal plate Sp (Fig. 8).

The hypotheca was formed by four plates. H1 was the
smallest of the series, located on the ventral side (Figs 31,
37). H2 and H3 formed the two major lateral plates of the
hypotheca. H4 was elongated on the ventral side and partly
covered the sulcus (Figs 8, 9, 20).

The theca was typically reticulate-foveate (Figs 17, 25) but
some cells had a thicker theca and a foveate ornamentation
(Figs 8, 18, 26) according to the terminology by Murley
(1951). Some depressions contained thecal pores 0.3–0.4 lm
in diameter (Figs 25–27). At high magnification, a structure
star like was visible in some pores under the thecal surface
(Fig. 27). Seen from the inside, some pores appeared to be
closed with a membrane attached by seven to eight points on
the external margin, forming a ring of seven to eight smaller
pores 70–80 nm in diameter (Fig. 28). In some pores, a
membrane, probably part of the trichocyst system, was
observed.

A particular structure, called the ‘canal’ or thecal slit, was
present on the left hypothecal plate H2 and was studied in
different views (Figs 10, 38–44). In face view, the ‘canal’ was
14.3 6 0.9 lm (n ¼ 4) long, keyhole shaped, wider and
deeper at its base and narrower and shallower at its anterior
end (Figs 8, 19, 22, 38, 39). It was smooth and devoid of
ornamentation. Thanks to the in-lens detector of secondary
electrons, the presence of a slit-like structure was revealed at
the base, which was almost invisible with the conventional
detector (Figs 38–41). Seen from the inside, the canal
appeared as a protruding structure devoid of ornamentation
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Figs 2–16. Differential interference contrast (2–4) and epifluorescence (5–16) micrographs of Sinophysis canaliculata from Rapa Island.
Figs 2–4. Lateral views of fixed specimens showing thecal ornamentation and the ‘canal’ cut (arrowhead). Scale bars ¼ 10 lm
Fig. 5. Right lateral view. Scale bar ¼ 10 lm
Fig. 6. Left lateral view. Scale bar ¼ 10 lm.
Fig. 7. Left lateral view with mid-focus showing internal projections in the sulcal area (arrows). Scale bar ¼ 10 lm.
Fig. 8. Some plates of the hypotheca dissociated showing the ornamentation in epifluorescence. Note that the Sp plate is visible (outlined)
under H3; small arrowheads indicate the pointed ends of the Sp plate bordering the flagellar pore. Scale bar ¼ 5 lm.
Fig. 9. Detail of the H4 plate in epifluorescence. Scale bar ¼ 5 lm.
Fig. 10. Detail of the ‘canal’ thecal cut in the left H2 plate. Scale bar ¼ 5 lm.
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(Figs 42, 43). However, at the base of the ‘canal’, an area of
densely arranged pores, forming an elongated sieve-like slit,
occurred close to the thecal plate surface (Figs 43, 44). These
pores measured 80–100 nm in diameter (Fig. 44).

DISCUSSION

Morphological features of S. canaliculata

Our reinvestigation of S. canaliculata from Rapa revealed
several features not previously reported in the original
description from the Indian Ocean (Quod et al. 1999). The
thecal plate pattern was only partially observed in specimens
from the Indian Ocean, and data concerning the epitheca
were missing. Quod et al. (1999) reported an epitheca
divided into two asymmetrical plates differing in shape and
ornamentation and separated by a simple suture. Due to the
strong ornamentation, these two major plates were the
easiest to observe, but this description was incomplete.
Thanks to the recent elucidation of the epithecal plate
pattern of six species, including the type species S. micro-
cephala (Chomérat 2016), and detailed observations of clean
specimens, we could observe and interpret the thecal plates
of the epitheca of S. canaliculata. The present data
confirmed that the epitheca of S. canaliculata is composed
of six major plates, as reported previously for species of
Sinophysis and included in the emended diagnosis of the
genus (Chomérat 2016). Compared with the recently
elucidated epithecal pattern of S. microcephala, the same
overall pattern was observed in S. canaliculata. However,
the two apical plates A1 and A2 contacted plate E3, and this
differed from the other species (Chomérat 2016). Compared
with S. microcephala, the projections of A1 and A2 plates
were more developed and complex in S. canaliculata, and
this feature can distinguish the two species. Quod et al.
(1999) mentioned a large epithecal pore located near the
ventral margin of the epitheca, adjacent to the edge of the
cingulum on the right plate E4, but we did not observe this in
the specimens from Rapa Island. In the pictures of Quod et
al. (1999), this structure is not clearly illustrated and
appeared just as a dark area, without a conspicuous pore
(Quod et al. 1999, fig. 11). It is likely that these authors were
misled by a similar mention by Faust (1993) in her study of
Sinophysis microcephala and misinterpreted a deep depres-
sion of the theca as a pore. It has already been demonstrated
that this statement was erroneous in S. microcephala
(Chomérat 2016), and the present observations of the
epithecal pattern of S. canaliculata are consistent with the
model proposed for other Sinophysis species. In this study,
epifluorescence microscopy and SEM observations con-
firmed unambiguously that the apical pore was present on
the left half of the epitheca. On this side, Quod et al. (1999)
reported a pair of channelled, slightly curved anterior
projections, but they did not elaborate on this structure.

Our detailed observations with high-resolution SEM
showed that it consists of the projections of the two apical
plates A1 and A2 around and over the apical pore.
Moreover, epifluorescence microscopy revealed the presence
of a smaller pore located below the projections and obscured
from view in many SEM micrographs. This pore was not
found in S. microcephala, but it was found in S. ebriola
Balech, S. cf. verruculosa Chomérat & Nézan, S. hoppen-
rathiana Chomérat and S. vespertilio Chomérat (Chomérat
2016). It may also be present in S. microcephala but unseen
in epifluorescence microscopy (Chomérat 2016). It may have
been overlooked by Chomérat (2016, fig. 15, arrowhead) on
the left ventral side of the apical pore, at the same position
where the small pore lies in S. canaliculata. Further
examination is necessary for confirmation. The possible
presence of two additional platelets encircling the small
pore, as seen from the inside of a cell of S. canaliculata, is
also a novel feature in the genus. This finding needs further
investigation, as this increases the number of epithecal
plates and moves away from the general model of
Dinophysales with six to seven plates. The use of serial
sectioning and transmission electron microscopy might
resolve this issue, as was the case of the periflagellar area
of Prorocentrum concavum Fukuyo with a similar problem
(Mohammad-Noor et al. 2007b).

Our observations showed that the left hypothecal side of
cells appeared to be more flattened than the right side, which
was conspicuously convex. Although this was not men-
tioned in the original description, this was also visible in the
specimens from the Indian Ocean (Quod et al. 1999; Couté,
personal communication). This feature also occurs in a few
other Dinophysales, such as Sinophysis microcephala
(Chomérat 2016) or the rare Metadinophysis sinensis Nie &
Wang (Nie & Wang 1941; Chomérat, unpublished observa-
tions). We hypothesise that this is a feature of benthic
species that fix to a substratum. In the case of S.
canaliculata, it is striking that the flattened plate is the one
bearing the ‘canal’ cut. The detailed morphology of this
structure is provided for the first time. It was unclear
whether there was an opening within this ‘canal’, and
Carlson (1984) referred to it as a ‘pore’. The role of this
thecal cut is unknown, but in the original description, Quod
et al. (1999) reported the formation of small intracellular
vesicles at the base of the nick. They suspected the presence
of a pore, possibly involved in the ingestion of particles. Our
detailed observations with high-resolution SEM revealed a
sieve-like structure, forming a slit at the base of the ‘canal’,
close to the surface of the theca. Owing to the small size of
pores of the sieve (, 100 nm), they are unlikely used for
ingestion of bacteria or particles. A possible role in the
capture of the cyanobacteria involved in endosymbiosis can
be excluded since the size of cyanobacterial endosymbionts
found within cells of S. canaliculata was much larger than 2
lm (Escalera et al. 2011). Such areas of densely arranged
pores have been reported in several benthic genera, such as

�
Fig. 11. Right epithecal and cingular half. Scale bar ¼ 5 lm.
Fig. 12. Left epithecal and cingular half. Scale bar ¼ 5 lm.
Figs 13–16. Different views of the two pores and epithecal plates. AP, apical pore. Scale bars ¼ 2 lm.
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Figs 17–28. SEM micrographs of Sinophysis canaliculata from Rapa Island (SEM stub IFR–16A7).
Fig. 17. Right lateral view of a typical specimen with reticulate-foveate ornamentation. Scale bar ¼ 10 lm.
Fig. 18. Right lateral view of a specimen with foveate ornamentation. Scale bar ¼ 10 lm.
Fig. 19. Left lateral view of a cell showing the ‘canal’ cut in the theca. Scale bar¼ 10 lm.
Fig. 20. Ventral oblique view of a cell showing the sulcus. Scale bar ¼ 10 lm.
Fig. 21. Dorsal view. Scale bar ¼ 5 lm.
Fig. 22. Oblique lateral view showing the small epitheca. Scale bar ¼ 5 lm.
Fig. 23. Antapical view showing the flattened left side and convex right side. Scale bar ¼ 5 lm.
Fig. 24. Detail of the crenulated sagittal suture. Scale bar¼ 2 lm.
Fig. 25. Detail of the reticulate-foveate thecal ornamentation. Scale bar ¼ 2 lm.
Fig. 26. Detail of the foveate thecal ornamentation. Scale bar ¼ 2 lm.
Fig. 27. Detail of some thecal pores with the in-lens detector showing the internal structure star like in some pores. Scale bar ¼ 1 lm.
Fig. 28. Internal view of the theca showing depressions and thecal pores from the inside. Scale bar ¼ 1 lm.
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Adenoides Balech, Ailadinium Saburova & Chomérat, Cabra
Shauna Murray & D.J.Patterson emend. Chomérat et al.,
Madanidinium Chomérat & Bilien, Rhinodinium Shauna
Murray, M.Hoppenrath, S.Yoshimatsu, S.Toriumi, &
J.Larsen and Roscoffia Balech, but in most cases their role
has not been elucidated (Hoppenrath & Elbrächter 1998;
Hoppenrath et al. 2003; Murray et al. 2006; Chomérat et al.
2010; Chomérat & Bilien 2014; Saburova & Chomérat
2014). Nevertheless, the possible involvement of such sieve-
like area in mucus excretion was hypothesised for Thecadi-
nium yashimanese S.Yoshimatsu, S.Toriumi & J.D.Dodge
(Hoppenrath et al. 2004). This is supported by observations
in cultures of Prorocentrum panamense D.Grzebyk, Y.Sako
& B.Berland, where the cells were found to attach to the
culture vessels by mucus extruded from the sieve-like
depression of the right thecal plate (Saburova & Chomérat
2014). The size of pores found in the sieve-like depression of
P. panamense was around 100 nm (Grzebyk et al. 1998),
which is rather similar to our observations in S. canaliculata.
Hence, by analogy, we hypothesise that this sieve-like slit
may act as a spinneret from which mucus threads are
extruded, allowing the cells of S. canaliculata to adhere
firmly on the substratum. The presence of the thecal slit on
the flattened left H2 plate also supports its involvement in
cell attachment. It is likely that cells adhere to macroalgae
and substratum by this left flat side, along which mucus is
extruded from the canal. This may correspond to a
particular adaptation of this species to better resist water
flow in areas with strong current. However, in situ
observations are necessary to confirm this hypothesis.
Furthermore, ultrastructural studies will be needed to
clarify the exact nature of vesicles observed in live cells
(Quod et al. 1999) and the roles of the sieve-like slit and the
‘canal’.

Biogeography of S. canaliculata

Since its description in the Indian Ocean (Quod et al. 1999),
this species has been found in several tropical or subtropical
areas, as on theMexican Pacific Coast (Okolodkov & Gárate-
Lizárraga 2006), Malaysia (Mohammad-Noor et al. 2007a),
the Mediterranean Sea (Aligizaki & Nikolaidis 2008) and
southern Japan (Escalera et al. 2011). Except in Malaysia,
where it co-occurred with S. microcephala, the two species
seem to rarely coexist. In the Mexican Pacific, Hernandez-
Becerril (1988) identified S. microcephala based on the
observation of the right half in light microscopy and SEM,
without the thecal slit. This report was prior to the formal
description of S. canaliculata. Since Okolodkov & Gárate-
Lizárraga (2006) found only S. canaliculata in this part of
Mexico, they considered the previous report a misidentifica-
tion. The presence of S. canaliculata in the Atlantic
(Caribbean) was claimed by Carlson (1984), who described
the keyhole shaped pore and first observed this species,
misidentified as S. microcephala. However, all other subse-
quent investigations in the Caribbean Sea failed to refind S.
canaliculata, suggesting that only S. microcephala is present
there (Faust 1993; Chomérat 2016). In the Pacific, it was
observed in Oahu, Hawai‘i (Hoppenrath & Chomérat,
unpublished data), but not subsequently mentioned from
any other islands (Hoppenrath et al. 2014). This report from

Rapa Island thus constitutes the first observation of S.
canaliculata in subtropical French Polynesia in the South
Pacific Ocean.

Use of Solophenyl Flavine 7GFE 500 to visualise thecal plates

Although this fluorescent dye has been used with great success
for the study of cell walls of fungi or plants (Hoch et al. 2005;
Anderson et al. 2010; Wallace & Anderson 2012), its use with
dinoflagellates with a cellulosic theca has, to our knowledge,
never been reported. Usually, the fluorophoremost commonly
used to study thecal plates is Calcofluor White M2R (also
known as fluorescent brightener 28), as described by Fritz &
Triemer (1985). These stains exhibit a maximum absorption in
ultraviolet (UV) light at 347 nm for the conventional
Calcofluor and 390 nm for Solophenyl Flavine 7GFE.
However, as previously shown by Hoch et al. (2005),
Solophenyl Flavine 7GFE can be excited by a wide range of
blue light and still produce intense fluorescence. Anderson et
al. (2010) showed good fluorescence of this molecule with
cellulose when excited at 442 nm. The use of a blue excitation
light prevents the degradation of cells and dye by shorter
wavelengths. In addition, Hoch et al. (2005) showed that
Calcofluor has a short fluorescence life and suffers from
intense fading after a short time because of the short and
energetic wavelength used for excitation. Solophenyl Flavine
7GFE still produces a strong fluorescence even after several
minutes of excitation (see Hoch et al. 2005, fig. 4). Used with
dinoflagellates, we obtained strong fluorescence of thecal
plates without any substantial fading. This allowed us to
squash the thecae and study the plates at different magnifi-
cations for several minutes. The influence of pH was obvious
and the use of a drop of a solution of sodium bicarbonate
increased noticeably the level of fluorescence. Although it was
not the case with the heterotrophic genus Sinophysis, any
interference with chlorophyll autofluorescence (also excited by
blue light around 420 nm) can be avoided by using a band-
pass emission filter around 492 nm that blocks all unwanted
wavelengths, in particular, the red emission of chlorophyll a.
Regardless, the fact that Solophenyl Flavine 7GFE yields a
good fluorescence even when excited over a wide range of blue
light allows use with a typical FITC (fluorescein isothiocya-
nate) filter set, which is found on most epifluorescence
microscopes. As a consequence, we report here for the first
time the use Solophenyl Flavine 7GFE 500 as an alternate
fluorophore for dinoflagellate studies. This has the advantages
of not needing a UV lamp and avoids fading, which are
common problems with the traditional method of Calcofluor
and UV excitation.
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Figs 29–37. SEM micrographs of the epitheca of different specimens of Sinophysis canaliculata from Rapa Island (SEM stub IFR–16A7).

Fig. 29. Right lateral view of the epitheca. Scale bar ¼ 2 lm.

Fig. 30. Left lateral view of the epitheca. Scale bar¼ 2 lm.

Fig. 31. Ventral view of the epitheca. Scale bar ¼ 2 lm.

Fig. 32. Apical view of the epithecal showing the major plates. Scale bar ¼ 2 lm.

200 Phycologia, Vol. 56 (2)



Figs 38–44. SEM micrographs of the thecal cut (‘canal’) in the left hypothecal plate H2 of S. canaliculata from Rapa Island (SEM stub IFR–
16A7).

Fig. 38. Face view of the ‘canal’ using the conventional Everhart–Thornley detector. Scale bar ¼ 2 lm.
Fig. 39. Same feature using the in-lens detector. Note that a slit-like structure is clearly visible at the base (arrow). Scale bar ¼ 2 lm.
Fig. 40. Oblique view of the canal of another specimen using the conventional Everhart–Thornley detector. Scale bar ¼ 2 lm.
Fig. 41. Same feature with the in-lens detector, showing more conspicuously the slit at the base of the nick (arrow). Scale bar ¼ 2 lm.
Fig. 42. Internal view of a left hypothecal plate H2 with the ‘canal’ devoid of any ornamentation. Scale bar ¼ 10 lm.
Fig. 43. Oblique view of the ‘canal’ from the inside, showing its protrusion within the cell. Scale bar ¼ 2 lm.
Fig. 44. Detail of the base of the canal seen from the inside, with an area of closely arranged pores (sieve-like slit) near the thecal plate
surface. Scale bar ¼ 500 nm.

�
Fig. 33. Detail of the left epithecal side showing the apical pore (AP) and A plates. Note that the suture A1/E2 (arrow) and the end of the
small pore (arrowhead) are visible. Scale bar¼ 1 lm.
Fig. 34.Detail of the left epithecal side of another specimen showing the apical pore and the small pore on the left ventral side (arrowhead).
Scale bar¼ 1 lm.
Fig. 35. Left epithecal half from an opened theca seen from the outside. Scale bar ¼ 1 lm.
Fig. 36. Left epithecal half from an opened theca seen from the inside showing thecal plates. Note the presence of two pores and two
putative additional platelets (black arrows). Scale bar ¼ 1 lm.
Fig. 37. Detail of the ventral area showing the relations of the epithecal, cingulum and sulcus. Scale bar ¼ 1 lm.
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CHOMÉRAT N., COUTÉ A. & NÉZAN E. 2010. Further investigations
on the sand-dwelling genus Cabra (Dinophyceae, Peridiniales) in
South Brittany (northwestern France), including the description
of C. aremorica sp. nov. Marine Biodiversity 40: 131–142.
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1999. Sinophysis canaliculata sp. nov. (Dinophyceae), a new
benthic dinoflagellate from western Indian Ocean islands.
Phycologia 38: 87–91.

RASBAND W.S. 1997–2006. ImageJ. 1.37c. National Institutes of
Health, Bethesda, Maryland. http://rsb.info.nih.gov/ij
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