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Abstract

Seven ciliate tintinnids are reported in this study for the first time in Lebanese marine
waters: Leprotintinnus nordgvisti (Brandt 1906) Kofoid and Campbell, 1929,
Codonellopsis ostenfeldi Schmidt, 1902, Dictyocysta fundlandica Ehrenberg, 1854,
Undellopsis subangulata (Jorgensen) Kofoid and Campbell, 1929, Canthariella
pyramidata (Jorgensen 1924) Kofoid and Campbell, 1929, Daturella striata Kofoid and
Campbell, 1929 and Amphorides calida (Kofoid and Campbell) Strand, 1926. These
species were collected in Lebanon at an offshore station facing Beirut between 0 and 600m
depth. Morphological features of the shells (loricae) used to identify each species are
described. This work is a contribution to the regional checklist of ciliates.
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Introduction

Tintinnids are planktonic ciliates with loricaec belonging to the subclass
Choreotrichia, class Spirotrichea, and phylum Ciliophora (Lynn 2008). About
1000 tintinnid species have been described and classified into 14 families and 75
genera (Agatha and Striider-Kypke 2014), almost exclusively based on lorica
features (e.g. size, shape, ornamentation, and structure) (Kofoid and Campbell
1929, 1939). According to their global occurrence, the various genera of tintinnids
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have been divided into several biogeographical types (cosmopolitan, neritic,
warm-water, boreal, and austral) (Pierce and Turner 1993; Dolan and Pierce
2013). Therefore, different biogeographical areas can be characterized by
different tintinnid assemblages (Li et al. 2016). Moreover, studies have
contributed to our understanding of polymorphism where the same species
produced either clearly distinct lorica types or series of loricae with continuous
variation in shape and size due to impact of environmental factors (Agatha et al.
2013; Santoferrara et al. 2013; Santoferrara and Mcmanus 2020). Previous studies
about tintinnids in the Lebanese marine waters were mostly qualitative and
quantitative (Abboud-Abi Saab 1989, 2002). A total of 150 taxa (117 species, 2
varieties, and 31 unidentified species) were listed in the recapitulated monograph
of Abboud-Abi Saab (2008), along with their ecological aspects. This monograph
presents the results of a taxonomic survey on tintinnids (Order Choreotrichida,
Suborder Tintinnina) collected between 1979 and 2006, only covering the shallow
neritic and oceanic waters (0 to 60 m depth). In addition, Ouba and Abboud-Abi
Saab (2020) recorded four new species belonging to deep waters reaching 600 m
depth in the Lebanese waters. Furthermore, the effect of the chemical input on the
temporal and spatial abundance of tintinnid ciliates was highlighted in the
Lebanese coastal waters (Abboud-Abi Saab et al. 2012). More recently, a
thirteen-year time series (2002-2014) revealed the abundance and community
structure of tintinnids according to hydrographic conditions in the Levantine Sea
(Abboud-Abi Saab and Ouba 2021).

The deep-sea has long been a mysterious and attractive habitat for researchers
(Dolan et al. 2019). Thus, deep waters and oceanic samples will help increase the
checklist of ciliates regionally and globally. In the present study, seven species
from a deep off-shore station in the Lebanese waters are presented providing
morphological characteristics of the lorica (measurements and micrographs) for
each species as well as environmental parameters of the sampling region.

Materials and Methods

Samples were collected in open-sea waters almost 10.5 km away from the coast
at station A3 (33°59°17.83” N and 35°25°58.64” E) over a depth of up to 1250 m,
using the R/V CANA-CNRS (Figure 1). Four cruises were carried out in October,
December, and September 2019, as well as February 2020. Water column profiles
of temperature and salinity were obtained using a CTD (Idronaut, type Ocean
seven 316 plus).

A Niskin bottle was used to collect samples at different depths (0, 80, 150, 250,
400, and 600 m). About 7 litres of water were filtered through a 20 um collector
and preserved with 4% borate buffered formaldehyde. In the laboratory, samples
were gravimetrically settled to aliquots of 100 ml in a combined plate chamber.
For counting the tintinnids of each sample, the entire bottom chamber was
examined using a phase-contrast inverted microscope Wild M40 following
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Utermohl’s method (Utermdhl 1958). Identification was based on lorica
morphology. Identification and counting were completed to the species level,
using standard taxonomic references (Jorgensen 1924; Kofoid and Campbell
1929, 1939; Zhang et al. 2012; Dolan et al. 2019). Measurements were made as
Total length (TL), maximum diameter (MD), oral diameter (OD), aboral diameter
(AD), and aboral flare (AF).
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Figure 1. Study site A3 located offshore the Lebanese capital, Beirut.
Isobath unit is meters.

Results and Discussion

In this study, seven tintinnid species were recorded in the Lebanese waters for the
first time belonging to three families. The list and distribution records of these
species are represented herein, noting that all species follow the below
classification adopted by Santoferrara and McManus (2020)and belong to the
same suborder Tintinnina.

Class: Oligotrichea Biitschli, 1887
Order: Choreotrichida Small and Lynn, 1985
Suborder: Tintinnina Kofoid and Campbell, 1929

Leprotintinnus nordqvisti

Incertae sedis

Genus: Leprotintinnus Jorgensen, 1900

Species: Leprotintinnus nordqvisti (Brandt 1906) Kofoid and Campbell, 1929
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Figure 2. Leprotintinnus nordqvisti (Brandt 1906) Kofoid and Campbell, 1929 collected
in December 2019 at 60 m depth at A3, TL=150 pm, OD=39 um, AF=96 um (A);
TL=190 pm, OD=45 um, AF= 100 pm (B).

Two specimens of Leprotintinnus nordqvisti were collected in December 2019 at
60 m depth (T=19.5°C, S=39.2) (Figure 2). This species was originally described
by Brandt (1906) in the Brazilian coastal waters and named Tintinnopsis
nordqvisti. 1t was then transferred to the genus Leprotintinnus by Kofoid and
Campbell (1929) based on its lorica opening at both ends. It differs from the other
species of Leprotintinnus by having a noticeable great aboral flare. Recently, Hu
et al. (2022) characterized the morphological characters of the lorica, ciliary
pattern, nuclear apparatus, ontogenesis, and the molecular phylogeny of this
poorly known species based on live observation, silver staining, three nuclear
ribosomal DNA markers (18S, ITS1-5.8S-ITS2, and 28S genes) and one
mitochondrial DNA marker (CO! gene). The lorica is about 80 to 200 um long
and consists of a tubular shaft and an inverted funnel-shaped aboral flare. The
anterior end is slightly flared with an opening of 30-46 mm across, while the
posterior end is contracted or distinctly widened with an opening of 28-60 mm
across. The aboral margin is very ragged; its wall shows a faint spiral structure
made of scare particles aggregated more thickly on the surface of the aboral flare
than on that of the shaft. The two recorded specimens found in the present
sampling station differed in size, especially in proportions. TL ranged between
150 and 190 pm, OD between 39 and 45 um, and AF between 96 and 100 pm.
One specimen was shorter and the second was wider with a larger aboral flare.
This species was originally reported by Brandt (1906) with Length=245 (150-
352) pm; OD=35 (30-38) um and AD=61 (48-80) um. Moreover, our results were
consistent with Al-Yamani et al. (2011) where specimens were reported in the
Arabian Gulf (Kuwait waters and around Bubiyan Island and along the Iranian
coast), and the abundance was higher in winter and early spring. This species was
also found in Borneo Island, Indonesia (Kofoid and Campbell 1929), Bay of
Amoy known as Xiamen Bay, China (Wang and Nie 1932), Yangjiang, China
(Hu et al. 2022), Tropical Pacific (Hada 1938), and South Atlantic (Alder 1999).
Furthermore, Leprotintinnus nordgvisti was detected in Turkish coastal waters
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(Balkis-Ozdelice and Koray 2014) and is considered a non-indigenous species
(Yurga 2012).

Codonellopsis ostenfeldi

Family: Dictyocystidae Haeckel, 1873

Genus: Codonellopsis Jorgensen, 1924

Species: Codonellopsis ostenfeldi (Schmidt 1902) Kofoid and Campbell, 1929

Figure 3. Codonellopsis ostenfeldi (Schmidt 1902) Kofoid and Campbell, 1929 collected
in September 2019 at A3 on the surface (TL=120 pm, OD=36 um, Collar length=72 pm)
(A) and at 250 m depth in October 2019 (TL=100 pm, OD=40 um,

Collar length=45 pm) (B).

Two specimens of Codonellopsis ostenfeldi were observed in this study (Figure
3). One was recorded in September 2019 at the surface (T=29.5°C, S=39.5) and
the other in October 2019 at 250 m depth (T=15.7°C, S=38.9). This species was
originally described by Schmidt (1902) in the Gulf of Siam. The lorica is flask-
shaped (reported length: 125-204 pm) with a smooth and round oral margin with
2.7-3.0 of oral diameters in length. It also has a subcylindrical collar (0.33-0.67
of total length), a globular bowl, a broadly rounded aboral end, and a wall covered
with numerous coarse foreign particles. The presence of numerous spirally
arranged fenestrae on the collar (10-17 spiral turns and 4-13 fenestrae)
distinguishes this species from other Codonellopsis species. The two recorded
specimens, on the surface and at 250 m depth had a TL=120 pm, OD=36 pm,
Collar=72 pum, and TL=100 pm, OD=40um, Collar=45 um, respectively. The
genera Codonellopsis is restricted almost exclusively to coastal environments
(Alder 1999), but it has been recorded in oceanic waters and occurred in
polyhaline regions (Haibo et al. 2019). This species was previously recorded in
Borneo Island, Indonesia (Kofoid and Campbell 1929), the Bay of Amoy, China,
and the Tropical Pacific (Wang and Nie 1932; Hada 1938; Nie and Cheng 1947).
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It is commonly found in the Arabian Gulf (centre and northwest regions), the
Strait of Hormuz (Sharaf 1995; Al-Yamani et al. 2011), and the Red Sea in the
Egyptian coastal waters of Hurghada (Abou Zaid and Hellal 2012).

Dictyocysta fundlandica

Family: Dictyocystidae Haeckel, 1873

Genus: Dictyocysta Ehrenberg, 1854

Species: Dictyocysta fundlandica Ehrenberg, 1854

Figure 4. Dictyocysta fundlandica Ehrenberg, 1854 collected at A3 at 600 m depth in
October 2019 (TL=60 pm, OD=56 pm).

One specimen of Dictyocysta fundlandica was recorded in October 2019 at 600
m depth (T=13.9°C, S=38.3) (Figure 4). This species was originally described by
Ehrenberg (1854) and only found in spring. It has a very short and stout lorica.
The length of the collar is similar to that of the bowl with two rows of windows.
The anterior side of the collar has seven square-shaped windows, whereas the
posterior side has nine smaller and more rounded windows. The bowl is
hemispherical without shoulders with one row of fenestrae about middle and
irregular rows above and below. In the aboral region, additional fenestrae are
observed in addition to a group of small reticulations. The reported length ranged
between 56 and 60 um and oral diameter ranged between 40 and 45 um. In this
study, the recorded specimen at 600 m depth had a TL=60 pm and OD=56 pum.
Marshall (1969) recorded it in the Irminger Sea, Newfoundland, Nova Scotia
(Canada). It was also recorded in the North Atlantic Ocean by Van Der Spoel
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(1987). Moreover, Dictyocysta fundlandica was also recorded during winter in
the coastal waters of Lattakia city in Syria, with TL ranging between 56 and 60
um and OD between 40 and 53 pm by Atef Dib (2013).

Undellopsis subangulata

Family: Undellidae Kofoid and Campbell, 1929

Genus: Undellopsis Kofoid and Campbell, 1929

Species: Undellopsis subangulata (Jorgensen) Kofoid and Campbell, 1929

Figure 5. Undellopsis subangulata (Jorgensen) Kofoid and Campbell, 1929 collected at
A3 at 400 m depth in February 2020 (TL=110 pm, OD=46 pm).

A specimen of Undellopsis subangulata was detected at 400 m depth (T=14.9°C,
S=38.3) in February 2020 at the study site (Figure 5). This species was originally
described by Kofoid and Campbell (1929). The species has a cask-shaped lorica,
a very low protruding collar, and a sub-oral ledge. It is characterized by 2.05 oral
diameters in length and has a subcylindrical bowl contracting below the ledge.
The species aboral region contracts as an inverted cone segment. The aboral end
is a wide inverted cone of 155°. The sub-oral ledge is characterized by the thickest
wall which gradually thins to 0.75 in the aboral end. The reported length of this
species was 77 um. The recorded specimen had a TL=110 pm and OD=46 pm.
This species was detected in the Mediterranean Sea (Balech 1975) and was
observed during the winter and spring seasons in the Southern Adriatic Sea (Njire
et al. 2019). It was reported as a rare species in Doha Harbour, Arabian Gulf by
Dorgham and Abdel-Aziz (2001), and one specimen was observed in the Abu Qir
Bay area, east of Alexandria City, Egypt between March 2012 and January 2013
in mixed water of salinity ranging between 30.0 and 38.5 (Zakaria et al. 2019).
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Canthariella pyramidata

Family: Tintinnidae Claparéde and Lachmann, 1858

Genus: Canthariella Kofoid and Campbell, 1929

Species: Canthariella pyramidata (Jorgensen 1924) Kofoid and Campbell, 1929

Figure 6. Canthariella pyramidata (Jorgensen 1924) Kofoid and Campbell, 1929
collected at A3 at 150 m depth in February 2019
(TL=75 pm, OD=30 um).

One specimen was observed in February 2019 at A3. Canthariella pyramidata
was detected at 150 m depth (T=17.2°C, S=38.4) (Figure 6). This species was
originally named Amphorella pyramidata and was firstly described by Jorgensen
(1924). This species has a small thin walled lorica, a proportionately wide, semi-
erect mouth, and forming a sort of collar, yet without an inward protruding rib at
its base. Its wall is thickened from the base in both upward and downward
directions. This species is slowly narrowing in the lower half to an offset and has
a low conical and very thin-walled portion at the very end with slightly protruding
mamilla. In this study, the recorded specimen had TL=75 pm and OD=30 pm,
whereas the finding of Jorgensen (1924) noted specimen with TL=54 pm and
OD=28 um. It is a common species and native to the Mediterranean Sea (Dolan
2000); moreover, it was detected in spring at Villefranche-sur-mer with a certain
difference in morphological measurements (length of 53 um and diameter of 28
um) (Cariou ef al. 1999). It was also reported in the Gulf of Milazzo, Southern
Tyrrhenian Sea with OD=27 um (Sitran et al. 2009), as well as in the Alboran
Sea (Gil-Luna and Garcia 2018). Furthermore, Santiago and Lagman (2018)
noted this species in the southwestern and northeastern seas of the Philippines
Archipelago.
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Daturella striata

Family: Tintinnidae Claparéde and Lachmann, 1858
Genus: Daturella Kofoid and Campbell, 1929
Species: Daturella striata Kofoid and Campbell, 1929

Figure 7. Daturella striata Kofoid and Campbell, 1929 collected at A3 at 250 m depth in
February 2019 (TL=225 pm, OD=45 pm, AD=20 pm).

One specimen was observed in February 2019 at A3. Daturella striata was
detected at 250 m depth (T=16.8 °C, S=38.5) (Figure 7). According to Kofoid and
Campbell (1939), the lorica of this species is elongated, tapering, and has a whole
inverted and truncated cone; 3.70-5.67 OD in length. Its margin with flaring is
feebly developed, 1.67-2.40 AD in diameters. The aboral margin is entire, or
slightly crenulated, with 12-16 serrations at the end of the striae. The striae are
12-16, longitudinal, regularly spaced, sub-vertical anteriorly and slightly
dextrotropic below the middle, more strongly developed aborally, becoming
indistinct above, and finally disappearing at 0.95-0.98 TL from the aboral rim.
The wall is soft, delicate, and made up of fine prisms, 10-16 between striae;
uniformly thin, except for slight thickening midway. Foreign bodies are freely
agglomerated on their outer surface. The total length is between 190 and 280 pm.
This species differs from other D. emarginata in proportion and size, and from
other species in having striae instead of fins. The reported species had TL=225
pm, OD=45 pm, and AD=20 um. This species was found at the same depth in the
Bay of Villefranche-sur-mer, Western Mediterranean by Dolan et al. (2019).
Moreover, it was detected in the California current, Mexican current, and the
south equatorial drift (Kofoid and Campbell 1929), as well as in the Tropical
Pacific (Kofoid and Campbell 1939).
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Amphorides calida

Family: Tintinnidae Claparéde and Lachmann, 1858

Genus: Amphorides Strand, 1926

Species: Amphorides calida (Kofoid and Campbell) Strand, 1926

Figure 8. Amphorides calida (Kofoid and Campbell) Strand 1926 collected at A3 at
150 m depth in September 2019 (TL=73 pm, OD=35 pm).

One specimen of Amphorides calida was recorded in Lebanese waters in
September 2019 at 150 m depth (T=16.9 °C, S=38.7) (Figure 8). This species is
also known as Amphorella calida and was first described by Brandt (1906) as
Tintinnus amphora. It has a funnel-shaped lorica and a wide collar. It is
characterized by an inverted conical bowl with four fins. The recorded specimen
had TL=73 pm and OD=35 um. Little is known about its distribution worldwide.
This species was recorded in the marine waters off the coast of Madagascar
(Brandt 1906; Kofoid and Campbell 1929) and in the Atlantic Ocean (Alder
1999).

Previous studies on tintinnids were limited either to the surface layers or coastal
waters in Lebanon. These studies showed species richness as a particularity of
tropical and intertropical waters (Abboud-Abi Saab 2002, 2008; Abboud-Abi
Saab et al. 2012). Recently, the deep Lebanese waters started to be investigated
presenting new records (Ouba and Abboud-Abi Saab 2020). The occurrence of
these rare species for the first time presented in this study may be related to the
lack of adequate studies in the area. These species may have been transported to
the area by current systems in addition to ballast waters which may have caused
the transportation of marine organisms from one site to another (Toklu-Alicli et
al. 2010). Another consideration is the presence of non-indigenous species, such
as L. nordgvisti in the study area. Tintinnids have been found in the ballast water
of cargo ships which is responsible for the transport and passive dispersion of
tintinnids (Pierce et al. 1997; David et al. 2007; Chandrasekera and Fernando
2009; Dolan and Pierce 2013). Consequently, increases could be expected in
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tintinnid richness in the forthcoming years. This is very difficult to assess as many
areas have not been well-sampled and studies were lacking.

On the other hand, tintinnid species were found both at surface and deep waters,
such as C. ostenfeldi. Such vertical distribution may be due to the convergence of
surface waters during the mixing periods when surface waters cool and sink into
deeper layers carrying fauna with them (Abboud-Abi Saab et al. 2004). The
findings of this study highlight the importance of sampling deep waters to enrich
the list of tintinnids. The more samples were obtained, the more records were
found in a specific area. Recurrent samplings are needed for a better
understanding of the state of the deep-sea species and their distribution.
Moreover, complementation of studies with molecular methods could provide a
more comprehensive overview of the local tintinnid species inventory.

In conclusion, the present results revealed the first record of seven tintinnid
species Leprotintinnus nordqvisti, Codonellopsis ostenfeldi, Dictyocysta
fundlandica, Undellopsis subangulata, Canthariella pyramidata, Daturella
striata and Amphorides calida and they were added to the regional plankton
check-list of the Lebanese waters.
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