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ABSTRACT

A bloom of loricate choanoflagellates was recorded for the first time in the Ross

Sea polynya during the austral summer 2017. Both individual cells and uncom-

mon large-size colonies (200 lm length) represent the 42–55% of the total

plankton community (i.e. specimens from 5 to 150 lm length). Choanoflagel-

lates serve as a link between low and mid trophic levels since they prey on bac-

teria and in turn are ingested by zooplankton. This twofold role and the unusual

abundance recorded in the Antarctic ecosystem may have relevant but still

unknown effects on food web structure and dynamics in that area.

THE aim of this study was to provide insights into the

diversity of choanoflagellates and abundance in the Ross

Sea, particularly during an unusual bloom recorded in aus-

tral summer 2017. Acanthoecid choanoflagellates are

small bacteriophagous cells surrounded by a delicate silic-

eous armour (lorica). They are common within Antarctic

and Artic plankton communities (Buck and Garrison 1983;

Chen 1994; Fritsen et al. 2001; Marchant et al. 1987) but

we have found no data available about the choanoflagel-

late concentrations in the western area of the Ross Sea.

MATERIALS AND METHODS

Plankton samples were collected in January 2017 as part

of an oceanographic cruise in the western Ross Sea within

the framework of the Plankton biodiversity and functioning

of the Ross Sea Ecosystems in a changing southern

oceans (P-ROSE) project. The 500 ml water samples were

collected using Niskin bottles. Four depths from surface to

60 m at the 28 stations (Fig. S1), with two of the stations

(15 and 57) sampled twice, were collected based on the

vertical fluorescence profiles of chlorophyll a. Samples for

taxonomic analysis, of specimens from 5 to 150 lm
length, were preserved in 4% CaCO3 buffered formalin

solution. Depending on cell concentrations, 3–10 ml of

sample was settled in Uterm€ohl- type chambers (Lund

et al. 1958; Uterm€ohl 1931) for 24–48 h respectively. Cell

counts were performed at 400X magnification using a

Zeiss Ax10 Observerz.1 inverted light microscope

equipped with an AxioCam MRc5 (Carl Zeiss Microscopy

GmbH, Jena, Germany) image capture system. Up to four

transects with an area of 0.78 mm2 each of the settling

chamber, were examined to reach at least 200 cells per

sample which is considered statistically valid.

RESULTS AND DISCUSSION

During January 2017, five species of loricate choanoflagel-

lates (Fig. 1) were identified: Bicosta spinifera (Fig. 1A),

Calliacantha sp. (Fig. 1B), Parvicorbicula socialis (Fig. 1C,

D), Diaphanoeca multiannulata (Fig. 1E, F) and Crinolina

aperta (Fig. 1G–I). In agreement with the description by

Throndsen (1970) for B. spinifera, two longitudinal costae

that run slightly spiral at the cell body level were visible on
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the outer surface of the cell and continued as spines. The

absence of transverse costa was observed in some organ-

isms (Fig. 1A). Specimens belonging to the genus Cal-

liantha had a conical shaped lorica and the lorica chamber

delimited, at the anterior part of the cell body, by a trans-

verse costa (Leadbeater 1978). Those features were

observed in some of our cells (Fig. 1B). Parvicorbicula

socialis was distinct by the formation of colonies (Fig. 1D),

a conical basket lorica (Fig. 1C) in which the cell body was

located, two circular transverse costae with marked differ-

ences in diameter and approximately 10 longitudinal

costae, all of which were present. Diaphanoeca multiannu-

lata (Buck 1981) was described to possess 4–5 transverse

circular costae and barrel-shaped siliceous lorica (Fig. 1E).

Few years later, Thomsen et al. (1990) highlighted that lor-

ica dimensions of D. multiannulata were highly variable

together with length and number of transverse and longi-

tudinal costae and strips. The most frequently observed

specimens had morphological characteristics reported in

the original description (Buck 1981). Very few longer

(~80 lm) specimens with a straight outline and seven

transverse costae (Fig. 1F), similar to fig. 43 in Thomsen

et al. (1990) were also observed within samples. Finally,

the open lorica, the number of longitudinal costae (11–12),
the length of their posterior projections and the slight dif-

ferences in diameter of the two transverse costae that

confers them an almost cylindrical shape, led us to iden-

tify those specimens as C. aperta (Fig. 1G–I) and not as

Figure 1 Acanthoecid choanoflagellates of the Ross Sea. A. Bicosta spinifera. B. Calliacantha sp. C and D. Parvicorbicula socialis single cell (C)

and in colonial form (D). E and F. Diaphanoeca multiannulata with a recently divided daughter cell inside the parental lorica (E). G–I. Crinolina

aperta in pairs (G) or in colonies (H and I). Cells of C. aperta colonies remained attached by longitudinal costae (G and H). Scale bar = 20 lm.
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C. isefjordensis, a quite similar species of the same

genus. All the species mentioned above, except for P. so-

cialis, possessed characteristic posterior “tails” or projec-

tions that are thought to be indicators of the presence of

ice (Manton et al. 1975). Although our sampling area is an

ice-free zone (polynya), ice floes can retain choanoflagel-

lates (Fritsen et al. 2001) and may transport them to other

areas.

Loricate choanoflagellates were the most abundant

group within the plankton community with peak concentra-

tions above 106 cells/liter reached in a transect that

included stations from 43 to 48 (75°18.80S–76°360S,
168°53.20E–177°59.80E). Maxima densities (above 3.5 9

106 cells/liter) were observed at the end of January at sta-

tions 44 (45 m) and 48 (42 m). These abundances con-

tributed 55% and 42% respectively of the total plankton

abundance. Within the choanoflagellate group, P. socialis

contributed 44% and 35.6%, whereas C. aperta reached

the 45.8% and 54.5% respectively. Diaphanoeca multian-

nulata and Calliantha spp. appeared at < 10% and

B. spinifera was undetectable within those samples. Previ-

ous studies reported maximal choanoflagellates concentra-

tions of 2 9 106 cells/liter at the ice edge zone (Buck and

Garrison 1983) and 2.7 9 105 cell/liter at 31 m (Buck and

Garrison 1988) in the Weddell Sea. Abundances of 105 and

2.1 9 106 cell/liter have been reported in the freeboard

sea ice of the eastern zone and in the sea ice area of the

Ross Sea respectively (Fritsen et al. 2001; Garrison et al.

2005). Dennett et al. (2001) observed high average bio-

mass (65%) of heterotrophic nanoplanktoners during

autumn in the southeastern part of the Ross Sea, where

choanoflagellates dominated but the numerical contribution

to the total biomass was not indicated. Thus, the cell con-

centrations of loricate choanoflagellates observed in this

study are the highest reported in the Antarctic Ocean so

far. Moreover, because these observations, were made

along a transect and across the water column in the central

Ross Sea polynya, they add new information about the bio-

geographical distribution of the loricate choanoflagellates in

a poorly studied area (see fig. 9.12. in Leadbeater 2015).

The choanoflagellate bloom observed in this study was

characterized by the presence of P. socialis (Fig. 1E, F)

and C. aperta colonies (Fig. 1G–I), that reached ~200 lm
length and 100 lm width in the latter species. The forma-

tion of colonies in some choanoflagellates has been sug-

gested to be a consequence of extremely calm weather

conditions during which the daughter cell completes the

formation of the lorica close to the parental cell and the

new lorica remains attached to it by the longitudinal

costae of the foremost costal rings (Thomsen 1976). Colo-

nies formed by P. socialis have been described as a mat

formed by clusters of four cells (Braarud 1935; Manton

et al. 1976) or spherical with clusters of six cells (Pavillard

1917). The former authors suggested that globular colo-

nies were unnaturally formed as a consequence of the

weak contact between cells after sample fixation and han-

dling. However, Thomsen (1976) reported that spherical

colonies were the result of the physical contact between

cells with different diameters of the transverse costal

rings. Conversely, we observed C. aperta specimens with

a quite straight outline of the siliceous lorica that formed

almost flat colonies with up to 25 cells in which one cell

was contacted to six surrounding cells that resulted in a

zigzag pattern (Fig. 1G–I). Thus, the cell disposition in

C. aperta (Fig. 1H, I) coincided with those for P. socialis

drawn by Pavillard (1917). The arrangement of cells within

the colony (one cell surrounded by six) and the different

outlines of the lorica, conical, in P. socialis (Fig. 1C, D),

and cylindrical, in C. aperta (Fig. 1G–I), are in agreement

with Pavillard (1917) and Thomsen (1976). Previous stud-

ies described C. aperta colonies (Buck and Garrison 1983;

Marchant et al. 1987) but the cell pattern in Fig. 1H, I is

shown in this work for the first time.

Choanoflagellates play an important ecological role in

the transfer of carbon and energy from surface to deep

water communities and from lower to higher trophic levels

(Vincent 2004). Studies on natural samples and cultures

indicated that their diet includes bacteria and particulate

organic matter (Buck and Garrison 1988). At the same

time, choanoflagellates are potential preys of zooplankton,

such as the Antarctic krill (Tanoue and Hara 1986). Thus,

the concentrations reached and the formation of such

large colonies suggests that choanoflagellates may play a

pivotal role by connecting primary producers and higher

trophic levels in the Antarctic pelagic food web. Our

observations support the recent trend of changes in the

plankton succession that are potentially restructuring

trophic relationships in the Antarctic food web (Mangoni

et al. 2017; Rivaro et al. 2017).
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SUPPORTING INFORMATION

Additional supporting information may be found online in

the Supporting Information section at the end of the

article.

Figure S1. Map of the sampling stations in the central

Ross Sea polynya (Antarctica). Note that stations 15 and

57 were sampling twice.
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