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Abstract: Diaphanoeca grandis, a loricate choanoflagellate, is an abundant 

microheterotroph in many localities, including Antarctica. Little is known of its 

feeding selectivity or ingestion rates. In order to investigate the role of choanoflagel­

lates in ice-covered marine environments, the grazing rates and particle size selection 

by D. grandis from the bottom-ice community of lagoon Saroma Ko were measured 

using fluorescent latex microspheres (FM). Maximum uptake rate was around 

2 FM 0 cell-l,h-1 and maximum clearance rate was 0.7 n/ •cell-10 h-1• D. grandis 

was not able to ingest microspheres larger than 1 µm. These data are discussed in 

relation to their abundance, grazing rates by other protozoa and food availability 

in under-ice environments. 

1. Introduction 

Choanoflagellate protozoa are an ubiquitous and conspicuous constituent of 

marine environments, particularly in polar regions where their numbers range from 103
-

107 cells - l-1 (SILVER et al., 1980; BOOTH et al., 1982; BUCK and GARRISON, 1983, 1988; 

FRYXELL et al., 1984; MARCHANT, 1985; GARRISON and BUCK, 1989). The abundance of 

choanoflagellates in a variety of marine environments suggests that these microhetero­

trophs play an important role in pelagic food webs. In the sub�Arctic Pacific BooTH 
et al. (1982) found them to be the fifth most abundant group of nanoplankton and in 
the Weddell Sea, Antarctica they were the third most abundant group (BucK and 

GARRISON, 1983). DAVIS and SIEBURTH (1982) reported that choanoflagellates accounted 
for 36% of the heterotrophs in marine environments and BucK and GARRISON (1988) 
found that they constituted 8-20% of the total heterotrophic flagellate biomass at the 
ice edge in the Weddell Sea. 

Choanoflagellates feed principally on bacteria but they have also been reported to 
ingest pico- and nanoautotrophs as well as detritus and high molecular weight dissolved 
organic material (LAVAL, 1971; LEADBEATER and MORTON, 1974; MARCHANT, 1985; 

SHERR, 1988). They bear a single flagellum surrounded by a 'collar of tentacles with 
which they trap food particles. Data on their feeding rates and selection of the size of 
food particles are scanty and apparently lacking altogether from ice-covered marine en­
vironments where they are most abundant. 

The uptake of fluorescent paint particles and fluorescently labelled latex micro­
spheres, bacteria and high molecular weight dextrans have been employed in investiga-
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tions of the grazing rates of microheterotrophs (MCMANUS and FUHRMAN, 1986; CYNAR 
and SIEBURTH, 1986; SHERR et al., 1987; SHERR, 1988). However, reports of grazing 
rates of choanoflagellates have concentrated on aloricate genera (FENCHEL, 1982; CYNAR 
and SIEBURTH, 1986; SALONEN and JOKINEN, 1988). 

The sea-ice of lagoon Saroma Ko, northern Hokkaido, Japan, has a rich commu­
nity of autotrophs and microheterotrophs (TAKAHASHI, 198 I). He found Diaphanoeca 
grandis to be present under the ice together with the other loricate choanoflagellates 
Acanthocorbis unguiculata and Stephanoeca sp. D. grandis from lagoon Saroma Ko ap­
peared identical to this species from various Antarctic localities including lakes 
(MARCHANT and PERRIN, 1986), pack-ice (GARRISON and BUCK, 1989) and coastal 
sites where it occurs throughout the year (MARCHANT, 1985; MARCHANT and PERRlN, 
1990) as well as other parts of the world including arctic Greenland (THOMSEN, 1982). 
At oceanic ice-edge sites in Antarctic waters the distribution of choanoflagellates was 
strongly negatively correlated with depth (GARRISON and BucK, 1989). This correlation 
was not evident at shallow coastal sites where the choanoflagellate population exhibited 
seasonal species succession and marked seasonality in their abundance (MARCHANT and 
PERRIN, 1990). 

This paper reports an investigation of the size of particles ingested and the rate of 
their uptake by D. grandis from lagoon Saroma Ko to gain insights into the feeding be­
havior and ecological role of this organism in ice-covered environments. 

2. Materials and Methods 

Samples were taken from the colored bottom layer of sea-ice from about 1 km 
offshore in lagoon Saroma Ko on 7 March 1988. This lagoon has connections with 
the Sea of Okhotsk and was covered with 20 cm of ice at the time of sampling. The 
concentration of Diaphanoeca grandis in the bottom-ice community was around l 05cells · 
/-1• The sea-ice samples were melted in a large volume of filtered lake water at 0°C 
and transported to Tokyo by air where they were maintained at - l 0C. D. gram/is 
isolated from this culture were incubated at 0°C in suspensions of fluorescent carboxyl­
ated latex microspheres (FM) (Polysciences) at concentrations in the order of 104-107 

FM . m/- 1
• To prevent the FM from clumping when diluted in filtered lake water, they 

were treated with 10 mg . m/- 1 bovine serum albumin (Sigma) before incubations (PACE 
and BAILIFF, 1987). Separate time-course incubations were made using FM 0.25 µm, 

0.50 µm, 1.0 µm, 1.97 µm in diameter. At various times aliquots were taken and the 
number of FM incorporated by between 20 and 81 (mean 47) unfixed cells was counted 
using an Olympus fluorescence microscope. Cells were counted directly, without con­
centration on filters, thus overcoming the problem of distinguishing whether FM have 
been ingested or attached to the cell surface (CYNAR and SIEBURTH, 1986). It was found 
unnecessary to fix the cells as flagellar motion stopped, the protoplast remained intact 
and none of the FM were egested when cells were brought to room temperature. By 
avoiding use of a fixative, the fixative-induced egestion reported by SIERACKI et al. ( 1987) 
was obviated. Cell volumes were calculated from measurements made using an ocular 
micrometer on unfixed cells. 
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3. Results 

Diaphanoeca grandis accumulated FM on the feeding tentacles and ingested these 

Fig. J. Light micrograph using combined phase contrast and fluorescence showing FM both 
in food vacuoles (arrow) and attached to the feeding tentacles (arrowhead) that sur­
round the flagellum (f) at the anterior end of the cell. Scale marker =5 µm. 

Fig. 2. FM in two food vacuoles (arrows) which lie posteriorly in the cell. Note the flagellum 
( f) and the lorica (I) that surrounds the cell. Scale marker=5 µm. 
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Fig. 3. Time course of ingestion of FM 0.5 µmin diameter at a concentration of 1.25Xl06 

FM •ml-1 at 0° C. (A) Linear regression (r2=0.96) of uptake of FM ingested per 
cell with standard deviation of each uptake measurement. (B) Percent of cells not 
having ingested FM. 
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particles into two food vacuoles which lie at the posterior end of the cell (Figs. 1 and 
2). Figure 3 indicates the time course of the uptake of 0.5 µm diameter FM at a con­
centration of 1.25 X 106 FM. m/- 1 at 0°C as well as the percentage of cells not having 
taken up FM during the incubation. Similar plots were constructed from time course 
incubations of different concentrations of the different sized FM. In all cases the uptake 
of FM was linear for at least the first 60 min of incubation and fitted a linear regression 
(r 2 >0.9). Uptake rates of the different sized FM plotted against concentration of the 
FM showed considerable variability and indicated that maximum uptake rate was about 
2 FM. cell- 1 h- 1 (Fig. 4). The clearance rate (the volume of water filtered per unit time) 
is calculated as the uptake rate divided by FM concentration. The slope near the origin 
of the uptake against FM concentration curve (Fig. 4) indicates a clearance rate of 
around 0. 7 n/ . cell- 1• h- 1

• Specific clearance is the number body volumes cleared per 
hour. The mean body volume of D. grandis was calculated as 150 µm3, thus this 
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Fig. 4. The uptake rate of FM as a Junction of FM concentration with 95% confidence limits 
for each uptake rate measurement. 
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Fig. 5. Time course of the percentage of D. grandis populations ingesting FM of different 
sizes. Error bars indicate the range. 
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choanoflagellate species clears about 5 X 103 times its cell volume per hour. 
D. grandis ingested FM of different sizes at different rates. Figure 5 shows: (a) 

There was no difference in the uptake of 0.25 µm and 0.5 µm diameter FM. After two 
hours both sized particles were taken up by about 65 % of the cells. (b) After two 
hours only about 20% of the cells had taken up I µm diameter FM and (c) FM l.97 
µm in diameter were not ingested. 

4. Discussion 

In this study unfixed cells of D. grandis exhibited a clearance rate of around 0. 7 nl . 

ce11- 1 . h- 1 at 0°C. FENCHEL (1982) calculated the clearance rate of Monosiga to be 2.0 
nl . cell - 1 

• h- 1 at 20°C when fed on natural bacterial populations and SALONEN and 
JOKINEN (1988) estimated the clearance rate of this aloricate choanoflagellate from a 
small humic lake to be 2.5 n/. ce1I- 1 . h- 1 at 15-23°C from in situ incubations with FM. 
The clearance rate of another aloricate choanoflagellate, Codosiga was estimated to be 
0.4 nl · cell-1 • h-1 at 20°C using FM (CYNAR and SIEBURTH, 1986). However, as these 
organisms were fixed with glutaraldehyde before the number of ingested FM was 
counted, the reported clearance rates may be an underestimate (SIERACKI et al., 1987). 
Thus, choanoflagellates in under-ice environments apparently feed at rates within the 
range of those found in warmer waters. 

In comparison, DAVIS and SIEBURTH (1984) found clearance rates of flagellates 
feeding on bacteria were 40-650 n/. ce1I - 1 • h - 1 while clearance rates of 400-6000 nl . 

cell - 1 • h-1 for heterotrophic dinoflagellates, 800-2000 nl . cell -1 • h - 1 for ciliates and 400-
1000 n/. cell -1 

• h - 1 for tintinnids were reported by LESSARD et al. (1987). Thus clearance 
rates of the aloricate choanoflagellates and D. grandis are considerably lower than other 
microheterotrophs. However, as FENCHEL (1987) indicates, filter feeding organisms, 
including choanoflagellates, sieve food particles from the feeding current that they 
generate rather than directly impacting them. 

That M onosiga has been reported to ingest particles 0.21 µm in diameter (SALONEN 
and JOKINEN, 1988) and D. grandis ingests microspheres at least as small as 0.25 µm in 
diameter indicates these organisms are able to utilize the smallest of the prokaryotic 
organisms as food. FENCHEL (1982) concludes that the low clearance rates (low water 
velocity) through the feeding basket of choanoflagellates may be related to the pressure 
drop that is a function of the porosity of the filter but the performance of choanoflagel­
lates in trapping food particles will, to a large extent, be a function of the size of food 
particles encountered. 

Choanoflagellates differ considerably in the spacing between the costal strips of the 
lorica. In some, the protoplast is virtually completely exposed (e.g. in Crinolina aperta 
the protoplast is suspended in an open-ended barrel-shaped lorica and in Bicosta the 
protoplast lies in the fork of a Y-shaped lorica). The protoplasts of others, such as 
Stephanoeca, Acanthoeca, Acanthocorbis and to a lesser extent D. grandis, lie within a 
lorica constructed from closely arranged costal strips. The spacing between the costal 
strips of some species of Stephanoeca is less than 0.2 µm and around 2 µm at the 
posterior end of the lorica of D. grandis (MARCHANT, 1985). If the flagellar beat gener­
ates a water current, bearing food particles, flowing from the posterior to anterior end 



6 Harvey J. MARCHANT 

of the organism to reach the feeding tentacles (FENCHEL, 1987), the food particles 
apparently have to pass through the fenestrae of the lorica. If this is so, the lorica would 
function as a sieve, only permitting particles smaller than a certain size to reach the 
feeding basket. Differences in lorica structure indicate that different species of choano­
flagellates may be selective in the size of food particles ingested. 

In consideration of the ecological role of choanoflagellates it must be noted that as 
well as ingesting organisms they are able to take up high molecular weight "dissolved 
organic carbon". Recently, SHERR ( 1988) demonstrated that heterotrophic flagellates, 
including the aloricate choanoflagellate, Codosiga, ingested polysaccharides with a 
molecular weight greater than 500000. D. grandis from Antarctica ingests polysac­
charides with a molecular weight as low as 4000 at a concentration of 2 mg . /- 1 (H. J. 
MARCHANT, unpublished). This concentration is within the range reported for dissolved 
organic carbon in Antarctic waters (BOLTER and DAWSON, 1982). High molecular weight 
material is often a considerable fraction of total dissolved organic carbon in natural 
waters (WHEELER, 1976; OGURA, 1977). Therefore, choanoflagellates may short circuit 
the microbial loop of the food web by utilizing some of the detrital carbon that would 
otherwise be broken down and assimilated by bacteria before they are grazed by proto­
zoa, including choanoflagellates. In Antarctic waters choanoflagellates are a conspicuous 
component in the diet of Euphausia superba (MARCHANT and NASH, 1986; TANOUE and 
HARA, 1986). Thus, at least in cold water environments, choanoflagellates may directly 
link both high molecular weight dissolved organic material and the picoplankton with 
metazoan grazers. 

Acknowledgments 

This investigation was carried out while a guest of the National Institute of Polar 
Research, Japan. I am most grateful to Prof. T. HosHIAJ for inviting me to Japan and 
to the staff of NIPR for making my visit such a highly productive and enjoyable 
experience. I thank Ors. D. GARRISON, K. BucK and I. INOUYE for their comments on 
the manuscript. 

References 

BOLTER, M. and DAWSON, R. (1982): Heterotrophic utilisation of biochemical compounds in Antarctic 
waters. Neth. J. Sea Res., 16, 315-332. 

BOOTH, B. C., LEWIN, J. and NORRIS, R. E. (1982): Nanoplanktonic species predominant in the sub­
arctic Pacific in May and June 1978. Deep-Sea Res., 29, 185-200. 

BucK, K.R. and GARRISON, D. L. (1983): Protists from the ice-edge region of the Weddell Sea. Deep­
Sea Res., 30, 1261-1277. 

BucK, K. R. and GARRISON, D. L. (1988): Distribution and abundance of choanoflagellates (Acantho­
ecidae) across the ice edge zone in the Weddell Sea. Mar. Biol., 98, 263-269. 

CYNAR, F. J. and SIEBURTH, J. McN. (1986): Unambiguous detection and improved quantification of 
phagotrophy in apochlorotic nanoflagellates using :fluorescent microspheres and concomitant 
phase contrast and epi:fluorescence microscopy. Mar. Ecol. Prog. Ser., 32, 61-70. 

DAVIS, P. G. and SIEBURTH, J. McN. (1982): Differentiation of phototrophic and heterotrophic nano­
plankton populations in marine waters by epifluorescence microscopy. Ann. Inst. Oceanogr. 
(Paris), 58, 249-260. 



Grazing by a Choanoflagellate from Sea-ice 7 

DAVIS, P. G. and SIEBURTH, J. McN. (1 984) : Estuarine and oceanic microflagellate predation of actively 

growing bacteria ;  Estimation by frequency of dividing-divided bacteria. Mar. Ecol. Prog. Ser., 

19, 237-246. 

FENCHEL, T. (1982) : Ecology of heterotrophic microflagellates. II ; Bioenergetics and growth. Mar. 

Ecol. Prog. Ser., 8, 225-23 1 .  

FENCHEL, T .  ( 1987) : Ecology of Protozoa. Madison, Science Tech, 197 p. 

FRYXELL, G. A., THERIOT, E. C. and BucK, K. R. (1 984) : Phytoplankton, ice algae and choanoflagellates 

from AMERTEZ, the southern Atlantic and Indian Oceans. Antarct. J. U. S., 19, 107-109. 

GARRISON, D. L. and BucK, K. R. (1989) : Protozooplankton in the Weddell Sea, Antarctica ; Abundance 

and distribution in the ice-edge zone. Polar Biol. ,  9, 341-351 .  

LAVAL, M .  (1971) : Ultrastructure et mode de nutrition du choanoflagelle Salpingoeca pelagica sp. nov. 

Comparaison avec les choanocytes des spongaires. Protistologica, 7, 325-336. 

LEADBEATER, B. S. C. and MORTON, C. (1974) : A light and electron microscope study of the choano­

flagellates Acanthoeca spectabilis ELLIS and A. brevipoda ELLIS. Arch. Mikrobiol . ,  95, 279-292. 

LESSARD, E. J., VOYTEK, M. and RIVKIN, R. (1987) : The heterotrophic based nutrition of the micro­

zooplankton and macroplankton in McMurdo Sound, Antarctica. EOS, 68, 1 773. 

MARCHANT, H. J. (1985) : Choanoflagellates in the Antarctic marine food chain. Antarctic Nutrient 

Cycles and Food Webs, ed. by W. R. SIEGFRIED et al. Berlin, Springer, 271-276. 

MARCHANT, H. J. and NASH, G. V. (1986) : Electron microscopy of gut contents and faeces of Euphausia 
superba DANA. Mem. Natl Inst. Polar Res., Spec. Issue., 40, 1 67-1 77. 

MARCHANT, H. J. and PERRIN, R. ( 1 986) : Planktonic choanoflagellates from two Antarctic lakes in­

cluding the description of Spiraloecion didymocostatum gen. et sp. nov. Polar Biol., 5, 207-210. 

MARCHANT, H. J. and PERRIN, R. A. (1990) : Seasonal variation and species composition of choano­

flagellates (Acanthoecideae) at Antarctic coastal sites. Polar Biol. (in press). 

MCMANUS, G. B. and FUHRMAN, J. A. (1986) : Bactivory in seawater studied with the use of inert 

fluorescent particles. Limnol. Oceanogr., 31, 420-426. 

OGURA, N. (1977) : High molecular weight organic matter in seawater. Mar. Chem., 5, 535-549. 

PACE, M. L. and BAILIFF, M. D. (1987) : Evaluation of a fluorescent microsphere technique for measur­

ing grazing rates of phagotrophic microorganisms. Mar. Ecol. Prog. Ser. , 40, 185-193. 

SALONEN, K. and JOKINEN, S. (1988) : Flagellate grazing on bacteria in a small dystrophic lake. Hydro­

biologia, 161, 203-209. 

SHERR, B. F. , SHERR, E. B. and FALLON, R. D. (1 987) : Use of monodispersed, fluorescently labeled bacteria 

to estimate in situ protozoan bactivory. Appl. Environ. Microbiol., 53, 958-965. 

SHERR, E. ( 1988) : Direct use of high molecular weight polysaccharide by heterotrophic flagellates. 

Nature, 335, 348-35 1 .  

SIERACKI, M .  E., HASS, L .  W . ,  CARON, D .  A .  and LESSARD, E.J. (1987) : Effect of fixation on particle 

retention by microflagellates ; Underestimation of grazing rates. Mar. Ecol. Prog. Ser., 38, 
251-258. 

SILVER, M. W., MITCHELL, J. G. and RINGO, D. (1980) : Siliceous nanoplankton II ; Newly discovered 
cysts and abundant choanoflagellates from the Weddell Sea, Antarctica. Mar. Biol. ,  58, 21 1-

217. 

TAKAHASHI, E. (1981) : Floristic study of ice algae from the seaice of a lagoon, Lake Saroma, Hok­

kaido. Mem. Natl Inst. Polar Res., Ser. E, 34, 49-56. 

TANOUE, E. and HARA, S. (1986) : Ecological implications of fecal pellets produced by the Antarctic 

krill Euphausia superba in the Antarctic Ocean. Mar. Biol. , 91, 359-369. 

THOMSEN, H. A. (1982) : Planktonic choanoflagellates from Disko Bugt, West Greenland, with a survey 

of the marine nanoplankton of the area. Medd. Gnan . ,  Biosci . ,  8, 3-36. 

WHEELER, J.R. (1976) : Fractionation by molecular weight of organic substances in Georgia coastal 

water. Limnol. Oceanogr. , 21, 846-852. 

(Received March 7, 1989; Revised manuscript received August 14, 1989) 


