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ABSTRACT. Tintinnid ciliates have been shown to be important components of many marine food 
webs, and several studies have been conducted to quantify their ingestion rates. The actual mechanism 
they use for prey capture, however, is not yet known. Extrosomes, membrane bound extrusible bodies 
subpellicularly located, are common in the ciliated Protozoa, and have diverse functions. Many species 
of tintinnid have been found to possess striae: cytoplasmic, capsule (extrosome) containing evagina- 
tions associated with the oral membranelles. To begin to test the hypothesis that the striae and the 
associated capsules are involved in prey capture, Stenosefnella oljva and several species of the genus 
Tintinnopsis were used. Tintinnids were field collected and divided into 2 groups, one which was fed, 
the other unfed for about 20 h, in a series of experiments. Subsequent scanning electron microscopic 
examinations revealed numerous striae associated with the oral membranelles of the fed group, while 
the unfed group exhibited a paucity of these structures. Large sac-like bodles were observed in one 
well-fed individual. It is suggested that the striae and associated capsules may be used to capture prey. 

INTRODUCTION 

Cillates are a, major component of many marine, 
estuarine and freshwater planktonic and benthic com- 
munities (Vitiello 1964, Fenchel 1969, Hartwig 1973, 
Sorokin 1977, Heinbokel & Beers 1979, Beers et al. 
1980, Hargraves 1981, Pace & Orcutt 1981, Capriulo & 

Carpenter 1983) and serve as a food source for many 
larger zooplankton including copepods and juvenile 
fish (LeBrasseur & Kennedy 1972, Voronina & 

Sukhanova 1976, Capriulo & Ninivaggi 1982, Robert- 
son 1983, Turner & Anderson 1983, Stoecker & Govoni 
1984, Stoecker & Sanders 1985) and foraminiferans 
(Hemleben et al. 1977). Tintinnid ciliates (class Spiro- 
trichea, order Choreotrichida, suborder Tintinnina; 
Small & Lynn 1985) often dominate plankton com- 
munities (Gold & Morales 1975, Hargraves 1981, Ca- 
priulo & Carpenter 1983, Capriulo & Dexter unpubl.) 
and remove significant quantities of algae as well as 
heterotrophic biomass from many marine ecosystems 
(Heinbokel & Beers 1979, Capriulo & Carpenter 1980, 
1983, Rassoulzadegan & Etienne 1981, Landry & Has- 
sett 1982). Additionally, certain tintinnids, such as 
Favella sp.,  selectively feed on dinoflagellates includ- 
ing those responsible for toxic red tides (Stoecker et al. 
1981). 

Recent findings suggest that at least in certain en- 
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vironments tintinnid community ingestion rates are 
equal to those of the copepod community (Capriulo & 
Carpenter 1983). The feeding impact of these ciliates 
coupled with their short generation times, high abun- 
dances and high gross growth efficiencies clearly 
highlights this group as a major component of the 
planktonic (as well as the benthic) food web (Vitiello 
1964, Fenchel 1969, Rassoulzadegan 1978, Hargraves 
1981, Capriulo 1982, Capriulo & Carpenter 1983). 

Despite the realization that ciliates are major play- 
ers in aquatic microbial food webs, quantification of 
their feeding rates is rare. Ingestion and clearance 
rates for tintinnids have been reported by several 
workers (Spittler 1973, Blackbourn 1974, Heinbokel 
1978a, b, Rassoulzadegan 1978, Rassoulzadegan & 
Etienne 1981, Stoecker et al. 1981, Capriulo 1982, 
Capnulo & Carpenter 1983), all of whom demonstrated 
that these ciliates were capable of selective feeding. 
The mechanism(s) by which food is actually captured 
and subsequently eaten by the tintinnids, however, 
remains unknown. Many ciliates use a specialized 
method of obtaining food which involves directly con- 
tacting prey items. This predatory mode of feeding 
requires production of special organelles known as 
extrosomes which are defined by Corliss (1979) as 
membrane-bound extrusible bodies usually sub-pel- 
licularly located. Tintinnids have been found to pos- 
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sess what appear to be extmsible bodies known as 
capsules. Their capsules are contained within striae 
which are cytoplasmic evaginations associated with 
the adoral membranelles (Entz 1929, Laval 1971, 1972, 
Gold 1979, Laval-Peuto et al. 1979). These striae have 
been found to contain numerous capsules (Laval 1971, 
Gold 1979, Laval-Peuto et al. 1979). The capsules show 
the same general organizational pattern in all species. 
They are grossly spherical in appearance, show a coni- 
cal anterior pole distinct from a rounded posterior pole 
and the contents are electron dense and finely granular 
(Laval 1971, Gold 1979, Laval-Peuto et  al. 1979). Laval- 
Peuto et al. (1979) also found that the capsules in 
Tintinnopsls parva exhibited distinct orientation in a 
cell with the anterior pole always oriented towards the 
cell membrane, and noted that the stnae are just one of 
several structures by which the capsules are positioned 
in proximity to the adoral membranes. Capsules with a 
polar appearance have also been found in Parafavella 
gigantea and Favella ehrenbergii (Hedin 1975). 

A definitive function has not yet been ascribed to the 
striae or capsules found in tintinnids. Gold (1979) 
noted the abundance of capsules found inside the 
striae and the proximity of the striae to the oral area 
and proposed a mechanism whereby the capsules, pro- 
tected only by the perilemma and cell membrane, 
rupture when brought in contact with prey organisms, 
subsequently releasing their contents to act upon the 

prey. 
If, indeed, the striae are associated with tintinnid 

feeding, w e  hypothesize that food presence or absence 
would alter the numbers of striae in tintinnids, i.e. that 
the amount of food and the number of striae present 
would be  functionally related. The research described 
here examines the relation between the presence or 
absence of food and the occurrence of striae in Tintinn- 
opsis spp. and Stenosemella oliva. 

MATERIALS AND METHODS 

Several experiments were carried out, one on tintin- 
nids collected from the surface waters of the New York 
Bight (NYB) and the others on tlntlnnids collected from 
the lower Hudson fiver Estuary at  a station near the 
Tappan Zee Brldge (HRT). Tintinnids were collected 
by towing a 20 vm mesh, 0.25 m diameter plankton net 
through the surface water. Transportation of the water 
samples to the laboratory took only about 15 to 30 min, 
with no changes in temperature. Tintinnids were 
immediately micro-pipetted out of the water sample 
(about 1000 individuals) and transferred into either 
NYB or HRT filtered water. Following pipetting, the 
tintinnids were divided into 2 groups, one which was 
fed and the other unfed, and contained wi thn  separate 

15 m1 screw cap test tubes or small volume Petri dishes 
(about 15 m1 size) at an initial concentration of about 
70 cells ml-l. Logarithmically growing cultures of one 
of 2 flagellated algae, Isochnsis galband or Dunaliella 
tertiolecta (initial concentrations between approxi- 
mately 10" and 10" ml-'), were used as food for the 
NYB experiment and HRT experiments, respectively. 
All tubes were incubated in the dark (18°C for HRT 
and 10°C for NYB) for about 20 h. After this time 
actively swimming tintinnids from both groups were 
micropipetted out and fixed in Karnovsky's fixative 
(Karnovsky 1965, Gold 1980) in beem capsules, to be 
prepared for scanning microscopy. Fixation was fol- 
lowed by a 30 min rinsing in cacodylate buffer. Post 
fixation was carried out in 1 O/O osmium tetroxide in 
cacodylate buffer for 45 min followed by dehydration 
in a graded ethanol series, for 15 min in each. Tintln- 
nids were then transferred into 1 :  1 ratio 100 % 

ethano1/100 O/O acetone, and then into 100 O/O acetone 
twice, for 15 min each. Transfer to anhydrous acetone 
prior to critical point drying in CO2 was found to be  
beneficial (Bomar SPC-9OO/EX critical dryer was used 
for the HRT experiments and a Sorvall unit for the 
NYB). The entire process was canied out in beem 
capsules covered with 20 pm nitex screening on both 
top and bottom. The specimens were coated with gold/ 
palladium for a total of 6 min at 9 V in a Hummer JR 
sputter coater. Coating was carried out in 30 s episodes 
followed by 90 s intervals for cooling, to prevent speci- 
men burn. After a total of 2 min the sputter coater was 
turned off and  air was admitted into the chamber, to 
prevent additional heating. Tintinnids were examined 
in a Super 111 A IAI scanning microscope (HRT) and a 
JSM-35U (JEOL, USA) scanning microscope (NYB). 

RESULTS 

Scanning electron microscope (SEM) examination of 
fed Tintinnopsis beroidea from NYB revealed numer- 
ous striae associated with the adoral membranelles 
(Fig. 1 & 2). Few striae could be  found in the unfed 
group (Fig. 3). Three follow-up experiments carried 
out on several species of the genus Tintinnopsis from 
HRT resulted in similar findings. Numerous striae 
were found associated wi.th the oral membranelles of 
the fed groups (Fig. 4 to 10) while the unfed organisms 
consistently exhibited a paucity of these structures 
(Fig. 11 to 15). In some cases tintinnids from the unfed 
group were almost completely devoid of any striae 
(Fig. 12) .  In those unfed individuals where striae were 
found they typically were observed close to the base of 
the membranelles (Fig. 13, 14 & 15), and in lesser 
amounts, as compared to the fed individuals where the 
stnae were stretched out over the entire length of the 



Fig. 1 & 2. Tintinnopsis beroidea. Mem- 
branelles and associated striae under fed 
and unfed conditions. Fig. 1 Striae con- 
dition representalve of the general find- 
ings for the fed individuals. Arrow indi- 
cates sac-like body discussed in the text. 
Fig. 2. Higher magnification of the striae 
of a fed individual. Arrow indicates ap- 
parent cytoplasmic origin of the striae. 

Scale bars = 1 ym 

Fig. 3. Tintinnopsis beroidea. Micro- 
graph representative of the best case of 
striae production in the unfed group. 
Other individuals were completely de- 
void of any recognizable striae. Scale 

bars = 1 pm 
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ciliary membranelles from base to tip (Fig. 4, 6, 8, 9 & 
10). In all organisms observed only one 'beaded' string 
of striae were found per membranelle and they always 
occurred toward the outside of the membranelles 
rather than toward the mouth side. 

To statistically test for differences in number of striae 
present in fed and unfed organisms individual beads of 
striae were enumerated per membranelle of a single 
species of the tintinnid Stenosemella oliva. A single 
classification analysis of variance test was carried out 
on the data to examine for differences in number of 
striae per membranelle for the fed and unfed treat- 
ments. Results indicate that the fed individuals had 
significantly more striae (average of 10.9) than did the 
unfed cihates (average of 3.0) (Table l), at the < 0.001 
level of significance. These results demonstrate that 
the quantity of striae present in tintinnids is food- 
dependent. 

Table 1. Stenosemella oliva. Results of a single classification 
analysis of variance test (unequal sample sizes) for significant 
differences in number of striae present per membranelle in 
fed and unfed tintinnids. In all, 38 membranelles (23 for the 
fed and 15 for the unfed) were examined for this statistical test 
(total sample size n = 38). Range of striae per membranelle in 
fed individuals was 9 to 17, with a corresponding range of 1 to 

9 in unfed individuals 

Source of Degrees of Sum of Mean F 
variation freedom squares square 

Among groups 1 568 568 82' 
Within groups 36 249 6.92 

Total 37 

Significant at the < 0.001 level 

DISCUSSION 

Despite the realization that ciliates are major players 
in aquatic microbial food webs, the actual mechanisms 
by which food is captured and subsequently eaten are 
poorly understood. One reason for the lack of under- 
standing is the extensive diversity of the oral apparatus 
among ciliates. The nature of the paroral (haplokinety 
or undulating membrane) and adoral ciliature sur- 
rounding the cytosome (m.outh), and the degree of oral 
development exerts a major influence on whether a 
particular organism is a passive filter feeder or a more 
active predator (Nisbet 1984). 

Fenchel (1980a, b, c, d)  suggested that many ciliates 
act as suspension feeders employing certain cilia to 
create feeding currents which pass water over and 
through ciliary organelles which retain prey by means 

of a sieving process. The Oligohymenophoreans (in 
particular Hymenostomes such as Glaucoma: Fenchel 
& Small 1980, and the peritrichs) are good examples of 
filter feeders. 

Some cilia.tes have simple mouths whose cilia are 
almost indistinguishable from somatic cilia, while 
others have very elaborate oral membranelles. The 
cytostome itself may be shallow without a ciliated 
buccal or vestibular area (e.g. subphylum Rhab- 
dophora: Small & Lynn 1985), in whlch case the ciliate 
'gulps' in food, or it may be deep and well developed 
with a kinetid lined vestibulum (e.g. Caelosmides 
marina) that swirls food into the cytostome and down 
the cytopharynx (Sieburth 1979, Small & Lynn 1985). 

Once food is captured, by whatever mechanism, it 
must be passed into the cell. This is accomplished 
either by phagocytosis through a large unciliated sur- 
face of cell membrane (e.g. certain karyorelicteans), 
through a permanent cytostome (Small h Lynn 1985), 
or as is the case for suctorians, which lack a permanent 
mouth, through the use of tentacles armed with hapto- 
cysts (extrusible bodies used in food capture, see 
below) to capture and lyse their prey (Nisbet 1984). 

Capriulo (1982) described the effect of food concen- 
tration, size and composition on the feeding behavior 
of several species of field-collected tintinnids and sug- 
gested, based on his data as well as that of Hedin 
(1976), that short-time-scale (days), prey-size-induced 
changes in the size of the cytostome of these ciliates 
may routinely occur. Such changes would alter an 
organism's feeding efficiency and determine what size 
prey items could be eaten. 

Ciliate extrosomes 

In general the occurrence of extrosomes, membrane- 
bound extrusible bodies subpellicularly located, is 
common in the ciliated Protozoa (Sleigh 1973, Corliss 
1979). Many types of extrosomes exist including: cono- 
cysts, cnidocysts, cyrocysts and rhabdocysts (of gener- 
ally unknown function), clathrocysts (involved in cyst 
wall formation), mucocysts (containing a discharge- 
able mucus mass), trichocysts and fibrocysts (explosive 
organelles containing fibrous shafts), haptocysts (con- 
taining lytic enzymes) and toxicysts and pexicysts 
(containing paralytic and proteolytic enzymes used to 
capture prey: Corliss 1979). 

The striae of tintinnids are cytoplasmic evaginations 
which contain capsules (Fig. 16, 17 & 18) which we 
believe are the extrosomes of tintinnids. The capsule 
structure (Fig. 17 from Laval-Peuto et al. 1979) is polar 
with definite apical ends and an electron-dense, 
granular interior appearance. The capsules resemble 
haptocysts and microtoxicysts (Lava1 1971) and might 
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even be a type of modified microtrichocyst. Because of 
their proximity to the mouth, the capsules found inside 
them, and the fact that their occurrence is correlated 

with food presence or absence, we believe that the 
striae are involved in prey capture. They may repre- 
sent a mechanism for increasing the probability of 

Fig. 16. TEM section of a tintinnid showlng several capsules. Note the polar appearance of all the capsules. X 81.000 

Fig. 17.  Tintinnopsis parva. Transn~ission micrograph of a capsule showing the distinctive polarity and densely granular, arrow 
shaped material of the capsule. The capsules resemble haptocysts and microtoxicysts, but could also be a lund of microtrichocyst. 

(From Laval-Peuto et al. 1979) X 226,800 
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Fig. 18. Tintinnopsis parva. Longitudinal section through the base of an oral mernbranelle showing the striae and capsules 
contained within. x 26,600 

contact with prey of both the capsules (by bringing 
more of them closer to potential prey) and the ciliary 
membranelles (by increasing their effective search 
radius). While we favor this argument, the possibility 
that measured differences in the quantity of striae 
could be representative of poor physiological condition 
due to starvation (i.e. for energetic and nutritional 
reasons independent of food capture) cannot yet be 
ruled out. The occurrence of the sac-like body at the 
base of the mernbranelle (Fig. 1) is interesting. We 
observed this structure only once in Tintinnopsis 
beroidea although it has occassionally been observed 
in other tintinnids [Laval-Peuto pers. comm.). The size 
of the 'sacs' noted in this study is approximately equal 
to that of the striae found at the base of the membran- 
elles of T. parva (Fig. 1 1  of Gold 1979). Close examina- 
tion of Fig. 1 of this study suggests that the 'sacs' might 
be  the points of origin of the smaller striae, and may in 
fact themselves be nothing more than large striae, 
perhaps containing higher concentrations of capsules, 
from which smaller units break away as they move up 
a mernbranelle. Unless continual replacement of 'sac' 
material occurs, the size of a particular sac would 

diminish over time. This may explain the absence of a 
'sac' at the base of the membranelle to the extreme 
right of Fig. 1, even though striae are present. 

The presence of striae is a response to food. If their 
production is biochemically stimulated, then not pro- 
ducing them in large quantities when prey are rare 
would allow the cells to save energy. This response 
would be of evolutionary advantage, since the energy 
saved would allow the cells to survive longer in the 
absence of food. However, minimal striae production 
in the absence of food would also be beneficial to the 
tintinnid (this notion of minimal occurrence is sup- 
ported by our data which indicates that about 3 striae 
per membranelle were present in unfed individuals). 
Should a tintinnid come in contact with food, they 
would have the capability for some prey capture if a 
small number of striae and capsules were available for 
use. 

The occurrence of the striae and capsules as prob- 
able organelles for prey capture in tintinnids suggests 
that it is unlikely that tintinnids solely act as passive 
filter feeders. Rather, they 'search' their surroundings, 
probably using feeding currents, as well as other 
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methods, to bring prey towards them. Once in contact 
with the oral membranelles some food items (particu- 
larly non-motile ones) are likely to be trapped among 
the oral ciliature or passively enter the cytostome (as 
part of 'dead zones' of no water current near the cyto- 
stome or within the bucal cavity: Nisbet 1984) while 
other prey are trapped by the action of the striae/ 
capsules. The trapping may be mediated by enzymatic 
action, projectile discharge or adhesion. 

It is unlikely that all food encountered is captured. 
Certainly prey size and degree of vigor will effect 
capture retention efficiencies. Also, the ability of the 
tintinnid cytostome to accomodate a given prey item is 
important (Capnulo 1982). Lastly, the likely probabil- 
ity that tintinnids are capable of chemosensory activity 
(something which Capriulo has anecdotally observed 
on many occasions) will change encounter frequencies 
in a non-random way. Chemosensory hunting coupled 
with active predation via extrosomal hscharge surely 
will force us to view these protistan predators in a new 
light. 
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