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Abstract 

Laboratory experiments were used to determine the 
effects of temperature and light on the feeding rate of 
Favella sp., a coastal tintinnid which b a predator on 
dinoflagellates. At prey densities of 80-800 dinoflagel­
lates ml-', clearance rates were relatively independent of 
temperature between 8 and 2,0 oc with a Q,o respo·nse of 
1.0 to f.l. Light intensity, prey density, and interactions 
between these two parameters usually had statistically 
significant effe·cts on clearance rate. In culture vessels, 
Favella aggregates in areas of high prey density. We feel 
that the effects of light on feeding rate are due to aggre'­
gation of the prey and the subsequent aggregation of 
Favella and are thus' prey density effects on a micro­
spatial scale. 

MoTS-CLES Temperatur'e. 
Lumiere. 
Taux d'ingestion. 
Tintinnidiens. 

Effets de Ia temperature et de Ia lumiere 
sur le taux d'ingestion de Favella sp. 

(Protozoaires cilies, sous-ordre des Tintinnidiens). 

Des experiences au Jaboratoire ont permis de determiner 
Jes ,effets de la temperature et de ]a lumii~re sur le taux 
d'ingestion de Favella sp., un tintinnidien cOtier prCda­
teur de dinoflagelles. Avec des densites de 80 a 800 dino­
flageHes ml-\ les taux de filtration etaient relativement 
independants de Ja temperatur,e entre 8 et 20 oc avec un 
QlO de 1,0 a 1,1. L'intensite de ]a lumiere, la densite des 
proies, et les jntera,ctions entre ces deux parametres 
avaient habituellement des effets significatifs sur le taux 
de filtration. Dans les recipients de culture, Favella se 
rassemble dans les zones ou les proies sont tres d·enses. 
Nous pensons que les effets de Ja lumiere su-r le taux de 
filtration sont dus a l'agregation des proies et a l'agrc­
gation de Favella qui en resulte, et sont ainsi des effets 
de la densite des proies a uhe microe.chelle spatiale. 

(1) Contribution N° 49,54 from the ':Voods Hole Oceanographic Institution. Thi·s research was supported by the 
Department of Commerce NOAA Office of Sea Grant Under Grant Nos. NA 79A-D-00102 and NA80AA-D-00077. 

* W·oods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543 (U.S.A.). 
** Present address: The Bigelow Laboratory for Ocean Sciences, ':Vest Boothbay Harbor, Maine 04575 (U.S.A.). 
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Tintinnids (ciliated protozoa, suborder Tintin­
nina) are a major component of microzooplankton 
(BEERS & STEWART, 1967, 1969, 1971 ; JOHANSEN, 
1976 ; CAPRIULO & CARPENTER, 1980) and are impor­
tant consumers of nanophytoplankton (BLACKBOURN, 
1974 ; JOHANSEN, 1976 ; HEINBOKEL & BEERS, 1979 ; 
CAPRIULO & CARPENTER, 1980 ; RASSOULZADEGAN & 

ETIENNE, 1981 ). Tintinnids, and other pelagic ciliates, 
by growing rapidly in response to phytoplankton 
blooms may act to stabilize planktonic communities 
(BEERS & STEWART, 1971 ; JOHANSEN, 1976; IBANEZ 
& RASSOUI"ZADEGAN, 1977 ; CAPRIULO· & CARPENTER, 
1980 ; LANDRY et al., 1980 ; STOECKER & ANDERSON, 
unpublished data). 

Little information on the effect of temperature on 
the feeding rates of tintinnids is available, although 
a Q

10 
response of 2 has been assumed (HEINBOKEL & 

BEERS, 1979). Another assumption often applied to 
tintinnid feeding studies is that light has little or 
no influence on feeding rates. HEINBOKEL (1978 b), 
using relatively undisturbed field assemblages of 
tintinnids, found no significant die! periodicity in 
feeding behavior, which is consistent with BLACK­
BOURN's (1974) laboratory experiments using Tintin­
nopsis parvula and T. cylindrica grazing on Pavlova 
(formerly Monochrysis) lutheri. RASSOULZADEGAN 
(1978) found that ingestion rate was higher when 
Favella ehrenbergii was incubated in the light than 

in the dark with natural assemblages of particles ; 
however, RAssouLZADEGAN did not conclude that 
there was a direct relationship between ingestion rate 
and light. 

vVe conducted experiments in the laboratory to 
determine the effects of temperature and light on 
the feeding rate of Favella sp. (1 ). Members of this 
genus often co-occur with dinoflagellate blooms 
(KUTT & MARTIN, 1975 ; VVHITE, 1979 ; STOECKER & 

ANDERSON, in prep.). The Favella sp. used in the 
experiments described herein not only requires 
dinoflagellates as food (GoLD, 1970), but is a selective 
predator on this algal taxon (STOECKER et al., 1981) 
although it also preys on other ciliates (STOECKER, 
in prep.) ; other members of this genus may be less 
selective. RASSOULZADEGAN (1978) found that Favella 
ehrenbergii consumes particles up to 33 ~dH in equi­
valent spherical diameter and thus may compete 
with copepods for food. Conversely, Favella may 
serve as food for macrozooplankton. In the labora­
tory, copepods (Cenlropeges spp.) prey on Favella sp. 
(CowLES & STOECKER, unpublished data). Favella is 
also consumed by larval fish (NMFS, 1980). At least 
seasonally, Favella sp. may play an important role 
in some coastal ecosystems, both as a consumer of 
phytoplankton, particularly dinoflagellates, and as 
a consumer of other ciliates, and as a food for larger 
zooplankton. 

METHODS 

Feeding studies. 

Five strains of Favella sp. isolated from coastal 
waters (Table I) were used in the feeding expe­
riments. vVe used tintinnids from actively growing, 
non-cyst forming cultures in the feeding experi­
ments. It was necessary to use different strains at 
different times because cultures of a particular 
strain did not always meet these criteria and because 
we lost several strains used in the early experiments. 
We used the procedures described in STOECKER et al. 
(1981) to isolate and culture Favella except that aged, 
diluted Sargasso seawater (5 parts seawater to 1 part 
distilled water) was used to make the tintinnid cul­
ture medium SWT, and the dinoflagellate culture 
called Strain Gymno, recently identified as Hetero­
capsa pygmaea by LoEBLICH et al. (1981), was the 

sole algal food for routine maintenance. For the 
feeding experiments, in addition to Heterocapsa 
pygmaea, the dinoflagellates used included Scrip­
psiella troclwidea (Stein) Loeblich III (Strain Peri), 
Heterocapsa triquerta (Ehr.) Stein (stain A 984) ; 
Gonyaulax tamarensis Lehour (Isolate 469, originally 
from A.R. Loeblich III) ; and Tlwracosphaera heimi 
(Lohm) Kampt (Strain A 603), which has recently 
been shown to be a dinoflagellate rather than a 
coccolithophore (TANGEN et al., unpublished). Thora-

(1) Oral lo·rica diameter of our cultured individuals and 
the natural populations from which they ·were isolated 
is 72-7'5 '[,till. Specimens of this species have been referred 
to as F. ehrenbergii by STOECKER et al. (1981), following 
descriptions by GoLD & MonALES (1975), but these are 
cons-istently smaller than F. ehrenbergii (Clap and Lachm.) 
.Jiirg. described from European coastal waters (LAVAL­
PEUTO & RASSOULZADEGAN, personal communications), 
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TABLE I. - Favdla Isolates. 

TABLEAU I. -- Origines des souches de Favella. 

Strain Date isolated Location' Surfa-ce ·water 
temperature (°C) 

BHFav 
PPFav 
MPFav 
SPFav 
NPP 

10- 3-79 
5- 1-80 
5-27-80 
5-27-80 

Boston Harbor, MA 15 
11 
17 
17 
11 10- 3-80 

Perch Pond, Falmouth, MA 
Mill Pond, Chatham, MA 
Salt Pond, Eastham, MA 
Perch Pond, Falmouth, MA 

cosplzaera, although a dinoflagellate, is non-motile 
except for a short time immediately after the onset 
of the light period. All were cultured as previously 
described (STOECKEH et al., 1981). We maintained 
our stock cultures, with the exception of G. tama­
rensis which was grown at 15 oc, at 20 o because 
Fauella and the dinoflagellates we used in the 
feeding experiments grew well at this temperature. 

All experiments, except for the Fauella distri­
bution experiment (Fig. 1), were run in duplicate 
or triplicate in 5 ml of SWT in 25 X 150 mm Pyrex 
glass culture tubes incubated with 25 tintinnids, 
without prior acclimatization, for 7 to 10 h at 8, 15, 
or 20 o C. These experimental conditions were used 
for several reasons. Fauella sp. occurs in Massa-

VERTICAL DISTRIBUTION of FAVELLA (%) 
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FIG. 1. - Verti~al distribution of Favella in tissue culture 
flasks in the j)l'esence of four dinoflagellates in the light. 
(Interval 1 is at surface, interval 6 is at bottom.) 

FIG. 1.- Distribution verticale de Fa vella dans des flacons 
pour culture de tissus en presence de quatre dinofla­
gelles a la lumiere. (lntervalle 1 en S!lr[ace, intervalle 6 
au fond.) 

I 

chusetts during the spring and fall when water tem­
peratures are changing r.apidly. The highest Fauella 
densities (5 Fauel/a ml-1 have been observed at 
certain depths ; lower concentrations are observed 
in whole water column samples) occur at tempe­
ratures between 15 and 20 oc although Fauella has 
also been observed at higher (23°) and lower (11 °) 
temperatures (STOECKER et al., in prep.). In these 
shallow waters, the temperature differential between 
the surface and bottom can he as great as 5 oc ; 
Fauella appear to cross these vertical thermal gra­
dients (STOECKER et al., in prep.). We believe that 
Fauella is exposed to wide and rapid changes in 
temperature. Thus, except for 8 oc, the temperatures 
used in this study are typical of those to which 
Fauella is exposed to in situ. 

The culture chambers were illuminated by cool­
white (Sylvania Co.) fluorescent lighting and light 
intensities. were determined using a QSL-100 irra­
diance meter (Biospherical Instruments, Inc.). The 
light intensities employed (53 to 230 ttE m-2 sec_l) 
are similar to those at the depths (3 to 4.5. m) at 
which we found the greatest density of Fauella in 
one field .study although subsequently we have also 
observed Fauella nearer the surface during the day 
(STOECKER et al., in prep.). To keep tubes in the 
dark we wrapped them in aluminium foil. 

With the exception of T. l!eimi, the dinoflagellate 
species· used in the feeding experiments are ones 
which co~occur with Fauella sp. in Massachusetts 
estuaries. With the exception of one experiment 
with T. heimi (Experiment No. 5, Ta'ble lll), the 
experimental dinoflagellate densities are within the 
upper range of dinoflagellate densities which have 
been observed in the estuaries where we find 
Fauella sp. After incubation, the contents of the 
tubes were fixed with Lugol's solution, the algal 
densities were determined by counting 200 to 
300 cells using appropriate counting chambers for 
the cell sizes and densities (GUILLAHD, 1973); and 
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all tintinnids were counted by removal with a 
micropipette using a dissecting microscope. 

FROST's equations (1972) were used to calculate 
the average algal cell concentration ( « C » ), volume 
swept clear (F), and ingestion rate (I) for the feeding 
experiments. In all experiments for which data are 
presented, the number of tintinnids at the end of 
the experiment was about the same as the number 
initially added, therefore, use of exponential equa­
tions to calculate the average number of tintinnids 
(HEINBOKEL, 1978 a) was not necessary. Experiments 
in which tintinnid survival was poor are not 
included. 

The Q
10 

for F was calculated as : 

10 

Q,o = 
Fl 

where F
1 

and F
2 

are the volumes swept clear at 
temperatures T

1 
and T

2 
(ScHMIDT-NIELSEN, 1975). 

Observations on microdistribution. 

\Ve used disposable 50 ml Falcon tissue culture 
flasks to observe the distribution of Fauella in the 
presence of different dinoflagellates. The flat-sided 
tissue culture flasks (which for tissue culture are 
used with the long axis horizontal) were stood on 
end and marked at 1 em intervals for 6 em. Forty­
five ml of SWT (which fills the flasks to 6 em) 
containing 104 cells ml-1 H. pyymaea or Thoracos­
phaera, 103 cells ml-1 H. triquetra, or 5 x 102 cells 
ml-1 of Scrippsiella was put in each flask, and, after 
the motile dinoflagellates had resumed swimming, 
100 Fauella (Strain NPP) were added. The flasks 
were then incubated for 2 h at 20 o C in the light. 
We used a 10 X hand lens 4 em in diameter to 
observe the Fauella and count the number of indi­
viduals in each centimeter interval ; about 70 per­
cent of the Fauella added were counted using this 
technique. 

RESULTS 

The feeding rates at 8, 15, and 20 oc in light and 
dark using several prey species are shown in 
Table II. There was little variation in clearance or 
ingestion rates between replicates. Our first Q10 

experiment was run in the light and we observed 
lower clearance and ingestion rates at 15 oc than 
at the bracketing temperatures (Table II). This ano­
malous result led us to check the light intensities 
in the incubators used for this feeding experiment 
and we found that the light in the 15 o incubator 
was lower than in · the other two incubators 
(Table II). We then ran a similar Q

10 
experiment in 

the dark and found that under these conditions the 
15 oc feeding rates were not lower than the rates 
at 8 and 20 oc. These results made us suspect that 
light alone may have an effect on Fauella's interac­
tion with its prey, however, an interaction between 
light and temperature can not be ruled out by these 
results. If the anomalous result at 15 o in the light 
is ignored, the Q

10 
response between 8 o and 20 oc 

for clearance rate is between 1.0 and 1.1 (Table II). 
In experiment 3 (Table Ill), we used Two-Way 

Analyses of Variance (SoKAL & RoHLF, 1969) to test 

for significance of the effects of dinoflagellate den­
sity and illumination (light vs. dark) on clearance 
rates. In the experiment with Heterocapsa triquetra 
as prey, the effects were non-significant at the 5 % 
level (Fs for subgroups = 5.6045). When Gonyaulax 
tamarensis was used as prey, the effect of concen­
tration was non-significant (Fs = 0.2339) but clea­
rance rates were higher in the light than dark. 
(Fs = 41.8097 ; p < 0.005). Interaction between the 
two factors was non-significant (Fs = 3.4065). With 
Scrippsiella trochoidea, clearance rates were higher 
at the lower algal cell concentrations (Fs = 122.6449; 
p < 0.001) and in the light (Fs = 141.8245; 
p < 0.001). Interaction between the two factors 
affected clearance rates (Fs = 23.0627 ; p < 0.01). 

The experiments with Tlwracosphaera heimi 
(numbers 4 and 5, Table Ill) were analysed using a 
Single Classification Analysis of Variance (SOKAL & 

RoHLF, 1969) to test for the effects of light on clea­
rance rate. The differences were not statistically 
significant at the 5 % · level in experiments 4 
(Fs = 1.9974) or 5 (Fs = 0.0202). 

The predation rates of Fauella were compared at 
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TABLE II.- Feeding Rates of Favella (a) at 8 Temperatures. 

TABLEAU II. - Taux d'ingestion de Fav·ella iz 8 temperatures. 

Mean± S.D. 
Exp. No. Illumination Dinoflagellate Temperature ("C) Q,o 

<c> F 

Light (b) H. triquetra 8 795 ± 21 22.2 ±1.5 16.9±1.2 1.10 
15 759 ± 28 19.3±0.9 14.6 ± 0.5 
2·0 779 ± 19 24.9 ± 0.7 19.4±0.7 

G. tamarensis 8 410 ± 6 17.4 ± 0.8 7.1±0.3 1.11 
Hi 411 ± 6 14.0 ± 1.4 5.8 ± 0.6 
20 413 ± 6 19.7±1.3 8.2 ± 0.6 

S. trochoidea 8 83 ± 3 14.1 ± 1.7 1.2 ± 0.2 1.09· 
15 82 ± 9 12.7 ± 3.8 1.0 ± 0.2 
20 82 ± 3 15.7 ± 2.5 1.3 ± 0.2 

2 DaTk H. triquetra 8 210 ± 0 3.5 ± 0.2 0.7 ± 0.0 1.00 
15 210 ± 1 3.4 ± 0.0 0.7±0.0 
20 200 ± 6 3.3 ± 0.6 0.7 ± 0.1 

G. tamarensis 8 108 ± 4 8.8 ± 0.5 0.9 ± 0.0 1.09 
15 . 107 ± 3 8.9 ± 0.8 1.0±0.1 
20 108 ± 1 8.9 ± 0.2 1.0 ± 0.0 

(a) Strain BHFav; 3 replicates in Exp. 1, 2 replicates in Exp. 2. 
(b) Approximately 200 ~-tE m- 1 at 8 and 20°, 40-100 ~-tE m-" sec-1 at 15 "C. 

S.D. = Standard deviation. 
< C > = Av. cell algal concentration (cells ml-1

). 

F = Volume swept clear C~-tl tintinnid-1 h-1
). 

I = Ingestion rate (cells eaten tintinnid-1 h- 1). 

Q10 = Qw for F calculated from 8 to 20 °C. 

TABLE III. - Feeding rates of Favella (a) in light and dark. 

TABLEAU III. - Taux d'ingestion de Favell a a la lzzmiere et a l'obscurite. 

Exp. No. Illumination Dinoflagellate c, 

3 Light H. triquetra 500 
Dark 500 
Light 100 
Dark 100 

Light G. tamarensis 500 
Dark 500 
Light 100 
Dark 100 

Light s. trochoidea 500 
Dark 500 
Light 100 
Dark 100 

4 Light T. heimi 803 
Dark 803. 

5 Light T. heimi 8 460 
Dark 8 460 

(a) Exp. 3 : Strain PPFav, 15 "C, 100 ~E m-2 sec-1 in light; 
Exp. 4 : Strain NPP, 20 °C, 215 ~-tE m-2 sec-1 in light; 
Exp. 5 : Strain SPFav,. otherwise same as Exp. 4. 

(b) Two replicates. 
S.D. = Standard deviation. 

C, = Nominal cell concentrati·on at time. h (ce'lls ml-'). 
< C > = Av. algal cell concentration (cells ml- 1). 

F = Volume swept clear C~-tl tinHnnid-1 h- 1). 

I = Ingestion rate (cells eaten tintinnid-1 h- 1). 

Mean± S.D. (b) 

<C> F I· 

398 ± 9 22.8 ± 1.7 9·.1 ± 0.4 
544 ± 7 7.7±0.6 4.2 ± 0.4 
171 ± 36 8.2 ± 8.2 1.3 ± 1.1 
155 ± 3 9.0 ± 2.3 1.4 ± 0.4 

422 ± 3 24.0 ± 1.2 10.1 ± 0.6 
674 ± 4 7.7 ± 1.4 5.2 ± 1.0 
150 ± 16 21.3 ± 3.3 3.2 ± 0.2 
189 ± 9 12.3 ± 4.0 2.3 ± 0.7 

550 ± 18 14.1 ± 1.7 7.7±0.7 
555 ± 21 7.5 ± 1.3 4.1 ± 0.6 
134 ± 7 28.8 ± 1.5 3.9 ± 0.0 
14·6 ± 5 13.3 ± 0.2 2.0 ± 0.1 

705 ± 11 3.1 ± 0.4 2.2 ± 0.2 
721 ± 11 2.6 ± 0.4 1.9 ± 0.3 

7694±317 0.9 '± 0.4 &.7 ± 2.7 
7 653 ± 243 0.9 ± 0.3 6.8 ± 2·.1 
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TABLE IV. - Feeding rates of FaveHa (a) at different light intensities. 

TABLEAU IV. - Taux d'ingestion de Favella a differentes intensites lumineuses. 

Dinoflagellates 

G. tamarensis 

S. trochoidea 

Light intensity 
(JJ,Em-o sec-1) 

0 
53 

108 
208 

0 
53 

108 
208 

(a) Strain MP-Fav; 15 °C, 2 replicates. 
S.D. = Standard deviation. 

371 ± 17 
338 ± 2 
337 ± 2 
315 ± 3 

756 ± 11 
69-5 ± 13 
726 ± 2•6 
679 ± 8 

1\[ean ±S.D. 

F 

4.1 ± 1.0 
9.1 ± 1.4 
6.6 ± 0.8 
8.5 ± 0.4 

4.7 ± 0.3 
8.1 ± 0.7 
5.8 ± 1.2 

. 7.6 ± 1.3 

2.7 ± 0.1 
2.2 ± 0.2 
3.0 ± 0.5 
1.5 ± 0.3 

3.6 ± 0.2 
5.6 ± 0.4 
4.2 ± 0.8 
5.2 ± 0.8 

< C > = Av. algal cell concentration. 
F = Volume swept clear (JJ,l tintinnid-1 h-1). 

I = Ingestion rate (cells eaten tintinnid-1 h-1). 

four light intensities using Gonyaulax tamarensis 
and S. trochoidea as prey (Table IV). Data were 
analysed using a Two--Way Analysis of Variance 
with the Least Significant Difference (LSD) statistic 
used for a priori comparisons among means (SOKAL 
& RoHLF, 1969). The combined effect of algal species 
and density was insignificant at the 5 o/o level 
(Fs = 1.1903) but light intensity did have a signi­
ficant effect (Fs = 15.6365 ; p < 0.005). At the 5 o/o 
significance level (LSD = 2.2193), clearance rates 
of cultures exposed to dim light (53 !J.E m-2 sec-1) 

were higher than those in the dark or exposed to 
108 !J.E m-2 sec---1. 

We observed the spatial distribution of Favella 

incubated in tissue culture flasks in light (230 !J.E 
m-2 sec-1 ) with different dinoflagellates. Favella's 
distribution was influenced by that of the dinofla­
gellate prey (Fig. 1). With the motile dinoflagellates 
Heterocapsa pygmaea, Heterocapsa triquetra, and 
Scrippsiella, over 50 o/o of the Favella counted were 
found in the top centimeter where the dinoflagellates 
were swarming ; many Favella were observed 
feeding with the oral end oriented towards the air­
water interface. However, in the flask containing 
Thoracosplwera, which lies on the bottom, over 
50 o/o of the Favella counted were in the bottom 
centimeter interval ; most of these were feeding 
with the oral end oriented toward the bottom. 

DISCUSSION 

In our Q
10 

experiments (Table II), clearance and 
ingestion rates were little influenced by tempera­
ture over a temperature range (8-20 °C) bracketing 
the temperatures at which we collected Favella 
(Table 1). This is consistent with BLACKBOURN's 
(1974) laboratory experiments using Tintinnopsis 
.wbacuta and T. parvula. However, we do not know 
whether filtering or food particle handling was the 
rate limiting step in our feeding experiments. 

In labor.atory experiments using algal monocul­
tures as food, ingestion rates of tintinnids typically 
'increase with increasing food concentrations until 

a maximum rate is obtained (HEINBOKEL, 1978 a). 
Likewise, RASSOULZADEGAN & ETIENNE (1981), using 
natural assemblages of particles, found that the 
ingestion rate of the tintinnid Stenosemella ventri­
cosa (Clap and Lachm) Jorg. feeding on particles 
beween 1.3 and 27 !J.m seemed to be a function of 
particle concentration. Clearance rate (volume swept 
clear tintinnid-1 h-1 ) could be expected to remain 
relatively constant with increasing food concen­
trations as long as the food concentration was 
below that at which the maximum ingestion rate 
is obtained ; at this food concentration ingestion 
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and clearance rates are probably limited by the 
time it takes a food particle to be phagocytized 
(FENCHEL, 1980) rather than limited by the filtering 
rate. 

It is possible that temperature changes influence 
the filtration rate differently than food particle 
handling time. Therefore the Q

10 
response for clea­

rance rate could depend on food concentration, 
because food concentration should control which 
step is rate limiting. In the experiments reported 
herein, prey densities generally were in the upper 
range of those Favella sp. would encounter in situ, 
it is possible that Favella would exhibit a more 
typical Q

10 
response for feeding at lower prey 

densities. 
In the laboratory, light had a positive, statistically 

significant effect on clearance rate of Favella when 
motile dinoflagellates were prey except in the expe­
riment with lleterocapsa triquetra (Tables Ill 
and IV). However, we believe that light may have 
had a positive effect on feeding in the lleterocapsa 
experiment but that the lack of statistical signifi­
cance could be due to the large amount of variation 
in the light 100 treatment group. These results are 
consistent with RASSOULZADEGAN's (1978) observation 
that predation by Favella ehrenbergii on natural 
particle assemblages was greater in bottles incubated 
in the light than in the dark. However, these results 
with Favella species are different from results 
obtained with other tintinnids. BLACKBOURN (1974), 
using T. parvula and T. cylindrica, found no statis­
tically significant difference between feeding rates in 
dim light and in the dark. HEINBOKEL (1978 b) found 
no pronounced diel periodicity in feeding behavior 
of total assemblages of field collected tintinnids 
(which did not contain Favella) which could be 
separated from the variability in the individual 
grazing estimates. 

With a non-motile prey, Tlwracosplwera l1eimi, 
there was no pronounced, consistent difference 
between light and dark clearance rates (Table Ill). 
However, because of the low clearance rates with 
T. heimi as prey, the results should be interpreted· 
with caution. 

Differences in the behavior of the dinoflagellate 
prey in the light and dark, rather than solely light 
effects on the tintinnids themselves, may be respon­
sible for the observed differences in feeding rates. 
The simplest explanation is that under certain light 

conditions the distribution of dinoflagellates in the 
culture vessels is clumped (i.e. swarms occur) and 
that this can increase the predation rate of Favella 
on the dinoflagellate cells. This interpretation is 
consistent with the phototactic response of dino­
flagellates and their concentration at particular 
depths under certain light conditions (EPPLEY et al., 
1968), with the ability of Favella to aggregate in 
areas of high prey density (Fig. 1), and with the 
dependence of ingestion rates on food concentrations 
(HEINBOKEL, 1978 a ; FENCHEL, 1980 ; RASSOUL2:A.­
DEGAN & ETIENNE, 1981 ; and Table lll). This inter­
pretation suggests that other factors that can effect 
the behavior of dinoflagellates such as nutrient avai­
lability (CULLEN & HORRIGAN, 1981) and temperature 
gradients (KAMYKOWSKI, 1981 ), can also affect their 
susceptibility to tintinnid predation. 

From our observations we do not know if Favella 
is actively attracted to high prey densities or if 
Favella accumulates in areas of high prey density . 
because of changes in its swimming behavior upon 
entering a prey patch. The non-random distribution 
of Favella in the culture vessels is consistent with 
TAYWR & BERGER's (1980) observations of the pat­
chiness on a microspatial scale of ciliates in fresh­
water ponds and with the· vertical distributions of 
Favella and dinoflagellates in shallow estuaries 
(STOECKER et al., in prep.). Tintinnids and other 
microzooplankters may often be exposed to very 
different pr·ey concentrations than those estimated 
by using standard sampling techniques. 

Many factors have to be taken into account to 
extrapolate from laboratory experiments on feeding 
rates to field situations. Even from shipboard expe­
riments, such as those of CARPRIULO & CARPENTER 
(1980), it may be difficult to estimate in situ grazing 
or predation rates because changes in illumination 
or containment iself may change the microspatial 
distribution. of predators and their prey as well as 
altering physical and chemical parameters {ROMAN 
& RuBLEE, 1980) all of which can alter clearance and 
ingestion rates. 
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