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INTRODUCTION

Ciliates play a major role in the transfer of energy
and material through the pelagic food web (Beers &
Stewart 1967, Pierce & Turner 1992). Planktonic cili-
ates are believed to feed on nanoplankton (Heinbokel
& Beers 1979, Capriulo & Carpenter 1983, Verity 1987)

and picoplankton (Sherr et al. 1986, Rassoulzadegan et
al. 1988). In oligotrophic systems, where pico- and
nanoplankton are the dominant size fractions in terms
of biomass and primary productivity (Riley 1957, Li et
al. 1983, Platt et al. 1983, Landry et al. 1996), ciliates
and heterotrophic flagellates are expected to be the
main grazers since copepods are unable to crop these
size classes efficiently (Marshall 1973).

Platt (1985) has expressed doubts on the use of the
term ‘oligotrophic’ in the marine environment since it
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is not clear whether it refers to low autotrophic bio-
mass, low nutrient concentration, or low specific
growth rates. No matter what the definition is, the
Mediterranean exhibits a noticeable gradient of in-
creasing oligotrophy from west to east, in terms of
nutrient concentration (Krom et al. 1991), primary pro-
ductivity (Turley et al. 2000) and autotrophic biomass
(Dolan et al. 1999). Therefore, the Mediterranean
Sea represents a system-model in which one can study
the influence of trophic conditions on the structuring
of the food web. 

Some information on ciliate distribution (Ras-
soulzadegan 1977, 1979, Revelante & Gilmartin 1990,
Bernard & Rassoulzadegan 1994, Dolan & Marrasé
1995, Krsinic 1995, Pitta & Giannakourou 2000) or cili-
ate grazing and growth (Rassoulzadegan 1982, Sherr
et al. 1989, Ferrier & Rassoulzadegan 1991, Pérez et al.
1997, Christaki et al. 1999) is now available, mainly
from the Western and Central Basins. However, little
is known about ciliate trophic modes (mixotrophy, het-
erotrophy) and size classes (nano-, micro-) which co-
exist within the food web and may take advantage
of different food resources. Since in oligotrophic en-
vironments food is not only limited but also partitioned
in terms of size, potential changes in ciliate commu-
nity structure may affect the grazing impact of these
organisms. 

During a recent study of planktonic ciliates in the
Mediterranean (Dolan et al. 1999), the Eastern Basin
was found to contain a more diverse tintinnid commu-
nity. In the Eastern Mediterranean, Pitta & Gianna-
kourou (2000) have shown that 36% of ciliate abun-
dance were smaller than 18 µm, of which 33% were
mixotrophic. 

The grazing impact and feeding activity of plank-
tonic ciliates have been investigated in many studies
(Pierce & Turner 1992 and references therein) using
different approaches, either offering labeled or unla-
beled prey, or prey analogues to single ciliate species
(Rassoulzadegan 1982, Jonsson 1986, Bernard & Ras-
soulzadegan 1990, Kivi & Setälä 1995) or using the
dilution method (Landry & Hassett 1982) at the com-
munity level (Burkill et al. 1987, Paranjape 1987, Gif-
ford 1988, Stelfox-Widdicombe et al. 2000). The cell
content method has been employed in laboratory
experiments to estimate ingestion and digestion of
single species of ciliates (Dolan & Coats 1991, Dolan &
2imek 1997). It has also been used to assess the role of
tintinnids as primary production consumers (Kopylov
& Tumantseva 1987), to estimate the partitioning of
the food ration of oligotrichs between pico- and
nanoplankton (Rassoulzadegan et al. 1988) and to
assess the role of picoplankton in the diet of tintinnids
(Bernard & Rassoulzadegan 1993). The last 2 studies
have been carried out in coastal waters and have

examined part of the ciliate community, either oligo-
trichs or tintinnids. To our knowledge, this technique
has not been previously used to estimate the grazing
impact of the entire ciliate community in field samples. 

Thus, the purpose of the present study was to exam-
ine the structure of the ciliate community along the
Mediterranean Sea with emphasis on trophic modes
(heterotrophy, mixotrophy) and size structure (nano-,
micro-). Particular effort was made to estimate the con-
sumption of primary production by the entire ciliate
community and to relate changes in ciliate community
structure to the grazing impact. To this end, the cell
content method was used in field samples, and ciliate
ingestion on photosynthetic prey (Synechococcus and
photosynthetic algae) was estimated by enumeration
of this prey in every single ciliate cell encountered in
the samples. 

MATERIALS AND METHODS

In June (7 to 28) 1999, 9 stations (Stns S1 to S9) were
sampled in the Mediterranean Sea along a west-east
transect (5 to 35° E, Fig. 1). All stations were estab-
lished offshore, at bottom depths ranging from 1300
(Stn S7) to 4030 m (Stn S6). Samples were collected
around midday (12:00 h, local time) at a 1, 10, 20, 50,
75, 100, 120, 150 and 200 m water depth, by means of
a CTD-rosette using 10 l Go-Flo bottles. Profiles of
water-column structure (temperature and salinity)
were performed with a Seabird CTD profiler and in
situ fluorescence was recorded with a Chelsea in situ
fluorometer.

For ciliate enumeration, 500 ml of whole water was
preserved with borax-buffered formaldehyde (final
concentration 2%). The samples were stored at 4°C in
the dark and examined within 3 mo of collection.
Before examination, samples were left to settle in their
bottles in the dark at 4°C and after 48 h, the top 400 ml
of the sample was slowly siphoned off. The bottom
100 ml of the sample was transferred into settling
chambers, allowed to settle for 24 h and was finally
examined with an Olympus IX-70 inverted microscope
at 200×. The microscope was equipped for transmitted
light, phase-contrast and epifluorescence microscopy.
Blue light excitation (DM 500 nm dichroic mirror, BP
420 to 480 nm exciter filter, BA 515 nm barrier filter
and a 100 W mercury burner) was used to detect
chlorophyll autofluorescence and to distinguish plas-
tidic from non-plastidic ciliates. Examination of the
supernatant (top 400 ml of sample siphoned) showed
minimal cell loss (0 to 6%) during the above sample
concentration process. 

A problem associated with the preservative choice is
the possibility of affecting the apparent importance of
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loricate and aloricate ciliates since tintinnids are ex-
pected to be more robust to preservation. Buffered
formaldehyde (final concentration 2%) is often used
especially when we need to know about the trophic
status of ciliates. Stoecker et al. (1989) established that
samples preserved in buffered formaldehyde lost 10 to
20% of aloricate ciliates compared to samples pre-
served in acid Lugol’s iodine solution, whereas Reve-
lante & Gilmartin (1983) estimated this loss to be 30 to
70%. In this study, duplicate samples taken from 4 sta-
tions and 3 depths were fixed with both formaldehyde
and acid Lugol’s iodine solution. When samples were
analysed within a 3 mo period, no significant differ-
ences in aloricate numbers were found between sam-
ples fixed with either of the 2 fixatives (ANOVA, p >
0.05). However, after that period, the aloricate popula-
tion in formaldehyde samples showed a reduction of
30 to 59% compared to Lugol’s (A. Giannakourou
unpubl. data). 

In this study, the orders Oligotrichida, Choreo-
trichida and Tintinnida (Laval-Peuto 1994, Laval-Peuto
et al. 1994) are studied. The first 2 comprise aloricate
and the third loricate species. Ciliates other than
choreotrichs are not presented in this study since at all
stations they comprised less than 1% of total abun-
dance. Plastidic ciliates are those species retaining
plastids (some members of the order Oligotrichida),
while the terms mixotrophic and heterotrophic de-
scribe the trophic activity of the various ciliate species—
this being both phagotrophic and phototrophic in the
case of mixotrophs, and phagotrophic only in the case
of heterotrophs. The term nanociliates is used to de-
scribe the aloricate species smaller than 18 µm.

Oligotrich and choreotrich ciliates were identified
down to genus or species level where possible, follow-

ing Maeda & Carey (1985), Maeda (1986), Laval-Peuto
& Rassoulzadegan (1988), Lynn et al. (1988, 1991),
Montagnes et al. (1988, 1990), and Montagnes & Tay-
lor (1994). Tintinnids were identified to species level,
based on the lorica shape and dimensions after Jør-
gensen (1924) and Balech (1959). 

Cell sizes were measured with an ocular micrometer
and converted into cell volumes using appropriate
geometric formulae (Peuto-Moreau 1991). According
to Stoecker et al. (1992), the factors used to convert
biovolumes to biomass are influenced by taxon as well
as the fixation method. During this study, the conver-
sion factor 0.14 pg C µm–3 was used, as has been sug-
gested for ciliates fixed with 2% formaldehyde (Putt
& Stoecker 1989). 

During observation, all ciliates were examined for
fluorescent prey. Under blue light, 2 kinds of prey,
Synechococcus (Syn, orange fluorescence) and photo-
synthetic algae (PN, red fluorescence) were visible
within the ciliates. For each sample, the average num-
ber of prey (calculations were performed separately
for Syn and PN) per ciliate (aloricate or tintinnid sepa-
rately) was estimated as

[(x0 × 0) + (x1 × 1) + (x2 × 2) + (x3 × 3) + … + (xn × n)] / 
(x0 + x1 + x2 + x3 + …+ xn) (1)

where x0, x1, x2, x3, …, xn = the number of ciliates con-
taining 0, 1, 2, 3, …, n prey respectively. Within the cil-
iate cells, we were able to reliably distinguish up to 12
PN and 14 Syn. 

The number of prey per ciliate was not found to be
significantly different among sampling depths at the
stations examined (2-way ANOVA, p > 0.309). There-
fore, it was decided to calculate a single value for each
station taking into account all depths. To this end, val-
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Fig. 1. Sampling stations in the Mediterranean Sea during the TransMediterranean sampling cruise (June 1999) 
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ues were weighted for the abundance encountered at
different depth layers

(2)

where S = average prey content in the station, ci =
number of ciliates at depth i, and pi = average number
of fluorescent prey per ciliate at depth i.

The ingestion rate (IR) of ciliates on PN or Syn (prey
number ciliate–1 h–1) was calculated according to Sherr
et al. (1988) as modified by Dolan & 2imek (1997).

IR =  (cell content at steady state) ×
(digestion rate k) (3)

A digestion rate (k) of 0.924% cell content min–1 was
used. This digestion rate corresponds to a mean half
food vacuole passage time of 75 min as determined by
Dolan & 2imek (1997) for Strombidium sulcatum graz-
ing on a series of different prey (fluorescent micro-
spheres, Synechococcus and Isochrysis galbana). Re-
garding tintinnid species, in the only existing study,
Kopylov & Tumantseva (1987) experimentally calcu-
lated a similar half digestion time of approximately 1 h
(60 ± 10 min) for 2 tintinnid species feeding on algae.
Since no other studies exist on the digestion rate of
photosynthetic prey by ciliates, we used Dolan &
2imek’s figure (0.924% cell content min–1) for the
entire ciliate community.

During counting, all ciliates containing fluorescent
prey were identified as tintinnids or aloricates and
further divided into 2 size categories < or >30 µm
according to their lorica diameter or cell length respec-
tively. Ingested prey was also divided into 2 size cate-
gories (< or >3 µm) according to their diameter. Syne-
chococcus was assigned to the small size category. The
cases where more than 1 prey category was found
inside a predator cell were taken into account sepa-
rately; only presence or absence of prey was marked,
irrespective of the number of prey found.

Two-way ANOVA (station by depth) was used in
order to test for significant differences among samples
grouped according to depth or longitude. In order to
test whether the factors investigated (longitude, depth)
had an impact on the community structure (affecting
the species composition and/or the relative abundance
of the species present) multivariate analysis was per-
formed on the tintinnid species abundance data using
non-metric multidimensional scaling (MDS, Field et al.
1982) in the PRIMER software package. Similarities
among samples were calculated by means of the Bray-
Curtis index (Bray & Curtis 1957), and a log(x+1) trans-
formation was applied on the abundance data prior to
analysis in order to normalize data and avoid skew-

ness. Multivariate analysis was performed only on
tintinnid data since this group can serve as ‘ideal’
organisms for the study of changes in the composition
of microzooplankton communities (Thompson et al.
1999). Cumulative plots of species numbers versus
cumulative numbers of individuals were plotted for all
the stations sampled using the ‘nested design’ as rec-
ommended by Rosenzweig (1995).

RESULTS

Vertical distribution, standing stocks, size-classes
and mixotrophy

The water column was characterized by the seasonal
thermocline. Fluorescence profiles during the cruise
indicated a well-established deep chlorophyll maxi-
mum (DCM, Fig. 2). The fluorescence maximum was
detected at 130 m in the furthest east (Levantine Basin,
Stn S2) and at 60 m at the furthest west (northwestern
Mediterranean, Stn S9) of the transect.

Ciliate density ranged from 4 to 350 cells l–1. Maxi-
mal density was encountered at Stn S8, at 50 m depth.
In the Eastern Mediterranean, Stns S1 and S2 showed
a more or less uniform vertical distribution of ciliates in
the upper 150 m layer with low abundance, a slight
maximum at 75 m and a slight decrease below 150 m
(Fig. 2). Stns S3, S4 and S5 presented a more pro-
nounced subsurface maximum at 75 m depth and val-
ues decreased below this depth. The vertical distribu-
tion at Stns S6, S7, S8 and S9 in the Western Basin
showed an extended upper layer characterized by high
density and maxima at 50 or 75 m; density decreased
sharply below 100 m. Maxima of DCM and ciliate
abundance coincided more or less in the Western Basin
but not in the Eastern one. 

Ciliate abundance, integrated to 200 m depth,
decreased by a factor of 2 along the longitudinal tran-
sect from west to east: 23.5 × 106 cells m–2 at Stn S9,
11.2 ×106 cells m–2 at Stn S1 (Fig. 3A). The same was
found to hold true for ciliate biomass, integrated to
200 m depth: 84.8 mg C m–2 at Stn S9, 41.5 mg C m–2 at
Stn S1 (Fig. 3B). 

Aloricate species dominated the depth-integrated
total ciliate abundance and biomass (Fig. 3A,B). Their
relative contribution to total ciliate abundance varied
from 59 to 93% (mean 77%) and to total ciliate biomass
from 49 to 88% (mean 60%). Among heterotrophic
aloricates, Lohmaniella ovalis, Strombidium sphaer-
icum, L. spiralis and S. compressum were the most
abundant species and among mixotrophs Tontonia
simplicidens, S. vestitum, T. ovalis and S. delicatissi-
mum. Tintinnids were a less important group numeri-
cally but due to their large size they comprised an
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important part of the total biomass (up to 54% at
Stns S2 and S3). The most abundant tintinnids were
Amphorella amphora, Dictyocysta mitra var. minor,
Dadayiella ganymedes, Salpingella decurtata and
Undella clevei. 

Nanociliates (aloricate species <18 µm) comprised,
on average, 23% of aloricate abundance at the stations
sampled and 62% were species smaller than 30 µm
(Fig. 4A). However, in terms of biomass, the contribu-
tion of species smaller than 18 and 30 µm to total alori-
cates was less important (2 and 16% respectively).
Along the transect, from west to east, there was no evi-
dent change in the structure of the aloricate commu-
nity in respect of size-classes (Fig. 4A); 18 to 30 µm
species were the most abundant aloricates at all the
stations sampled in terms of integrated abundance.
However, the percentage contribution of the <30 µm
aloricates to total aloricate abundance, calculated per
depth stratum and averaged over all 9 sampling sta-
tions along the Mediterranean transect, increased with
depth, from 54% at 1 m to 81% at 200 m (Fig. 4B). The
same was found to hold true for biomass. 

Mixotrophs comprised an important part of the cili-
ate fauna at the stations sampled, on average 17% of

integrated abundance and 18% of integrated biomass.
Their percentage contribution to total abundance and
biomass was more or less the same along the longitu-
dinal transect, i.e. 16% of biomass in the east and 23%
in the west (Fig. 3A,B). Mixotrophic ciliates decreased
with depth, especially below 100 m, mainly in terms of
biomass; above this depth layer, their distribution was
more or less homogeneous (Fig. 3C,D). Along the lon-
gitudinal transect, there was no spectacular change in
terms of size-class structure of the mixotrophic com-
munity (Fig. 4C). However, the percentage contribu-
tion of the <30 µm mixotrophs to total mixotrophic
abundance, calculated per depth stratum and aver-
aged over all 9 sampling stations along the Medi-
terranean transect, increased with depth, from 32% at
10 m to 69% at 150 m (Fig. 4D). 

Spatial patterns and community structure

Stns S1 and S9 were found to be significantly differ-
ent (ANOVA, p < 0.05) in terms of total ciliate and
tintinnid abundance. Stns S1 and S2 differed signifi-
cantly (p < 0.05) from Stn S7 in terms of total ciliate,
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Fig. 2. Total ciliate abundance (cells l–1) versus depth at all stations sampled. For each group of stations, representative profiles 
are given of temperature (°C) and fluorescence chlorophyll a
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aloricate, heterotrophic aloricate abundance as well as
in terms of 18 to 30 µm aloricates. 

Significant differences among depths were detected
for different components of ciliate fauna in terms of
abundance. Namely, concentrations of total ciliates,
aloricates, heterotrophs and almost all size-classes of
aloricates differed between the upper (down to 100 m)
and the lower layers (p < 0.05). In other cases, such as
tintinnids or various size-classes of aloricates or
mixotrophs, differences were detected only between
some depths without any evident trend. 

Among the 55 tintinnid species identified (Table 1),
14 were found at only 1 station, two-thirds of the spe-
cies in less than half of the stations and only 1 species
(Dadayiella ganymedes) was present at all 9 stations.
On average, the most dominant species at each station
accounted for 16% of the total tintinnid abundance and
the first 2 species for 29% (ranging from 21 to 44%).

In terms of species numbers, the tintinnid assem-
blages did not present a substantial difference along

the Mediterranean transect (Fig. 5A). Stn S1 showed
the lowest number of tintinnid species but also the low-
est abundance. However, the cumulative number of
tintinnid species versus cumulative number of tintin-
nids plotted for all stations sampled (all depths pooled
within each station) from east to west as well as from
west to east (Fig. 5B) presented different patterns:
when going from west to east, there were continuously
new species encountered in the samples whereas few
species were added to the species list when tracking
the opposite direction, east to west. 

On the other hand, multivariate analysis (MDS,
stress = 0.2) of tintinnid species-abundance data for
all the samples examined revealed no evident cluster-
ing or any detectable longitudinal differences with
respect to community structure (Fig. 5C). This fact
implies that the tintinnid community structure (which
largely reflects the abundance of the most abundant
species) was not substantially different along the
Mediterranean transect, from west to east, nor was
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Fig. 3. (A) Integrated abundance (106 cells m–2) and (B) integrated biomass (mg C m–2) of tintinnids, heterotrophic aloricates and
mixotrophic aloricates at all stations sampled. Percentage contribution of (C) abundance and (D) biomass of tintinnids, hetero-
trophic aloricates and mixotrophic aloricates to total abundance, calculated per depth stratum and averaged over all 9 stations

along the Mediterranean transect
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there any pronounced qualitative difference with
depth. 

Cell content of aloricates and tintinnids

All specimens (more than 4100) encountered in the
samples were examined for fluorescent prey. The
average number of prey (Syn or PN) per ciliate (alori-
cate or tintinnid) was estimated for each station
(Table 2). No obvious pattern, quantitative or qualita-
tive, was observed along the Mediterranean transect
(ANOVA, p > 0.05). Tintinnids contained similar num-
bers of PN and Syn per individual (ANOVA, p > 0.05),
i.e. 1.04 ± 0.59 PN tintinnid–1 and 0.94 ± 0.87 Syn
tintinnid–1; this was found to hold true for the alori-
cates as well: 0.22 ± 0.14 PN aloricate–1 and 0.28 ±
0.26 Syn aloricate–1. However, tintinnids ingested

more prey (PN or Syn) than aloricates (ANOVA, p <
0.05), by a factor of 5.

Fig. 6 shows the distribution of the number of
ingested prey items per individual ciliate. In most
cases, both aloricates and tintinnids contained a few
prey whereas some individuals, mainly tintinnids, con-
tained numerous prey, mostly flagellates.

Ingestion rate 

The cell content of tintinnids and aloricates showed
no difference from station to station along the Mediter-
ranean transect (Table 2). Consequently, neither did
the ingestion rate (Table 2) of both groups (ANOVA,
p > 0.05), the estimation of which was based on the cell
content (Eq. 3). Aloricates and tintinnids presented
similar ingestion rates for PN and Syn (ANOVA, p >
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Fig. 4. Percentage contribution of (A) 4 aloricate size-classes to total aloricate integrated abundance at all stations sampled,
(B) different aloricate size-classes to total aloricate abundance, calculated per depth stratum and averaged over all 9 stations
along the Mediterranean, (C) 4 mixotrophic size-classes to total mixotrophic integrated abundance at all stations sampled, (D) dif-
ferent mixotrophic size-classes to total mixotrophic abundance, calculated per depth stratum and averaged over all 9 stations

along the Mediterranean
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0.05). On average, the ingestion rate for aloricates was:
0.14 ± 0.08 PN aloricate–1 h–1 and 0.13 ± 0.10 Syn alor-
icate–1 h–1 and for tintinnids: 0.61 ± 0.42 PN tintinnid–1

h–1 and 0.41 ± 0.53 Syn tintinnid–1 h–1. However, the
ingestion rate of tintinnids for either prey was 3 to 4
times higher than that of aloricates.
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Species % of tintinnid abundance
Stn S9 Stn S8 Stn S7 Stn S6 Stn S5 Stn S4 Stn S3 Stn S2 Stn S1

Undella hyalina 1
Helicostomella subulata 1
Epiplocylis acuminata + 1
Salpingella acuminata + 3 4
Amphorella oxyura 2 4 1 1
Dictyocysta elegans var. lepida 1 1 3
Parundella lohmanni 1 1 1
Dictyocysta mitra var. minor 19 3 1 10 6
Rhabdonella spiralis 1 6 9 2 6
Amphorella amphora 25 2 4 3
Parundella minor 6 1
Tintinnid sp. 35 µm 3 5
Protorhabdonella curta + 1 1 3 1 2
Amphorella torulata 3 10 18 7 5 8 4
Eutintinnus elegans 3 6 4 2 1 11 1
Salpingella subconica + 1
Undellopsis marsupialis 1
Eutintinnus fraknoi 1
Codonella galea 1
Parundella aculeata 3 1 3 3
Amphorella pachytoecus 2 3 1 5 7 6 5
Dictyocysta elegans var. speciosa 3 1 2
Acanthostomella minutissima 12 3 3
Salpingella decurtata 4 9 14 6 4 6 12 11
Steenstrupiella steenstrupii 3 12 11 4 7 1 5 3
Amphorella quadrilineata var. minor 2 4 2 2 3 3
Amphorella pyramidata 3 1
Amphorella quadrilineata 1 1
Proplectella claparedei 3 6 4 9 6
Eutintinnus tubulosus 6 3 3 8 1 4 2 8
Dadayiella ganymedes 12 3 17 10 13 6 4 9 8
Undella subacuta f. acuta 3 4 2 3 15
Stenosemella nivalis 1
Favella azorica 1
Codonaria cistellula 1
Salpingella curta 1 2 3 2
Eutintinnus apertus + 4 4 7 5 8
Dictyocysta mitra f. obtusa 1 3 4
Salpingella rotundata 1 4 1 1 2 8
Salpingella glockentögeri 4 3 1 6 2 8
Eutintinnus lusus-undae 4 6 6 3
Xystonella longicauda 2 2 7 6 9
Canthariella truncata 1
Amphorella urceolata 3 2 3
Xystonella treforti 2 3 15
Undella clevei 21 7 10 13 19 15
Epiplocylis undella var. blanda 1 1
Rhabdonella elegans 6 3 11
Proplectella parva 2 8
Rhabdonella amor 1
Favella ehrenbergii 1
Climatocylis scalaria 1
Xystonellopsis paradoxa 1 3 8
Protorhabdonella simplex 2
Tintinnopsis orientalis 3

Table 1. Percentage of abundance of tintinnid species at all stations sampled. Stations are arranged from west to east and species
are sorted according to their presence-absence in the west-east gradient. +: <1%



Pitta et al.: Planktonic ciliates in the oligotrophic Mediterranean Sea

Size relationships between predator and prey

A high proportion (88%) of aloricates <30 µm was
found to contain small prey items <3 µm; only 8% of
small aloricates ingested large prey >3 µm whereas
4% contained small and large prey simultaneously
(Table 3). As for aloricates 30 to 50 µm, 62% ingested
small prey, 27% ingested large prey and 12% small
and large prey simultaneously. Tintinnids <30 µm in
diameter, ingested small prey (80%), large prey (15%)
or both simultaneously (6%). The selection of larger
tintinnid species was wider: 54% ingested small prey,
29% large prey and 17% ingested large and small
prey simultaneously.

DISCUSSION 

Ciliate distribution and community structure in 
the Mediterranean Sea

The west-east trophic gradient in the Mediterranean
reported in previous studies regarding nutrients
(Béthoux et al. 1992), chl a (Dolan et al. 1999) and pri-
mary productivity (Turley et al. 2000) was also re-
flected in ciliate abundance and biomass. The inte-
grated abundance and biomass of total ciliate in the
Western Basin were double the values in the Eastern
Mediterranean. Another aspect of the longitudinal gra-
dient concerned the vertical ciliate distribution. In the
Eastern Basin, the distribution of total ciliates was rel-
atively uniform down to 200 m. However, in the west-
ern part the maximum ciliate abundance seemed to
follow the chlorophyll fluorescence maximum (shal-
lower compared to east, Fig. 2) and showed pro-
nounced density in the upper layer (50 to 75 m). How-
ever, while quantitatively a gradient was found with
total ciliate abundance and biomass decreasing from
west to east, the qualitative attributes of the offshore
ciliate communities were found to be rather uniform
throughout the Mediterranean in terms of the size and
trophic mode structure and species composition.

This is the first study to report ciliate community
composition throughout the Mediterranean in terms of
size-classes. The size-class structure of aloricates in-
cluding mixotrophic species was more or less similar
throughout the Mediterranean, which was true for the
size structure of ciliate prey (PN and heterotrophic
algae, HN) as well (Christaki et al. in press). Small algal
cells (<3 µm) dominated from west to east (68 ± 12 and
74 ± 10% of PN and HN). On the other hand, nanocili-
ates accounted for 23% of integrated abundance and
the species <30 µm dominated the total abundance
(62%). Nanociliates were also found to form an impor-
tant part of the ciliate community in the Eastern

Mediterranean as was reported for the Aegean Sea by
Pitta & Giannakourou (2000). The Mediterranean Sea
showed similarities from west to east not only in terms
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Fig. 5. (A) Species number of tintinnids encountered at the
stations sampled, (B) cumulative number of species versus
cumulative number of individuals for tintinnids sampled at all
stations (all depths pooled within each station) along the
Mediterranean Sea. The figure is plotted in 2 directions, east-
ward and westward. (C) Multidimensional scaling ordination
plot of tintinnid species-abundance data at all stations and in

all depths along the Mediterranean Sea. Stress = 0.2 
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of size structure but trophic mode structure as well,
since there was no evident change in the contribution
of mixotrophs to total abundance or biomass. The size
structure of mixotrophs was also homogeneous along
the Mediterranean transect, indicating that mixotro-
phy is not directly related to trophic conditions.

Furthermore, regarding community structure, the
number of tintinnid species was more or less similar
from west to east and the multivariate analysis of spe-

cies-abundance data for tintinnids did not reveal any
evident clustering corresponding to longitudinal dif-
ferences. The slightly higher number of species found
by Dolan et al. (1999) might be attributed to the within
species variability of tintinnids in terms of sizes and
shapes of loricae which has led to a proliferation of
described species (Pierce & Turner 1993). The tintinnid
species list of the present study, while reporting fewer
species than those found in Dolan et al. (1999), is, how-
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Stn No. fluorescent prey found per ciliate cell Ingestion rate (prey ciliate–1 h–1)
Tintinnids Aloricates Tintinnids Aloricates

PN Syn PN Syn PN h–1 Syn h–1 PN h–1 Syn h–1

S1 0.60 2.20 0.12 0.28 0.48 1.70 0.10 0.20
S2 0.62 0.04 0.24 0.03 0.37 0.01 0.18 0.02
S3 1.30 0.17 0.27 0.04 1.14 0.14 0.19 0.02
S4 1.86 1.90 0.33 0.38 1.05 0.46 0.28 0.16
S5 0.52 1.79 0.20 0.80 0.19 0.59 0.12 0.32
S6 0.36 0.25 0.06 0.09 0.16 0.10 0.05 0.06
S7 1.65 0.09 0.04 0.04 1.11 0.04 0.02 0.02
S8 1.73 1.33 0.48 0.54 0.83 0.47 0.23 0.16
S9 0.76 0.64 0.26 0.28 0.20 0.17 0.11 0.16

Average 1.04 0.94 0.22 0.28 0.61 0.41 0.14 0.13
SD 0.59 0.87 0.14 0.26 0.42 0.53 0.08 0.10

Table 2. Numbers of fluorescent prey (PN [photosynthetic algae] or Syn [Synechococcus]) found per ciliate cell (tintinnid or alor-
icate) and ingestion rate (prey ciliate–1 h–1) of tintinnids and aloricates. Numbers are averaged for each station (all depths pooled,

values weighted for the abundance encountered in different depth layers)

Fig. 6. Distribution of the number of ingested prey items (PN or Syn) per individual ciliate (tintinnids or aloricates)
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ever, more consistent with the ones in other studies
previously undertaken in the Mediterranean such as
Kimor & Wood (1975), Rassoulzadegan (1979), Krsinic
(1982, 1995), and Abboud-Abi Saab (1989).

MDS analysis (which takes into account differences
between samples in terms of abundance and species
composition) revealed no longitudinal trends along the
Mediterranean transect in terms of tintinnid community
structure. Although these differences were not de-
tectable when taking account of individual samples, the
cumulative curves of species numbers against cumula-
tive numbers of individuals (Fig. 5B) showed there is in-
deed an increasing ‘endemic diversity’ when moving
eastward as suggested by Dolan et al. (1999). Accord-
ing to Gray (2000), species richness can be compared
only between similar spatial scales. In this context,
comparisons among diversity in the Catalan Sea or the
Bay of Villefranche (no matter how intensive the sam-
pling effort was) and sampling along a biogeographical
province such as the Mediterranean Sea (Cariou et al.
1999, Dolan 2000) are simply comparisons between dif-
ferent scales of diversity. On the other hand, when the
scales involved are similar (despite the lower spatial
resolution in our sampling design), the results of the
present study are fairly comparable in terms of species
richness to those found by Dolan et al. (1999).

Ingestion of ciliates relative to prey size 

When all ciliates were included in the analysis and
the number of prey was counted per individual ciliate,
it was found that both prey categories (PN and Syn)
were present in equal numbers in the food vacuoles of
both tintinnids and aloricates (Table 2). Since the con-
centration of PN in the field was from 1 to 2 orders of
magnitude lower than that of Synechococcus (102 to 103

and 103 to 104 ml–1 respectively, Christaki et al. in
press), it would be reasonable to suggest that either
there was an apparent selection for algal cells or the di-
gestion rate of these 2 prey categories is unequal. The
former explanation seems more likely because
Stoecker (1988) has suggested that many marine plank-
tonic ciliates are selective grazers and Dolan & 2imek
(1997) have measured similar digestion rates for Strom-
bidium sulcatum fed with Synechococcus and algae. 

Our data clearly showed that a large proportion of the
‘non-empty’ ciliates (54 to 88%), irrespective of groups
(aloricates and tintinnids) or size (> or <30 µm in length
or lorica diameter), contained small prey (<3 µm). The
occurrence of large prey in ciliates increased by a factor
of 2 when passing from small to large tintinnids and by
a factor of 3 when passing from small to large aloricates.
However, the proportion of PN >3 µm in the water col-
umn did not exceed 5% of PN plus Syn, in any of the

stations visited (Christaki et al. in press). Thus, the oc-
currence of prey >3 µm in large ciliates is far higher
than anticipated, providing a strong indication of selec-
tivity of larger ciliates for larger prey.

The issue of the optimum size of prey a ciliate preda-
tor can ingest has been addressed in many experimen-
tal studies where prey of different size was offered to
the predator organism (Table 4). However, all these
studies are laboratory experiments and it is reasonable
to expect that conditions in such experiments are differ-
ent from those prevailing in the field, where multi-
species predator and prey communities and a whole
continuum of sizes are the rule. In a study focusing on
the natural oligotrich community and examining the
food vacuoles, Rassoulzadegan et al. (1988) found that a
large percentage of aloricates <30 µm contained pico-
sized prey (72%), while this decreased to 30% for 30 to
50 µm species. The results of our study, referring to the
entire natural ciliate community, at first seem to oppose
those of the previous study since small prey remains the
choice of the >30 µm aloricates to a large degree (61%).
However, the results of both studies reflect environ-
mental conditions: our study refers to open waters,
where Synechococcus dominate the phytoplankton
community, whereas Rassoulzadegan et al. (1988) refer
to the coastal environment, where photosynthetic algae
are much more abundant than in oceanic waters. 

Dolan & Marrasé (1995) considered that nanociliates
in oceanic waters may be less important than in coastal
environments, both as a component of the food web
and as competitors of microflagellates for picoplank-
tonic prey. In the present study however, aloricates
<30 µm represented 62% of integrated abundance,
88% of which ingested prey <3 µm. So, it seems that
nanociliates may indeed be the competitors of nano-
flagellates in the open Mediterranean Sea. 
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Predator Prey
<3 µm >3 µm >3 + <3 µm

Tintinnids 63.5 23.8 12.7
Aloricates 76.9 15.3 7.8

Tintinnids, 
lorica diameter <30 µm 79.4 14.7 5.9

Tintinnids, 
lorica diameter >30 µm 54.0 29.2 16.8

Aloricates, 
length <30 µm 87.9 8.1 4.0

Aloricates, 
length >30 µm 61.2 25.7 13.1

Table 3. Relationship between the size and the predator
group and the size of the prey. Values are % of ciliates (tintin-
nids or aloricates) containing fluorescent prey; only presence
or absence of prey was marked, independently of the number

of prey found in each cell
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Consumption of primary production

Measures of primary production made during the
sampling cruise (K. Pagou & O. Gotsis-Skretas,
National Center for Marine Research, unpubl. data)
showed a gradient from west to east: primary produc-
tion measured 21.29, 11.24 and 5.87 mg C m–2 h–1 in
the West, Central and East Basin respectively. Using
these data and our estimates of ciliate ingestion rate,
we calculated that the ciliate community consumed
daily 26% of the primary production in the Western,
41% in the Central and 70% in the Eastern Mediter-
ranean Sea. 

Previous studies of primary production consumption
by ciliates in different environments vary from <10 to
>100% (Table 5). In the Mediterranean, our estimates
for the Western Basin are remarkably close to those
of Dolan & Marrasé (1995). The theoretical estimates
of consumption by ciliates on primary production, re-
ported in a recent study (Dolan et al. 1999), were much
lower than the ones measured in our study, especially
in the Eastern Mediterranean; however, both studies
seem to be in agreement regarding the increasing
importance of ciliates as primary production con-
sumers eastwards. 

Primary production was size fractionated: the
<1.2 µm fraction measured 8.37 and 3.11 mg C m–2 h–1

and the >1.2 µm fraction measured 12.92 and 2.76 mg
C m–2 h–1 in the West and East Basin respectively. We
assigned the <1.2 µm fraction to picoplankton, mainly
Synechococcus and Prochlorococcus, and the larger
fraction to algae. Based on these data, we estimated
that ciliates consumed 32% of the algal production in
the Western, 45% in the Central and 121% in the East-
ern Mediterranean Sea whereas the values for the

picoplankton production consumed by ciliates were
17, 36 and 25% in the Western, Central and Eastern
Basins respectively. It is perhaps worth noting that the
proportion of the Synechococcus production consumed
by ciliates should be substantially higher than the
above-mentioned values as, in our calculation of ciliate
consumption, we could not take into account Pro-
chlorococcus, the production of which is included in
the value of picoplankton production (<1.2 µm). 

The results of the present study imply that ciliates
consume a relatively small part of the autotrophic
picoplankton production (17 to 36%), which is higher
in the Eastern Basin by a factor of 1.5 to 2 compared to
the Western one. In contrast, they consume quite an
important part of the algal production, especially in the
Eastern Mediterranean, where they have the potential
to graze 121% of the algal production. Besides, analy-
sis of the ciliate cell content suggests selectivity for
algal cells. 

Overall, the data of the present study underline the
crucial importance of ciliates in channeling a part of
this small-sized primary production to higher trophic
levels, especially in the ultra-oligotrophic Eastern
Basin. 
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Predator Prey size (µm) Source
Size range Min. size Optimum size

Tintinnopsis subacuta 1 3–8 Blackbourn (1974)
Other tintinnid species 1–5 or less No min.
Favella ehrenbergii 3–4 Rassoulzadegan (1978)
Stenosemella ventricosa 1.3–27 3–12 Rassoulzadegan & Etienne (1981)
Tintinnids 2 Spittler (1973)
Oligotrichs 2–50 Smetacek (1981)
Tintinnids 2–30 <10 Rassoulzadegan et al. (1988)
Oligotrichs <20 µm Pico-
Oligotrichs >50 µm Nano-
Tontonia appendiculariformis 2–15
Strombidium sulcatum 0.6–6.6 2.5 Bernard & Rassoulzadegan (1990)
Strombidium vestitum 2.1 Jonsson (1986)
Strombidium reticulatum 7.9
Lohmaniella spiralis 9.7

Table 4. Minimum, optimum and size range of prey ingested by ciliates 
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