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Abstract: A method was developed to allow direct measurenwnsedation exerted by metazooplankton on
ciliates. The method relied on the use of ciliat@selled with fluorescent microparticles (FMP). @péal
labelling conditions were determined with ciliatteem cultures (Tetrahymena pyriformis) and with urat
ciliate assemblages sampled in a river. Labellegyriformis were used as tracer food to determinepgassage
time (GPT) and ingestion rates of the rotifer Brimectus calyciflorus in the laboratory. Predation of
metazooplankton from the lowland river Meuse (Retgi was determined by labelling natural assemblagfes
ciliates and using them as tracer food for metatamugers sampled in the river. Optimal labels dfates, i.e.
sharp distribution of FMP in cells, were obtainedhshort incubations (10 min) and low FMP concetitns

(1 x 16 mLY. GPT varied between 30 and 45 min for B. calgnifs and from 25 up to >35 min for rotifers
from the river. The ingestion rate of B. calycifierfed with T pyriformis was 3.3 + 0.6 ciliate fobh™, ie.
1.4 +0.3 ng C rot h™. Metazooplankton species for which the ingestibdiliates could be measured were the
rotifers Keratella cochlearis, Euchlanis dilatatac Synchaeta spp. Ingestion rates measured rangedd.4 to
12.5 ngC rot h*. The method proposed proved to be useful in esitiméhe predation of microplankton on
ciliates in semi- in situ conditions; in furthervddopments, labelled natural assemblages of csiateuld be
used for in situ incubations with the Haney chamber

INTRODUCTION

Ciliates have been reported in high numbers anth&$ses in many freshwater aquatic ecosystems \lineye
constitute from ~5 to 90% of total zooplankton baws, with values around 50% being common (Masstah,
1996; Kobayashet al.,1998; Biyu, 2000). (For a short review in lakes atso Gilbert and Jack, 1993.)

Both laboratory and field studies give evidencd thany metazooplankton organisms feed on ciliaBakért
and Jack, 1993; Jirgeps al.,1994; Hansen, 2000; Mohr and Adrian, 2000; Weissk Frahm, 2002) at rates
sometimes comparable to feeding on phytoplanktoon@maret al, 1996; Nakamura and Turner, 1997; Adrian
and Schneider-Olt, 1999; Thouvergtt al., 1999a). Moreover, ciliates are considered as efiicfeeders on
heterotrophic flagellates and bacteria (WeisseP1$8meket al., 1996; Hada®t al.,1998; Premke and Arndit,
2000), which is not often the case for metazoopknsk (Thouvenotet al., 1999b; Kim et al., 2000).
Consequently, significant predation of metazoopiankon ciliates could result in high matter fluxeem
microbial food webs to metazooplankton, therebpl@ghing a link between microbial productions ammber
trophic levels of the food chain.

Most field studies investigating such links weradshon long-term incubations (from ~7 h to sevdagis) with
manipulated natural planktonic assemblages (ditutieethod, size-fractionation method and incubatiaith
metazooplankton densities varying from 1 x up t& tt& ambient levels). The main advantage of thests of
methods is their technological simplicity. Nevetéss, separation of predators and preys throutyhtfdn is not
always unambiguous as their sizes sometimes overaure very similar (Zimmermann, 1996; Paffenhgfer
1998). It is noteworthy that the majority of stugli@avestigatingn situ predation on ciliates with such methods
concern predation by microcrustaceans. It is indesy rare to find results concerning predatiorrdijfers, and
the few studies providing such data concern thaigi@splanchnahat includes the largest species. Should these
methods be used in ecosystems where small rotifersnate metazooplankton, as is so in most rivdexfeffe

et al.,1996; Kobayashi, 1997; Viroux, 1999; Kiet al.,2001; Baranykt al,2002), separation difficulties are to
be expected (C. Joaquim-Justo, personal obseryatitin samples from the river Meuse). Moreover, ikinto
what has been reported with dilution experimerds; grazing rates are difficult to detect with sunkthods,
inter-replicate variations in prey growth rateseafblotting out effects of predators (Dolanal.,2000). These
methods also virtually exclude the assessmenteofjthzing activities of different taxa, which, agle present
study, could be important since it is to be expedieat ingestion of ciliates by rotifers will vagreatly
according to their species (Pourriot, 1977).
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An advantageous alternative is provided by fooddraechniques. Among possible labelling technigioes
ciliates, indirect labelling through ingestion dfidrescent microparticles (FMP), as proposed byefample,
Dolan and Coats (Coats, 1991) and Cleven (Clevé96)1 is particularly interesting. Indeed, unlike
radiolabelling of tracer preys, this method allothe assessment of inter-individual variations agavés no
uncertainties concerning loss of label with presdrgamples. It also offers the advantage over liabalith
fluorescent dyes in that preys crushed in the fepgrocess can still be counted in the guts ofqted through
enumeration of FMPs and that it allows the quardtfon of ingested preys. Besides, labelling of/pmeyanisms
with fluorescent dyes often requires heat killirfgcells to ensure proper staining, which in theecat motile
organisms like ciliates is problematic. Vital dyes, the other hand, pose the technical problem résitual
guantities of dyes added to experimental media Vatielled preys are sufficient to cause fluoreseeot
predators even when no prey is ingested, and tiemgmenon renders counting of labelled preys iir the
difficult if not impossible (unpublished resultsfhis phenomenon is to consider particularly in tase of
labelled protozoans, as these are very susceptilfidrations implied in the washing out of theajyand thus,
filtrations have to be kept as limited as possible.

An important concern common to all tracer technigisethe choice of the food items to be labelledlekd,
these are supposed to be representative of all faditles of the investigated category. Usingralsi species
as tracer food should be considered with cautloaygh, for many metazooplankton species have bemmrsto
be selective about their potential prey on the a$imultiple factors such as size (Rothhaupt, )198iste
(DeMott, 1986), surface texture (Mohr and Adriam0Q), swimming/escape behaviour of their prey
(Starkweather and Bogdan, 1980; Gilbert and Ja8®3), not to mention the still poorly understoo@aps-
specific interactions (Wickham, 1995; Weisse andhfr, 2001). Consequently, the use of a single ledbel
species (generally from cultures) might lead tsbieo avoid such discrepancies, natural assembkigrgd be
preferred to prepared tracer food whenever possihl¢his instance, however, homogenous labellihghe
samples should be evaluated, as label can be tgkanh very different rates by the various taxonsgased in
the same category. This is yet another advantagsinff FMPs for labelling purposes, since it alldtu®ugh a
simple epifluorescence observation a straightfodweand thorough assessment of the labelling qualitgll
types of food present in the samples. Moreovethasabel is included in food vacuoles, it is expddhat there
should be no discrimination against labelled @&t

The aim of the present study was therefore to dgval method for measuring situ predation of planktonic
rotifers on ciliates using natural ciliate assergbklabelled with FMPs. Preliminary experimentsenvearried
out with ciliates from cultureéTetahymena pyriformisgnd natural ciliate assemblages sampled from thes ri
Meuse to determine proper labelling conditions. ftethod was implemented to measure ingestion @flzdb
T. pyriformisby the rotiferBrachionus calyciflorusn the laboratory. The rotifer species was choseiit és
widely distributed in freshwater ecosystems (Mafemetf al., 1996; Lair and Reyes-Marchant, 1997; Viroux,
1997); it has also been shown to be a potentiadatoe of ciliates (Gilbert and Jack, 1993). Theatd was
chosen because it is easily cultured and its cerslide size (~40 um) allows its easy handling; imege, it has
been reported to be preyed onBycalyciflorus(Gilbert and Jack, 1993; Mohr and Adrian, 2000)e Thethod
was also implemented in field measurements caoigdn the lowland river Meuse (Belgium) to detemmithe
predation of zooplankton on the ciliate communityhe river.

METHOD
Culture of test organisms

The ciliateT. pyriformisfrom the Culture Collection of Algae and Protoz&CAP) (Windermere, UK) was
grown (axenic cultures) in proteose peptone yeRBtY( CCAP) extract medium and kept in dim lightaat
temperature of 23 + 2°C. Typical dimensions of tiedls were ~35 pum in length and ~15 pm in widthgLo
phase growth lasted for ~80 h after inoculatiomrma&dium; hence, experiments were carried out willtes
sampled within 48 h after inoculation of PPY medium

Rotifers of the specieB. calyciflorushatched from cysts (Microbiotest, Deinze, Belgiuwwgre reared with
Dictyo-sphaerium ehrenbergianum chlorella-like alga, at 23 + 2° C in a light ogadf 16 h of illumination and
8 h of darkness.

Labelling of theciliates

Preliminary experiments were set to determine thtén@l FMP concentrations and incubation time engua
suitable labelling of ciliatesTetrahymena pyriformiswas incubated with FMPs (0.5 um fluorescent
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microspheres; Fluoresbrite YG carboxylate microsphiePolysciences, Eppelheim, Germany) at condentsa
of 1 x 10, 2 x 16 and 4 x 10 per mL for 5, 10, 15, 20, 30 and 60 min. Natussdeanblages of ciliates were
sampled from the river Meuse at Tailfer, Belgiur@X%m from the source), and incubatedhaditu temperature
with 1 x 1¢, 5 X 10 and 1 x 16 FMPs mL* for times varying from 10 to 180 min. At the enfl the
incubations, protozoans were fixed with glutaralgih (final concentration 2%), stained with 4,6-didimo-2-
phenylindole (10 pg mt) for 10 min and collected on 0.8 um polycarborfdters. Filtrations were carried out
under a maximum pumping pressure of 130 mbar terdilstained beforehand with Irgalan Black (279 in a
small volume of acetic acid 2% (v/v). Between 10@ 200 ciliates were examined at a x400 magnificati
under an epifluorescence microscope.

Label residence time was tested withpyriformis.Labelled cells were filtered on a 10 um mesh plamkiet,
rinsed several times and resuspended in Volvic raingater. Numbers of ciliates in the water andrtk®P
content were checked after 30, 60, 120 and 180 min.

Grazing experiments

Prior to all grazing experiments, labelled ciliategre separated from the FMPs by filtration on 3 um
polycarbonate filters (5.5 cm in diameter). To eassatisfactory elimination of FMPs, a maximum 6frBL of
ciliate suspension was passed through each fiitesed twice with Volvic water and resuspended n6n
filtered river water. Filtration was carried outdem a maximum pumping pressure of 130 mbar to ageld
damage. It is to be noted that this procedure didensure total separation of labelled ciliates aod-ingested
FMPs, residual concentrations generally being césagrbetween 1000 and 10 000 FMPsnim. experimental
media, i.e. approximately 1 % of the initial lalr@dl concentration. These residual concentrationimtnose
reported by Dolan and Coats (Dolan and Coats, 1fa®Ximilar experiments.

Ingestion ofT. pyriformisby B. calycifloruswas measured with 10 rotifers mland 600 ciliates mL in six
replicates. Rotifers were acclimated to experimertaditions (i.e. to the density of rotifers aritlates to be
used in the test) for 2 h prior to the measuremeftier the acclimation period, rotifers were igel from
unlabelled ciliates through filtration on a 55 pharnkton net and resuspended in Volvic water, arellad
ciliates were added to the experimental media. aigssage time (GPT) &. calycifloruswas tested in these
conditions, with incubation times varying from 5120 min.

For measuring the ingestion rate of natural ciliassemblages by metazooplankters, water collected the
river Meuse at km 521 (Tailfer, Belgium) was brotubhck to the laboratory immediately after samplangl
placed in an incubator setiatsitutemperature. Metazooplankton was concentratednigstand allowed to feed
on the labelled ciliates for 15, 25 and 35 min. Tiweasurements were carried out in May 2001 ane tinréuly
2001.

As it was not possible to wash out all the free BMm the suspensions of labelled ciliates, cdsitvath
concentrations of residual FMPs equivalent to thosasured in experimental media were run in pdralléhe
experiments to account for direct ingestion of deal free FMPs by metazooplankton. To do so, the
concentration of residual FMPs was measured inrgrpatal media at the end of each incubation wvatselled
ciliates and the measured concentration (genebaltween 1000 and 10 000 FMPs Hilwas then added to a
control which consisted of zooplankton and unlagkltiliates in the same concentrations as in exstal
media.

At the end of incubations, rotifers were narcotized carbonated water, fixed with formaldehyde (fina
concentration 2%), collected on a 37 pm mesh aatheyed under an epifluorescence microscope for FiPs
their guts.

Specific ingestion rates of ciliates by metazookian (R; ngC ind' h*) were calculated using the equation:

_ EMPgy X Cilig gtufexp % Ceit X 60
B FMPyy x Cily, X ¢

IRy

whereFMP, is the mean number of FMPs in the gut of animaleriggng to one species minus FMP numbers
in controls,FMPg; is the mean number of FMPs per labelled ciliatthatonset of measuremen@ili, siuexpiS

the abundance of ciliates in the river or in expental medium (ciliates1), Cil,, is the abundance of labelled
ciliates in experimental medium (ciliated).,.C,; is the mean carbon contentTafpyriformisor ciliates from the
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river, as calculated for each date on the basisi@folume estimates using a conversion factor taa of

0.11 pgC pri (Turley et al., 1986), and (minutes) is the duration of the incubatidR,; were calculated for
species with numbers of animals observed higher 28a while those taxa with numbers observed Iahan 20

were pooled in a single category (‘others’).

RESULTS
Labelling of theciliates

As can be seen in Fig. 1, the number of FMPE.ipyriformisincreased with time up to 14 FMPs per ciliate; the
higher the concentration of FMP used, the stedpeslope. The proportion of labelléd pyriformisvaried from

58 to 100% and from 7 to 91 % with ciliates frone fliver Meuse (Fig. 2). In both the cases, the qriign of
labelled ciliates increased with FMP concentratod with time.

The distribution of FMPs in Tpyriformisgiven in Fig. 3 shows that at the highest FMP cotreg¢ion tested, the
range of FMP number per ciliate was wide (from 1L, with low proportions of individuals that hatyested
the same number of FMPs. This was also the caseleviter FMP concentrations when incubation timesewe
long. On the contrary, with low FMP concentrati@rsl incubation times of 10-20 min, a majority (~75686
ciliates had ingested 1, 2 or 3 FMPs.

Label of T. pyriformisdecreased with time, parallel to the division af tells (Fig. 4); the FMP number in the
ciliates decreased by a factor<df.4 within the first hour of incubation in FMP-fregedium.

Similar trends were observed with ciliates from tiver (Fig. 5), the FMP distribution in the indiltals tending
to be broader at similar FMP concentration andiation time though. Ciliates observed in river seEmpvere
divided into four categories: oligotrichs; smallL@~pm in length) ovoid forms that belonged to vasitaxa but
that were impossible to identify on the basis ohgkes fixed and filtered; vorticellids; and 'otheise. a group
comprising diverse and less abundant forms Manodiniumspp. andDidinium spp., tintinids, amoeba, etc.
Oligotrichs and small ovoid forms accounted for %/®f individuals in all samples; these two dominant
categories seemed to ingest FMP at similar ratastyary to vorticellids, whose bodies were oftecksal with
high numbers of FMPs (~50) when other ciliates baty ingested <10. Nevertheless, the differencéabél
between these latter and most ciliates was sudhntbtazooplankters that had ingested vorticelligseneasily
detected and excluded from the calculations. Ingmtky, it is to be noted that virtually no flage#a(also
present in the samples) had ingested FMPs.

Fig. 1. Label of the ciliate Tetrahymena pyriformighw different fluorescent microparticle (FMP)
concentrations and incubation times.
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Fig. 2: Proportion of ciliates labelled with different fltescent micro-particle (FMP) concentrations in
incubation medium and incubation times, a, Tetragayanpyriformis, b, natural assemblage of ciliatesf the
river Meuse.
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Grazing experiments

To determine the GPT &:. calyciflorusfeeding onT. pyriformis,two observations noted during the experiments
need to be reported. First, as shown in Fig. 6apjteared that not all rotifers started feedinguizmeously;
indeed, the proportion of individuals that had istgel ciliates increased with time, up to a maxinaim80%, a
maximum sometimes reached only after 80 min oflyation. Second, direct observation of the rotifersealed
that egestion of FMPs was not a progressive phenomehere FMPs ingested replace FMPs egested &t th
animals emptied their guts of all FMPs at once.aAsonsequence, the mean number of FMPs in thefgut o
rotifers was not constant after GPT was reachedlietuated and continued to increase. In this c&$&T is the
incubation time corresponding to the last pointobefa decrease in mean FMP number in the gut dérets
observed. As can be seen in Fig. 6b, it was comgrietween 30 and 45 min; consequently, incubatibr3®

min were run for grazing experiments.

Fig. 3: Distribution of fluorescent microparticles (FMPsh iTetrahymena pyriformis according to FMP
concentration and incubation time. Graph shadedcat label conditions used in grazing experiments.
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Fig. 4: Evolution of Tetrahymena pyriformis label in fluscent micro-particle (FMF)-free medium.
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For practical reasons, GPT of metazooplankton sagnjpi the river Meuse was estimated on the baslessf
frequent sampling. Figure 7 shows the evolutiontled ratio between the mean FMP numbers ingested by
rotifers (all taxa pooled) and the maximum mean FRMifhber ingested on all incubation times; when thio

is 1, it means that GPT is reached. It appearsttigtratio was maximal after 35 min in May, whitewas
maximal after 25 min in July. GPT was thus assutoelse >35 min in May and comprised between 25 &nd 3
min in July; consequently, ingestion rates of metqtankton were calculated on the basis of measemésrat

35 min in May and at 25 min in July.

The ingestion rate ofB. calyciflorus fed with T. pyriformis was 3.3 + 0.6 ciliate rdt h,
i.e. 1.4 + 0.3 ngC rdth™, calculated assuming a biovolume of 3950°|per cell and a carbon content of 0.11
pgC un® (Turleyet al.,1986). For metazooplankters from the river, feedingiliates could only be calculated
for three species of rotifers due to the low abumeea of other groups in the samples. Metazooplangpecies
for which the number of individuals observed in temples was higher than 20 &eratella cochlearis,
Euchlanis diltataand Synchaetaspp. (Table I).Keratella cochlearisalways ingested ciliates and exhibited
ingestion rates varying from 0.4 to 12.5 ngCind®; Synchaetaspp. only showed a quantifiable ciliate
consumption during the last two campaigns, anihiiestion rate was a maximum 0.6 ngC’iiif. A general
trend emerging for other taxa when individuals lbampling occasions were pooled is the absenéeM®s in
the guts ofPolyarthra spp. 6 = 23), bdelloids f = 11), Trichocerca pusilla(n = 20), all Brachionids but
Brachionus angularis(n = 28) and copepod nauplius larvae € 15). Brachionus angularis(n = 11)
occasionally ingested FMPs, but the total FMPsstegkin control were in the same order.

DISCUSSION

Proportions of labelled ciliates were high withden incubations times (Fig. 2); nevertheless, tk&idution of
FMPs in ciliates(both from cultures and from the field) proved to be ma@a@vantageous with shorter
incubations and low FMP concentrations (Fig. 3 &ndndeed, the sharper the distribution of FMPghitracer
food, the more accurately the numbers of FMPs @alint the guts of predators will be equated tontneber of
ciliates ingested. Consequendy, we considered atmuis >10-15 min as inadequate for labelling ef ¢hiates.
As higher FMP concentrations did not yield shamgstribution of label in the ciliates and sepamatf non-
ingested FMPs and labelled ciliates was difficwié, advise against using such concentrationsd Fmp mL™Y)

in the labelling procedure. This is especiallyicait for ciliates from the river as they belongvarious taxa and
display a wider range of ingestion rates as contpawith the inter-individual variations observed hwit
T. pyriformis.

It is to be noted that, in similar experimental ditions, the proportion of labelled individuals ebged with
T. pyriformiswas considerably higher than with ciliates from ther. This discrepancy may reflect the high
ingestion rate of Tpyriformis compared to species found in the river, but it ao be due to a discrimination
of some ciliates against artificial particles. Wéhadr the cause, the proportion of labelled cilidtesatural
assemblages was generally ~10% (after 10 min with1@® FMP mL%). The low proportion of labelled preys
was not a major problem in our experiments, aslabelled individuals belonged to the most abundarms
observed, but it implied that great numbers oft#s had to be counted to ensure a proper estimatimean
FMPs in the cells. One should be cautious aboutdpeesentativeness of labelled ciliates thougpe@ally if
the proportion of labelled preys is low.
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An important observation to note is the absenceEMPs in flagellates also present in samples catbéat the
river; this indeed ensured that the measurementforped only concerned ingestion of ciliates by
metazooplankters. It has to be noted though thather environments, flagellates were shown to shgeich
FMPs even if in low proportions (Jacquet, 2003).

GPT determinations are always crucial for ingestiae measurements based on tracer-food technithisess
particularly true with the method developed hemeges proportions of labelled ciliates are rathew lg- 10%)
when label is qualitatively optimal, and numberscitiite ingested by rotifers are not very high am hourly
basis (Table II). Consequently, to observe statiflfi significant numbers of FMPs in metazooplankto
incubation times should be as long as possible. @Bdsured with botf. pyriformisand ciliates from the river
(from 25 to 50 min) are in the range of values regabfor rotifers, i.e. from 16 to 45 min (Starkwieer and
Gilbert, 1977; Hanewt al, 1986; Korstacet al, 1989). Rather than running short incubation timel)(min), as
is usually done with tracer-food techniques andfexs, we recommend considering longer incubations
combined with three different times to check for TGRs described here for samples from the riveis It
generally considered that the quantity of labefi@old accumulated in the gut of Brachionidae ancaofliter-
feeding zooplankters increases in time-course éxgets up to a maximum, which corresponds to GRiG, a
stays constant further on. Our observations thaogity that regular fluctuations of food in the gltould be
observed in the case Bf calyciflorus.lt is interesting to note that such a pattern vsaeéd observed by Haney
et al. (Haneyet al., 1986) and Korstaet al. (Korstadet al., 1989) who studied GPT d. calyciflorusand
Brachionus plicatilisespectively.

Fig. 5: Distribution of fluorescent microparticles (FMP9) ciliates from the river Meuse according to FMP
concentration and incubation time. Graph shadeddat label conditions used in grazing experiments.
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Fig. 6: Gut passage time of Brachionus calyciflorus fedhvabelled Tetrahymena pyriformig) Evolution of the
proportion of B. calyciflorus feeding on labelledplyriformis with fluorescent microparticles (FMHgs)the gut with time. Different symbols
are for different experiments. (b) Evolution of méaMP number in B. calyciflorus fed with labelled gyriformis with time. Different
symbols are for different experiments. Arrows: agsage time.
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Ingestion rates oB. calyciflorusfeeding onT. pyriformismeasured with the FMP method match the range of
values reported by others; most ingestion ratessared with field samples for other species are etsoprised

in the range of values reported in the literatdrable 11). Rates measured fidr cochlearisin mid and late July
are considerably higher though. This could be du¢he smaller size of ciliates in the river MeuseJuly
(~10 um in length as compared with 10-25 pumUootricha furcata),which could make them easier to tackle
for a small species lik&. cochlearis(width of ~35 um). But other factors such as swimgescape behaviour
of ciliates and the presence Gfyptomonascells in thein vitro experiments performed by Weisse and Frahm
(Weisse and Frahm, 2001) might have interfered al& Wwdeed, the two river samples in which thisifen
species exerted the highest predation rates aataslialso coincided with samples with phytoplanki@mmass
lower than or close to the incipient limiting levagtermined foK. cochlearisin field measurements performed
in the river Meuse, i.e. 1.5 mg C'l{(Gosselain, 1998), which suggests the importafiadiates in the diet of
rotifers of this species when phytoplankton becoraesfied.
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Tablel: Specific ingestion of ciliates by rotifers

Species On Tetrahymena pyriformis On natural ciliate assemblage

14 May

28 May 3 July 16 July 30 July

IR.i (ngC ind" h)

Brachionus calycifloru 1.4 + 0.3

IRg (cell ind® hY)

Keratella cochlearis 1.9
Euchlanis dilatata

Synchaetapp. 0
B. calyciflorus 3.3+0.6

K. cochlearis 9.8
E. dilatata

Synchaetapp. 0

26 125 52

3.2 86.3 359

0 4.1 3.8

®Standard deviation of six replicates= 50 for each replicate). Ingestion rat#;() were only calculated for predator species with20.

Tablell: Ingestion of cilites by rotifers reported in the literature

Rotifer species Prey Ingestion rate

Cdlsind*h? ngCind*h?

Sour ce

Brachionus Tetrahymena pyriformigt6 um) 0.8-1.4 0.5-0.8 Gilbert and Jack (1993)
calyciflorus
T. pyriformis(45-15 pm) 6-6 (hnay 3.9 Mohr and Adrian (2000)
Strobilidium gyrang58 pum) 0.4-1.3 Gilbert and Jack (1993)
Colepssp. (45-15 um) 7 (hna 4.7° Mohr and Adrian (2000)
T. pyriformis(40-20 pm) 3.3 1.3 This study
Brachionus Cyclidiumsp. (20 pm) 1.1 Arndt, Jurgens and Zimmermar
angularis unpublished in Arndt (1993)
Brachionus rubens Cyclidiumsp. (20 um) 4.8 Arndt, Jurges and Zimmermani
unpublished in Arndt (1993)
T. pyriformis(45-15 pm) 6.6 (fnax 3.9 Mohr and Adrian (2000)
Euchlanis dilatata River ciliate assemblage 3.4 0.7 This study
Keratella cochlearis Urotricha furcata(2000 pm) 0.3-2.2 0.1-0.% Weisse and Frahm (2002)
River ciliate assemblage 1.7-86.3 0.4-12.5 This study
Keratella quadrata Balanion planctonicur 1.5-5.1 0.3-1.0¢ Weisse and Frahm (2002)
(1820 pm)
Synchaeta littoralis Strombidiurrsp. (35 um) field 1.5 Burckhardt, 1986 in Arndt (1993)
Parameciunsp. (135 pum) 0.2-04 Burckhardt and Arndt, 1987
Arndt (1993)
Synchaeta pectinati T. pyriformis(46 pm) 1.2-21 0.7-1.2 Gilbert and Jack (1993)
S. gyrang58 um) 1-2.1 Gilbert and Jack (1993)
Colpidium striatum(81 pm) 0.1-0.9 Gilbert and Jack (1993)
Synchaeta vorax  Chilodonellasp. (30 pm) 0.5-3 Arndtet al.,1990 in Arndt (1993)
Synchaetapp. River ciliate assemblage 3.84.1 0.5-0.6 This study
Asplanchna girodi  T. pyriformis(46 pum) 14 0.8 Gilbert and Jack (1993)
Strombidiunsp. (35 pm) 15 Burckhardt, 1986 in Arndt (1993)
Asplanchna Paramecium aurelig140 pum) 0.6-5 Maly (1969)
brightwelli

A/alues converted to biovolumes using a length ofidband a width of 15 um.

2 and®Values converted to carbon using a conversion faxft6.11 pgC i (Turleyet al.,1986).

It is to be noted that ingestion-rate estimationlshe strongly impacted by significant standard/iddon from
mean FMP content of ciliates. Indeed, the asserablagmpled in the river Meuse were rather unifoxith
75% of cells being either small oligotrichs or 16 long ovoid forms. Moreover, ingestion rates of /by
individuals of these categories were quite simi&#% of individuals having ingested one or two F)R3ne
should be cautious though that in environments evheatural assemblages would comprise many different
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categories of ciliates displaying ingestion raté§®Ps varying over a wide range, estimation ofeistipn of
ciliates by metazooplankton using the method dieedrhere would be very hazardous. Here we choseptiess
ingestion rates as carbon ingested per rotifer ymétr of time to allow the comparison of feedingesaton
different types of preys. This, however, impliefuather bias in the estimation of the rates rephrizs the
carbon content of ciliates was not measured bunattd on the basis of biovolume measurements aicigée
conversion factor from biovolume to carbon foundhe literature was used.

As mentioned inntroduction,in ecosystems where metazooplankton is dominateshiall rotifers and where
both predators and preys are present in low numbarish is often the case in rivers (Scheppw2001), the use
of community manipulation techniques for the stoflpredation of small metazooplankters on natuitetes is
problematic. This led us to opt for direct measwreta to assess this potential trophic link betwexarobial
food webs and upper trophic levels in the river beeu

The method described here proved to be an advaniageéevelopment of classical food-tracer technique.
Indeed, the use of FMPs to label natural assemblafeiliates allowed to avoid the killing of traceells, as
would have been necessary if a fluorescent dyebbad used, and to choose a single species as foackras
would have been the case if radiolabel had beesidered. These advantages are particularly releasanttifers
have been shown to exert different ingestion ratefood items with differences in mobility (Starkatber and
Bogdan, 1980; Gilbert and Jack, 1993) and on esiaif similar size, shape and mobility but différepecies
(Weisse and Frahm, 2002). Moreover, as label welsided in food vacuoles of preys, it is also expddhat
labelling did not alter their surface propertiesisTis an important factor since even the rotBercalyciflorus,
generally considered as a species mainly seleitirigod on the basis of size (DeMott, 1986), shibaamarked
preference for untreated. ehrenbergianumas compared with 5-(4,6-dichlorotriazin-2-yl)amilmfrescein
(DTAF)-stained algae (unpublished results).

A critical step of the method is the separationfree FMPs and labelled ciliates. As ciliates aragile
organisms, filtrations have to be gentle and lichiteut on the other hand, separation has to benpestl within
reasonable lapse of time as vacuole turnover leasignificant egestion of label by ciliates aftler, example, 1
h (Fig. 4), and even several rinses of the filgicsnot ensure total elimination of free FMPs ibdled ciliate
suspensions. Overestimation of ingestion rate dube presence of residual FMP concentrations jrements
could be estimated by running controls. Howeveha$ to be mentioned that these difficulties mliég the
number of observations. Indeed, label of ciliategl o be assessed at the beginning and at the fend o
incubations, and for at least 200 cells, FMPs loatlet enumerated in all experimental media, andideriag
that a minimum of a few hundreds of metazooplaskterd to be examined per sample and that for eanble
at least four different lots have to be analyséde@ for GPT optimization and one control with desil FMP),
time allocated to the countings and observationgetliout to be considerable.

Nevertheless, the method proved to be promisingprodided valuable measurements of predation ekdrye
small rotifers on ciliates. A further improvemerittbe method would be the inclusion of flagellataselled
with smaller FMPs of different fluorescence, praddthat a sufficient proportion of flagellates wibuhgest
such FMPs. This would indeed enable the measurewietibe predation on both ciliates and flagellates
simultaneously. Moreover, in the presence of sigffit metazooplankton abundances, this method ceasily

be extended to field incubation chambers as well.
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