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Trophic relationships between planktonic micro-
organisms in the river Meuse (Belgium): a carbon
budget
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‘With & figures and 5 tzbles

Ahstract: During the perind of plankton development (Apal w Celober 1996), the
rophie eladonslups ameng phytoplankoon, metazooplankon, protezooplankion und
bacterioplankton were guanitaiively stodizd at one locatian in the Balgian part of the
river Meuse. Biomass flucteations of phytoplankion, metasooplankios, bacteria and
profozdn were monitored formighedly. On the basiz of in sito measurements of the
fluxes of primary production, mweEzacplankion grazing. organic marer consumption
Ty hacteria and grazing of bacteria by proweoa. the carbon Ouses betwssn e differ-
enl compiriments of the ficst trophic levels were catimated on eleven sampling dates.
Mot primary production was messursd from ineubations with "0 bicarkonate and
grazing of algas hy metazooplonkton was determined by oinosie iocubations with
fnbelled aleae In @ amzing chamber. The algal biomass ingested was cormected for the
edible phytoplznkton snd the curbon assimilated by metazcoplnkion was caloulzred
tking mtlo account zooplankion assimilation yicld estimeated from experimental duty
end from literature vulues. Bacteral production was evaluated by “H-thymidine and
lewcive fnsorperation ratzs, and becteriol cathon demand was caleululed whing
imto account a growth yield of 20%, Measurements of menaliny and grazing of bacte-
riis showed that grazing by protozonplankion wes the mujor loss process indicating the
main rmle of thiz compartment o the condzel of Bacterial bicmass. In the smdied
strgrch of the river Meuse, aurnchthonnus production exceeded, in most situations, e
allochthonous mputs o the river. Ono average over the smdied period, carbon com-
suinpiion by metezooplankion and bectera balenced orgunic carbon imputs fom pri-
mary production end external luading, The large par of primary production used by

' Authors’ addresses: Feologic deos Svstemes Aguatiques, Université Libee de B
xelles, Cumpus de In Plaine, CF 221, 1030 Bruxctics, Belgium.

? Laboratoire d'Eeologic des Eaux Dovces, FUNDE 61 rue de Bruselles, 3000 Na
mur. Belgium.

¥ Eeologie Animale ot Footoxionlogic, Universitd de Ligge, Clued Vi Beoeden, 4000
Liege, Belpium.

* Corresponding auchor e-mail prervais@ ulbac.be

0003-9135/00/0149-0625 5 7.25
L 2000 E. Scnwelzerhan'sqne Verlagsouckhandiung, D-A0178 Elutigan



B28  Plerre Servais gt al.
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Introduction

The view of & lincar food chain in aguatic systems has provailed for & long
tme. Actording o this simple concepr, herbivorous metazcoplankion plays a
central Tl by eonsuming mest of the phvtoplankion produection and constin-
ting the major fowd resource {or pelagic fishes, 1o the 19805, studies conducted
muinly in marine systems (WILLiams 19810 bul alse in lakes (Cols ot al, 1988)
fave substantially modified 1his view of the planktonic food web. The concepl
ol “microbial loop” (Azas er al. 1983) has been introduced, based on experi-
mental evidence that a large fraction of pomary production fows through the
pool of dissolved organic mamer (DOM). The processes involved in DOM
production may be 2ither extracellular release by phytoplankton. Tysis of dead
alwul cells, or sloppy feeding. This part of primary prisluction, unavailablc 1o
herbbvorous meazioplankion, is mamly utiliscd by bacteria. As grazing by
heteroirophic provozooplankion (plankionic protosoa) 35 considered as the
principal loss process ol hacteria in aquatic habitats (SANDERS et al. 1992), a
part of the cnergy “lost”™ by production of disselvad organic carbon becomes
available w metazooplankion through the microbial food wet.

The relative contribution of direct graring by metrooplankton (ie. plank-
Lonic melgzoany) snd of the microbial food web in the wilisalion of primary
production has been studied in various marine and lacusaing systems (CoLe el
zl. 1988), demonstrating in many cases the guaniitative importance of the mi-
crobial Toop. Tn large dvers, information concerning the plankiomic food web
is rather scarce ot vardous elements can be gathered from the lieratues.

Om the one hand, theee is evidence that sienificent trophic relationships can
develop within the fver plankton. involving primardily consumption of phyto-
planiton by small-bodied grwers. Doclines of petamoplankion biomass have
been observed in several larpe fivers (ADMTRAAL et al. 1994, Kiaier 1993,
GarMIER el al. 1995), These declines may be explainsd by o decrease of net
algal preduction due o light mitation as mrebidity 2nd depth increase, bul
algal losses through grazing and sedimentation may alse occur (Descy et al.
1994, Desey & GosseLaly 1994, Gosseams 2t al. 1994, REvNoLns & Descy
1996). However, the exlent to which metazooplankion may play a role seems
to vary amoeng rivers. depending on opportunities for metazooplankton devel-
opement. For instance, stodies in Noeth Amercen and Canwdfian tivers have
mostly reported that metarooplankion oumbers are too low o exelt any effec-
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tive control on phytoplanklon (Pack et al. 1992, Basu & Piex 19%7a), By con-
trasl, mesl lurge entrophic European rivers have been shown o support high
numbars and bicmass of small zooplanktess, mainly rotilfers (PoterioT of al,
IBE2 Vo ZawTrnd & Varw Dorcw 1999, Mannerre of a6 1990, La & REYES-
Marceant 1997, Lais ot al. 1998, In these rivers, phytoplankion ahundance
and increased retention Gmes due W nver regulztion seem fo favour memzoo-
plankion development (Vikoux 19970 In g few smdies, the role of meazoo-
plankton in carbon transfer within Targe rivers hay heen estimated by calonla-
tinn, mainly by Tunming simplation medels (Descy er al. 1987, ApaiRaal er al,
1993, Bierex e gl 1904, Gosseeam el ol 1994 GARNIER et al, 1995), Meas-
wrements of phyioplankton grazing by metazooplankten have been carried out
ind fow cases (GossELaty eval. 1998 2 and b, Konmavasyt et al, 1996) and have
confirmed the trophic tole of herbivorous metazooplankion in large river avs-
toms, where and whan conditions are met [or the develipmental these organisms
(i.e. hydmologre-relaled factors, temperature, avallability of edibla resources).

Un the other hand. studies of the bacternoplankion compertment in mvers,
airming W assess the ole of bacteria in coosystem functioning (Epwazns &
Meves 1980, SExvals 1989, Garning o0 al. 1992, Sprvals & GarwiEr [993)
have provided some indications shout rophic relationships involving bacreria
and protozooplankion. Indeed. in some large nvers, praving by Nugellates and
cilistes hag been shown to be 3 major loss process of bacterial biomass, like in
other aguatic systems (SEavats el sl [989) Accordingly, detailed siadies on
microzooplankton have demensirated the existence of large and varied pros
communilies in large Ruropean mvers, In the over Loire, Laig ot al, (1998,
1999 have observed sbundant (maximum biomass reaching (1 mg C L7 and
diverse ciliate communitics, mestly composed of small forms. Reports from
the Hungaran part of the over Tanuhe mentioned @ biomass of heterottophic
nanctlagellates exceeding the biomass of cladocerans by & fuctor of 10 (V-
BarLocH et al, 1994, Other suthors repomed numbers of heterotrophic flagel-
lates in mivers which comelated with bacterizl abundance, but not with zoo-
plankmon abundance (Basu & Prox [9%7h), and concluded that there presum-
ably was little carbon trensfer from the microbial to the plankionic food web.

Tor daig, few sniempts have becn made o catablish a comprehensive carbon
budget in rivers. These few stedies were hased on primany produciion meas-
urements and on estimatzs of loss processes (DRSCY el al. 987, ADMIRAAL 8L
al, 1993, Descy & Gosseraix 19940 ar on measurements of “dark carbon loz-
ses” (KOGHLER 1995), In addition, scveml studics were condueted in estuarics
for investigating carlbon Muxes and trophic relationships (ea Doran & Gar-
LEGs 1991, SHER® et al. 1966).

In this study we gimed to establizh a detailed budaet of the croanic carbon
i a productive stretch of @ large nver, the upper middle gver Meuse (Bel-
giom}. which receives a limited amount of degradable allochtbonous oraanic
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marter. We conducted parallel studies of the key communities (phytoplankion,
prategooplankion, metazooplankion and bacteria), and of the main processes
invelved in organic carhan trensfer: net primary production, metarooplankon
grazing, curbon utifisation by bacteria and graving of bacteria by protozea.

Material and methods

Study site and samples collection

The river Meuse | Ly rises in the Bast of Frunce and flows through Belgivm and
The Methestands, where it meets the luwer Rhine, forming the Diorch Della, whick
upens inwe the Norh Sea, The wotal lensth of the river is 883 ki and it cutchment is
ahout 36,000 km®, 40% of it in Belgium. Tn a1l jts Belaimn course the river Meuse haz
been repulated for navigation, with wairs und locks distibuced along its Jength, The
study site, “La Plante”, i sitvated 537 km from the souree. At this sile, the meen depth
is 3.95m and the mean widih ts W m. Discharge and remperature of the tiver in 1996
are presented in Fig. 2. The miver Meuse has alkaline, nutrient-rich weters. Some vasis-
lions in the nutrient content oceur over anannuael cyele. due o inpois from the drain-
dge area (M, 8I), from sewige (mostly FYend tn optake by primary producers, Howe-
ever, in this stretch of the fver, nutricnts are sor wsually depleted o levels whers they
miy be Emiting for phyoplankton growth (DEscy et el 197, Varions envinonmental
purameters wore directly measured in the tield: wmperamige, sorfice Imadionce and
verticgl Tight anenuation in the waser eolumn, Water samples were collocted from the
sutrfiee in the middle of the river with a 3 L opague Yan Dom hettle, Measurements of
sclividies (primary production, melwzooplankion grazing, bacleriel prodoction and
marta were perfurmed on cleven dates on the sume mver water sample, betwesn
My und Cctaber 1990, while estimutions of abundance and hiomss were mode mome
frequently betwaen Junoary snd November 1996,

Phytoplankion abundance and biomass

Phytoplankion hinmass was esamated through chloroplyll-a (Chl-a) measurements hy
HPLC smalysis {Dosey & Mérens 19%96) wd by conversion to carbon biomass using o
CiChl-a ratin of 37 (DEscy & Gosseram 1994). The satio of edblefinedible phyvio-
plankion items wis determined by microscopic examination of the phyvtoglinkion sam-
ples. After sedimentarion of o 1L Lugel-preserved sample, examination under a stand-
ard Leitg Luborlux D micrascope (12,5 2 40 magnifcation) was conducted on subsam-
ples mounted in a Bivker vell, Algal wnis were counted and their dimensions (£ 1pm)
were Mmgisured in every sample. Dat were computed using modified Hamilion's sofi-
wire (Hamraron 15800 which records numbers and caleulates unil biovolumes from
recorded dimensions, using the closest simple geometrc shape as reference. Couver-
sion to cerbon (pg ) was hen dune by means of the Eppley equations {Skaria 1975).
Phymplankion cells or colonics were considered us inedible when their greatest axial
linear dimension (ALY excesded M pm (Reveorns 198681 and the mbo edibledin-
edible algal biowess was applied to phytoplaikion carbon Bomass estimazed from Chi-a
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THE NETHERLANDS

Fig. 1. Map of the sudied slation (La Plente) on the river Mensa,

This size limit is somewhat arhiteary, as some rolifers huve a more specialised dics, in-
chading somerimes Lweer alrpae. However, the most abundant cotifers in the mver
plankton {#rackionus calveilorus, B, angolaris, Kerarella cochleariz) are considered
as generalist species (PoURRIOT 1977, HoTHa auer 1990,
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Fig. 3. Discharge and lemperatore in the viver Meuse ‘iz 1996 measured at Tailfer

(I3 upstosam of the stedied site, 1.a Panre)

Metazooplankton abundance and biomass

Memzooplinkion sumples were collecmed by repesied sampling with the Ven Dom
ballle o obtain & minimum of 3T, of waler which was sieved through a 37 or 63 um
mesh Nitex plankion pel Cualitative and quantarive analvzis of metszouplonkion
sartiples was done using a dissceting microscope ot 35 % magnificaton. on samples
fized with acid Logal afrer concentnion by a factor ranging from 230 o 1000, Rou-
fiors ware detérmined w the genes or species Teval while crustacenns were counted as
either cladoverans or copepods, with o Durther level of identification. Rarifer oo
biomass was estimuted considening 30 % carbon in e drv bivmass, which was calou-
lated [ur the mdividual popalations from vardous lilersture dasa for the maia conifer
texa observed in the nver Mewse, Vor crustzceans, the followine individoat carhon
confail wers used: 1.0pg O for bosming, 175 ne C for the cther cladocerans, 123 peC
for the nauplii and |87 e for the copepodites.

Bacterial abundance and biomass

Buctertal shundanes was delermined using epifloorescence mivroscopy at 000 mag-
nification, following the procedure proposed by Portir & Few {1080}, Afer fination
with buffered formalin (2.3 % foul concentration) and DATT (4,6 diamidino-2-phenyl-
indolz) (1pe mL 7, ol coneentrasion) staining. al lewst 500 cells were countad in sach
sunple. During microscopic observilion bucleria were classified anong 24 size classes
By comparizon with an eyepiece rrasicule and e2ll volinne (¥ um® ool ) in cach class
wias valvulated. Biomass was estintated from abundance and hinvolume disrilotion
using the relationship relaling carbon content per cell {0 Fe Ceell™) e bovelume
(0 = 922 V") which was decermined from Smon & Azass (19891 duta
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Protozoa sbundance and biomass

The abunduncs wod biomuss of prowzos was determined by epifluorescense micro-
scopy after DAPE staining. Twenty mi. of glutaraldehvda-preserved (0,5 °C Gnal cun-
centration) wazer samples were stained with TIAPT (10pe L™, Foal cencentrution) for
15 min. Srained peotists were collected by Gliroion oo a 008 pm Mueclepere black filer.
Filters wers mounted oo ocroscope shides snd stoced ot —=20°C oatil cxamination fora
msamu of one menth prios o observation. Nano-sized (2=-20um dimerer) prolisls
were identified, counted and measurad ar 3 magnification of 1000 and 6235 x whils
maicro-sized (20200 min disenetert orgwnisms weee analysed at 8 magnification of

25z A mimmum of 100 orgensms per filter wers counted. Aumtraphic forms were
distinguished trom heterotrophic ancs by the red aurotTnorescence of Chi-n observed
wnder biwe light exciraticn. To distinguish mixotroplie vramisms from sty hetero-
frophic or awteiroplic vrgardsms, protozoy were incubated with fleoreseentdy lzhellod
bucleria as in the procedure wsed to estimatz hacterial ingestion by protozon (SERVAIS
ot sl 1998 The experimental procedice for FLB lsgestion s fully descrbed in Snke-
vals of al. (1998), Protozow wers cunsidersd as mexotrophic when they combined the
presence of chloroplasts and ingested fluorcscently labelicd bacteria. Cell hiovolumes
were caleitated from cell dimensions and shapes, Reconumendad ratios e convert bio-
velume 30 Bomass mnge between 0008 and 0.22pe © pm~ sceording to the luxen end
the preservation and slaining procedure (Cnol & Stoxcsxe T989) In this smdy, the
conversion fzctor of (1% pal um 7 suggested by Ty & Stosckes (1989) for estima-
ting the carhon hiomass of cifiares was chosen. Biovolumes of Oagelloes and dinoflues-
ellites were cenverled 1o ursunic corbon wsing the egquation eszablished by Smavpa
(TTEY log B = LU {Log V) — (U6, in which B s fagellare or dinoflagellate biomass
and V- flagetlare or dinoflagellide biovolume.

Gross and net primary production and estimation of allochthonous
inputs

Frimary procucrion was measuesd by a shool subsurfacs meubation (betwesn b2 wnd
2hy wl mver water inoculated with NaH7C0; 23000 L of sodium hicarhanase, pre-
pared from Amersham CFAZ, 30-60mCi mmels ™) watsr subsumples were poured into
S different T mL aluss bottles exposed each to 0= 5% relative irradiance, in 2 ticld
imeuhatar immersed just bensath the wazr secfoce, Absobute madiancs was monitored
sinultunscusly by a data logger. The photosynehesis—light curve wes camablished atier
mcasurement of the radicactivity of e alpae collected on Millipore TLA 0,45 pem [1-
tars, il photosynthests parumeters were ohiained by fitting the data o Swrrns (1936)
ciguation. Subsequent caleulasions of daily gross pripary production (GPE) were per-
formed as in DESCY el al (19870 Algol respirution, calculared sccording t DEscY o1
al. (1984}, was subiracted from daily GPT 1o cbipin deily net pomary producion
(PP Plovioplaokion srowit rates were culoulzted as in Hanres (19861, from the rato
NPFgCm “d 'y nlgal hiomass (gC m™,

Az direct mensucement of inputs of degredable curbon to the fver were oot avail-
able, allochthonous organic mater inpues were ohmained by moming 3 non-somry
version of the PEGASE mcde] (Sa0Tz e al, 19970, The model tukes into account in-
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puts of mdusiral, sericuiooral and rban waste water, as wall as inputs from tributaries
and from seil leaching in the warsshsd To sstimale the allochdonous carhen flux up-
stream of our szmpling station, we performed a caloulation for a 45 ko strerch, fnom
Meareh wo Oetober. The simulation geve a total input of degradable organic matier {par-
tentare and dissolved). which was sveraged over rhe surface aren of the dver soetch.
This average value was considerad as a realistic estimile of the ormanic matier Inading,
far tee siudied reach of the river,

Metazooplankten grazing and assimilation yield

In situ gruzing measurements wers caried oul using a 6.3 L grezing chamber desigoed
following (rawt Fr & CHAPUIS (L9871, Cullurss of Dicoynsphizerivm chrenbergionun
Mae (grown as univells of 44 pm mezn diamerer a0 labelled a1 least for 220 by add-
ing 1uCi ml = of NaHY¥C0; prepared from Amersham CFA3, 50— m0 mmale™, T
the cultere madinm) were wsed as ircer [ood; suspensions of “C-lahelled algie {max-
imurm W% af the phytoplankion biomess trapped in the grazing chaonber) were added to
the namiral sample. The carben content of Dicrvosphaerivm efirenberoionm was meas-
ured using a WA 156 Carlo Erha nitrogen - cerbon enelyzer while that of name
phytoplankion was caleulated on the bisis of a carban/Chi-a ratio of 37 (DEscY &
Gomserain [994), Incubations in the river lasted herwesn § and 14 min (ime shorer
thitn the known gut passage time for most 2ooplankiens: DowsinG & Rigezes 1984),
from the closure of the grazing chunker 1 the ead of sicving of the chamber conlent
through a 37 am wesh (or rerely a 63 pm mesh) Nirex scoeen. The andmols wers then
anrcotized in soda water, Before freezing o liguid nitrogen, they were sither collested
on 23 mm Whatrnznn GFC [ers (samples for towal community messurenmenls: or sus-
pended in o small amount of water (samples for subsequent sorling). A small volume
ul the water collectsd from the sigving through the Mitex sereen was preservad for de-
termining the madivactivily of the elgal suspension. Zooplankion sumples collected on
GF/C Alers were weated for the messurement of rdivectvity by dizsolving animals i
ImL Lumasolve (Lumac L3C) For all sedes of measurements, fve replicates were
rien thuough the entice procedure. The sadicactivity was messered with 2 LY 600 Back-
man scintillation conarzr, Background comections were made by running contrel in
sit incubalions with the grazing chamber without aduition of labelled slzze. Commu-
nity filtration rate was caloulated weeording 20 Hasey (19710 and was eapressed in %
d7', i, the perventage of water volume filtered per duy, Baes of phytoplankton loss ar
zouplunkton ingesrion rate were caleeluted by multiplying the daily filation e by
the algal biomzss in the mver water, corrected for the prupurtion of edible phytaplank-
lan.

It is to be noted that on the 10™ of Tune and te 122" and 26% of Augost, ton many
labelled slgse were injected in i Haney chumber, so that the mmownt of algal cerbon
added was miuch higher than the admissible Bmit of 10% of the edible slgzl biomass,
In conseguence, shese radicaetive alzae did not act as a racer bur more probably fed
the zoaplankion community. Furthermore, beeawse of the addition of these amounes of
libelled algae. the zlgal biomass may have sxceeded the 111 (incipient limiting Tevel),
which was not reached ol this tme in the river, Therafome, il may huve reduced the £l
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trutivn aetivity of 1he 2onplaniton. Tn these conditions, it (s very fkely thal community
falirution e valeulated from zoepiankton numhers (see below) wes closer oo the sc-
tual orezing rate (ses GasSELAIN 19980, For the three dares meationed zhove, these os-
timates were wsed, instead of measured sruwing, e establish the carbon udger of the
river (sec Gosseram or gl 1998 b and GosseLald 1998 for messored values aod de.
Lails of discossion); that is the reann why Ro error bars were associated Lo these values
in Fig. &,

The wmovni of carbon wssimilaled by zooplanktes, i2. the amount of carbon that
wis ahaorhed through the got lining, wus obteined wheo multiplyving the carbon in-
wested by the assimilation yisld. The assimilated matersl can sither contribute o tis-
sue of ey production o o respimticn, A comumuniny assimilztion yield wos caleolated
fnr cach semple by weighting the specific assimulaticn vield of the most ahundant taxa
aceording o their grazing rates using the following equation:

where Ac = Communizy azsimilation »ield
My = Assimilation vield of taxon 1
i = Grwedng rute of lawon L% 477

Assimilation vields of the man tuxe were determinsd on the basis of lehoramry
measurestents oo the ratifer Srocliones calveilores (Joagus-lusto & TIOME, un-
puhl} end from dota coliected in the liemre (LEMEROTH 1980, Lam & Ouran AL
19849, Lamr 1991 and 1992; Table 13, The essimiletion vields wsed lor caleulation wers

Table 1. Specific assimilation yields of metzzooplankive.

Species Frend Lpevifie - Reforonce
ssunilation
yeeld {52
Brachiouus eabyciflerms  Kirchrerielln hoeriv LEmaeroTH (LS80
Blmg W qu
2ImEDWIL s
HIimp Wit k1]
Dicryosphmerium ehronberpianane loaqui-drsto & THoME
4Emz WL £4 [frers. BOILL)
Emz DWL! Fil
ferareils vos Mamral plankton £ 32 Lats & Lurap AL (1950}
Kerateils guadrang (eumrophic laks, Ayéar. Fmncs] -
Heweming Jonplrosrs Womral plankton 1-50 Lam (19410
(enmraphic lake, Aydat, Fronce)
Coelaphs vicins Inbaral plankton 14 Loats (15492)

{oepepedites aod adulis) (eutrophic Jake, Awds, France)
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those maasiied wilh [uod concentrarions comparahle to the edible phyloplankion hie-
mass presenl i gach sample. For specilie sssimilation vields of Erratella spo. Bos
ming {ongirosiris und eopepods only the maxionm valves measured by Latz e al,
{1958} were retained, since minimum velues were oblzed during episodes of domi-
runce by cvanohacrerin which may have redoced spoplankton Erazing rifes,

Apecific grising mles of the main fas wers caleulazed from specilic imgestion rate
parameiers, melwcooplunkion abondances. edible algal biomaes, and temperamre. Tn-
gasfivn sule purameters of o rectilinesr ingeation equation wers obtained fram in st
melEnrements, nednalised Lo 20°C, for the wosl abunden: texa Qe Breckionis spp.
mainly & colveilorus]. Keratellu spy, [mainly & cochlearis], and Bosming longires-
arig), For bess abundune taza {Syochastidae, nauplii, copepeds and crustaceans nther
thian busminids} these panuneters wers selected acconling to the values fud in the
literazure. Derzils of the caleulasion ean Te foumd in Gosseeams {1995),

Bactarial production and bacterial carbon demand

Bacterial production was estimated from both tridated fynidine (FUims & Avam
I582) und leucine incocporilive mles [Ki=oanas of ol, 1085,

Ten ml samples wens incubated with *Hethvemidine [ Amersham, 43 Ci meaole™) for
one houg in e dark ac feld emperature, a2 o szmrzting concenimbon of 20nM (Sea-
VAR 198%). After incubarion, vold idchloracerie acid (TCA} was added (final concen-
tration 354 and the siumples were filtered througk a 0.2 pm pore size celluloss aitrate
menthease, Ralowctivity associated with the filters was estimaied by liquid seintilla-
Livn. Cell production was culesbeled from the thymidine imcorparetion rare using Lhe
conversion factor 0.5« 10° cells produced per mole of thymidine incorperated into
TINA, experimentally determined by Skwvars {1989} for the dver Meuse, Collular pro-
duction was multiplizd by the sverage eabun conlent per hacterial cell in urder 1o sot
the bactedal production Pased on thymidine ineorporation (BFT) exprossed in
pp O

Tngorpustion of “H-lencine {Amershemn 16501 mmole™) was measuzed ar six lon.
cine concenmrations which ranged from 2 o 77oM (2nM of tritiated Teweine in each
ease Wil 0-150n% non-radicactive levcine). Six 5-m samplss wers incobated wirh
the different concenimtivns of leucine for 201min 10 1 howr in e dark at fi2ld emper-
ature, After incubatinn, TOA was added (final concentrition 5 %) and the samples
were filtered throngh o 0.2 pm pore size cellelese milcuts memBrane, Radioaclivity as-
sociated with the filters was estimated by kgquid scintiliation, The mudmum incnrpors-
tiun rutes were astiwated by fitting a hyperbolic functon 1o the experimental data,
using & sofiware bused on the least sguares criterion (SERVAIS L9051 Muximum incor
puralion rzez intn TCA inscluble material was multiplied by 10,93 10 obiain the max-
imum incorperation inm peodeing this Tector was sstablished sxpedmentally for
Meuse samples by Szavals (1993 ) Bacreial production sstimared fram leavine incar-
poration (BFL wus calealared by melliplying the mazimium incorporetion rate inta
proleins by the convergion factor of 1 g C incle ™, determined cxperimantally |SER-
vars [995)
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Bacteral cobon demand (BODY was celeulated by dividing bactenal production
by the mrowlh vield of 0.3 olained from bawch cxperiments performed with dver
Meouse water (Servals 1959).

Bacterial mortality and grazing by protozoa

Messurernent of bacrerial martality and contnbuton of oo in e mocladiy pro-
coss was mensured vsing the method hased on the disgppearence of the rudivactivity
fenm the genctic material of bacteria previously Ishelled with *H-thymidine (5&
alal, 1985, 1989y, & 206 ml water sample was inceulited with (methyl umﬂ.q__w_:._n::,.
[ Amershum, 40— 500 mimele ™ ar 4 concentration of 2nM and incobated o the durk a
Ficld temperature for 20 howrs, This mcubation period was seiicient for thymidine de-
pletion from the medium. Then the sumple was divided ino two subsanples, ane of
the subsurnpies was left nnmnditicd while the other wis [lered through a2 pm pore-
size tilter (Muclepore membrans) 0 reain most of the cuksryotic micro-Organisms. A
mizmreg of cycloheximide—colchicing al respective concentrations of 200 and 100mg/L
wis added 1o the filtcred suhsample. This mixture his been reponed as an efficient in-
hibitor of protozosn reproduction and feeding while heving no dissct sflect on bacte-
rigl geoweh (SHere ot el 1988) The mdivactiviry was measured twice 3 day for 2-3
duvs on 3l aliquots from both subsumples, TCA (foal cosentration 5 %) was added
to the S mbL which were then filtered on a 0.2 pm pore size cellulose nitcte menbrane
and the radinactivisy associaled with the filier was measured by Hooid scintdiuion, A
linear decreass nf the radinactivity in bulh subsiamples was wsually nhazrved na semi-
Iz plots of mdivagtivity versus time. The slope of this decrewss m e ::.E.&Ema sk
sample gave the first onder male of ovesall womaliny 0k exprassed in b the slope of
radivactivily versps time in the weated subsample alluwed the saleulation of the mar-
tality rate ot sltrbutable (o grazing, The difference heoween the two mules mave the
marlality mte resnlring from srueing (hel

Fluxes of bacterial mortality and of grazing were obtined by muolipbving te ficst
orfer gares by bacrerial biomuss

Results and discussion

Seasonal hiomass fluctuations of plankton arganism

Pmyvtoplanktion

The dewnils of phytoplankion dynamics in the river Meuse in 1990 have been
published elsewhere (GOSSELATY el al. 1998 b given the focus of the present
paper on the carbon hwlgel, we present here only a general account CEf the
chanzes in the algal community. As usually ohserved (DEsCY et al 1987, Gos-
SELATY er al. 1994), phytoplankton of ke upper middle Belgian river Meuse
was domibated by diatoms and green algae. which represented, on average
over the 19968 growing season, 34 % and 62 % of sl algs] numbers, respec-
tively, Tn terms of toral algal biomass, distoms represented on average 79 %
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and green algas 12 %. Other algal groups were Cryptophvesas, Cyanobacteris
and Dinophycens; Euglenophyesas and Chrysophyecae were rarely present.
Small centric distoms, mostly Stephanadizens humtzsohii Grun., nﬁ.é?u_un_ a
flest bloem in early March. as a tesolt of favourshie light condiions associaled
with low winter flow. Other algal groups appeared when temperamre in-
creased and light conditons improved. After & drastic hiomass decline ooour
.z.zm in midk-lune, non-siliceous slgac developed more sigmiffoant communities
in summer. Small ceninc diatoms sgain represented the main par of the
phyloplankton bivmass in autumn. The maximum algal biomass observed was
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Fig. 3. Binmass of phytoplankion (a), metarooplankton (h), bucterinplankton (o) and
protozoepiznitan {dy in the river Meuse at La Plante in 1995, GALD = greargr axial
linear dimension,

uu.._::__mmﬁzuuh.q.:.__sﬂnn_m:_m_sn:m«ﬂ;-mn._u...,uﬂm.mE,._.m_._Hm...__FEE_EmE
biomass is divided in two broad size categorizs, the smaller algae (<20 pm
GALDY being considered as cdible by small zooplankiers. Inedibie algae wers
mostly compased of Alamentous Awlaceseing specics and of large unicellular
centric diatoms. Edible cells comprised small centric distoms (various twsa of
Srephanodiseus, Cvclotella, Thalassiosira... ). zreen alzoe and Cryptophy-
ceae. Most of the ime, the cdible biomass was at levels which can be consid-
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ered 48 satnrating fur snoplankion grazing, fe. hetween 0.3 and 13 me C L7 for
the domninan: rooplankion taxa encountered in this sudy (RoTHEAURr 1980,
Gnaserais of al 19965 A nutable cxception is the lale summer period, wherne
a low biomass ol edible alzae, rangi 12 between 0.1 and 0.2 0 C m™, was main-
taiceed [or soveral wesks,

Metarocoplankion

Metweouplankion presented abunilsnees hisher than 1000 ind L0 by the end of
April and was muinly composed of rotifers with Brachivnus spp., Keratella
spp. and Synchietidae a5 domninant taxa, Microcrustaceans developed siznifi-
cant numbers throughout Avgust. with a peak of 800 Bosming fongirostris per
litre recorded on the 129, along with sdult copepods and nauplii. Maximuwm
metazooplankton biomass (up to L1 C m™) was observed during this period.
Lo Avgust, cladocerans and copedids constitured e major part of metazoo-
plankton biomass while during the other momths, Tatifers dominated largely
with biomass up 10 (27 C m™" (Fig. 3b). Metazouplankion dymamics fol-
fowed & pattern simmilar 1o that previeusly reperied for the river Meuse as well
as for alher Buropean ivers. Nevertheless, rotifer densivies gremly excesded
values previously reported for the river Meose (Vinoux 19971 a5 well as those
uzvally repuried for river systems (Pack o al 1992

Bacteria

During the study, bucleral biomass ranged between 002 and 0.5 C o (Fig,
3y These valucs are in the same tange as those reqported previously for an an-
nial cyele in two different stations in the Hver Meuse by STRVATS (1989). Sea-
sunal fluctations showed minimum values in winter and maximum values in
the pericnl from end of June (o mid-Tuly. The maxinuwm Momass apoeared sev-
cral weeks later than the second and higher spring peak of phytoplankron bio-
mass, The fiest peak of phytoplankton in spring did not induee a laree incrensc
irk bacterial biemass probubly becsuse of lower emperamres. A lag betwesn
beeterial and phytoplankton maximum bicmass has already been abserved in
the civer (SERvAIS 19800 a5 well as in other aguatic ecosysterms siech as lakes
{GARNIER & BENEST 19910 and marine waters (BILLEN & BEcoumvorT 1991,
This suggesis a coupling during the spring period hetween phyvtoplanton anmd
feterotrophic hacteriy in this laroe eutrophic tiver.

Protozoopiankton

Seasonal fluctwetions of pratozooplanklon biomass ars reporied in Fig, 3d.
The taxonomic groups identified were ciliates and flagellates including dino-
flzgellutes and naked nenoflageiluates. Protozooplankion bomass was charac-
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terised by low vilnes during winter {round 005 20 m™ ) and masimum values
between mid-June and end of Juse (abouwt 0432 Cm . Ciliates larzely domi-
nated teta] progsoan biomuass and accounted Tor 21 G 82 %0 (averame 67 %) of
it. They reprezented around 61 % of prowzosn biomass &0 i maximum. Flag-
ellates representsd between 11 and 79 % (averags 33 90) of toral protozoan bio-
mess and dominated the profiozoan community @t tao sampling detes (26 An-
pust and % Qetober). The maximuom of prowzoan biemass co-occurred with
maximum of bacterial hiomass, Printogoans tend to be the major bactervores
in maring systems (SHERR & Snera 1988 and references therein) and lakes
[Sappers ot al, 1989 and by snalogy, sre assumed o be responsible for the
control of bacterial numbers in freshwatsrs (CaproucH & Mever 19590, Base
& Fcw 1997 ba, although the supply of organic matier may bave & prominent
role in determining bacterial preducton (botom-up controll (Biorex et &l
1990, In freshwaters, rodfers and cladocerans mey also be significent con-
surmers of bacteria (WyLiE & CURRIE 1991, VanuUE et al. 1992,

The protozooplankton community was composed of mixomophic: and
steictly heterotrophic oraanisms {Fig. 4). Phagotroghic mixomwoephs, Le. com-
bining stommaphic and heteromophic nuirition modes (Gamaes & TLARACTTER
1987, SanneErs 1990, Jones 1994, were recerded during the whole period of
investigation, Mixotroph, defined expenmentally as chloroplasi-heanng pro-
Lo with FLB withia food vacucles, accounted for 12 1o 80% (averaac 34 %)
of wotel protozooplankion biomass, At the period of maximum development of
protoeaoplankion, mixotrophs mepresented 75 % of @l phagetrophic pro-
wzoeplankion biemass. Recent research has demonstrated the widesproaul oc-
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Fig, 4. Rinimass nf hererateophic and mixotrophic prowzooplankion at Lo Plante in
19498,
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currence of mixotrephic proteros in both frestrwater snd marine plankion (Joxes
1994, It is quile possible thar part of the mixowophic fagellates were also
counted as phytoplankion cells, most probably ameny Cryptophycese or TH-
nuphyeras, Howsver the contribution of mixomophic fagellales w phyvio-
plankien biomass was low (maximum 8% of phytuplankion biomass and

LE in sverage) during our study,

Carbon sources

tet prirmary production

For the sampling dates stodied in 1996, daily gross pimary production (GPR)
vaned boowesn 1] and 6, _.mPE 2d! and net primary prodoction (NPF) be-
rween 0.2 and 5.3 g Cm™d™ iTig. 51, Growih rales in the range 0.03 1
0.85 7" were caleulaled from the values of ner primary production and bio-
TEES.

Allpchthonous input

A partal the carbon available in the river for heleroophic organisms is dus to
the input of biodegradable e_um.:n carhon of allochthonows origin, This input
was estimated at 0,373 2 Cm = d ™ for the river Meuse npstrSan frim our sam-
pling seation. For all the cleven studied sitvations except ane (23% September),
allochthonows inputs were lower than the aotochthanons oreanic matter from
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Fig. 5. Fluctuations of gross prii sy producrion divided in net primary prodsclivn wnd
phytoplanklon respiracion in the dver Meuse ar Lo Plante in 1906,
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net primary production {of. Fig. 93 This clearly results from siver eutrophica-
en combined wilth pood opportunitics for phyvroplankion development in the
upsiream stretches of the river,

Carbon consumption
Metazooplankton grazing

A detailed aceount of the vanations of community filoration rates (CTR) can
be found in GOSSELAIN ot al, (1998 by, In 1996, due w the Jaree development
of zooplankton in the siver Mease, the grazing pressure exerted on alges by
the dense rotifer community reached high values several times, particularly
from May through July. The plankionic grarers filicred berwesn 2 and 113 65
of the waler daily: the estimared contribution of the dominant taxa s presented
in Table 2. In August. the contribution of the cladoceran Bosmina longirostriy
Lo cormmunily graving may have been significant, and it is probahly better ren-
dered by the caleulated CFR than by the messurcd grazing raes, due to tech-
nical problems (see Material and methods section). Ax ohserved in previous
years (GossELAmN e 2l 1998 B), a shilt to dominance by larze inedible units in
the phiyloplankion (see Fig, 3a) followed episodes of inlense graving. The ost-
mated grazing losses in 1996 ranged between 004 and 3403 Cm *d™ (Fie.
1. The assimilation vields of the zeoplankion community and the values nsed
for their caleulation are presented in Teble 2; they varied berwean 33 and 32%
with i mean of 44 + 6%, Taking into zccount these values, slgal carbon assim-

O Zooplankion ingesdion

-1
md o)
-]

B Zooplankion sssimilation |

Fooplankton grazing (g

14-bday
IE-MMay
1k=lun
2d=Tun
15=Tul
20-Jul
12-Aug
2h-Ang
H-S¢p
23-Sep
9-01ef

Fig. & Fluemations of merdzooplukion ingestion end metazeoplankion assimilation
taking oo accouanl the assimalation yizld tn the fver Meuse az 1a Plante in 1994,
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Table 2. Community sssimtlation yields of the daminant species of metizouplinkion
for cach sampling date and data wsed lor the estimation of the community assimilation
yizlds.

Sampling Taxa (G Edible Cummunicy
date (%ed ) hiomass livn azsimilation
- (mg TW L™ yvislds (%) yields (%)
14-405-24 Brocluonay calveiflores 506 1.2 i 51
Ferntelln cochleariz H4 32
28-05-Ba  Brachionus calveifores 343 6.7 i) 37
Ferarella covllearis 1837 £
10-00-86 Brachionuy calveifforns 1633 1.78 4 4z
Kerella cochlearis 36.24 32
Bosming longirosiris (.62 a0
24.08-08 Brachionus cvilverTorws 1155 234 hd 432
Kerarella cochlearts 26851 32
Bosring longirostris (.56 Al
13-07-96  Yrackionus cabyeilors 24,2 1.5 £ 52
Kerarella cochlearis 14,53 32
20-037-96 nny culvoiflorns 3013 242 it 3
HEGT 12
[2-DE-98 G653 028 e 47
Kerarella cockiseris 10534 32
Bogina longirosins 2082 &
Copepads 10.5 =
26-08-98  Hrachiones calveiTerus 118 Loz il g
Kerarella pocldgeris ar81 32
Besening lomgirostris 7.54 30
Copepods 1319 H
00598 Brachion eal cifforps 352 1.0z i 48
FKerutelly cochleariz ARG 32
23-06-5%68 Hrachionus caleciflorns - 718 U =} 45
cochlearis 1026 2
Copepisds AT a4
Q1088 Brachionay celveifones (.51 fi.36 2 42
Kermtella cochleartz 0.77 32
Averuee 24+6

ilerion by zooplankion was in the range of (.02 1w |78 Cm ™ d ™, The differ-
ence betweszn algal carhon ingested and carbon assimifuled by rooplankion
was considered as available wo bectera,

Bacterisl cerbon demarnid

Twi methods based on lahelled substrate incorporation were wsed 1o cstimare
bacterial production in the present study, The “Hethymidine incorporation

Microbial trophic ralationships 643

method (FUnrman & Azawm |982) 15 based on the proportionality between
DMNA synthesis and the rate of bacterial division; it has heen the mast widely
used methed o estimate bacterial production in various types of aguatic envi-
ronments: oceans (DUCKLOW & Cagison 19921, lakes (RIEMANN =t al, 1082
and rivers (Servas & Gannier 1593} The second technigue, *H-leucine in-
corpogation inw becteral proleing, allows the cstimation of the peotein synthe-
sis rale {KIRCHMaN ot al, 1985), Theoretically, both methods reflect two basic
processes within a bactenial cell: thymidine incorporation is linked (o an in-
crease in call number while leucine incorporation measures an increase in bac-
torigl biomass. Fig. Ta shows that resalts from both methods were well core-
lated in our study F =08k n=15 pr (L0001, The everyre miio between
bactorial production caloulated from lsucing incorporstion (BPL) and from
thysmidine incorporation (BPT) was not significantly different from [ (average
BPL/BPT = 091 = (.24}, showing & wood agreement berween both estimates
ol bucterial prinloction. Several studies have alveady compared bacleral pro-
ducrion caleulated from thymiding end from lencine incorporation cates and
[ound salisfying agreement betwecn the two estimdtions (STMoON & AZaM
10E9, SErvals 1992), but some authors have mentioned that modifications of
environmental conditiony (femperamne, notient level, hacterial movwih Tite)
may induce larae flucmations between both methods as g result of unbalanced
hacterial growth (CHMN-LEO & Kiwcanan 1988,

Fig. T presents the fluctations of bactersl production {average of 2sti-
mates based on levcine and thymidine incorporation) expressed in g Cm™
inthe river Meuse in 1996, Production was low during the first pam of the year
and reached & maximum a mid-June {067 0 Cm™ 07", Dunng the summer pe-
riwl, hacterial production ranged between 0033 and 042 g Cow~* d7" and de-
craased from mid-Sepltember. & quite similar pattern and range of bacterial
production data were reporsd by SEavats (198% Tor a station i the dver
Mense Jocsied ghout 30 kilometres upstream of our sampling site. Buctleral
carbon demand (BET) celewlated from these production valves ranged be-
mwegn .30 and 2242 Cm i

Fate of bacterial biomass

First order mertality rares ranged berween (U002 1" and 002257 in the dver
Mese (Table 33 These values are in the range vsually reported in the litera-
lure for nateral aguatic systems (SERVAIS o al, 1992). Moertalicy rates ap-
proached growth rates of bacteria 2t cur sampling station, indicating 4 balance
berween growth and disappearance of bacteria in the studied reach of the dver,
Grazing represented on average 715 (range 40 % w 935 %) of ol baceial
rmortality rates. A poart of the bacteria] mortality not duc to grazing probably
resulted from viral Ivsis, as it has been shown viresss can be sometimes z: ef-
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Fig. 7. (a) Relutionship herween bactdal production caleulated from thymidine incur-
perelivn rate (BPT) znd basterial production calewluted from Jenzize incorporation e
{BPL}. Regression: BFT = 112 BPL « 021 (F =085 n=15: p=0.0001). (b} Bacterial
produstion (iverage of BFT end BPL in the river Mause a1 La Plants in 19496,

ficient as protozoa to conlrol bacterial biomass in aquatic systems (FUHssan
& NonLg 1995).

The Auctuativns of the fluxes of weal bacterial mertality and mortality due
to grazing are preseated in Fig, &, A zood correlation was found between gra-
zing fluxes cstimated as described in this paper and data abtained hy the flue-
rescently lahelled bacteria (FLB) methed on the same samples {SERvAIS e al.
1998}, Using the FLB method, Segvars et al. (1998) have shown that protezoa
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Table 3. Total mortality rates of bacreriz (kg end momalicy raes doc o grazing (k) for
cach sampling date.

Sampling date ki k, " ik
L4-05-496 HEVHESS (30070 n.al
TH-E-06 {10002 DL .93
LU-E-46 (L0 (004 n.77
24606 INRE! i .70
I3-017-96 L0133 (009 0.67
2U-07-46 n.d. n.d. .4,
[ 2-005-00 L0182 0o .60
26-018-06 M0220 001538 0.72
N%-09-06 D48 00102 0,740
23-00-05 DDL3Z 00105 .34
02-10-06 00128 00052 041
Avernge 0710014

n.i. = not determined.
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Fig. 8, Fluctoaticns of fluses of ot bactenal mortaling amd moctality due e srazing in
the fiver Meuss at La Plante (964,

(flageiletes and ciliates) were the main grazers of bacreria and that the con-
inbutiom af mixotrophic protoeod wes signifcant (between 10 and 40 %5 of
bacterial grazing). Bacterial mortality increased during the course aof the year
to reach & maximum in July and then decreased. This kind of seazonal flucua-
tion with 8 summer meximum has also been descnibed for other aquatic coo-
sysiems (SERVALS etal, 985 1552}
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Carbon budget

The muin ohicctive of this research was W establish & carbon budger theouat
the study of the plankienic fmal web in the rver Meuwse. Fig, @ presenls the
comparison ol carhon sources (ner primary production and allechthonovs in-
put) amd carben consumption {assimiletion by metazooplankton and bacteral
carbon demasnd) 2L L Flante for the eleven sampling cumpaigns during which
the different getivities were measured. As already mentioned, the studied
stretch of the river was dominaed by auoochthonous carhon production: on
sverage for the cleven smudied dates, NPP (173 2Cm *d Y was 4.6 times
higher than the estimaled allochrhonous input of biodesradahle organic cathon
3R Cm™ d™h), However, large variztivns of the ratio NPallochthonous
inpur were cbserved during the studied period depending oo the intensity of
WFP: [rom 0.22 when NEP was the lowest (22310 September) to 14.2 when KPP
reached its maximwn (10" JTune), Concerning carbon consumption, in most
cuses (9 out of 11} bacterial cabon demand exceeded alzal assimilation Ty
metazooplankion. On average, BOD (1092 Cm 2d™") was bwice as high as
algal carhon assimiletion by metazooplunkon (.55 g O m 2 d ', The ratio
BCLYmetazooplankion assimilston presented larae fluctuations from 078 to g
value exceptionally high (38.5) when thers was almost no assimilation of al-

B Biodegradahle allochthomous carbun
e i [ Phytaplanktan nes production
\ B3 Bacterial consumpticn

2 -1y
(]

m ..h,...:._._ lankenn ussimilatinn

Curbon inpots & putputs (g C
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Fig. 9. Carhon budget for the elevern studied situations in the dver Mewse 26 1z Planm
in 1996, Companson of carhon inputs (ner primary prodection and alinchthanmes in
et} and carbon consumprien (metagooplimkion wssimilation and bacrerial srbon de-
ot b
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soe by metazooplankton. The large comimbution of bacteria 1o carbon wrilisa-
fian indicates the polential importance of the microbizl loop in energy transfer
to higher trophic levels. The part of the curbion consumed by pratozoa was es-
Gmated at 0.23 ¢ Cm~2d"! on average when considering that 71 % of bacrerial
produsion was graeed by protozoz (mean of our measuTements} A part of this
carbon can reach the metazooplankton curmpartment through grazing of pro-
EIam.

If we compare the carhon sources and lusses. the ratdo input'consumpdion
rempel between 3.23 and 0.48, On five oceasions, it was higher han 1 indica-
n_b,m.. an export of organic matter from the srucdied smetch to the river down-
streem. Tn the other six simations, carbon consumplion excesded the Inputs,
indicating, most probably, urlization of arganic matter produced upstresm n
the river, The mean inputiconsumption ratie for the studied siviations was
1.74. This value indicates & globally consistent carbon budges, Overall, for the
stutied period, we observed a balance between input and Tosses of organic car
o, with _“__Hﬂ_ﬂm._u_u__. S0MC Cxpot of :ﬂmE._m.r. mater o the downstresm part ol
the river during periods of high pricary produetion.

Conclusions

This smdyv of organic carbon rransfor within siver plankton has focused un
phytoplankion and bacterioplankton production and lesses, in order 10 explore
the possible rophic link betwees these bwn compartinenes.

On the one hand, herhivore consumption of particulate primary production
hus heen found 1o be very effective, provided thal the conditions ars met for
large developments of the small-bodicd grarers (Le. mostly rotifers and some-
times small cladocersns), the major components of dver metaroopiankion. Ac-
conbing 1o our date, as much zs 100% of the phyloplankion production on one
oreasion (24" Jupe) snd 32 % on average for the situatons stodied can be
transferred through metazooplankion assimilation to higher trophic levels dur-
ing the rowing seasen in the dver Meuse. Thiz iy in agresment with eatimares
in earlier work (Descy et al. 1987). On the other hand, most of the time in the
studied stretch of the rver Meuse, the carhon consumed by heterotmophic bac-
teria cxcesded the assimilation by metazooplankion showing the mmpartance
ol the miceobial loop in carbon utilisation, As carbon is maialy from auroch-
thanous origin this indicates thar algal excretion and morality followsd by Ty-
sis gre major carhon sources for heterotrophic dacteria in large miver systems,
as alroady suppested from other studies (Senvals 1985, SERVAIS & GaRniER
1993} and thus that NPP is a main factor controlling bacterial activity.

In addition, we Found (hat e e iu*.._.“_mn_.mn..._.u._.»_.E”_ﬁ..uﬁ_. WRS w_.nﬁz_..m.”_u... _n_n“_..xn_._._.m:
ent om protezooplankton grazing. This means that part of the algel prodection
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resulted indirectly in prolozoan production. Then, the existence of an effoctive
microbial food weh in the river Meuse depends on whether or nor rorifers and
small cladocerans feed on protwscans andfor on bacteris, The literature con-
wins ample evidencs shout the ability of “herhivorous” metaznoplinkion o
feed on helerotrophs [WyLie & Cukkie 1991, VAQUER =t sl 1992, Mare partic-
ularly, effective feeding on hererotrophbic nenoflagellates has been demon-
strated Tor filter-feeders (rotfers and cladocerans, among which Bosmine,
which may be abundant in lowland rivers, and for some calanoid copepods
(Trarens et ol 1996) The question that remains o be answered is basicatly:
do they consume heterotrophs when autotrophs are abundant? Existing studics
for esmaries (e.g. HovsT e al. 1998 indicase thar a rotiler COMMUETY may be
able to switch from organic and heterotophic resources to autotrophic plank-
ten, with chaages within the metazooplankeon community relsied o the con-
trasting food sources. In large rivers, mors ressarch on plankton food wehs is
needed 1o answer this gquestion. with detsiled smidies on metazooplankion
feading on different resources.
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