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Abstr'act. The impact of zooplankton on waste stabilisation pond (WSP) performance has been 
poorly studied until now. Zooplankton grazing activity is, however, worth considering as it can control 
the bacterioplankton and phytoplankton, which are the comerstone organisms of the WSP treatment 
technology. The aim of the present study was to determine whether the grazing activity of the dominant 
zooplankter, Daphnia magna, can significantly control phytoplankton and bacterioplankton in a WSP 
(Differdange, Grand-duchy of Luxembourg). The biomass of phytoplankton (8,,,,.), bacterioplankton 
(8,,) and Daphnia magna (BD,,,.) were estimated fortnightly from January to July 1998. At four key 
moments during this period, the ingestion rates of phytoplankton (1 R"',,.) and bacterioplankton (~,) 
by D. magna were determined and compared to B""''o and primmy production (P,,nJ, and to Bbact and 
bacterial production (P ""',), respectively. From Janua1y to June, IR ,,,,,o varied between 66 and 92 % of 
8 ,,,,.-day' and between 2 and 90% of P,,;,· ln July, the grazing impact on phytoplankton increased and 
reached 17 1 % of B"',.,0 .day' and 3 10 % of P,nm' causing a significant drop in 8 ,,,,,0 • The grazing impact 
of D. magna on bacterioplankton varied between 0.1 and 18 % of B""',.day' and between 0.8 and 226 % 
of P ~=· · Even when higher than 1 00% of P "'"' the grazing impact did not lead to a significant decrease 
of 8 ""'' because of a significant input of allochtonous bacterial biomass with the influent. 

Key words: Daphnia magna, waste stabilisation ponds, ingestion rate, fluorescently-labelled 
bacteria, fluorescently-labellecl a lgae, gut passage lime 

INTRODUCTION 

Waste stabilisation ponds (WSP) are shallow, man-made basins u ed for the treatment 
of organically polluted waste waters. Bacterioplankton and phytoplankton are traditionally 
pointed out as the cornerstone organisms of this type of water treatment (OSWALD et al., 
1957 ; MARAIS & SHAW, 196 1 ). Bacteria degrade organic matter and provide algae with 
carbon dioxide, wbi le algae provide bacteria with oxygen produced during pbotosynthe
sis. ZooplanktoD often develops in high densities in these hyp rtropbic water bodies, and 
planktonic crustaceans often dominate the zooplankton community in WSP tbat have rela
tively long water residence times(- 20 days) (CANOVAS et al., 1996). 
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There is growing interest in a commercial use for zooplankton living in WSP, for 
example as food for fish in aquaculture or as a source of chitin (SEVRJN-REYSSAC et al. , 
1994; CAUCHIE et al., 1995). From the viewpoint of commercial applications, the available 
quantities of zooplankton (i.e. its biomass) and its renewal rate (i.e. its prodl!ction) have 
to be determined. Surprisingly, the production dynamics in WSP have rarely been studied 
(DABORN et al., 1978; MITCHELL & WILLIAMS, 1982 ; lANA & PAL, 1983). As part of a 
research program dealing with the potential for usihg WSP planktonic crustaceans as a 
commercial source of chitin , the production dynamics of the dominant zooplankter 
Daphnia magna have been studied during three years in an aerated WSP located at 
Differdange (Grand-Duchy of Luxembourg) (CAUCHIE et al., unpubl.data). Daphnia 
magna biomass (B0"~''"'J and daily production (P oaph,;aJ were fou nd to vary seasonally. Jt was 
demonstrated that temperature significantly affected the growth rate and the daily produc
tion of D. magna (CAUCHIE et al. , unpubl.data) . However, it proved difficult to demon
strate the effect of food on the production dynamics of the zooplankter. 

ln the present study, we examined the magnitude of trophic transfers from bacterio
plankton and phytoplankton to D. magna under four different combinations of bacterio

plankton biomass (Bb,J, bacterial production (P"""), phytoplankton biomass (Br"Y'•), and 
primary production (P,,,,), as observed in the WSP of Differdange from January to July 
1998. These transfers are discussed in terms oftheir relative contributions to the daily pro
duction of D. magna, as weil as in terms of the impact of D. magna feeding activity on the 

bacterioplankton and phytoplankton dynamics. 

MATERIAL AND METHODS 

Study site and sampling strategy 

The study site was an aerated WSP located in the Grand-duchy of Luxembourg 
( 49°32 'N-5°55 'E). ft collects the dom es tic waste water of a sma ll town ( 15 ,000 inhabi
tant-equivalents) after primary treatment (screening and coarsing) . Two mechanical aera
tors continuously oxygena te the pond, which is roughly rectangula.r. lts length is about 400 
metres and its width is 150 metres . lts mean and maximum depths are 2.3 and 4.0 metres, 
respective! y. The sampling s ite was located a long the long ax is of the pond, at about 1 ûO 
metres from the in let of the pond. At thi s place, the water column reaches 340 cm. 

From January to Jul y 1998, the pond water was sampled tw ice a month ar und noon in 

order to monitor Bb'"' B,,y,o' BD,,1,,", water temperal11re (TEMP) and di sso lved oxygen concen
tration (DO). The ingestion rates of bacteri oplankton (ffi1,") and phytoplankton (IR.r"Y'•) by D. 
magna were detennined on four occasions (January 29, May 03, June 15 and July 09). On these 
dates, we also determined bacterial production (Pb:u:,) and primary production (P prim). 

Biomass and production of bacterioplankton 

Bacteriop lankton was sampled every 40 cm, fro m the surface to the boltom of th 
pond, w ith a 2 1 R uttner bottle and storéd in 1 00-ml autoclaved and ac id-washed g lass bot
ties. ln the laboratory, bacteria were sta ined with acridine orange according to H BBIE et 
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al. ( 1 977) and filtered onto black membranes (pore size = 0.2 f.un). They were enumerated 
and measured to the nearest 0.5 J.Lm using a Leica DMRB epitluorescence microscope 
equipped with a blôê excitation fil ter block (Lei ca 13, BP 450-490). Volumetrie Bb'" (fg dry 
weight (DW) 1·') was determined on the basis of the size class specifie density ofbacteria, 
N; ( cells.I·') and the mean size class specifie ce li volume of the bacteria, Y; (J.Lm3) 

(LOFERER-KROSSBACHER et al. , 1998): 

n 

Bb"" = I 435.N;-(Yl 86 

i=l 

Vi was estimated as (LOFERER-KRbllBACHER et al. , 1998): 

where w; and ( are the mean width (J.Lm) and mean length (J.Lm) of the bacteria in the size 
class i. Areal Bb"' was calculated by integrating volumetrie Bb'" over depth tbroughout the 
water column. 

Hourly volumetrie Pboc.(J.Lg DW.l·'.h·') was determined in situ on the basis of the incorpo
ration rate of (4,5-3H)-l-leucine according to KJRCHMAN et~!. ( 1985). For each sample, tripli
cate aliquots of 5 ml were incubated with the addition of 83 nM of leucine (10 % 
(4,5-3H)-I-Ieucine- 90% non radioactive leucine). The incorporation rate of leucine was cor
rected for isotopie dilution using the kinetic approach described by KIRCHMAN et al. ( 1986). 
Supplementary triplicate aliquots of 5 ml were taken from one sample and incubated in the 
presence of four concentrations ofadded leucine in the range of 1-75 nM (10 % (4,5-3H)-1-
leucine - 90% non radioactive leucine). The leucine incorporation rates were plotted against 
leucine concentration, and the maximum incorporation rate (VmJ was determined by fitting 
a hyperbolic function to the data. The ratio between Vma' and the incorporation rate for 83 
nM of added leucine was used to con·ect the isotopie dilution, which was supposed to be 
similar at ali depths. Two blanks were made for each triplicate by adding ice-cold TCA (5 % 
final concentration) immediately after the beginning of the incubation. Incubations were 
conducted in situ during one hour. Incubations were terminated by the addition of ice-cold 
TCA (5 % final concentration). Samples were then extracted at 85°C during 30 miJ1Utes 
(SERVAIS, 1995) and filtered onto 0.22 !lm pore size acetate cellulose membranes. One ml 
ethylacetate was added to dissolve the fi lters. A fier 48 hours of storage, radioactivity a o
ciated with the filter was measured using a Beckman LS 6500 scinti llation counter and the 
Beckman Ready Organic scintillation cocktail. Quenching was orrected with the extemal 
standard in the Compton edge shift mode (H#). Hourly volum !Tic P .... (!J.g DW. t·'.h·') was 
calculated from the leucine incorporation rate, assuming a conv rsion tàctor of 1,080 
gC.mole leucine incorporated·' (SERVA IS & LAVANDIER, 1995) and a carbon-dry weigbt ratio 
of 0.54 (SIMON & AzAM, 1989). Areal dai ly Pb"' was calcu lated by integrating volumetrie 
houri y P,, " over depth and by multiplying the integrated value by the 24 hours of a day. 
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Bi~mass of phytoplankton and primary production 

For the determination of Bphy<o' water was sampled every 40 cm with a 2 l Ruttner bot
tle and stored in 250-ml autoclaved and acid-washed glass botties. In the laboratory, water 
was filtered onto a black polycarbonate membrane (pore size = 0.2 ~-tm) and the filters 
were observed using a Leica DMRB epitluorescence microscope equipped as noted above. 
Phytoplankton was distinguished from heterotrophic protists on the basis of its red auto

fluorescence, and was enumerated and measured to the nearest l f.tlll . Considering a car

bon to dry weight ratio of 0 .524 (OSWALD, 1988), volumetrie Bphy<o (pg DW.I·') was 
determined on the basis of the s ize class specifie densi ty ofphytoplankton, N; (cells.I·') and 
the mean size class specifie cel! volume ofphytoplankton, Y; (~-tm3} as (ROCHA & DUNCAN, 
1985): 

Il 

Bphy<o = L 0.2298.N;.(Y;)'051 

i= l 

Yi was estimated assuming the cells to be ellipsoids : 

where a;, b; and c; are the mean diameter (~-tm), the sma llest diameter (~-tm) and the grea
test diameter (~-tm) of the cel! in the s ize class i. Areal Bphy<o was ca lculated by integrating 
volumetrie Bphy<o over depth throughout the water column. 

The dominant species in the phytoplankton were determined during the a lgal bloom 
observed in June and July. Phytoplankton samples were taken at a depth of60 cm and pre
served in lugo!. Determinations were made using a Le itz Laborlux microscope. 

Vo lumetrie Ppdm was determined by the « oxygen light-dark bottle » techniq ue 

(VOLLENWEIDER, 1969). Phytoplankton samples for PP""' were taken every 20 cm with a 2 
l Rutt ner bottle. Two light and two dark, acid-washed Winkler botties (volume= 250 rn!) 

were incubated in situ for 4 hours around noon. Dissolved oxygen concentration was 

determined in each bottle before and after the incubation, using a WTW Oxi539 oxymeter 
equipped w ith a Trioximatic300 oxygen probe and a magnetic tirr·er. The gross photo
synthetic rate (mg 0 2.1"' .h-') was estimated by summ ing the oxygen production rate mea
sured in the light botties and the oxygen respiration rate mea UJed in the dark botties. The 
gross photosyntbetic rate was converted into hourly volumetrie PP""' (mg C. I·'.h·'), as um
ing that 1.55 g of molecular oxygen are re leased in the water w hen J g of al gal cel! mate
rial is synthesised (OSWALD, 1988). A real dai ly PP""'( mg DW.m2.day ') was determined by 
integrating the volumetrie hourly PP""' over depth and by multiplying the integratcd valu 
by the ratio between the total solar irradiance during tbe day and the solar irradiance dur
ing tbe incubation, both ~xpressed in E in teio uni ts pcr quarc metre (M ·FFERT & 
OvERB - K, 1985). Sol ar irrad iance data were obtained from the n arby meteorological ta

ti on of Belvaux (49°3 1' N - 5°56 ' E). 
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Biomass and production of D. magna 

Zooplankton samples were taken every 60 cm with a 5 1 Van Dorn bottle. They were 
concentrated using a Nylonyet (mesh size = 80 [ .. un) and preserved in 4% sugar formalin 
solution (PREPAS, 1978). IÎ1 the laboratory, D. magna specimens were enumerated, mea
sured to the nearest 50 ~-tm using a Leica dissecting microscope equipped with a microm
eter, and sorted in 250 [..lm-wide size classes. Volumetrie B Dnplmia (mg DW.I-') was estimated 
as (RIGLER & DOWNING, 1984): 

where N, is the density of D. magna in the size class i, expressed in individuals.J·' and w, 
is the mean weight of the animais in the size class i deduced from the length-weight 
regressions established by CAUCHIE et al. (unpubl.data). The daily net production of 

D. magna (PD""'"''J was calculated as (RIGLER & DOWNING, 1984): 

11 

p Doplmia = L gi.B i 
i= l 

where g, is the growth rate of the animais in the size class i, expressed in day' and B, is 
the biomass of animais in the size class i, expressed in mg DW.J-'. 

Feeding experiments 

Feeding experiments were conducted in the laboratory using fluorescentl y-labelled 
bacteria (FLB) and algae (FLA). FLB and FLA were prepared the day before the experi
ment us ing 5-(4,6-dichlorotriazin-2-yl) amino-fluorescein (DTAF) accord ing to SH ERR et 
al. ( 1987) and T ELES H et al. ( 1995), respective ly. Bacteria used for labe l li ng were iso lated 
from pond water by filtration. The alga used for labe lling was the ch lorophycean 

Dictyosphaerium ehrenbergianum NA EG ., cultured in the laboratory. After Pb"" and P"''"' 
had been determ ined in situ, daphni.ds were collected every 80 cm with a 5 1 Van Dorn bot
tle and brought back to the laboratory in carboys that were kept in iocubators at in situ tem

peratures. ln the laboratory, Bb'" and Bphyto were determined and pond water wa fi ltered 
over a polycarbonate membrane (pore si ze = 0.2 [..L111) in orcier to obtaiJ1 steril e pond water. 
Feedi ng medium was constituted by add ing FLB and FLA to 50 ml offiltered pond water 

to obatin Bb'" and Bphylo concentrations s imilar to those in situ. Eacb feeding experiment 
was conductecl in an i_ncubator at in situ temperature and photoperiod, in tr ipli cate glass 

botties contain ing 50 ml offeeding med ium. 

In orcier to avo id loss of FLB or FLA through defecation , the incubation ti me u ed fo r 
the feeding experimeots was set lower than gut passage tirne (GPT). GPT experiments 
were, therefore, conducted prior to each feedin g experiment. G PT was determ ined by 
direct observation of the labell ecl food in the gut. The an imais were incubated for an 
increas ing incubation time in the feeding med ium. At the end ofeach incubation, the dap h-
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nids were narcotised with carbonated water, killed with formalin and rinsed with sterile 
water. The animais were then individually observed under a Lei ca DMRB epi fluorescence 
microscope equipped with a blue excitation filter block (Leica 13, BP 450-490). The full
ness of the gut of each animal was noted, using the following scores: (1) there were no 
FLB nor FLA in the gut of the animal; (2) the re were FLB or FLA in the first half of the 

. gut; (3) the re were FLB or FLA in the second part of the gut but not up to the distal part 
of the gut; (4) there were FLB or FLA up to the distal part of the gut. GPT was reached 
when the animal began to defecate fluorescent food. 

When gut passage time had been determined, daphnids were incubated in the feeding 
medium during a time that was approximately 20 % shorter than the gut passage time. The 
feeding experiments were al ways conducted around 19 :00 on the day of sampling. The incu
bation was ended by adding carbonated water to narcotise the animais. The animais were 
killed with formalin and rinsed with sterile water, then grouped according to size and trans
ferred into microvials. One ml of sterile water was added to each microvial which was then 
shaken vigorously and sonicated until the bodies of the daplmids were destroyed. The sus
pension was then filtered onto a black membrane, and FLB and FLA were enumerated under 
a Leica DMRB epifluorescence microscope equipped witb a blue excitation filter block 
(Leica 13, BP 450-490). The hourly IRb'" and fRphyto (ng DW.ind·1.h-1) were calculated as: 

N FLJlfl'LA. 60. w FLBIFLA 
Hourly IR = -------bO<Uphyto N . . [ T 

Ollp lmw 

where NFLBtrLA is the number ofF LB or FLA in the microvial (number ofFLB or FLA); wFLBtFLA 
is the mean weight of FLB or FLA used in the experiment (ng DW(FLB or FLA}1) ; N /)(,,1,;,, 
is the number of D. magna individuals grouped in the microvial (ind.) and TT is the incuba
tion time (min). Equations describing the relationship betweenD. magna body size and inges
tion rates were obtained by fitting a power equation to the data. Daily ~" and IRphyto by the 
wholeD. magna population (mg DW (g DW Daphnia)·1.1-1.d-1) were calculated as : 

Dail IR = L: '"'•P•,·•ot• ' n (] R1 •• 1 .>. N .24) 
Y b:tctlphylo i=== l W i 

where IR boctlphyto.t;> is the mean hourly IRboct or IRphyto of the individuals in the size class i (ng 
DWind-1.h'l) ; Ni is the density of D. magna individuals in the s.ize -class i (ind. I-1); w; is 
the mean weight of the D. magna individuals in size class i ütg) determined according to 
CAUCHIE et al. (unpubl.data). The areal da ily IRb'" and IRphylo were obtained by integrating 
the volumetrie daily !Rb'"and IRphyto over the water column. 

To check whether the ingestion rates mea ured at 19 :00 were repres ntative of the 
daily mean IRphyto' hourly lRphylo was measured every 3 bours during 24 hours under the con
di tions prevailing on July 09. Feeding experiments were conducted as de crib d abo e, 
using a feeding medium composed of 1.2 ~tm fil tered pond water (i. e. pond water con-
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taining the natural bacterial commu;J.ity) supplemented with FLA at a biomass similar to 
the in situ Bphy•o observed on Jul y 09. 

RESULTS 

The dynamics of area l values of B 0 ""'"''"' Bb'" and B,hyto are shown in Fig. 1. Low to 
moderate B 0 ,,1, 1, values(< 2.5 g DW.nr' ) were observed from January to May. B 0 ""'"''" began 
to increase steep ly in June and reached very high va lues in early July (60.4 g DW. m·'), 
before decreasing to about 5 g DW.m·' in la te July. T he dynamics of a real B,hyto showed a 
firs t peak in February-March (maximum val ue= 1.1 g DW.nr2) and a second one in June
July (maximum va lue = 8.8 g DW.1n-' ). 
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Fig. 1. - Variati on of Daphnia magna biomass (B~>op~m.) ' bacterioplauktoo bio
mass (8"",) , phytop lankton bioma s (8""~.), water temperal:tJJe (Temp) and dis
solved oxygen concentration (DO) in the waste stabi li ation po1Jd of 
Diffe rdmJge from Jan uary to Ju ly 1998. M idd le panel: black circles = Bbo<t; 
open circ les = B,h,,o· Lower panel: black ci.rc les = Temp; open circlcs = DO. 
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The second, main peak of phytoplankton was dominated by the unicellular green alga 
Planktosphaeria gelatinosa SMITH . B b"' decreased from about 10 g ow.m-2 in January to 
3 g DW.m-2 at the beginning of May. lt th en increased to 7.8 g DW.m·2 at the beginning of 
July. Water temperature gradually increased from 3.5°C in January to I9°C in July. 
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Fig. 2. - Vertica l profi les ofbacterioplankton biomass (Bb,) and product ion (P ""'), phy
top lankton biomass (B ) and primary production (P . ) in the wa te stabilisation 
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pond of Di fferdangc on !he dates of the feedmg expen menrs . 
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Dissolved oxygen concentration decreased from 9.1 mg 0 2.1·1 in January to 2.5 mg 0 2.1·1 in 
June. It increased to 6.5 mg OJ 1 in Ju1y. Pearson Moment Product correlations between 
the variables presented in Fig. J are shown in Table l. Significant positive correlations 

were found between B0 ""'"''" and Brhy•• and between Bb"" and dissolved oxygen concentra
tion. Negative correlations were found between Bh•" and water temperature, and between 
water temperature and dissolved oxygen concentration. 

TABLE 1 

Correlation mat rix (Pearson Product Moment Correlation) for variables 
measured bimonthly in the WSP of Differdange from Janumy to July 1998 

ns = not signijicant (?>0.05), * ? <0.05, ** P<O.O/, *** P<O.OOI 

8 /Japhnio 8""' B phyto Temp. 

Bbnct -0.08 NS 

B phyto 0.88 *** 0.06 NS 

Temp. 0.56 * - 0.70 ** 0.55 NS 

DO - 0.20 NS 0.89 *** 0.01 NS - 0.74 ** 

Bb'" and Brhy•• values showed weak vertical variation during the day, except in June when 
outlier values of Brhylo were observed at the surface and at a depth of 120 cm (Fig. 2). By con

trast, Pb'" and P11""' generally varied significant1y with depth. P11""' displayed typica1 profiles, 
with maximum values observed between 20 and 60 cm deep. Daytime BD<'"'"''" vertical distri
bution (Fig. 3) appeared quite patchy in May and June, whereas it was homogenous in 
January and July. Water temperature and dissolved oxygen concentration did not vary sub
stantially over the water column (Fig. 3). In the absence ofsignificant variation in vertical dis
tribution of food and physico-chemistry, in situ per capita IR"'" and IRrhY•• were assumed to be 
constant throughout the water column, and only one set of feeding experiments was per
fOI·med per date, using mean volumetrie values of 8 0 ""'"''"' Bb."' and B11hy•o· The feeding experi
ments were perfonned under low (January 29), intermediate (May 03), bigh (June 15) and 
very high (July 09) 8 0 ,,1, 1" values (Table 2). Moreover, the ratio of Bh"" on Brhylo varied widely 
among these dates, decreasing from 390 in January to 29 in May, 2.5 in JLme and 0.9 in July. 

TABLE 2 

A real values of bacterioplankton biomass (8""'') and produc;tion (P '"'' ,). phytoplankton bio

mass (8,,>'10), primmy production (P"'1,) and Daphnia magna biomass (80,,1, 1,} and produc
tion (? '"''"'"'') in the aerated waste stabilisai ion pond of Differdange on the dates of the f ee ding 
experiments. TEMP = water temperature, DW = cby weight. 

Date TEMP Bbact B piMO B i)(Iphlli., P,..., p 
p fJclphfll<l JV•f"' oc g DW.nr'· gDW.m '.day ' 

January 29 3.5 10.152 0.026 0.43 1 1.536 1.390 0.047 
May 03 12.4 2.9 10 0.102 1.947 0.792 0.3 14 0.344 
June 15 18.0 4.234 l.701 3 !.96 1 0.624 1.644 18.5 18 
Ju ly 09 17.5 7.801 8.837 60.386 0.600 4.889 54.601 
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Fig. 3. - Vertical profi les of Daphnia magna biomass (8 /)ophn1) and production (P Duphn1.), 

water temperature (Temp) and dissolved oxygen concentr ation (DO) in the waste ta
bi l isation pond of Differdange on the date of the feeding ex per iment . 

The results of the GPT experiments are shown in Fig. 4. In the January exper iment , 
the proportion of non-feeding individuals, i.e. individua ls which had not inge ted fluores
cent food, decreased from 100 to 35 % within the fi rst 15 minutes of incubation. lt then 
stayed around 35 % for incubati"on times up to 60 minutes. Indiv iduals which had begun 
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to defecate fluorescent food were only observed in experiments lasting 60 minutes. In the 
three other GPT experiments, animais defecating fluorescent food were observed within 5 
to 9 minutes from the beginning of the incubation. In May, June and July experiments, the 
proportion of the non-feeding individuals remained as high as 10-1 5 % for incubations 
longer than 1 5 minutes. On the basis of the results presented in Fig. 4, the incubation dura
ti on was set at 30 minutes for January experiments and 4 minutes for the three other sets 
of experiments. 

~ 0 

~ 0 

100 100 
January 29 May03 

75 (3.5 OC) 75 (12.0 OC) 

50 ~ 0 50 

25 25 

0 0 
0 10 20 30 40 50 60 0 5 10 15 20 25 
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100 100 

June 15 July 09 
75 (18.0 °C} 75 (17.5 OC) 

50 ~ 0 50 

25 25 

0 0 
0 3 6 9 12 15 18 0 3 6 9 12 15 18 

time (min) time (min) 

Fig. 4. - Evolution of the proportion of the individuals having no fluorescently labelled 
algae (FLA) in the gut (black circles), FLA in the fiJ"St ha lf part of the gut (open cir
cles), FLA in the second part of the gut but not up to tbe distal part (black triangles) or 
FLA up to tbe distal part o'f the gut (open triangles) as a function of increasing incu
bation time in Daphnia magna kept under constant conditions in the laboratory and 
provided with in situ concentrations of FLA. Water temperature ind icated in brackets. 

The relationships between D. magna body length and IRb"" and IR,hy•o (F ig. 5) could be 
adequately described by a power function (Table 3). The exponent b ranged from 1 to 2, 
except for January IRb"' where it was 3. 12 and for May IRphylo when it was 0.87. Areal da.ily 
IRb'" and IR,11Y•• increased exponentially from January to July (Table 4). The proportion of 
Bb"" and B,11y,o ingested per day by D. magna varied from 0 . .1 to 17.6% and from 65.7 to 
17 1.1 %, respectively. D. magna ingested daily a small percentage of P 0001 in January (0.8 
%) and May (0.9 %), and a large percentage of P,," in June ( 11 9.7 %) and July (226.0 %). 
T he percentage of P"""' ingested daily by D. magna increased from 1.7% in Ja.nuary to 
3 19.2 % in July. 
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Fig. 5. - Size specifie ingestion rate (upper panels) and filtration rates (lower panels) of bacterio
plankton (left panels) and phytoplankton (right panels) by Daphnia magna on four different dates. 
Open circles = January 29; black circles = May 03; open triangles= June 15; black triangles= July 09. 

TABLE 3 

Cell concentrations ofbacterioplankton and phytoplankton used in thefeeding experiments and 
powerfimctions describing the dependence of the ingestion rate (IR) and the.filtering rate (FR) 
on the Daphnia magna body length (L). Equation: IR or FR =a. Lb; For units, see Fig. 5 

Concentration IR FR r 
(cel/s. ml"') 

Bacterioplankton 
Janumy 29 3.3 10' 0.0017 L '·" 1. 70 L '·" 0.997 
May03 1.0 10' 0.0024 L ~., 2,35 L ~., 0.984 

June 15 1.4 1 0' 0.0068 L 1.]6 6.78 L I." 0.963 

Ju ly 09 2.6 107 0.0030 L '58 2.95 L 1.ss 0.972 

Phytoplankton 
January 29 650 28.96 L 1.oJ 3.78 L ' 01 0.944 

May 03 2,500 28.2 1 L0·8' 0.94 L 087 0.972 

June 15 4 1,700 2 1 .43 L 112 0.04 L ' " 0.979 

Ju ly 09 220,000 73.42 L w 0.03 L '" 0.983 
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TABLE 4 

Ingestion rates and jiltering rates of the Daphnia magna population 
on bacterioplankton and phytoplankton in the aerated waste stabilisation pond of Differdange 

January 29 May03 June 15 July 09 

Bacterioplankton 

FR..,, (l.m·' .day') 4.0 8.2 599.9 591.00 
JR. .. (g DW m ' day') 0.012 0.007 0.747 1.356 
[R,.,, (% of B""' day') 0.1 0.2 17.6 17.4 
[R,.,, (%of daily P "",) 0.8 0.9 19.7 226.0 

Phytoplankton 

FR~'''" (l.m' .day') 3137.3 2233.3 2970.2 5816.5 
[R,,,.'" (g DW m ' day·') 0.024 0.067 1.486 15.117 
rR,.,, (% ofB,,,.'" day') 92.3 65.7 87.4 171.1 
rR,.,.,. (% of daily P pri...) 1.7 21.3 90.4 309.2 

The di el pattern of variation in IR,,,.,. is shown in Fig. 6. The di el pattern was uni modal 
for 1.0 mm long D. magna and bimodal for 2.~ mm long ones. For 1 mm long animais, the 
mode was located at 13 :00. For 2.5 mm long animais, the modes were observed between 

7 :00 and 10 :00, and at 19 :00. The relative amplitude of houri y IR"",.'•' ô, (i.e. the ratio between 
the highest and the lowest IR,",.'• values observed over the nycthemeron) reached 2.09 and 2.46 
for 1 mm long daphnids (juveniles) and 2.5 mm long daphnids (adults), respectively (Table 
5). The ratios between the IR,",.'• calculated from ali homly measures made duri.ng the nyc
themeral monitoring and the IR,",.'" measured at 19:00 (i. e. wheo the ingestion experiments 
were performed on January 29, May 03 , June 15 and July 09) were quite close to 1. 

TABLE 5 

Die/ relative amplitudes of hour/y IR~'",.'" over the 24 hours cycle (o) and compari on of the 
dai/y IR",.,.'" calculatedji·om all the hour/y IR~',.,.,. values measured eve1y 3 hours and the dai/y 
!RP,.Y"• ex trapolated from the hour/y JRP,.,.,. measured at 19 00. d is the dai/y maximum hour/y 

JRP"Y'" divided by the dai/y minimum hour/y IR~'""'" 

D. magna 
Daily IR,,, ... 

Ca!culatcd on 
boe/y leng th 

(pg DW. incl-/ d-1 ) 
·Extrapolated 

(mm) Ca/culated Extrapulated ratio 

1.0 2.09 5.88 6.08 0.97 
2.5 2.46 6.32 5.85 1.08 
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Fig. 6. - Di el variations of the houri y IR,hy•• (mean ± stan
dard deviation) of 1.0 and 2.5 111111 long D. magna under the 
feeding conditions observed on July 09. 

DISCUSSION 

On the basis of the dynamics presented in Fig. 1 and the correlations shown in Table 1, 
the variation in B Daplmh• in the pond of Differdange appeared tightly linked to the availabi
lity of algal food and, to a lesser extent, to water temperature. The importance of phyto
plankton in the daily ration of Daphnia magna will be discussed below on the basis of the 
results of the feeding experiments. The correlation between B D""""'" and water temperature 
reflected the strong dependence of the growth rate of D. magna on water temperature 
(BOTIRELL et aL. , 1976). An increase of water temperature frç>m l 0 to 20°C shortens the 
generation time from more than 20 days to Jess than 5 days (CAUCHIE et al., unpubl.data) . 

B""" apparent! y varied independently of B D"P'"''"' but was correlated with dissolved oxy
gen concentration and water temperature. The decrease in disso lved oxygen concentration 
from January to June resulted from a graduai decrease in the input ofwell-oxygenated rain 
water in the sewage, as rainfa ll decreases from winter to spring. As a con equence, anae
robie bacteria most probably became dominant over aerobic ones. The slower metabolic 
rate of anaerobes compared to aerobes (DROSTE, 1997), coupled with an increase in the 
density of bacterivorous protozoans generally observed in spring in WSP (C NOVA et al., 
1996), most probably caused the continuous decrease of Bba" observed from January to 
May. The release of organic materia l by phytoplankton is a major source of carbon for bac
terioplankton. This may ex plain wh y the increase of Bphyoo observed in June and July wa 
followed by a significant increase of B""'. 
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The homogeneity of the vertical profile of Bbact and Bphyto throughout the water column 
probably resulted from ~cient mixing of the water column by the mechanical aerators. 
The vertical distribution of80 """";, appeared patchy during May and June. Because the aera
tors induced an efficient mixing of the water, hydrodynamic factors did not cause this 
p?tchiness. On the other band, the swarming of D. magna was not an adaptation to the 
presence of predators since neither fish nor other common daphnid consumers were pre
sent in the pond. ln the presence of homogeneously distributed food, the vertical distribu
tion of daphnids might also be expected to be homogeneous (PIJANOWSKA & DAWIDOWI CZ, 
1987). It is therefore not known why D. magna tended to aggregate near the bottom in 
May and in June. 

GPT experiments revealed that feeding activity was neither synchronised nor continu
ous in the D. magna population. Such high variability in GPT bas been observed in other 
Daphnia species (ZANKAI, 1983; MURTAUGH, 1985 ; GERRJTS EN et al., 1987). This variabi
lity could have a purely experimental origin. When transferred from one medium to another 
with different characteristics (food concentration, water temperature, etc.), animais can be 
stressed and may need from 15 to 30 minutes to recover constant physiological rates 
(BURNS, 1968; PoRTER et al., 1982). We transferred animais carefully during the feeding 
experiments and the animais did not present any signs of stress (rejection of food from the 
filtering appendages with the postabdomen, prostration or increase in swimming speed) 
during or after transfer. However, the animais were transferred from a medium containing 
unfiltered pond water to a feeding medium containing filtered pond water to which bacte
ria and algae were added, but which did not contain detritus and protozoans, both abundant 
in the pond (H.M. CAUCI-IIE, pers. obs.). Daphnids are indeed known to feed not only on 
bacteria and algae but also on detritus and protozoa (e.g. PETERSON et al., 1978 ; PORTER et 
al., 1983; JüRGENS, 1994). Total food availability was therefore certainly lower in the feed
ing medium than in the pond and could have caused a variation in the feeding behaviour of 
the animais. Nevertheless, the persistence of a significant proportion of non-feeding ani
mals during long experiments (> 15-30 minutes) suggests that, besicles methodological 
biases, an actual inter-individual variation exists in the feeding activity of D. magna. 

In Daphnia, the di stance between the setules of the filter combs increases with body 
length (KORIN EK et al., 1986 ; LAM PERT & BRENDELBERG , 1996). As a consequence, small 
indi viduals can retain small particles such as bacteria more efficiently than large indivi
duals, whereas large animais can handle large particles more eas ily than small an imais. 
High values of the expooent b are therefore observed for Daphnia wh en large green algae 
and cyanobacteria are offered as food (HOLM et al., 1983 ; BRENDELBER:GER , J 985; 
STUCHLIK, 1991 ). By contrast, low b va lues are observed when bacteria are offered as food 
(PETERSON et al. , 1978 ; PORTER et al., 1983). Except on January 29 for !Rb,"' intermediate 
to low b values were observed as a consequence of the small s ize of the FLB (1 ngth = 
1 ).lill ; width = 0.5 ~un) and FLA (diameter = 5 ~tm). The high va lue of b observed for 
lRbact in January probably refl ects an adaptation oftbe filter ing apparatus to low food dur
ing winter. Daphnids are indeed able to increase their fi ltralion area and to reduce the open 
di stance between the setules of the end ites of the ir tbird and fourth thoracic li mbs 
(KOR INEK et al., 1986) . As a consequence, an increase of the va lue of b i observed uncler 
conditions of low food avai lab ility (LAM PERT & BR EN DELB ERGER, 1 996). 
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Even when Bb'" was significantly higher than Br""'"' D. magna predominantly fed on 
algae. This is in good agreement with the bulk of evidence presented earlier (PETERSON et 
al., 1978; GELLER & MüLLER, 1981) and reflects the low ability of this species to capture 
bacteria compared to algae (BRENDELBERGER, 1985). This difference in capture efficiency 
resulted in a lower impact of-.8. magna on the bacterial community than on the algal com
munity. From January to June, Br"Y'" was maintained at a low leve] because the D. magna 
population consumed a high proportion ofBrhy•o· Despite this high grazing pressure, the green 
alga Planktonsphaeria gelatinosa was able to develop a high biomass. ln early July, BD""'"';,' 
reached an uncommonly high value resulting in an overgrazing of the phytoplankton and a 
collapse of Brhyto· The high grazing pressure of D. magna is certainly a major cause of the 
weak phytoplankton developrnent generally observed in waste stabilisation ponds 
(NAMÉCHE, 1998). Significant grazing pressure on bacterioplankton was only observed when 
BD""""'" reached high values. ln June, the D. magna population ingested one fifth ofBb'" dai1y 
and more than 100% of the Pb"" daily. However, Bbact did not decrease because ofthe input 
of allochtonous Bb'" with sewage. The grazing pressure on P boel was maximum in earl y July, 
resulting in a decrease in Bbact· Because, however, such high BD<'"'"''" are only transient in waste 
stabilisation ponds, the grazing pressure of the D. magna population Ofl the bacterioplankton 
dynamics must be considered, on the whole, as marginal. 

The gross production efficiency (GPE) of D. magna on the combined biomass ofbac
terioplankton and phytoplankton (P &'"'"''" 1 (fRbact + IRphytJ) reached 130, 465, 830 and 331 % 
in January, May, June and July, respectively. Such obviously too high va lues ofGPE indi
cate, as far as PD""'"''" was correctly estimated, that the total quantity of food ingested by 
D. magna was underestimated. This may indicate that the detritic particulate matter con
stitutes a significant part of the D. magna ration in waste stabilisation ponds. The next 
stage of our trophodynamic study of waste stabilisation poncjs will therefore involve the 
labelling of detritus and the estimation of its ingestion rate by D. magna. 

The extrapolation of daily ingestion rates from a few short-term experiments isques
tionable. The monitoring of die] variation of IRP"Y'o revealed, however, that a single mea
sure of 1 Rphyto made at 19 ;00 correctly reflected the mean IRphyto over 24 hours. Di el patterns 
of lRr"Y'" in adults were similar to those observed in other Daphnia spec ies 
(STARKWEATHER, 1975, 1983; HANEY & HALL, 1975), with the highest ingestion rates 
being generally observed during the night or at light-to-darkness or darkness-to-light tran
sition. By contrast, the daytime maximum ofiRphyto observed in juveniles was quite uncom
mon. Vi suai predation by fish is often pointed out as a major cause of the occurrence of 
maximum feeding rates at night (STARKW EATHER, 1983). In the WSP of Differdange, this 
type of predation was non-ex istent and there was th us no disadvantage of feeding during 
the day. Under these conditions, the temporal separation of the max imum feed ing activity 
of juveniles from that of adults can be hypothesised to be a niche shift leading to a reduc
tion of intra-specific competition for food. 
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