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ABSTRACT: In this paper, we test the potential meroplankton grazing pressure on the nanoplanktonic 
community at the Bay of Blanes (NW Mediterranean). We used 2 abundant polychaete larvae (Prionos- 
pio malmgreni and Loimia medusa) cultured in situ in dialysis bags from which possible nanoplankton 
grazers other than larvae had been removed by filtration. Ingestion rates on chlorophyll a ranged from 
0.001 to 0.04 and from 0.045 to 0.117 pg larva-' d" for P. malmgreniand L medusa, respectively. Inges- 
tion rates on heterotrophic nanoflagellates (HNF) ranged from 2.4 to 32.3 x 103 and from 20.8 to 128.0 X 

103 cells larva-' d-' for P. mahgren i  and L. medusa, respectively. Scaling larval grazing to the natural 
plankton community results in: (1) a consumption on nanophytoplankton production ranging between 
2.5 and ?.(l%, corresponding to percentages of nanophytoplankton loss in ambient waters of 2.3 
to 6.4%, respectively; (2) a consumption on HNF production ranging between 3.1 and 12.4%, corre- 
spond~ng to percentages of HNF loss in ambient waters of 2 9 to 11.7 %, respectively. Although limited 
in time, the presence of planktotrophic larvae could cause an impact on nanophytoplankton popula- 
tions which could be of similar relevance to that of holoplanktonic grazers, at least in shallow littoral 
waters of the Mediterranean Sea. Although potentially high, the estimated ingestion of nanophyto- 
plankton by polychaete larvae was not sufficient to explain the major losses observed in the field, sug- 
gesting that these losses must be a result of consumption by other zooplanktonic grazers as well, and/or 
from processes other than herbivory. Contrary to nanophytoplankton and HNF, bacteria showed 
enhanced abundance in the presence of both polychaete larvae. Grazing by polychaete larvae caused 
a disruption of the grazing control exerted by HNF on bacteria. In conclusion, our results strongly indi- 
cate an important trophic role of meroplankton both as a direct control of the microbial holoplanktonic 
populations, and as a source of cascading effects in the microbial planktonic food webs. 
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INTRODUCTION 

The close timing between the production of pelagic 
larvae by benthic invertebrates and the phytoplankton 
blooms has been widely reported since Thorson (1946). 
This synchrony ensures an abundant food supply for 
planktotrophic larvae (Thorson 1946, Himmelman 
1975), but there are 2 competing hypotheses on the 

origin of this coupling: (1) indirect induction through 
the control of both the phytoplankton blooms and the 
gamete or larval release by physical environmental 
variables (Forward 1987, Giese & Kanatani 1987), and 
( 2 )  direct induction, with the increasing phytoplankton 
abundance acting as a chemical triggering cue for 
spawning (Starr et  al. 1990, 1991, 1992, 1993, 1994). 

Spawning of benthic invertebrates results in the 
release of a large number of planktotrophic larvae with 
a 'long planktonic life' to the pelagic system (Thorson 
1950, Mileikowsky 1971, Strathmann 1987). The nour- 
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ishment of these larvae w ~ l l  depend directly on the 
existing planktonic community. Planktotrophic larvae 
may become frequently dominant members of coastal 
zooplankton during the reproductive season (Thorson 
1946, Anger et al. 1986, Andreu & Duarte in press). 
However, the possible trophic role of these larvae in 
pelagic food webs remains largely unknown. 

At the Bay of Blanes (NW Mediterranean) grazing by 
heterotrophic nanoflagellates is the main loss factor for 
bacteria (del Giorgio et al. in press) and picoplankton 
(Mura et al. 1996), whereas nanoplankton and micro- 
plankton biomass and production appear to be tightly 
controlled by metazoan grazers (Mura et al. 1996). In 
this paper, we test the potential larval grazing pressure 
on the nanoplanktonic community (<20 pm) at the Bay 
of Blanes by using 2 abundant polychaete larvae (Pri- 
onospio malmgreni and Loimia medusa). 

Polychaete larvae exhibit a great variety of feeding 
mechanisms (Strathmann 1978), most being filtrating 
downstream collectors. Usually, they have 2 ciliated 
bands, allowing the retention of particles of 2 to 20 pm 
(Daro & Polk 1973, Nilsen 1987, Strathmann 1987, 
Hansen 1991, 1993). During their reproductive period, 
Prionospio malmgreni and Loimia medusa are 2 abun- 
dant planktonic polychaete larvae at the Bay of Blanes. 
The larva of P. malmgreni is a typical metatrochophore 
of the family Spionidae, and the aulophore of L. 
medusa is a long-living pelagic larva from the family 
Terebellidae, each one representing 2 different larval 
feeding mechanisms. Larvae of P. malmgreni are  fil- 

Tube opening, 

Fig. l .  External morphology of the 2 polychaete larvae used in 
the experiments: (A)  Prionospio r n a h g r e n ~ ,  (B) Loimia medusa 

trating downstream collectors with long, thin bodies 
and 2 short palps of 1/10 of the total body length 
(Fig. IA). They feed through the combined effect of the 
permanent antero-posterior current created by the 
movement of the abundant short cilia of a short neuro- 
troch, and the beating of the long cilia from the well- 
developed prototroch (D. Martin pers. obs.). The aulo- 
phores of L. medusa are secondary larval phases, 
buoyant because of the presence of mucus secretions 
(Nozais 1995). Food capture is based on their grooved, 
ciliated tentacles that, in contrast to the adult benthic 
phases, collect food particles from the openings of their 
mucous tubes (Fig. 1B). These particles are carried 
towards the openings of the tube by currents induced 
by peristaltic movements of the body (D. Martin pers. 
obs.). 

Studies of polychaete larval feeding have been con- 
ducted in the laboratory (Blake & Kudenov 1981, 
Paulay et al. 1985, Anger et al. 1986, Hansen 1993), 
where conditions differ from those encountered in situ 
(cf. Baldwin & Newell 1991, Shimeta & Jumars 1991). 
In situ manipulative experiments are, therefore, 
needed to assess the role of meroplanktonic poly- 
chaetes in coastal pelagic food webs. 

We performed larval feeding experiments, using 
organisms enclosed within dialysis bags suspended in 
situ, from which possible microplankton grazers other 
than larvae had been removed by filtration. Dialysis 
bags allow free exchange of most inorganic and 
organic solutes and exclude losses other than natural 
mortality and those attributed to the introduced poly- 
chaete larvae. Because the lower size-limit for poly- 
chaete larvae prey (>2 pm) is above the size of the nat- 
ural bacterioplankton community ( < l  pm; Gas01 et al. 
1995), we considered nanophytoplankton and het- 
erotrophic nanoflagellates as the prey items available 
to the polychaete larvae. 

MATERIAL AND METHODS 

The study was conducted in the Bay of Blanes, NW 
Mediterranean Sea (41" 39.90' N, 2" 48.03' E). We used 
2 of the mcst abundant p!anktonic polychaete larvae 
during the experimental period (Prionospio malmgreni 
and Loimia medusa) as test organisms. Larvae were 
collected using a plankton net of 150 pm mesh size in 
the Bay of Blanes on February 8, 1995. Samples were 
then transferred to hermetic plastic bags, and kept in 
an isothermal box until sorted at the laboratory under 
an Olympus stereomicroscope equipped with a cold 
light system. Larvae were carefully pipetted and trans- 
ferred to filtered seawater until the beginning of the 
experiment. Larvae of about 2 and 10 mm in length 
were selected for P. malmgreni and L. medusa, respec- 
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tively. For this last species, larvae with a single tentacle 
were carefully selected. 

To assess the response of potential prey organisms 
[i.e. phytoplankton, heterotrophic nanoflagellates 
(HNF), and bacterioplankton] caused by the presence 
of larvae, we enclosed natural seawater inside dialysis 
bags. The d~alysis bags (Spectra/Por) consisted of 
500 m1 bags constructed with dialysis membranes with 
a molecular weight cut-off of 6000 to 8000 Da. These 
membranes allow diffusion of molecules smaller than 
proteins, which equilibrate with ambient seawater at 
time scales <4  h. The dialysis cultures were used for 3 
treatments: (1) without larvae (i.e. control), (2) with 5 
larvae of Prionospio malmgreni, and (3) with 2 larvae 
of Loimia medusa. 

Seawater containing the natural subsurface holo- 
planktonic community was collected at the same area 
where larvae were captured prior to the onset of the 
experiments and screened through a 20 pm mesh to 
exclude consumers other than larvae (ciliates >l00 pm 
were also excluded). Dialysis bags were hydrated by 
soaking them in deionised water for 2 h prior to use. 
The bags were filled with the filtered seawater, lar- 
vae were added as appropriate, on deck of an out- 
board motor boat, and the bags were then closed. 
Small hermetic cups filled with filtered seawater 
were used to transport the larvae to the in situ exper- 
imental site. The dialysis bags were carefully tied to a 
frame, and suspended in the bay at about 1.5 m 
below the surface waves. The surface temperature 
during the incubation was 13.05 + 0.03"C. Six dialysis 
bags were prepared for each treatment. Two bags per 
treatment were sampled at  the onset of the experi- 
ment (Day 0), after 1 d (Day l), and after 5 d (Day 5). 
The content of each bag was collected into a 500 m1 
clean plastic container and immediately transported 
to the laboratory. Parallel samples of ambient seawa- 
ter were also collected. 

At the laboratory, all larvae inside the bags were 
recovered and their state of health carefully checked. 
Subsamples (400 ml) were filtered through Whatman 
GF/F filters for fluorometric analysis of chlorophyll a 
(chl a )  concentration (Parsons et al. 1984). The filters 
were homogenised in 90% acetone and refrigerated at 
4°C for ca 6 h. Fluorescence was measured, following 
extraction, in a Turner Designs fluorometer calibrated 
with pure chl a (Sigma Co.) (Holm-Hansen & Riemann 
1978). 

Additional samples of 10 ml (HNF) and 19 m1 (bacte- 
ria) were preserved with 2 m1 and 1 m1 of formalde- 
hyde (5 % of final concentration), respectively. These 
samples were gravity-filtered at low pressure onto 
black Nuclepore filters (nominal pore sizes of 0.6 pm 
for HNF and 0.2 pm for bacteria), and then stained with 
1 m1 of DAPI (4', 6-diamidino-2-phenylindole; Marti- 

nussen & Thlngstad 1991) solution (10 pg m l ' )  for 5 to 
10 min. Filters were then washed twice with filtered 
seawater before they were mounted on a glass slide 
over a drop of Zeiss immersion oil, and stored frozen 
until microscopic examination in the laboratory. Epi- 
fluorescence microscopy, which allows unambiguous 
discrimination of autotrophic (i.e. containing chl a )  
from heterotrophic cells, was used to estimate the 
number of HNF (<6 pm) and bacteria (<2 pm). The fil- 
ters were examined using a Zeiss Axioplan microscope 
equipped with an epifluorescence unit provided with a 
UV filter set (Zeiss filter 487701). Cells were counted 
on 100 fields (HNF) and 10 fields (bacteria) at  lOOOx 
magnification (field size of 100 pmZ). 

Ingestion rates on nanophytoplankton and HNF and 
bacterial loss rates were based on an exponential 
growth model, and were estimated from the equations 
provided by Frost (1972) and Saiz (1993). To estimate 
the percentage of total loss and the percentage of con- 
sumed production of nanophytoplankton and HNF 
which can be attributed to grazing by polychaete lar- 
vae in natural conditions, we used the nanophyto- 
plankton net growth rates and loss rates in natural 
waters estimated by Mura et al. (1996). HNF net 
growth rates were estimated as the growth rates calcu- 
lated from the changes in HNF abundance in ambient 
waters during the experimental period. Accordingly, 
HNF natural loss rates were calculated as the differ- 
ences between gross and net growth rates. HNF pro- 
duction in the control bags were estimated as the max- 
imum increase in cell numbers with time. 

Differences in chl a concentration and cell numbers 
(bacteria and HNF) between treatments were tested 
by l-way analysis of variance (ANOVA) and Tukey 
HSD multiple comparisons tests. Differences in graz- 
ing and ingestion rates between treatments and days 
of incubation were assessed by Student's t-test. 
Variables were appropriately transformed whenever 
needed to comply with the assumptions of the para- 
metric tests. 

RESULTS 

Chl a concentration on Day 0 was 1.36 pg 1-' and 
showed significant changes during the experimental 
period in all bags (Fig. 2). However, only Loimia me- 
dusa larvae were able to cause a significant decrease 
in chl a concentration from Day 0 to Day 1 (Tukey test, 
p < 0.02) and significant differences between all bags 
were found after 5 d. In particular, only chl a concen- 
trations in the L. medusa bags were significantly dif- 
ferent from those in the control bags (Tukey test, p = 
0.021, whereas they were not significantly different 
from those in the Prionospio malmgreni bags. 
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Fig. 2 T ~ m e  course of the chlorophyll a concentration, HNF 
abundance,  and bactenal abundance in control and treatment 
d~alysis bags. Arrows Indicate signiflcant differences w ~ t h  
time; asterisks indicate significant differences between treat- 

ments: (1;) 0.05 2 p > 0 01, (/+;-) p < 0.01 

The abundance of HNF on Day 0 was 560 cells ml-' 
and showed significant changes during the experi- 
mental period in all bags (Fig. 2) ,  HNF abundance 
being higher on Day 5 than on Day 0 (Tukey test; con- 
trol: p < 0.01; Przonospio malmgreni:  p = 0.01; Loimia 
medusa .  p < O 05). Hobvevcr, the main increase in HNF 
abundance in the control bags occurred within the first 
day (Tukey test, p < 0.04), whereas that in the treat- 
ment bags occurred between Days 1 and 5 (Tukey test; 
P. malmgrenl:  p = 0.04: L. medusa:  p < 0.02). There 
were signiflcant differences In HNF abundance be- 
tween all bags on the 2 incubation dates. These differ- 
ences were attributed to the lower HNF abundance in 
the L medusa  bags relative to the control (Tukey test; 
Day l ,  p < 0.02; Day 5, p < 0.03) and the P. malmgreni  
(Tukey test; Day 1, p = 0.05) bags. HNF abundance in 
the P. malnlgrenl bags was always intermediate 

between those ~n the control (higher) and the 
L. medusa (lower) bags, being closer to that of the 
L. medusa  bags on Day 1 and to that of the control bags 
at Day 5 (Fig 2).  

Bacterial abundance on Day 0 was 171.6 X 3 . 0 ~  cells 
m1 ' and showed changes during the experimental 
period in all bags, the trends being different depen- 
ding on experimental bags (Fig. 2). Contrary to nano- 
phytoplankton and HNF, bacterial abundance in- 
creased in the presence of both larval species, at least 
after 1 d of incubation. There were significant differ- 
ences in bacterial abundance between all bags for the 
2 incubation periods. On Day 1, bacterial abundance 
was higher in the treatment than in the control bags 
(Tukey test, p 0.03). Bacterial abundance in the 
Loimia medusa  bags was significantly higher after 5 d 
than those in the control and the Prionospio malmgreni  
bags (Tukey test, p < 0.02 and p = 0.04, respectively), 
whereas the control and the P. malmgreni  bags did not 
differ significantly from each other. 

Nanophytoplankton ingestion by Lo im~a  medusa  
was higher than that by Prionospio malmgreni  on 
Day 1 (0.117 and 0.04 pg larva-' d-', respectively) 
whereas differences were not significant on Day 5 
(0.045 and 0.001 pg larva-' d-' for L. medusa  and P. 
malmgreni ,  respectively) (Fig. 3). Accordingly, only the 
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Fig 3 T ~ m e  course of the ~ngestion rates on chlorophyll a and 
HNF by the larvae studled inside the dialysis bags. Arrows 
lnd~cate  slgnlf~cant d l f f~rences  with tlmc, astensks indicate 
s lyn~f~can t  r i lff~rences hetwr,en treatments ( j ,  m )  0 05 2 p > 

0 01, ( h j  :.) p 5 0 01 



Martin e t  al.: Meroplanktonic polychaete larval g l u i n g  243 

-- 

ingestion rates on nanophytoplankton by L. medusa 
were significantly higher on Day 1 than on Day 5. 

Ingestion rates on HNF by Prionospio malmgreni 
were 32.3 X 103 cells larva-' d - '  (Day 1) and 2.4 X 

10%ells larva-' d-' (Day 5),  whereas those by Loimia 
n ~ e d u s a  were 128.0 X 10%ells larva- '  d - '  (Day 1) and 
20.8 X 10:' cells lal-va-' d-' (Day 5) (Fig. 3). These inges- 
tion rates were: (1) significantly higher for L. medusa 
than for P, malmgreni at both incubation dates, and (2) 
significantly higher on Day 1 than on Day 5 for both 
polychaete larvae (Fig. 3).  

Bacterioplankton showed negative loss rates inside 
the treatment bags: (1) -0.513 d . '  (Day 1) and 
-0.005 d-' (Day 5) in the Prionospio malmgreni bags. 
and (2) -0.50 d - '  (Day 1) and -0.194 d-' (Day 5) in the 
Loimia medusa bags (Fig. 4). This fact indicated 
enhanced bacterial growth, rather than losses, in the 
presence of both larvae. Bacterial loss rates were sig- 
nificantly lower on Day 1 than on Day 5 only in the 
P. malmgreni bags, whereas the differences between 
treatments were only significant on Day 5 (Fig. 4) .  

DISCUSSION 

Our results demonstrate that the Loimia medusa and 
Prionospio malmgreni larvae have a significant impact 
on the dynamics of microbial planktonic communities. 
Both polychaete species consumed nanophytoplank- 
ton and HNF. Although the consumption rate (Fig. 3) 
was greater for L.  medusa, their larvae are much larger 
than those of P. malmgreni (Flg. 1) .  In fact, the inges- 
tion rate per larval body biovolume unit of the latter 
was higher than that of the former, both for chl a and 
HNF (Table 1). 

Bacterial growth was stimulated, not suppressed, by 
the presence of polychaete larvae. This indicates that 
the activity of the larvae triggers cascading effects on 
the microbial planktonic communities. Bactenoplank- 
ton populations in the Bay of Blanes are closely con- 
trolled by HNF (del Giorgio et  al. in press). Hence, 
decimation of the HNF population by larval grazing 
appears to release the pressure HNFs exert on bacte- 
ria, allowing a growth increase. These effects are  prob- 
ably derived from the normal size-range of polychaete 
larval prey (>2 pm), which does not include bacteria 
(mean size < 1 pm in the Bay of Blanes; Gas01 et  al. 
1995) but comprises HNFs (about 5 pm). 

Whereas the results obtained unambiguously de- 
monstrate a potential impact of the meroplanktonic 
polychaete larvae on microbial holoplankton commu- 
nities, assessment of the importance of these mecha- 
nisms requires scaling of the experimental conditions, 
with larval abundance well in excess of that encoun- 
tered in situ, to the natural plankton community. To 
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Prionospio nlalmgrerzi 
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Fig. 4. Time course of the bacterial loss rates inside the dialy- 
sis bags. Arrow indicates significant differences with time 
(0.05 2 p > 0.01); asterisks indlcate significant differences 

between treatments (p 1 0.01) 

evaluate the potential grazing pressure exerted by the 
larvae studied on the ecosystem, we calculated the 
fraction of the nanophytoplankton production con- 
sumed by 500 larvae m-:' ( the maximum abundance 
during a recruitment peak at  the Bay of Blanes in Feb- 
ruary; Martin unpubl. results). We assumed a gross 
growth rate for nanophytoplankton of 0.61 d-l (Mura et 
al. 1996) and maximum ingestion rates of 0.040 p g  
chl a larva-' d-' (Prionospio malmgreni) and 0.117 1-19 
chl a larva-' d- '  (Loimia medusa) (i.e. those recorded 
on experimental Day 1). Based on the chl a concentra- 
tion at the beginning of our expel-iment, these assump- 
tions result in a daily production of about 1.14 mg chl a 
m-3 of which 2.54 and 7.00% would be consumed by 
P. malmgreni and L. medusa, respectively. Assuming a 
nanophytoplankton loss rate of 0.65 d-' (Mura e t  al. 
1996), consumption by these larvae would account for 
2.33 and 6.43 % of the losses, respectively. 

Potential ingestion rates on the HNF population 
existing in ambient waters at the Bay 01 BIanes by 
larval grazlng during the experimental period were 
extrapolated assuming the same scenario of poly- 
chaete larval abundance considered above (i.e. 

Table 1. Larval ingestion rates of chlorophyll a (chl a)  and 
heterotroph~c nanoflagellates (HNF) per larval body bio- 

volume unit (LBB). DI: days of incubation 

Species LBB D1 Chl a 
(mm3) (pg d-l mm-3) (cells d.' mm-') 

HNF l 
Prionosplo 0.014 1 2.87 2.31 X l ob  

malmgreni 5 0.09 0.17 X 10' 

Loimia 78.7 1 1.48 X I O - ~  1.63 X 10" 
medusa 5 0.57 X I O - ~  0.26 X 10" 
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500 larvae m-3). We considered a scenario charac- 
terised by 560 HNF 1-' (i.e. the abundance in ambient 
waters at the beginning of the experiment), and a gross 
HNF growth rate of 0.65 d-' (i.e. the rate observed in 
control bags after 1 d of incubation). Assuming maxi- 
mum ingestion rates on HNF of 32.3 X 103 cells larva-' 
d-' (Prionospio malmgreni) and 128.0 x 103 cells larva-' 
d-' (Loimia medusa) (i.e. those recorded on experimen- 
tal Day l ) ,  the consumption expected by larval grazing 
on HNF would range between 3.14 "h (P. malmgreni] 
and 12.44% (L. mednsa). The percentage of HNF 
losses in ambient waters attributable to these larval 
populations would range between 2.95 and 11.69%, 
respectively. Polychaete larvae appeared to be able to 
consume a higher percentage of the HNF production 
than what was calculated as loss of the daily nano- 
phytoplankton production. Moreover, the percentage 
of HNF consumed was of similar magnitude as the per- 
centages of HNF loss in ambient waters. Since grazing 
by polychaete larvae appeared to be effective to con- 
trol the growth of HNF inside the dialysis bags, we 
suggest that larvae alone may keep the same potential 
control on HNF in ambient waters. 

It has been suggested that metazoan grazers play a 
major role in controlling the nanophytoplankton pro- 
duction and biomass in the Bay of Blanes (Mura e t  al. 
1996). This control has usually been attributed to holo- 
planktonic metazoans (mainly crustaceans) due to 
their relatively high abundance when compared to 
that of meroplankton. In the NW Mediterranean lit- 
toral waters, the most important phytoplankton bloom 
occurs In late winter (Mura et al. in press), and is fol- 
lowed by the main reproductive period of macroben- 
thic species in spring (Pinedo et al. in press). Thus, 
meroplanktonic larvae appear in the water column in 
early spring (Andreu & Duarte in press), resulting in 
the dominance of the zooplankton community in the 
Bay of Blanes by meroplankton. Meroplankton can 
contribute up to 60% of the community biomass, while 
the abundance of other planktonic consumers (e.g. 
copepods) is a n  order of magnitude higher than that of 
larvae (Andreu & Duarte in press) 

Assuming a maximum ingestion rate of 0.045 pg chl a 
d-' for individual copepods (E. Saiz pers. comm.), the 
percentage of nanophytoplankton production consid- 
ered in the above scenario consumed by a copepod 
population of 2000 ind. m-"the abundance in February 
at the Bay of Blanes; Martin unpubl. obs.) would be 
?.88%, whereas the percentage of loss attributable to 
this copepod population would be 7.23%. The values 
estimated for polychaete larvae are, thus, slightly be- 
low those that can be attributed to copepods. However, 
they are  within the same order of magnitude. There- 
fore, our results suggest that, although potentially high, 
the estimated ingestion of chlorophyll a by polychaete 

larvae and/or copepods was not sufficient to explain the 
major loss of nanophytoplankton observed in situ. 

Bacterioplankton and HNF populations can be con- 
trolled either by resource availability (bottom up control) 
or by predation pressure (top down control). It has been 
suggested that ambient nutrient and dissolved organic 
carbon (DOC) concentrations and temperature set an 
upper limit to bacterial maximum growth rates. 
whereas grazing by flagellate protists determines the net 
growth rates and the final number of bacteria, even at 
the low ambient nutrient and organic carbon con- 
centrations present in the Bay of Blanes (del Giorgio et 
al. in press). In fact, when bacteria are top down con- 
trolled by HNF, HNF are bottom up controlled (Gasol 
1994). The situation found in the natural planktonic 
community at the beginning of our experiment corre- 
sponded to a top down control of bacterial populations, 
with low bacterial abundance (i.e. 171.6 X 103 cell ml-l) 
and high HNF abundance (i.e. 560 cells ml-l). These 
relative densities suggest the HNF to be at the maximum 
attainable abundance proposed by Gasol (1994) 
(Fig. 5 ) ,  the HNF grazing pressure on bacteria being, 
thus, closer to the maximum sustainable predation limit. 

During the course of our experiment, bacterial den- 
sity inside the control bags increased relatively more 
than that of their predators (the HNF), resulting in a 
release of the situation of top down control after 1 d 
(Fig. 5). Five days later, both HNF and bacteria popu- 
la t ion~ had densities which were about 2.7 and 2.3 
times higher than those at the onset of the experiment. 
However, the equilibrium returned to a situation 
where grazing by HNF could control bacterial density 
agaln (Fig. 5) .  Our experimental design allowed us to 
assume an absence of HNF predators in the control 
bags (polychaete larvae also absent). Therefore, the 
HNF were able to recover their grazing control on the 
bacterial population in the absence of predators of 
protozoans, as already demonstrated in experimental 
enclosures (e.g. Andersen & Fenchel 1985, Bloem & 

Bar-Gilissen 1989). 
The presence of effective HNF predators disturbed 

the sequence observed in the control bags. Both poly- 
chaete larvae caused a disruption of the control 
exerted by HNF at Day 1 (Fig. 5). Two combined mcch- 
anisms may contribute to this effect: (1) an increase of 
bacterial growth related to the accumulation of larval 
faecal dissolved organic matter (DOM) and pellets, 
which are retained inside the dialysis membrane, and 
(2)  a depression of the net growth of the HNF popula- 
tions due to larval grazing pressure, thereby reducing 
HNF grazing pressure on bacteria. HNF abundance 
was about 1.7 and 3.3 times higher Inside the control 
bags than inside the Prionospio malmgreni and Loimja 
medusa bags, respectively, supporting the plausibility 
of the second mechanism postulated. 
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Fig. 5. Time course of the relationships between bacteria and 
HNF abundance (as log cells ml-l) in control and treatment 
dialysis bags. Black line: maximum attainable abundance 
limit; dotted line: mean realised abundance line, as the border 
between top down (downwards) and bottom up (upwards) sit- 
uations of control of the HNF population (from Gasol 1994). 
Arrows indicate the direction of change during the course of 

the experiment 

As a consequence of the exponential HNF growth 
model, the relative loss of the HNF populations caused 
by larval feeding (represented by the ingestion rates in 
Fig. 3) were lower after 5 d of incubation. Protists were 
thus able to recover their control on the bacterial 
growth. However, inside the bags, the influence of the 
larvae of the 2 polychaete species on the HNF popula- 
tions differed. The Prionospio malmgreni treatments 
showed an equilibrium between HNF and bacterial 
densities nearly identical to those in the control bags 
(Fig. 5). This suggests that these larvae were actively 
feeding during the course of the experiment, but were 
finally unable to maintain their control on the HNF 
population. Conversely, the potential control of HNFs 
derived from the feeding activity of Loimia medusa lar- 

vae was maintained after 5 d of incubation, these lar- 
vae still being able to significantly reduce the grazing 
pressure of HNF on bacteria by the end of the experi- 
ment (Fig. 5). As a consequence, the ratio between 
bacteria and HNF densities inside the bags containing 
these larvae was significantly different from that inside 
the control bags (Fig. 5).  

The existence of pelagic, planktotrophic stages in 
the life cycle of benthic organisms has been explained 
as a migration into a different trophic compartment to 
successfully metamorphose without taxing the adult 
energy budget, with dispersal as a consequence (Strath- 
mann 1985, Giangrande et al. 1994). However, the 
transfer to a different compartment also involves that 
larvae become necessarily integrated in new trophic 
pathways. Although limited in time (i.e. from less than 
1 d to a little more than 1 mo), their presence could 
cause an impact which could be of similar relevance 
to that of holoplanktonic grazers, at  least in shallow 
littoral waters of the Mediterranean Sea. In conclusion, 
our results strongly indicate an  important trophic role 
for meroplanktonic larvae both as a direct control of 
microbial holoplanktonic populations, and as a source 
of cascading effects in the microbial planktonic food 
webs. Therefore, the trophic role of meroplankton as 
an integrated component of the pelagic system cannot 
be neglected any longer. 
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