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Diel fluctuations of bacterial abundance and
productivity in a shallow eutrophic tropical lagoon
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Abstract

Abundance and productivity $H thymidine incorporation) of free-living and at-
tached bacteria from surface waters were studied from hourly samples during typical
hydrological conditions (rainy and flood seasons) in three different bays of the Ebrié La-
goon (Cbte d’Ivoire). Several additional biological variables (particulate organic carbon,
phytoplankton biomass, zooplankton density) were also recorded in order to establish
possible refations with bacterial parameters.

Three diel experiments were performed in a floating mesocosm (1.5 m?) in order to
obtain information on nutrient sources and to follow the sedimentation process. Simul-
taneously, samples were also collected outside the mesocosm in order to know the
eventual modifications of environmental conditions in the lagoon. Diel changes in
abundance of total bacteria were very slight; fluctuations in abundance of attached bac-
teria were significantly correlated with the particulate organic carbon level. Contrary to
bacterial abundance, obvious diel cycles of tritiated thymidine incorporation rates were
noted both inside and outside the mesocosm, especially due to free-living bacteria with
maximum nocturnal values. Two distinct bacterial communities were present in these
planktonic tropical systems, regulated by particle abundance for attached cells and by
dissolved nutrients for free-living bacteria. No coupling was observed between phyto-
plankton and bacterioplankton parameters, suggesting that exudates are not crucial to
bacterial growth. Significant correlations were noted between zooplanktonic abun-
dance and free-living bacterial productivity. Finally, night time stimulation of bacterial
production might be interpreted as a consequence of nocturnal upward migration of
zooplankton in these shallow waters.

Introduction

Numerous studies have been based on diel variations of bacterial charac-
teristics because micro-organisms react quickly to changes in their environ-
ment. These short term variations of bacterioplankton parameters are now
clearly established in different latitudes (MEYER-REIL et al. 1979, FunrMaN et al.
1985, Bouvy & DrLiLie 1988) and may result from two phenomena: nutrient
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availability (bottom-up factors) and predation pressure (top-down factors).
Several investigations have shown that tight couplings exist between bacteria
and phytoplankton (Azam et al. 1983) and/or between bacteria and zooplank-
ton (EppLEY et al. 1981). Organic substrates issued from phytoplankton via ex-
udation or cell lysis may be used directly for bacterial growth. Peouzzt &
HernDL (1992) recently concluded that zooplankton activity may be a key fac-
tor for bacterial growth by providing organic subsirates via sloppy{eeding, ex-
cretion and fecal pellets. But the existence of other processes such as viral infec-
tion (Proctor & FuHRMAN 1990), sedimentation and grazing by microzoo-
plankton (Riemann 1985) and/or nanoplankronic heterotrophs (Gtine 1989)
may be responsible for the diel variations of bacterial production. These differ-
ent fates of bacrerial communities seem to depend on the bacterial cell distribu-
tion. Indeed, it is well known that in contrast to free-living bacteria, artached
bacteria can use particles as a substrate for growth. Although many studies
have dealt with distinction between attached and free-living bacteria. only a
few investigations have dealt with the diel variations of their metabolic activ-
ity.

The purpose of this study was to determine the diel fluctuations in bacte-
rioplankton abundance and productivity (rotal and freeliving bacreria) and
some related parameters (particulate organic carbon, phytoplankton and zoo-
plankton) in order to obtain information on the respective importance of the
different sources of nutrients. Investigations were carried out at 3 sites of the
shallow eutrophic Ebrié Lagoon (Cote d'Ivoire). Due to hydrodynamic move-
ments (ride, current, wind induced waves) in Ebrié Lagoon (GuiraL 1992, Arel
et al. 1993) and in order to study the same water mass and to follow the sedi-
mentation processes, a floating enclosure was used over a 24-hr period. From
data collected simultaneously inside and outside this mesocosm, the impor-
tance of the two bacterial communities in organic matter cycling is also dis-
cussed.

Materials and methods

The diel survevs were performed in 3 bavs of the Ebri¢ Lagoon. each of them char-
acterized by different haline conditions: mesohaline for Abou-Abou. euryhaline for
Biétri and oligohaline for Mopovem. The floating enclosure, made with a polyethylene
bag (1.5 m") mounted on an inox frame. was filled by pumping subsurface lagoon warer
at night (10p.m.} in order to include the zooplanktonic communities (TorréTON 1991).
Sampling started at 6 a.m. the next day by collecting w ater with a 21 Niskin bottle every
2 hours for 24 h. Nine diel studies were conducted in the mesocosm during the 3 hydro-
logical seasons {(dry, rainy and flood season). Of thase 9 studies. samples s ere simulta-
neously collected inside and outside the mesocosm only during 3 surveys (Abou-Abou
during the rainy season: Biétri and Mopoyem during the flood season) which are de-
scribed in the present paper.
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Samples for determination of bacterioplankton abundance were divided in two
fractions (total and < 3 pm after gentle filtration on Nuclepore membranes). The frac-
tion inferior to 3 pm was considered as free-living cells (TorrEron 1991). After fixation
with buffered formalin (2% final concentration) and staining with DAPI (PorTer &
Ferc 1980), bacterial cells were enumerated by epifluorescence microscopy. Abundance
of attached bacteria was obtained by calculating the difference between the total and
free-living cells.

Bacterial production was determined from the rate of tritiated thymidine incorpo-
ration into macromolecules (FurrMAN & Azam 1980, TorrEToN & Bouvy 1991). After
incubation, two fractions were isolated (total and < 3 um, see above). Thymidine incor-
poration rates of attached bacteria were obtained by calculating the difference between
total and free-living cells activity.

Standard methods were used for other biological parameters. Particulate organic
carbon (POC) was determined by filtering water on precombusted glass fiber filters
(Whatman GF/F) and analyzed in a Leco CHN analyzer after decarbonatation. Chlo-
rophyll-a concentration was measured by fluorometry on methanol extracts of phyto-
plankton retained on Whatman GF/F filters. Zooplankton abundance was estimated
by pumping subsurface water from outside the mesocosm using an immersed pump
(7 m*/h) during 1 min. Animals were collected on a 60 um mesh-size net and then fixed
and preserved in buffered 5% formalin; dominant zooplankton taxa were enumerated
using a stereomicroscope.

Non parametric tests (Spearman rank correlation) were performed between the dif-
ferent parameters studied. Correlation coefficients were only reported if the p value was
inferior or equal to 5 %.

Results and discussion
Characteristics of the three sites in the Ebrié Lagoon

From daily average values of studied parameters obtained inside and out-
side the mesocosm, the mean characteristics of the three sites are reported in
Table 1. Biétri Bay is located in the urban zone of Abidjan and is character-
ized by high pollution levels from agro-industrial and domestic sewage (Arrt
et al. 1981); this bay is considered as a very eutrophic system. Abou-Abou
Bay is a brackish, non polluted area (Carmouze & CauMeTTE 1985) whereas
Mopoyem Bay is an oligohaline non polluted system (Pacano & SAINT-JEAN
1988).

All values were higher in Biétri Bay than in Abou-Abou and Mopoyem
Bays and daily average values for all parameters were similar between meso-
cosm water and lagoon water (Table 1). Daily means of total bacterial abun-
dance were close to 10x10%/1 in Mopoyem and Abou-Abou Bays and
20x10°/1 in Biétri Bay. Attached bacteria were always less numerous than
free-living bacteria in the three sites (Table 1). The higher percentages of fixa-
tion were systematically observed at the flood season (Mopoyem and Biétri
Bays) characterized by more turbid water and high POC concentrations. This
contribution of attached bacteria to the total bacterial abundance has been the
subject of a great number of investigations and this ratio is variable depending

6 Archiv f. Hydrobiologie, Bd. 131
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Table 1. Daily average values for major parameters in the three bays,

Units Total % attached  Total thymidine  Specific Chlorophyll  POC
bacterial bacteria incorporation incorporation  pg/l ug/l
abundance nmol [<1h-! rate
10" cells/1 10-% cell-Th=!

Mopoyem mside 191 31 Ot +.3 25 2192

(flood season}  outside 133 23 0.56 +.1 23 -

Abou-Abou inside e 7 0.87 7.5 Juk} [T

{rainy season}  ounside e 7 0.82 71 27 ~

Biétri inside 192 39 1.23 6.4 112 6896

(flood season)  outside  23.% 35 1.70 70 124 -

on the characteristics of the aquatic system. In most mesotrophic to eutrophic
aquatic ecosystems, the proportions of attached bacteria vary about 30% (e.g.
Proros-Anio & Brock 1983).

Although the hydrological conditions were different between the three
sites, labelled DINA represented a constant proportion of cold TCA precipi-
tate (average 19.2%: TorrEToN & Bouvy 1991). Thus, comparisons of daily
means of tritiated thymidine incorporation rates were possible: lower values
were found in samples from Abou-Abou and Mopoyem Bays. Contributions
of attached bacteria to total incorporation rate followed the same trend as
abundance, with a percentage of 6%, 22 % and 29 % in Abou-Abou, Mopoyem
and Biétri Bays, respectively.

Free-living and attached bacteria showed similar specific incorporation
rates during the rainy season (7x10"*molcell"'h™! in Abou-Abou Bay).
However, specific activity was significantly lower (p <0.01) for attached bac-
teria during the flood season (3 and 5x 16" molcell"'h~! in Mopoyem and
Biétri Bays, respectively). Generally, the specific activity of attached bacteria is
greater than that of freeliving cells {Simon 1985), although some authors
found no differences in specific activity of attached and free-living bacteria
(Duckrow & KircHMAN 1983). It appears that in a eutrophic environment,
such as the Ebrié Lagoon characterized by high concentrations of dissolved nu-
trients (Carmouze & CaumerTe 1985), free-living bacteria can have the same
contribution to the cycling of organic matter as attached bacteria. In contrast,
LETARTE et al. (1992) concluded from a study of 8 Canadian lakes that large bac-
teria characterized by a shorter doubling time than those of small bacteria play
a dominant role in organic matter transfer. Bur incorporation of diverse sub-
strates should be tested to conclude the actual activity of bacterial commu-
nities.

Daily average values of chlorophyll-a concentrations in the mesocosm
averaged to 23, 25 and 112 ug/l in Abou-Abou, Mopovem and Biétri Bays, re-
spectively (Table 1) and were close to concentrations noted outside the meso-
cosm. These values are characteristic of eutrophic pelagic environments (Du-
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FOUR 1982). Inside the enclosure, shading by the buoys resulted in a 20% de-
crease of phytoplanktonic production and may explain the possible decrease of
chlorophyll concentrations at the end of the diel cycle (Torréron 1991). POC
concentrations averaged to 887, 2192 and 6896 ug/1 in Abou-Abou, Mopoyem
and Biétri Bays, respectively (Table 1), and these data confirm the eutrophic
status of the lagoon.

Diel fluctuations of bacterioplankton

Diel changes in total numbers of bacterial cells were small during the
3 cycles (Figs. 1, 2 and 3). Coefficients of variation averaged 11.6 % and 9.3%
inside and outside the mesocosm, respectively. These values were similar to
the reproducibility of the abundance estimation (unpublished data). Total thy-
midine incorporation rates showed more important fluctuations (coefficients of
variation of 22% and 21% inside and outside the mesocosm). The tritiated
thymidine method (Torréron & Bouvy 1991) used to precipitate and hydro-
lyse macromolecules showed an average standard deviation between triplicates
of 6%. Thus the obvious diel fluctuations of tritiated thymidine incorporation
rate were very significant. No positive correlation was found in the three bays
between total bacterial abundance and total thymidine incorporation rates
(Table 2). These results have also been noted by several authors (Son & Tir-
ZER 1987) which explained that a correlation depended on the percentage of
fast and slow growing bacteria in the pelagic zone.

Large differences between attached and free-living bacteria were revealed
from a comparison between production and abundance (Figs. 1, 2 and 3). Sig-
nificant correlations were noted between total and free-living bacterial produc-
tion in the three bays both in the mesocosm and the lagoon (Table 2). This
fact confirms the importance of free-living bacteria as mineralizing agent of or-
ganic matter. However no correlation was observed between tritiated thymi-
dine incorporation rates and abundance of free-living bacteria in contrast to
significant correlations between these two parameters for attached bacteria in
the three bays. Despite the stable bacterial numbers, these two distinct com-
munities have different nutrient sources for their growth rates. This observa-
tion corroborates the results of IrsERRI et al. (1990) and UNaNUE et al. (1992)
in different pelagic systems.

Factors controlling attached bacteria

Abundance of attached bacteria, outside the mesocosm, did not show obvi-
ous diel variations and fluctuated more irregularly than those observed for
free-living bacteria. Hydrodynamic perturbations observed in Ebri¢ Lagoon
are mainly related to the wind-induced water movements. Under certain fa-
vorable conditions (fetch, wind velocity, bathymetry and bed roughness), the
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Fig. 1. Diel fluctuations of studied variables in Abou-Abou Bav: D.C.: direct counts of
bacterial cells (expressed in 10" cells/1), TDR: thymidine incorporation rate (expressed
innmolel~th=Y.
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Fig. 2. Diel fluctuations of studied variables in Mopoyem Bay: D.C.: direct counts of
bacterial cells; TDR: thymidine incorporation rate.
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rial cells; TDR: thvmidine incorporation rate.




Diel fluctuations of bacterial abundance 87

Table 2. Matrix correlation of Spearman’s rank coefficients between the studied varia-
bles in the three bay. *, #*, ***: significance at 0.05, 0.01, 0.001, respectively.

Tdr Tdr DC DC DC Chlo Zoopk
free living  attached total free living  attached

Tdr total 0.98 (*+#*) - - - - —0.63(*)  0.60(%)
Tdr free living - - - - - —0.62(*%)  0.59(%)
Tdr attached - - - - 0.55(*) - -

DC total - - - - 0.60(%) - -
DC free living ~ Mopoyem - ~ - - -
DC attached - - - - - - -~
Chlo - - - - - - -
Tdr total 0.97(*%#) — ~— —- - - - 0.67 (%)
Tdr free living - - - - - - 0.73 (*%)
Tdr attached - - - - 0.98 (*+#%) - -
DC total - - - 0.80 (***) - - -
DC free living - Abou-Abou -~ - - - -
DC attached - - - - - - -
Chlo - - - - - - -
Tdr total 0.58(%) - ~0.60(%) - - - 0.71(+)
Tdr free living - —0.71(**) - - -0.82(*%) - 0.58 (*)
Tdr attached - - - -0.77 (**) 0.90 (***) - —0.57 (*)
DC total - - - - 0.64(%) - —0.79 (**)
DC free living - Biéeri - - —0.65(*) - -
DC attached - - - - - - —0.73 (*%)
Chlo - -~ - - - - —0.59(*)

Abbreviations: Tdr (thymidine incorporation rate); DC (direct counts); Chlo (chlorophyll biomass),
Zoopk (zooplanktonic density).

dominant Austral Trade winds can create waves inducing sediment resuspen-
sion in the bays of Ebrié Lagoon (Arer et al. 1993). Many studies have demon-
strated that wave-induced turbulence controls productivity in shallow ecosys-
tems (WammricaT 1987). In our study, wind influence was considerably re-
duced inside the enclosure and could explain some of the differences observed
inside and outside the mesocosm. The correlation between the abundance of
attached bacteria and the POC (Fig. 4; for the 9 experiments; TorrETON 1991)
may support this explanation as generally reported in estuaries (BeLL & Ar-
BRIGHT 1981) that attached bacterial activity depends on particles (nature, con-
centration). With sediment traps placed outside and inside the mesocosm, rates
of sedimented materials were estimated; sedimentation process is responsible
for the daily exportation of 55% of the attached bacterial biomass in the study
area (see TorrETON 1991).

Factors controlling free-living bacteria

Appreciable diurnal changes were observed in tritiated thymidine incorpo-
ration rates of free-living bacteria both inside and outside the mesocosm, with
maximum values during the night. This nocturnal increase did not correspond
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Fig. 4. Linear regression of daily averages between abundance of attached bacteria and
POC in the three bays during three seasons (9 cycles).

to an increase of phytoplankton biomass (Figs. 1. 2 and 3). The diel variations
of tritiated thymidine incorporation rates of free-living bacteria showed no sig-
nificant positive correlation with changes of chlorophyll concentration in the
three bays (Table 2). The same pattern was observed for bacterial and phyto-
planktonic productivity (values ranged from 1.3 to 6.2gCm™ " according to
the bay: Torréron 1991): in addition, on an areal basis for the water column,
bacterial productions were high compared to primary productions and aver-
aged 29 %, 48 % and 75 % of planktonic primary production (Biétri. Mopoyem
and Abou-Abou Bays, respectively: mean value of 58 % for the Ebrié Lagoon,
TorrETon 1991). Direct measurements of phytoplankton excretion in these
areas have shown that it represented only 10—15% of the total autotrophic
production (Packs & Lemasson 1981). If the main substrates of bacterial com-
munities are derived from phytoplankton, a variation in phytoplankronic pro-
duction may induce a variation in the bacterial growth rate. Generally. close
relationships between occurrence and activity of algae and bacteria may be
partly due to the release of dissolved organic carbon via phytoplankton exuda-
tion (Larsson & Hagstrém 1982). Since no direct coupling was noted between
phytoplankronic production and bacterial growth in the ecosystem srudied,
this suggests that phytoplanktonic extracellular release is not very crucial to
bacterial activity.

However, the nocturnal increases in tritiated thymidine incorporation
rates of free-living bacteria were simultaneously observed with the increase of
zooplankton abundance (Figs. 1, 2 and 3). Significant positive correlations
were observed between the tritiated thymidine incorporation rates of total
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and free-living bacteria and zooplanktonic abundance in the three sites outside

the mesocosm (Table 2). The zooplankton communities were largely domi-

nated by the copepod Acartia clansi, which represented 52 to 100 % of the total
abundance. Furthermore, this copepod is the main migrant species showing
obvious nycthemeral variations with a peak at subsurface at night between

8 p.m. and 2a.m. (Figs. 1, 2 and 3), which corresponds to the well-known noc-

turnal vertical migration of this species (Pagano & Saint-Jean 1988). Two phe-

nomena linked to zooplankton occurrence may explain this bacterial increase
of tritiated thymidine incorporation rates during the night:

— Grazing pressure of zooplankton may be exerted on bacterial grazers (like
protozoan, not enumerated in this present study); recent works have dem-
onstrated that the predatory activity of protozoan was exerted particularly
on large bacterial cells (Curzanowskr & SmMek 1990). However no signifi-
cant change in bacterial volume was noticed between day and night to sup-
port this hypothesis (data not shown). Mean cell volumes were similar at all
sites with an average of 0.10um® in Abou-Abou and Mopoyem Bays and
0.12 pm’ in Biétri Bay (Torréron 1991). Furthermore, the precision of cell
volume determination in this study was close to 20 % and thus it was diffi-
cult, here, to establish interpretations on possible modifications of biovol-
ume by grazers.

— Zooplankton communities release nutrients either by sloppy feeding (de-
struction of algal cells during ingestion), excretion or fecal pellet egestion
(Lampert 1978). The chlorophyll-a concentrations followed a sinusoidal
pattern, with the highest concentration during the day, and the lowest at
night (Figs. 1, 2 and 3). However, sedimentation rates showed that sinking
was very important in the Ebrié Lagoon (Torréron 1991) and this process
may explain the decrease of chlorophyll concentrations during the night.
Negative correlations were observed between chlorophyll concentrations
and zooplanktonic abundance in the three bays with significant correlation
in Biétri Bay (Table 2). The nocturnal minimum of chlorophyll-a may also
be considered as an indication of zooplankton grazing. LamprrT & TavLOR
(1985) clearly demonstrated the influence of zooplankton migration on the
distribution of nutrients in an eutrophic lake. Zooplankton grazing may in-
crease the dissolved free amino acid pool potentially available for bacterial
utilization, thus stimulating bacterial activity (ReMaNN et al. 1986). More-
over, the most abundant species of zooplankton (Acartia clausi) in the
Ebrié Lagoon feeds near the bottom during the day with 2 maximum gut
fluorescence observed at 4 p.m. (Pacano & Samnt-Jean 1988). These authors
estimated a 2-hour transit time for this species. This would suggest a max-
imum egestion of fecal pellets at 6 p.m., coinciding to the beginning of up-
ward migration of zooplankton. This phenomenon associated with the
nocturnal grazing of zooplankton in upper layers may explain the increase
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of tritiated thymidine incorporation rates of free-living bacteria. Recent
work, based on a model, has established that fecal pellets may release all
their dissolved organic compounds into the surrounding water (JuMars et
al. 1989). From laboratory experiments, PEpuzzi & HEernpL (1992) clearly
demonstrated that zooplankton activity may play a major role in providing
dissolved organic substrates for bacterial growth. Thus in this study. night-
time increase of bacterial incorporation rates in the surface waters might be

related to the nocturnal upward migration of zooplankton.

Conclusion

In this paper, we have demonstrated that only diel studies allow an under-
standing of the development of plankronic communities. Two bacterial com-
munities can be distinguished in Ebrié Lagoon, regulated by the concentration
of particulate matter for attached bacteria and by the availability of dissolved
nutrients for free-living bacteria. In this eutrophic tropical lagoon, dissolved
photosynthetic exudates did not explain the maximum bacterial activity of
free-living bacteria noted at night. This night time stimulation of bacteria
might be linked to the nocturnal activity of zooplankron (egestion of fecal pel-
lets and sloppy feeding). Finally one major problem is the lack of knowledge
of the mechanism and sources for the production of bacterial substrates. At a
lagoon scale, bacterial production represented a mean percentage of 58 % of
the primary production, and this ratio suggests thar heterotrophic bacterial
communities (especially free-living bacteria) play a key role in the decomposi-
tion of organic matter and in the dvnamics of this shallow tropical system. Fu-
ture studies should be able to demonstrate the importance of zooplankton in
trophic coupling in Ebrié Lagoon. knowing that heterotrophic protozoan are
consumed by zooplankton that also graze directly on bacteria.

References

Arm, R., Durour, Pu. & Maurer, D. (1981): Phytoplancton et pollution: premieres
érudes en baie de Biétri (Cdte d'Tvoire): Traitement mathématique des données. —
Oceanol. Acta 4: 319-329.

Ars, R., Guar, D. & Bouvy, M. (1993): Wind induced resuspension in a shallow trop-
ical lagoon. — Estuar. Coast. Shelf Sci. 36: 587 —6G4.

Azawn, F., Fencuer, T., Fiewp, J. G., Gray, J. S, Mever-Rew, L. A. & Tumestan, F.
(1983): The ecological role of water-column microbes in the sea. — Mar. Ecol.
Prog. Ser. 10: 257 —263.

Berr, C. R. & AvpriguT, L. . (1981): Attached and free-floating bacteria in the Fraser
River Estuary, British Columbia, Canada. — Mar. Ecol. Prog. Ser. 6: 317 =327,

Bouvy, M. & Deuieg, D. {1988): Spatial and temporal variations in antarctic and sub-
antarctic bacterioplankton. — Neth. J. Sea Res, 22: 139147,

Carmouzi. J. P. & CAuMEeTTE, P. (1985): Les effects de la pollution organique sur les bio-
masses et activités du phytoplancton et des bactéries hétérotrophes dans la lagune
Ebrie (Cote d’Ivoire). — Rev. Hydrobiol. Trop. 18: 183211,




Diel fluctuations of bacterial abundance 91

Curzanowskl, T. H. & Smek, K. (1990): Prey-size selection by freshwater flagellated
protozoa. — Limnol. Oceanogr. 35: 1429~ 1436.

Ducrrow, H. W. & Kirciman, D. L. (1983): Bacterial dynamics and distribution during
a spring diatom bloom in the Hudson River plume, USA. - J. Plankton Res. 5:
333 -354.

Durour, Pr. (1982): Influence des conditions de milieu sur la biodégradation des matié-
res organiques dans une lagune tropicale. — Oceanol. Acta 5: 355—363.

Erprey, R. W, HorrigaN, S. G., FUHRMAN, ]. A., BroOES, E. R., Pricg, C. C. & SeLL-
NER, K. (1981): Origin of dissolved matter in Southern California coastal waters:
experiments on the role of zooplankton. — Mar. Ecol. Prog. Ser. 6: 149159,

FusrMan, J. A., & Azawm, F. (1980): Bacterioplankton secondary production estimates
for coastal waters of British Columbia, Antarctica and California. — Appl. En-
viron. Microbiol. 39: 1085—1095.

FunrmMan, J. A., Epprey, R. W., HagsTrOM, A. & Azawm, F. (1985): Diel variations in bac-
terioplankton, phytoplankton, and related parameters in the southern California
bight. — Mar. Ecol. Prog. Ser. 27: 9-20.

GUDE, H. (1989): The role of grazing on bacteria in plankton succession. — In: SommMer,
U. (ed.): Plankton Ecology, Succession in plankton communities. ~ Springer Ver-
lag, pp. 337 ~365.

GuiraL, D. (1992): L’instabilité physique, facteur d’organisation et de structuration
d’un écosystéme tropical saumitre peu profond: la lagune Ebrié. — Vie Milieu 42:
73-92.

IrmeERRY, J., UNANUE, M., Avo, B., BarciNg, I. & Ecea, L. (1990): Bacterial production
and growth rate estimation from *H thymidine incorporation for attached and
free-living bacteria in aquatic systems. — Appl. Environ. Microbiol. 56; 483 —487.

Jumars, P. A, Penry, D. L., Baross, J. A., Perry, M. J. & Frost, B. W. (1989): Closing
the microbial loop: dissolved carbon pathway to heterotrophic bacteria from in-
complete ingestion, digestion and absorption in animals. — Deep Sea Res. 36:
483 —495.

Lameert, W. (1978): Release of dissolved organic carbon by grazing zooplankton. —
Limnol. Oceanogr. 23: 831-834.

Lampert, W. & TavLOR, B. E. (1985): Zooplankton grazing in a eutrophic lake: implica-
tions of diel vertical migration. — Ecology 66: 68 —82.

Larsson, U. & Hacstrom, A. (1982): Fractionated phytoplankton primary production,
exudate release and bacterial production in a Baltic eutrophication gradient. —
Mar. Biol. 67: 5770,

Lerarte, Y., Hansen, H. J., SonpErGasRD, M. & Pmer-Arrour, B. (1992): Production
and abundance of different bacterial size-classes: relationships with primary pro-
duction and chlorophyll concentration. — Arch. Hydrobiol. 126: 15—26.

Mever-Ren, L. A., BoLTER, M., Lsezerr, G. & ScuramyM, W. (1979): Short-term varia-
tions in microbiological and chemical parameters. — Mar. Ecol. Prog. Ser. 1: 1-6.

Pacano, M. & SanT-JEan, L. (1988): Importance et role du zooplancton dans une la-
gune tropicale, la lagune Ebrié (Céte d’Ivoire): Peuplements, biomasse, produc-
tion et bilan métabolique. — Thesis Univ. Aix-Marseilles IT, 389 pp.

Pachs, J. & Lemasson, L. (1981): Production et utilisation du carbone organique dissous
dans une lagune tropicale. — Rev. Hydrobiol. Trop. 14: 83-101.

Pepros-Atio, C. & Brock, T. D. (1983): The importance of attachment to particles for
planktonic bacteria. — Arch. Hydrobiol. 98: 354—379.




92 J.-P. Tarréton, M. Bouvy and R. Arfi, Diel fluctuation of bacterial abundance

Pepuzzi, P. & Hernor, G. . (1992): Zooplankton activity fueling the microbial loop:
differential growth response of bacteria from oligotrophic and eutrophic waters.
~ Limnol. Oceanogr. 37: 1087 -1092.

PorTer, K. G. & Fre, Y. S. (1980): The use of DAPI for identifving and counting
aquatic microflora. — Limnol. Oceanogr. 25: 943 —948.

Procror. L. M. & FuHRMAN, ]. A. {1990): Viral mortality of marine bacteria and cyano-
bacteria. — Nature {(London) 343: 60—62.

Rremann, B. (1985): Potential importance of fish predation and zooplankton grazing on
natural populations of freshwater bacteria. — Appl. Environ. Microbiol. 50: 187 —
193.

Rigmann, B., Joreensen, N. O. G., Lampert, W. & Funrman, J. A. (1986): Zooplank-
ton-induced changes in dissolved free amino acids and production rates of fresh-
water bacteria. — Microb. Ecol. 12: 247 =258,

Smion, M. (1985): Specific uptake rates of aminoacids by attached and free-living bacre-
ria in 2 mesotrophic lake. — Appl. Environ. Microbiol. 49: 12541259,

SmionN, M. & Trzer, M. M. (1987): Bacterial response to seasonal changes in primary
production and phytoplankton biomass in Lake Constance. — Microb. Ecol. 15:
151-163.

TorrEron, |. P. {1991): Importance des bactéries hétérotrophes aérobies dans une la-
gune eutrophe tropicale (Lagune Ebrié, Céte d'ivoire): Biomasse, production, ex-
portations. — Thesis Doc. Univ. Aix-Marseilles IT, 246 pp.

ToRRETON, ]. P. & Bouvy, M. (1991); Estimating bacterial DNA synthesis from *H-thy-
midine incorporation: Discrepancies among macromolecular extraction procedu-
res. — Limnol. Oceanogr. 36: 299 —306.

UNANUE, M., Ay, B., Azua, L, Barcina, 1. & TriBerry, J. (1992): Temporal variability
of attached and free-living bacteria in coastal waters. ~ Microb. Ecol. 23: 27 -39,

WamvrigHT, S. C. (1987): Stimulation of heterotrophic microplankton production by
resuspended marine sediments. ~ Science 238: 17081712,

Submitted: 22 May 1993; accepted: 29 December 1993,




