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Relative Importance of the Free and Fixed Bacterial
Community in Three Lacustrine Ecosystems having
Different Trophic Status
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Abstract- The present work consists in determining the total
bacterial densities and biomasses and the relative
importance of free and fixed bacterioplankton in three
lacustrine environments with different trophic status: Pavin
lake, oligomesotrophe, and the Villerest reservoir, eutrophe
(two French ecosystems) and the dam Allal Fassi,
mesotrophe (Morocco). Along the water column, the results
obtained showed bacterial densities that ranged from 0.60 to
7 x 105 cells.ml! at Pavin Lake, from 1.01 to 9.86 x 10°
cells.ml” in the Allal Fassi dam reservoir and from 0.70 to
12.90 x 10° cells.ml” in the Villerest reservoir. The average
recorded bacterial biomass ranged from 0.73 to 1.92 ng.l'1
in Pavin Lake, from 10.50 to 81.10 pgC.I" in the Allal Fassi
dam and from 29.40 to 60.52 pgC." in the Villerest
reservoir. Seasonal variations show fluctuations in bacterial
densities for the three environments. The proportion of free
and fixed bacteria revealed high percentages of the fraction
of free bacteria with 96.10% ; 90.50% ; 87.90% at the
surface layers respectively at Pavin Lake, Villerest Reservoir
and Allal Fassi Reservoir. Mean recorded values of fixed
bacteria at all depths were 4.26% ; 10.35% ; 17.13% of the
total bacterial density respectively in Pavin Lake, Villerest
Reservoir and Allal Fassi Reservoir.

Index Terms- Bacterioplankton, density and biomass, free /
fixed bacteria, Pavin Lake, Allal Fassi dam, Villerest
Reservoir.
I. INTRODUCTION

The bacterial community constitutes a great importance in
the planctonic ecosystem [1]. It has an essential role in the
composition process of the organic material. The
detemination of abundance and bacterial biomasses in
Lacustrine environment could be one of essential
parametres to understand the function of Lacustrine
aquatic ecosystems [2],[3]. The degradation of the organic
material in the aquatic environment is mainly due to fixed
bacteria [2],[4]. In Eutrophic environment, rich in organic
substances, the fraction of fixed bacteria reached a fairly
high level up to 30% of the total density [2].
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In addition, in oligotrophic environment the fixed
bacterial cells represent only low percentages (less than
10%). The fact of fixing on a partical allows bacterial
cells to find a high concentration of substract [5] and to be
less vulnerable to predation [6]. Furthermore, several
authors have suggested that the fraction of fixed bacteria
would be not only more active but also big in size and
would be characterized by a high growth rate compared to
the free bacterial fraction [7]. Other authors have
highlighted that the two fractions are different from a
taxonomic point of view [8]. The proportion of fixed and
free cells varies from an aquatic ecosystem to another [9].
This suggest that the two bacterial communities, fixed and
free, interact dynamically and the degree of similarities
depend mainly on the nature of substract.

II. MATERIAL AND METHODS
Pavin Lake
Oligomesotrophic Lake located in the central French
massif (Puy de dome) at an altitude of 1197 m, a deep
circular shape (more than 90 m) and fed from different
sources (Fontaine de loup, sources de prétres ..)
The reservoir dam of Allal Fassi
Mesotrophic water reservoir situated in the province of
Sefrou 47 Km away from Fez (Morocco) a region
characterized by a temperate semi-arid climate, a
maximum depth of 34 m. Sebou river the only tributary of
the reservoir fed from two sources Ain Timdrin and Ain
Sebou.
The reservoir of Villerest:
Eutrophioc dam reservoir located on La loire 5 Km in the
south of Roanne (France). The study site is located 12 Km
upstream of the dam.
Sampling
The samples are taken using a Van Dorn closing bottle.
Samples were taken from the three lakes at the following
depths : 5m ; 15m ; 30m and 50m, at the center point for
Pavin Lake; Om ; 2m ; Sm ; 10m ; 15m and 20m at the
deepest point of the Allal Fassi dam reservoir at Om ; Im ;
2m ; 5m ; 10m and at the bottom-1m for the Villerest
reservoir. After each withdrawal, the samples are
immediately fixed with 37% formaldehyde (final
concentration = 2%). The counts of the bacterial cells are
carried out according to the method of [10]. Indeed,
subsamples are stained with a fluorochrome (acridine
orange or DAPI). The bacterial cells are retained after
filtration under vacuum (<100 mm Hg) on a black
Nucleepore polycarbonate filter and 0,2 um porosity. The
bacterial count is made by epifluorescence microscopy
(Olympus BH-2 or HBS) equipped with a 100 W HBO
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lamp with an excitation light between 450 and 490 nm and
a stop filter at 515 nm. The bacterial biomass, determined
from biovolumes and expressed in carbon, was calculated
using the conversion factor 1 pm® = 1.21 x 10" g.C,
proposed by [11]. The determination of free or fixed
particle bacterial fractions was determined by direct
epifluorescence observations of the filtered samples.

II. RESULTS
In this work, the results obtained concern bacterial
abundances and biomasses as well as the importance of
free and fixed bacteria fractions in the three lacustrine
environments of different trophic status.

Table I : mean bacterial biomass (uC.L™)

epilimnion [Metalimneti | hypolimnion
c
Pavin 1.93 1.25 0.73
Allal Fassi 81.10 43.40 10.50
Villerest 60.52 38.10 29.40
Pavin Lake:

Bacterial abundances varied by 0.60 x 10’ cells.ml™ at the
bottom of the lake in May at 7 x 10° cells.ml” to 5 m
during the month of June. In average values, for all
samples, bacterial densities decrease regularly with depth
(Fig 1). The average biomass values are very low and
fluctuated between 0.73 pgC.1" at the bottom and 1.92
ugC.1" at the surface layers (Table I).
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Fig 1 : Spatio-temporal variations of bacterial
abundances in Pavin Lake
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The average abundance of free bacteria showed a
maximum at the superficial level with 97.50% of the total
density. Fixed bacteria constituted a very small
percentages of total bacterial abundance. Their densities
vary between 2.50% in the superficial layers and 6% near
the bottom of the lake (Table II). The average value of the
fixed bacteria recorded for all the depths combined was
3.90% of the total bacterial density.

Table II : Percentages of free and fixed bacteria in
Pavin Lake

% free bacteria | % fixed bacteria
5m 97.50% 2.50%
15m 96.90% 3.10%
30 m 96.00% 4.00%
bottom 94.00% 6.00%
The dam dam Allal Fassi:

Spatiotemporal variations in bacterial abundances showed
densities that varied by 1.01 x 10° cells.ml” near the
bottom in August to 9.86 x10° cells.ml™ to 10m during the
month of May. Abundances were important during the
summer period in the superficial layers and gradually
decrease with depth. (Fig 2).
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Fig 2 : Spatio-temporal variations of bacteria
abundances in Allal Fassi dam
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Mean values recorded by depth were 6.30 x 10% 5.20 x10°
and 4.40 x 10° cells. mI™' respectively at Om, 10m and near
the bottom. In terms of carbon, the mean values of the
bacterial biomass ranged from 10.50 pgC.1"' near the
bottom of the reservoir to 81.10 ugC.1" at the level of the
epilimnion (Table I).

Table III : Percentages of free and fixed bacteria
in Allal Fassi dam

% free bacteria % fixed bacteria
0Om 87.90% 12.10%
2m 87.50% 12.50%
5m 83.50% 16.50%
10 m 82.70% 17.30%
bottom 79.60% 20.40%

The maximum biomass of 160.70 pgC.I" was recorded at
10m at the end of July. The average percentages of free
bacteria rose a maximum of 87.90% at the Om level and
gradually decrease with depth. Fixed bacteria represented
very high percentages and increased with depth. The
recorded values fluctuated between 12.10% at Om and
20.40% near bottom (Table III). The average value
recorded along the water column was 17.13% of the total
bacterial density.
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Fig 3: Spatio-temporelles variations of bacterial

abundances in the Villerest reservoir

12

The reservoir of Villerest:

The recorded bacterial abundances varied by 0.70 x 10°
cells.ml”! near the bottom during the month of July at
12.90 x 10° cells.ml™" at the Om level during the month of
May (Fig 3). The average value for all the samples was
6.5 x 10° cells.ml™. In average value of all the samples,
the densities decrease regularly with the depth (8 x 10° ;
6.90 x 10°; 4.70 x 10° ; 3.60 x 10° cells.ml™ respectively
at Om, 2m, 5m, 10m and near the bottom). Expressed as
carbon, the average biomass values for all samples
fluctuated between 29.40 pgC.I" at the bottom and 65
ugC.1" at the upper reservoir level (Table I). The highest
biomass (121 pgC.I") was obtained during the summer
period. The fixed bacteria accounted for 9.70% of the total
bacterial abundance at the upper level and at the bottom
and 10.90% at 5Sm (Table IV). The average percentage
recorded over the entire water column was 10.50% of the
total bacterial density.

Table IV : Percentages of free and fixed bacteria
in the Villerest reservoir

% free % fixed
bacteria bacteria
0O m 90.10% 9.90%
2m 89.30% 10.70%
5m 89.10% 10.90%
10 m 89.20% 10.80%
bottom 90.30% 9.70%

IV. DISCUSSION

The bacterial density varied in the three lacustrine
environments, by 0.10 x 10° cells.ml” in Pavin Lake at
12.90 x 10° cells.ml™ in the Villerest reservoir. In general,
the abundance of bacterial cells in aquatic environments
ranges from 10° to 107 cells.ml™ [10], [12]. It is in Pavin
Lake, described as meso-oligotrophic where the bacterial
densities are the lowest. These densities are lower
compared to those recorded in an oligotrophic mountain
lake (Dayet Aoua in the Moroccan Middle Atlas) which
has much higher values [13]. Globally, bacterial
abundance increases with the trophic degree of the
medium [14]. The low densities recorded at Pavin Lake
correspond to those generally reported in pelagic aquatic
ecosystems [15], whereas those recorded at the Allal Fassi
dam dam (mesotrophic) are almost similar to those found
in the Villerest Reservoir (eutrophic). and far exceed those
found in Pavin Lake (oligomésotrophe). These densities
generally correspond to values found in eutrophic
lacustrine environments [14]. In the dam dam Allal Fassi,
classified among the mesotrophic lakes [16]. the bacterial
densities recorded are comparable to those recorded in the
eutrophic lake Aydat (France) [14]. The low densities and
bacterial biomasses recorded in Pavin Lake correspond to
the values found in oligotrophic media. In this lake, the
fixed bacteria make up 4.29% of the microplankton and
are essentially represented by free bacteria (Table V).
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Table V : Percentages of fixed bacteria in Pavin lake,
Allal Fassi dam and Villerest reservoir

epilimnio | metalimneti | Hypolimnio
n c n
Pavin 2.80 % 4.00 % 6.00 %
Allal 13700 | 1730 % 20.40 %
Fassi
Villerest | 10.55 % 10.80 % 9.70 %

Seasonal variations in bacterial density show fluctuations
in bacterial densities for the three media. Various
regulatory factors control the dynamics of bacterial
populations in aquatic ecosystems. Among which organic
and mineral resources that can come from among others
phytoplankton excretion or predators [17],[18],[19],
predation by heterotrophic microorganisms [20],[21], viral
lysis [22], which can be more important to the effect of
grazing under certain environmental conditions [23],[24].
In the end, temperature is known to be a factor that
stimulates bacterial production [25],[26], and its variations
may be at the origin of bacterioplankton successions
[27],[25],[28].

The quantitative importance of the two free and fixed
bacterial fractions is very variable in the three lacustrine
environments with different trophic status. In the Pavin
Lake, the fixed bacteria represent on average only 4.26%
of the total bacterial abundance, which characterizes
pelagic environments poor in organic matter [29]. In the
Allal El Fassi dam reservoir, the high percentages of
bacterial fixation (mean 17.13%) (Table 5) coincided on
the one hand, with high concentrations of living particles
constituted by the algal population, represented as a
source of substrate support for bacteria and secondly, with
the contents of suspended matter that characterize this
reservoir. At the Villerest reservoir, the average fixation
percentage of 10.35% (Table 5) could be related to the
high phytoplankton concentrations that characterize this
eutrophic reserve. However, in the Allal Fassi dam
reservoir, mesotrophic, the percentages of the fixed
bacteria exceed those recorded in the Villerest eutrophic
reservoir. We note that each year, the Allal Fassi dam
reservoir is subject to significant rainfall and summer
floods, which bring huge amounts of particles as
substrates for bacterioplankton. The proportion of fixed
bacteria and free bacteria varies from one ecosystem to
another. For example, this proportion has been estimated
at a few percent in Lake Geneva [30] and up to 73% in
Lake TANNING in Denmark [31],[32], which states that
the concentration of detrital organic particles is a major
determinant of bacterial fixation. LIND and DAVALOS
[33] have shown the existence of a significant relationship
between the density of fixed bacteria and the
concentration of clay particles in a turbid reservoir in
Texas (USA). Other studies have suggested that the role
and role of fixed bacteria is important in relatively small,
relatively large catchment lakes [34]. The separation
between the fixed and free bacteria, allowed us to specify
that the contribution of the epibacteria, in terms of
abundance and activity is more important in the
trophogenic zone of the lacustrine environments during
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the strong photosynthetic activities. SIMON said that the
abundance and production of bacteria accurately reflect
changes in phytoplankton biomass [35]. The fixed bacteria
seem to have, under certain conditions, a more important
role than that usually attributed to them, insofar as in
particular they are directly involved in the degradation of
the particulate organic matter.

V. CONCLUSION

This study, carried out in three lacustrine environments of
different trophic level (Pavin Lake, Allal Fassi dam
reservoir and Villerest reservoir), the densities and
bacterial biomasses determined at different levels of the
water column confirm the trophic level of the studied
habitats with a trend towards the eutrophic level for the
Allal Fassi dam reservoir, while the Pavin lake remains
relatively stable on its trophic status (oligotrophic). The
relative importance of free and fixed bacteria and their
proportion to bacterial densities vary with ecosystems and
their trophic levels. From this study, it appears that the
fixed bacteria represent high values for the Allal Fassi
dam reservoir and the Villerest reservoir which are
classified at a higher eutrophication level compared to
Pavin Lake.

REFERENCES

[1] AZAM F., FENCHEL T., FIELD J. G., GRAY J. S., MEYER-REIL
L. A,THINGSTAD F., (1983). The ecological role of water column
microbes in the sea. Mar. Ecol. Prog. Ser., 10, 257-263.

[2] MARVALIN O., ALEYA L., AMBLARD C., (1989a). Importance
relative des fractions bactériennes libres et fixées en milieu lacustre
eutrophe. Arch. Hydrobiol., 115, 371- 390.

[3] RAOUI S.M., 2001. Contribution a 1’étude de la dynamique du
bactérioplancton et de l’activité de la phosphatase alcaline des
communautés bactériennes et algales dans le réservoir Allal
Fassi’’.These Doct. USMBA. Fac. sci. Dhar El Mehraz- Fés, Maroc.
133 p.

[4] SMITH D. C.,, SIMON A. L., ALLDREDGE A. L., AZAM F.,,
1992.Intensive hydrolytic activity on marine aggregates and
implications for rapid particle dissolution. Nature 359: 139-141.

[5] LONG R.A., AZAM F.,1996. Abundant protein containing particles
in the sea. Aquat. Microb. Ecol. 10: 213-221.

[6] JURGENS K. et GUDE H., 1994. The potential importance of
grazingresistant bacteria in planktonic systems. Mar. Ecol. Prog.
Ser., 112, 169-188.

[7] HOPPE H.G., DUCKLOW H., KARRASCH B., 1993. Evidence for
dependency of bacterial growth on enzymatic hydrolysis of
particulate organic matter in the mesopelagic ocean. Marine Ecology
Progress Series, 93: 277-283.

[8] KNOLL S., ZWISLER W., SIMON M., 2001. Bacterial colonization
of early stages of limnetic diatom microaggregates’’. Aquat. Microb.
Ecol.25: 141-150.

[9] RIEMANN L. et WINDING A., 2001. Community dynamics of free
living and particle associated bacterial assemblages during a
freshwater phytoplankton bloom. Microbial Ecology 42:274-285.

[10] HOBBIE J. E., DALEY R. J., JASPER S., 1977. Use ofNucleopore
filters for counting bacteria by fluorescence microscopy. Appl.
Environ.Microbiol., 33, 1225-1228.

[11] WATSON S. W., NOVITSKI T. Y., QUINBY M. C., VALOIS F.
W.,1977. Determination of bacterial number and biomass in marine
environment. Appl. Environ. Microbiol., 33, 940-946.

[12] BETTAREL Y., SIME-NGANDO T., CARRIAS J. F., SARGOS

D.,GARABETIAN F., LAVANDIER P., 2003. Viral lysis, flagellate

grazing potential, and bacterial production in lake Pavin. Microb.

Ecol. 45: 119-127.

FAZUL A, 2016. Contribution a [’¢tude  des
parametresphysicochimiques et biologiques du lac Dayet Aoua
(Maroc)’’. These Doct. USMBA. F.S.T- Feés ; Route d’Immouczer,
B.P. 2202 Fes-, Maroc.

[13]

WWW.Wjrr.org



[14] MARVALIN O., 1988. Abondance, Biomasse, Activité et relations
trophiques des communautés bactériennes hétérotrophes du lac
d'Aydat (Puy de Dome). Contribution a 1'étude du fonctionnement des

[15] JUGNIA L.B., 1999. Importance quantitative et fonctionnelle des
peuplements bactériens planctoniques dans un réservoir récemment
mis en eau’’. These Doct. Univ Blaise Pascal, Clerment Ferrand II,
France, 118p.

[16] RAOUI S.M., RACHIQ S., CHADLI N., ALAOUI M. M., 2015.
The Alkaline Phosphatase Activity of Microplankton in the
Moroccan mesotrophic reservoir (Allal Fassi). AASCIT Journal of
Environment 1(2) 2015, 21-27.

[17] COLE 1JJ., LIKENS GE. STRAYER D. L, 1982
Photosynthetically produced dissolved organic carbon: An important
carbon source for planktonic bacteria. Limnol. Oceanogr. 27: 1080-
1090.

[18] PACE M. L. et COLE J. J., 1994. Comparative and experimental
approaches to top-down and bottom-up regulation of bacteria.
Microb. Ecol. 28: 181-193.

[19] CRUMP B. C., KLING G. W., BAHR M., HOBBIE J. E,
2003.Bacterioplankton community shifts in an artic lake correlate
with seasonal changes in organic matter source. Appl. Environ.
Microbiol. 69(4): 2253-2268.

[20] KISAND V. et ZINGEL P., 2000. Dominance of ciliate grazing on
bacteria during spring in a shallow eutrophic lake. Aquat. Microb.
Ecol. 22: 135-142.

[21] VAQUE D., GUIXA-BOIXEREU N., GASOL J. M., PEDROS
ALIO C., 2002. Distribution of microbial biomass and importance of
protists in regulating prokaryotic asemblages in three areas close to
the AntarcticPeninsula in spring and summer 1995/96. Deep-Sea Res.
1149: 847-867.

[22] WEINBAUEUR M.G. et RASSOULZADEGAN F., 2004. Are
viruses  driving microbial  diversification and  diversity?
Environmental Microbioly, 6, 1-11. 1949-1958.

[23] GUIXA-BOIXEREU N., LYSNES K., PEDROS-ALIO C., 1999.
Viral lysis and bacterivory during a phytoplankton bloom in a coastal
water microcosm. Appl. Environ. Microbiol. 65(5)

[24] JACQUET S., DOMAIZON 1., PERSONNIC S., DUHAMEL S.,
HELDAL M., PRADEEP RAM A. S., SIME- NGANDO T., 2005.
Estimates of protozoan and virus-mediated mortality of
bacterioplankton in Lake Bourget (France). Freshwat. Biol. 50: 627-
645 (2005D).

[25] AUTIO R. M., 1992. Temperature regulation of brackish water
bacterioplankton. Arch. Hydrobiol. Beih. Ergeb. Limnol. 37: 253-
263.

[26] KIRCHMAN D. L. et RICH J. H., 1997. Regulation of bacterial
growth rates by dissolved organic carbon and temperature in the
equatorial Pacific Ocean. Microb. Ecol. 33: 11-20

[27] SIEBURTH J. M., 1967.Seasonal selection of estuarine bacteria
bywater temperature. J. Exp. Mar. Biol. Ecol. 1: 98-121.

[28] PINHASSI J. et HAGSTROM A., 2000. Seasonal succession in
marine bacterioplankton. Aquat. Microb.Ecol. 21: 245-256.

[29] CARRIAS J. F., 1996. La boucle microbienne en milieu lacustre :
structure et fonctionnement des communautés picoplanctoniques et
deprotistes flagellés et ciliés. These Doct. Univ. Blaise Pascal,
ClermontFerrand II, 237p.

[30] STROFFEK 8., 1990. Les transferts verticaux de mati¢re et Leur
modification par les bactéries hétérotrophes fixées sur particules en
sédimentation dans les eaux de surface de deux grands lacs alpins
(lac Léman, lac du Bourget, France). Thonon-les-Bains : INRA, 235
p. These doct. : Analyse et modélisation des systémes biologiques :
Université C.Bernard ; Lyon I.

[31] RIEMANN B., 1978. Differentiation between heterotrophic and
photosynthetic plankton by size fractioning, glucose uptake, ATP,
and chlorophyll content. Oikos 31: 358-367.

[32] KATO K., 1985. Seasonal observation of heterotrophic activity and
active bacterial number in lake constance. Arch. Hydrobiol., 66 (3),
309-319.

[33] LIND O. T. et DAVALOS L. O., 1990. Clay, dissolved organic
matter and bacterial interaction in two reservoirs. Arch. Hydrobiol.
Beih. Ergebn. Limnol., 34, 119-125.

[34] SERVAIS P., DUFOUR P., CAUMETTE P., HIRSCHLER A.,
MATHERON R, 1995.  Limnologie  écologique.  Ed.
L’activitébactérienne, chapitre 7, 253-295.

[35] SIMON M., 1985. Specific uptake rates of amino acids by attached
and free-living bacteria in a mesotrophic lake. Appl. Envir.
Microbiol. 49:1254-1259.

14

World Journal of Research and Review (WJRR)
ISSN:2455-3956, Volume-7, Issue-1, July 2018 Pages 10-14

écosystemesaquatiques. These Doct. Univ. Blaise Pascal, Clermont I,

France, 157p.

WWW.WjIT.org



