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ABSTRACT

The temporal and spatial fluctuations of Bacterioplankton in a fluvial-lagunaersyst a tropical region
(Pitimbu River and Jiqui Lake, RN) were studied during the dry and timy @eriods. The bacterial
abundance varied from 2.67 to 5.1 Cellsh0" and did not show a typical temporal variation,
presenting only small oscillations between the rainy and the dry periodsalherial biomass varied
from 123ugC L' to 269:9C L* in the sampling sites and the average cellular volume varied from 0.12
to 0.54pm, showing a predominance of the rods. The temperature showed a positivatitorreith the
cellular volume of the rods (R=0.55; p=0.02) and vibrio (R=0.53; p=0.03). Significantiadpat
differences of biomass (Mann Whitney: p=0.01) and cellular volume of the otgppks (Mann Whitney:
p=0.003) were found between the sampling sites. The strong positive don®laif the water
temperature and oxygen with bacterioplankton showed a probable high bacterial activity in #ms. syst
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INTRODUCTION function of the microbial community (Liu and
Leff, 2002).
The bacteria are among the most abundarthe study of the temporal alterations in the
planktonic organisms of the lakes (Lewis, 1986composition of the bacterial morphotypes can lead
Lindstrom, 2001) and rivers (Gocke andto the elucidation of important variations in the
Rheinheimer, 1988; Leff et al., 1998; Leff, 2000).density and biomass of Bacterioplankton in an
They are a basic component in the aquatic foodlquatic system (Kirschner and Velimirov, 1997).
webs, contributing significantly to the cycling of The cellular size is the result of the growth and the
nutrients and the flow of energy (Azam et al.frequency of the division. The balance between
1983; Gurung et al., 2002). Their temporal andhese two basic processes depends on the basic
longitudinal variation can influence the ecology ofenvironmental conditions, such as quantity and
specific populations and modify the structure andjuality of nutrients and physical and chemical
variables of the water (Sime-Ngando et al., 1991;
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Jugnia et al., 1998). Changes in the composition démperatures, rain and drought on the bacterial
the bacterial community occur because of th@opulations.

mechanisms of the predation (Jurgens et al., 199%his work aimed to characterize the bacterial
Masin et al., 2003); the nutritional quality of thecompartment in regard to its abundance, biomass
environment (Castillo et al., 2003; Crump et al.and cellular volume, and to describe their
2003) or due to the host-specific viral lysesmorphologic variations, in a fluvial-lagunar
(Fuhrman, 1999). system located in a hot climate region. The
The regulating mechanisms of the bacteriapossible regulating factors of these variations are
abundance and biomass in the aquatic ecosystemtiscussed.

have been the focus of investigation in many

works, but such studies are related, to a larg8tudy Area

extent, to the lakes and the rivers of the temperafitimbu River (PR) is located in the eastern part of
regions (del Giorgio and Gasol, 1995; KirschneRRijo Grande do Norte state (between thé&® and
and Velimirov, 1997; Liu and Leff, 2002; g° parallels 00’ of southern latitude and meridians
Izaguirre et al., 2003). Moreover, the variables thagse o5 and 38 25' of West longitude), a region
regulate their diversity and abundance are littl§yith a predominantly sub-humid type climate
understood and, sometimes, controversial, despifgopically rainy with dry summers), in northeast
the great interest in the role of the heterotrophigyazil. The River presents perennial in all its
bacteria in the aquatic environments. Thesytension. Its waters contribute to the formation of
historically alternated periods of low and highjiqui Lake (JL), which supplies about 190,000
rainfall and the typically elevated levels ofjnpapitants. The shed of Pitimbu River sub-basin
insolation of tropical regions can influence thenag peen used for industrial and tourist activities,
development and the composition of the microbiajenerating speculations on the increase of its

communities. The studies carried out in the aquatigo|iytion levels. The characteristics of the two

the characterization of the effect of the high

Table 1- Morphometric characteristics of Pitimbu River aligui Lake

Characteristics Pitimbu River Jiqui Lake

Length 31 Km 1,210 m

Width - 200 m

Water volume - 466,093 M

Total area 126.45 Knf 15.25 he

Maximum depth 15m 55m

Minimum depth 0.1m 0.5m

Mean depth 0.5m 25m
MATERIALS AND METHODS 0.5m above the surface of the sediment, a 05 liter

Van Dorn bottle was used. In the Pitimbu River,

Sampling the water samples were collected at the three

The intensive samples (groups of three to fivéampling points along its longitudinal axis (PRL,
samplings inside of, the maximum, 10 days) wer®R2 and PR3). At each sampling site, samples
carried out in the three rainy periods (June/200were collected directly in a central point between
April/2002; June/2002) and two dry periodsthe two margins. Aliquots for the physical,
(December/2001; December/2002). In Jiqui Lakeghemical and biological analyses were removed.
the samples were collected from the central part of

its deeper region (3m). From epilimnetic layerMeteorological, physical and chemical analyses
(0.5m depth), samples were obtained directiMonthly precipitation data, speed of the wind,
using a test tube of 100 mL and, in the deep parsolar radiation and air temperature were supplied
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by the Meteorological Station of the Federalacridine orange. Chlorophyld was determined
University of Rio Grande do Norte, located 6 to 13according to Lorenzen (1967) after filtration of the
km from the sampling sites. The temperature ofamples in a glass fiber filter (GFC, Whatman) and
the water and the dissolved oxygen were measuretraction in 90% ethanol.

with a portable digital oximeter (Digimed, model

DM4). The measurements of oxygen wereStatistical Analysis

periodically tested by the Winkler method Spearman correlation coefficients were calculated
(Golterman et al., 1978). A portable digitalto determine the relations between the different
potentiometer (WTM, model pH330i) was used tovariables. The Mann Whitney U-Test was used to
measure pH. The concentrations of total nitrogemerify possible significant differences in the
(N-total) and total phosphorus (P-total) werevariables between the lake and the river during
determined following Valderrama (1981). A 30 cmrainy and dry periods.

Secchi disk was used to measure the water

transparency, and the total solids were measured

according to APHA (1998). RESULTS

Biological analyses Meteorological and Environmental variables
Duplicated samples for the bacterial analysis werRlean values, minimum and maximum of data
fixed with tamponated formaldehyde (2% finalobtained in the Pitimbu River and Jiqui Lake are
concentration; pH 7.4). Sub-samples of 1 or 2 mishown in Tables 2 and 3. The samples were taken
were stained with acridine orange (0.01%) andjuring the two characteristically rainy and dry
filtered in a black polycarbonate membrane filtelperiods. The dissolved oxygen and the levels of
(Millipore, GTBP; 0.2um pore size), using achlorophylla were higher in the lake than in the
support filter (Poretics; 0.45um) to distribute theriver, and pH was lightly acidic at all the sampling
samples uniformly. The used solutions weregoints (5.8 — 6.2). The transparency of the water
filtered in a membrane with a 0.2um pore sizewas higher during dry periods 2.0m), coinciding
The filters were mounted between the cover andith the lower precipitation indices. The total-P
the coverslip, covered with a non- fluorescentind total-N concentrations had ample variations
immersion oil and counted in an epifluorescenceetween the sites and climatic periods, with the
microscope (Olympus BX41; magnification X higher values (Total-N: 83& L™ Total-P: 24.9
1250; dichroic mirror DM500; excitement filter ug LY occurring at the most impacted point
BP460-490 and barrier filter BA520IF). At least (PR2). The total solids were higher 380 mg L)

300 bacterial cells were counted in every filter ingyring the rainy periods, at all the sampling sites
10 to 20 microscopical fields. Two blanks pata of Jiqui Lake varied significantly between the
consisting of mili-Q autoclaved water wereqry and the rainy periods in relation to total-N
prepared for each set of processed samples a(]dvann Whitney: U=12; p=0.016) and dissolved
treated identically to the environmental samplesexygen (Mann Whitney: U=12.5; p=0.018).
The blanks were consistently low (always less thagompared to the river sites, the lake presented
1% of the bacterial counting). Length and width ohjgher levels of the dissolved oxygen and lower
>30 cells were obtained with a micrometric ocularjeyels of total phosphorus. On basis of Total-N,
The bacteria were classified in three groups, on thegtal-P and chlorophyll levels, the system could
basis of their morphology: rods, cocci and vibriospe characterized as mesotrophic.

The cellular volumes were calculated through the

formula: (v4) x (W2 x [ L - (W/3)) ], where W is  Bacterioplankton abundance

the width and L is the length of the cell. For theBacterial density was higher in the lake than in the
coccids cells W = L (Bratbak, 1993). An river. Sampling sites PR1 and PR2 presented the
allometrous conversion formula was used in théighest densities during the dry periods while PR3
calculation of the cellular carbon content: CC (fgsite and the lake showed higher densities during
C) = 120. \V"% where: CC = carbon content andthe rainy periods (Fig. 1). Statistically significant
V= cellular volume (ur). This formula, proposed variaton of the total abundance of

by Simon and Azam (1989) and recalculated byacterioplankton did not occur between the
Norland (1993) was considered by Posch et akampling sites.

(2001), to be better adjusted to cells dyed with the
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Density of bacterial morphotypes total abundance of bacterioplankton. Cocci solitary
Bacterial morphotypes densities did not show #%rms were the second most abundant
remarkable temporal variation, occurring onlymorphological group. Vibrios were less humerous,
small oscillations between the rainy and the dryccurring in higher density only during the dry

periods. Rods-like

cells were

predominant at all the points of the river and,
mainly, at the lake, influencing considerably the

numerically periods, at all the river stations (Fig. 2).

Table 2 —Mean, minimum and maximum of meteorological vagalfrom Pitimbu River and Jiqui Lake, during

the study period

Climatic Period

Precipitation

Air Temperature (°C)

(mm)

Jun - Ago/2001 260 25.8
(Rainy Period) (104; 374) (24.9; 25.9)
Set -F ev/2002 51 28,5
(Dry period) (14; 114) (26.2; 29.7)
Mar - Ago/2002 281 26
(Rainy period) (123; 480) (25.1; 26.9)
Set-Dez/2002 39 28.2
(Dry period) (10; 98) (26.4; 29.3)

Table 3 —Mean, minimum and maximum of environmental vagabirom Pitimbu

the study period

River and Jiqui Lake, during

Pitimbu River Jiqui Lake
Mean (min-max) Average (Min-max)
Variables PR1 PR2 PR3
Temperature (°C) 27.3 2.1 27.7 27.8
(25.8-28.8) (26.6-28) (27-28.5) (26-31)
Oxygen 4.8 4.3 4.9 5.9
(mg LY (3.9-6) (3.8-4.6) (4.4-5.6) (5.1-6.8)
Transparency (m) - - - 2,1
(1,7-2,8)
pH 5.8 6.1 6.1 6.2
(5.5-6.1) (5.9-6.3) (5.9-6.4) (5.5-6.7)
Chlorophyll a g L™ 4.1 2.89 3.1 5.8 (1.8-10.1)
(3.04-5.47) (1.45-4.4) (1.62-4.9)
Total-N 245 370 420 352 (112-784)
(ng LY (161-405) (164-835) (205-687)
Total-P 104 13.6 7.6 10.2
(ng LY (6.9-16.9) (5-24.9) (3.2-11.4) (4.1-17)
Total solids (mg [ 100 138 171 87 (40-200)
(80-120) (52-416) (50-475)
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Figure 1 - Changes in total bacterial density during dfy) @nd rainy {J) periods. PR1, PR2 and
PR3 = Pitimbu River; JL = Jiqui Lake
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Figure 2 - Changes in bacterial morphotypes density duriyg(dt) and rainy [(J) periods. PR1,
PR2 and PR3 = Pitimbu River; JL = Jiqui Lake.

During the rainy periods, the number of rodsin the river than in the lake, especially during the
increased in the river-lake direction and during thelry periods and predominantly at the station PR2
dry periods an accentuated decrease at the stati(8v%).

PR3 occurred (22% to 13%). The density of the

cocci was higher at PR1 during the dry periodBiomass and cellular Volume

(45%) in relation to the rainy periods (18%), whenThe mean of the bacterial biomass varied
it had been the less abundant form. Vibrios, théom123pg C [* (PR1) to 269 pg C t Jiqui
forms with lower densities, were more significant
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Lake), being significantly higher in the lake, higher cellular volume during the dry periods,
during the rainy period (Fig. 3). varying from 0.25 to 0.29uMmStrong correlations
The mean of the cellular volumes (Fig. 4) variedvere detected between the temperature and the
from 0.12um (cocci) to 0.54urh(rods). The rods cellular volume of the rods (0.55; p=0.02) and
presented the largest cellular volume (0.39 wibrios (0.53; p=0.03) and between the oxygen and
0.54un) during the dry seasons as well as duringhe cellular volume of the cocci (0.76; p=0.002),
the rainy ones. In the lake, there was an increase iiads (0.59; p=0.01) and vibrios (0.60; p=0.01).

the cellular volume of all the morphotypes during

the rainy periods and in the river, only vibrio had a

300 -
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Figure 4 - Changes in bacterial morphotypes cellular volumendudry ¢:::
periods. PR1, PR2 and PR3 = Pitimbu River; JL midigke.
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The water temperature was the only significantlyntroduction of the bacteria of the sediment in to
different variable between the dry and the rainyhe water column. Moreover, the good exploitation
periods (Mann Whitney: p=0.002). In relation toof carbon, through the bacterial activity, cuold also
the sampling sites, significant variation occurred irfavor the growth of their populations. The mean of
the cellular volume of the cocci, rods and vibriogotal bacterial biomass in the present study (123 —
(Mann Whitney: p= 0.003), oxygen (Mann269 ugC [') was situated below those already
Whitney: p=0.006) and bacterial biomass (Manmegistered in a tropical freshwater region. Erikson
Whitney: p=0.01) which was consistently higher inet al. (1999) found a biomass between 240 and 930
the lake. HgC L' in a tropical lake and Farjalla et al. (2001)

obtained biomasses between 480 and 1432 iyC L

in coastal lakes of southeastern Brazil. In relation
DISCUSSION to the biomass, significant differences between the

lotic and lentic regions of the Pitimbu-Jiqui system
The bacterial density found in this study {ddlls were found, clearly favoring to the bacterial
mL™) was among the highest cited by studieslevelopment in the lacustrine part of the system.
carried out in freshwater systems with the differenf’ he average cellular volume found in this system
trophic levels (Jugnia et al., 1998; Jezbera et al(p.12 — 0.54prhcell) fitted among those cited in
2003) and could be associated to the low depth dferature for the freshwater environments (Table
the environment, which made possible thed).

Table 4 - Comparison between cellular volumes in freshwagadronments

Environment Cell. V. (um® Trophic state References

Lake Aydat (France) 0.05-0.121* eutrophic Sime-Ndyant al. (1991)

Lake Comwell (Canada) 0.06-0.213* - Sime-Ngandal ef1991)

Monijolinho 0.37-0.53* eutrophic Seleghim, 1992

Reserv. (Brazil)

Potable reserv (France) 0.24-0.53 - Amblard gt18I96)

Danube River (Austria) 0.043-0.129 mesotrophic e and Velimirov

(1997)

Lake Yaoundé (Cameron) 0.050-0.20 eutrophic Jugingd. (1998)

Lake Biwa (Japéo) 0.08-0.14 mesotrophic- Gurung et al. (2002)
eutrophic

Lake Waco (EUA) 0.12-0.21 mesotrophic Lind and Baac (2003)

Jiqui Lake (Brazil) 0.28-0.36 mesotrophic This study

*filamentous not included

Significant differences between the lotic and lentiavith a capacity of enzymes-production to their
regions of the Pitimbu-Jiqui system were foundprocessing, favoring their cycling (del Giorgio and
According to Palumbo et al. (1984), variationsCole, 1998) and guaranteeing an energy profit that
found in the average of the cellular volume of thesurpassed the high costs involved in this process.
morphotypes reflected the differences in the taxeSignificant correlation between the phosphorous
of growth or the physiological state of the bacteriahnd nitrogen and the microbial variables,
community. The cellular volumes found in thecommonly cited as determinatives in the
lake were superior to the ones found in the rivergomposition of the microbial community, was not
mainly in the rainy period. This suggested theobserved in this study. Farjalla et al. (2001) found
installation of the differences in the nutritional strong correlations between the phosphorous and
conditions of the environments (Lewis et al., 1986}he bacterial densities and the biomass in Brazilian
and in the community composition, during thecoastal lakes, where this nutrient seemed to
rainfall, which was reflected in the much higherlimitate the bacterial growth. Some laboratorial
biomass found in the lake. The use of thesexperiments have also demonstrated the
substrata assumeed the presence of populatiomsportance of the nutrients for the
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bacterioplankton (Kisand et al., 2001; Muylaert ebacterial metabolism in this system and the
al.,, 2002; Castillo et al., 2003). The total solidpossible role of the products of decomposition of
substances which enter in the Pitimbu-Jiquaquatic macrophytes present in the system as a
system, from the draining of adjacent lands andubstratum for the growth of bacterial populations.
antropic activities (Oliveira, 1994; Guimaraes-

Segundo, 2002) can be important in aiding

bacterial growth. In  points with low ACKNOWLEDGEMENTS
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chlorophyll and the bacterioplankton, during the

studies carried out in oligotrophic and mesotrophiRESUMO

environments. The dependence of

bacterioplankton of dissolved organic carbona variagdo temporal e espacial do

released by the phytoplankton (Kisand et al., 20013 cterioplancton em um sistema fluvial-lagunar de
and the effect of the bacterivory in the control Ofregiéo tropica| foi estudada em pen’odos Seco e
the populations (Krstulovic et al., 1997) was morehuvoso. As médias da abundancia bacteriana
typical in the eutrophized environments (Gonzalegariaram de 2,67 a 5,1 x 16 ndo exibiram uma

et al, 2000). Moreover, the low levels ofyariacdo temporal marcante, tendo apresentado
chlorophyll  denoted the importance of apenas pequenas oscilagdes entre os periodos
bacterioplankton for the trophic structuring of thischuvoso e seco. A biomassa bacteriana variou de
environment, where significant relation betweem23 g C L a 269ug C L* entre os locais de
the bacteria and the phytoplankton was nogoleta e o volume celular médio de 0,1Zuan
observed. This suggested that the dissolved54uni, ocorrendo predominancia de bacilos. A
organic carbon, generated from phytoplankton wagmperatura mostrou correlagédo positiva com o
not the most important substratum for the bacterigolume celular de bacilos (R=0,55; p=0,02) e de
of the system, which agreed with the results foungipries (R=0,53; p=0,03). Foram encontradas
by Kirschner and Velimirov (1997) and Carvalhodiferencas espaciais significativas de biomassa
et al. (2003). (Mann Whitney: p=0,01) e volume celular dos
The abundance of bacterioplankton in the Pitimbumorfotipos (Mann Whitney: p= 0,003), entre 0s
Jiqui system was high, in relation to othergocais de coleta. As fortes correlacdes positivas da
freshwater environments and the cellular angemperatura da agua e do oxigénio, com o
biomass volumes fitted into those already cited t@acterioplancton, s&o sugestivas de uma
the same trophic state environments. The temporglovavelmente elevada atividade bacteriana nesse
morphological variations occurred under thesistema.

influence of precipitation and temperature, which

seemed to be favorable to the bacterial

multiplication during the dry and the rainy periods. REFERENCES
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