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ABSTRACT

The influence of tidal phase on bacteria abundance in surface waters was studied in five stations along the
Perequé tidal creek (Parana State, Brazil), at spring and neap low and high tides in July 1999. The stations were
located from the mouth (St.1) to the creek’s head (St. 5). The following parameters were analyzed: salinity,
temperature, pH, dissolved oxygen, total carbon dioxide, seston, particulate organic matter, pluviosity,
chlorophyll “a”, total heterotrophic bacteria, bacterial biomass, cultivable heterotrophic aerobic halophilic
and halophobic bacteria, total coliforms d&wtherichia coli The results showed that the highest values of
salinity, pH and dissolved oxygen at stations 1 to 4 were registered during the spring high tide. The amount
of total heterotrophic bacteria was directly proportional to seston and chlorophyl values at stations 2 and 3
during low tide of July 28, and at station 5 during high tide of the same day. The values of cultivable
heterotrophic aerobic halophilic and halophobic bacteria, total colifornts.aadi, were directly correlated

with particulate organic matter and pluviosity. The largest of these values were registered during the neap low
tide of July 6. This period was characterized by high precipitation, which may have influenced the bacterial
number variation. During the neap high tide and, sporadically, during the neap and spring low tide, the lowest
values of total heterotrophic bacteria and bacterial biomass were registered. The results showed great influence
of the tide on the bacteria at stations 1 to 4, but not at station 5.
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INTRODUCTION Few bacteriological studies have been carried out in South
Brazilian estuarine waters. Abreu (1) and Aletal (3) studied
Bacteria occur in all marine environments. Their importand@e microbial food web in a shallow region of the Patos Lagoon
is highest in the coastal regions due to the input of orgar@stuary, State of Rio Grande do Sul. Abeeal (4) working on
matter and nutrients from the continent (10,12,25). In thegseestuarine plume in the coastal region close to the Patos Lagoon
regions, quantitative and qualitative changes in thmouth, found a decrease in bacterial number and activity
environmental characteristics may occur and consequently fimeeasured witPH-Thymidine) at the sharp interface of estuarine
bacteria, due to an antropic influence also change (18). and coastal water, probably due to salt stress on the bacterial
In coastal regions, mainly in bays and estuaries, halophilemmunity. In large scale study of the Patos Lagoon, Abreu
halotolerant and halophobic bacteria can be foundnd Odebrecht (2) concluded that there was no significant
Halotolerant bacteria are adapted to live in regions oélationship between bacteria and clorophyl “a”, while a
intermediary salinities, halophilic bacteria in high salinities anstronger correlation was found between bacteria and phosphate.
halophobic bacteria, brought mainly by rivers, develop bettér the Estuarine Complex of Paranagua, State of Parana, Kolm
in fresh water cultures and only survive for a limited time in thend Absher (15) studied the number of saprophytes in surface
sea (25). waters along the Paranagua and Antonina Bays and its
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interrelationship with environmental factors. They concludeti0:37h; St.4- 10:55h; St.5- 11:10h (flow tide) and St.5-16:12h;
that a positive correlation has occurred among cultivab&t.4-16:30h; St.3-16:48h; St.2-17:06h; St.1-17:29h (ebb tide). The
heterotrophic bacteria in surface waters and rainfall in tteecond water collection was made on July 13 (new moon) in the
studied period and region. Kolm and Lesnau (16), studying tf@lowing hours: St.5-09:50h; St.4- 10:05h; St.3-10:24h; St.2-
variation of saprophytic bacteria in two water columns, onB0:43h; St.1-11:05h (ebb tide) and St.1-16:09h; St.2-16:25h; St.3-
close and another distant (approx. 5.5 Km) of mangrove regiot§;45h; St.4-17:00h; St.5-17:14h (flow tide). On July 20 (waxing
concluded that, although waters of the continental shetioon) the waters were sampled at: St.1-08:32h; St.2-08:51h; St.3-
influenced both regions, variations existed in regard to tl@9:10h; St.4-09:25h; St.5-09:39h (flow tide) and St.5-12:55h St.4-
aguatic ecosystems conditions. Koétnal (17,18) published 13:08h; St.3-13:30h; St.2-13:54h; St.1-14:20h. (ebb tide). The
the first data about total heterotrophic bacteria, bacterifurth collection (full moon) was made on July 28 in the
biomass and total and fecal coliforms, and their interrelationstimlowing hours: St.5-09:30h; St.4-09:47h; St.3-10:02h; St.2-
with abiotic data at the Paranagua and Antonina Bays, PR):17h; St.1-10:38h. (ebb tide) and St.1-15:13h; St.2-15:30h; St.3-
Schoenenberger (26) reported the first bacteriological studyl&t47h; St.4-16:00h; St.5-16:14h (flow tide).
Guaraguecaba and Laranjeiras Bays, State of Parana. The following abiotic parameters were analyzed in all water
The objective of the present research was to study the spasminples: A) water temperature (T°C) with a standard thermometer,
and temporal variations of total heterotrophic bacteridd) salinity with an refractometer (ATAGO S/Mill, Japan), C) pH
halophobic and halophytic saprophytes, total coliforms amdth a portable digital pHmeter (Digimed), D) dissolved oxygen
Escherichia colin surface waters along the Perequé tidal creelising the Winkler technique (11), E) total carbon dioxide using
in a winter month with little rainfall. Their interrelationship withthe Carmouze method of ionic interactions (8), F) seston using
biotic and abiotic data in a lunar cycle of semidiurnal tides waise GF/F filter method (28) and G) particulate organic matter with

also evaluated. the ignition method (28). Data on pluviosity was obtained from
the Marine Physics Laboratory, Marine Study Center, Federal

MATERIALS AND METHODS University of Parana. For analysis purposes, the rainfall values

of six days preceeding each collection were added to the values

Study area of the collection day and the different tides were coded and

Perequé tidal creek (Fig. 1), approximately 2.6 km long (19rdered as: 1 - empty; 2 - low; 3 - high and 4 - full.
is part of the Estuarine Complex of Paranagud, State of Parané,The following biotic parameters were analyzed: A) total
Brazil (25°16'34"S; 48°17'42"W). Along its margins, marsh bankseterotrophic bacteria by epifluorescence microscopy counts,
(Spartina alterniflorg and mangroves, with the predominanceising the fluorochrome acridine orange (24), B) bacterial biomass
of Laguncularia racemosé@white mangrove) can be found. Inby quantification of the biovolume, according to Bjgrnsen and
the highest and driest areas of the tidal creékscus tiliaceus Kuparinen (5), C) cultivable heterotrophic aerobic halophobic
and sand dune vegetation can be found (6). and halophilic bacteria using the Zobell 2216E culture medium,
The flow of water at Perequé tidal creek is dominated mainly
by the tidal regime in the area, presenting flow in both directions,
during high and low tides. Significant flow of fresh water dowr;
river only occurs during periods of intense rainfall (summer
During the remaining period, the only contribution of fresh wate| oS chenne!
comes from the water table that, as it is found close to t
surface of the terrain, sends variable amounts of fresh wate
the tidal creeks bed. Thus, the salinity values vary with the tic
cycle (semidiurnal) and with the seasonal variations of rainfa
The waters of the tidal creek are more saline in the winter i
drought period, with values up to 33 %0, and less saline duril
the rainy season with values of approximately 1 %o (23).
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Samples collection

In July (winter) of 1999, a total of fourty superficial water a
samples were collected at five stations of Perequé tidal cre Joen,
(Fig. 1). The collections obeyed the flow of the tide, that is, frol-
station 1 to 5 during flow tide and from station 5 to 1 during théigure 1. Map of the studied area. A) Perequé tidal creek; B)
ebb tide. The first waters were collected on July 06 (wanirigstuarine Complex of Paranagué showing the studied area and
moon) in the following hours: St.1- 9:34h; St.2- 10:15h; St.32) Map of Brazil showing the estuarine complex.
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following the methodology described by Kolm and Corréa (14jhe collection dates (F(7.32) = 4.21; p <0.0022), among the tide
D) total coliforms andescherichia coliby the method of the heights (F(1.38) = 4.98; p <0.0316) and among the sampled
Most Probable Number (MPN) using Colilert (Idexx Laboratoriestations (F(4.35) = 6.56; p <0.0005).
Inc.) (27) and E) total chlorophyl by the fluorimetric method, as The highest seston value (9.23 myivas registered at
described by Strickland and Parsons (28). station 1 during the low tide of the July 06. The smallest amount
The biotic and abiotic variations on the different collectio2.42 mg.t) was registered at the same station, during the high
dates, at high and low tides and at the sampling stations wéde of July 20. The comparison of the seston values showed a
compared using ANOVA. The results of the biotic data wergignificant variation with regard to the collection dates (F(7.32)
presented, when significant, in the form of graphs with the4.01; p <0.0030) but the variation with regard to the tide heights
respective values of F, degrees of freedom and significance ({5)(1.38) = 0.38; p <0.5418) and collection stations (F(4.35) =
The values of “F” and “p” of the abiotic and, when noD.63; p <0.6465) were not significant.
significant, of the biotic data, were inserted in the text. For The highest value of POM was observed at station 1 (8.275
identification of the temporal and spatial distribution, the darag.L?) during the low tide of July 06 and the lowest value (1.13
were centered, reduced and analyzed as a Principal Compomegil 1) at station 2 during the high tide of the same day. The
Analysis (PCA), (7,20). amount of POM in the high tide was significantly lower than in
the low tide (F(1.38) = 10.93; p <0.0021). There was also
RESULTS significant variation with regard to the collection dates (F(7.32)
=2.65; p <0.0281) and sampled stations (F(4.35) = 4.38; p <0.0057).

Water temperature showed a significant variation throughout The largest rainfall values occurred between June 30 and
the sampling period (F(7.32) = 24.49; p <0.0000) and not amoﬂ@'y 06 (297.0 mm) and the smallest ones (12.7 mm) in the last
stations. Significant differences were not observed among wagtiod of samplecollection (Fig. 2).
temperature at different tidal heights (F(1.38) = 2.87; p <0.0982) The highest value for total chlorophyll was observed at
and at the sampled stations (F(4.35) = 0.80; p <0.5333). THation 5 during the high tide of July 20 (27.733 figand the
highest registered water temperature was 24.0°C, at statiopgllest at station 1 during the low tide of July 13 (1.220)g.L
during the low tide of July 20, and the lowest was 16.3°C Zhere was no statistically significant variation between the
station 1 during the high tide of July 06. values of total chlorophyll and collection dates (F(7.32) = 1.30;

The greatest salinity (32 %o) was registered in the high tide<0.2803), tides (F(1.38) = 0.10; p <0.7595) and sampled stations
of July 28 at stations 1, 2 and 3. The lowest value was of H” 0 $(4.35) = 1.18; p <0.3357).
at station 5, in the two (high and low) tides of July 20. The The highest value of total heterotrophic bacteria (TH) was
differences between the salinity values at the different collecti@fserved at station 2, during the low tide of July 06, with 3.1 X
dates (F(7.32) = 9.58; p <0.0000) of the different tides ([:(1_38)];96 cells.mL! and the lowest at station 5 during the high tide of
9.78; p <0.0034) and sampled stations (F(4.35) = 2.66; p <0.0489}y 20, with 3.1 x 10cells.mL2. The variation of TH was not
were statistically significant. significant with the variation of the tides (F(1.38) = 0.18; p

The highest pH (7.94) was observed on the July 28, durifi§-6698) and along the studied stations (F(4.35) = 0.80; p
high tide at station 1 and the lowest (6.33) during low tide 60.5350), but was significant on the different collection dates
July 13 at the same station. The variation in pH during tHE(7.32) =4.37; p <0.0017), as can be seen in Fig. 3A.
spring high tide was significantly higher than during the spring
low tide and neap tides (F(7.32) = 15.71; p <0.000). With rega 159 5
to tide variations (high tide and low tide) and collection station
the variations were not significant (F(1.38) = 3.92; p <0.054!~ 139.5 N
and (F(4.35) = 0.45; p <0.7709 respectively). © 119.5

During the low tide of the July 13 the highest percentage E 99.5
dissolved oxygen (108.43%) and the lowest (21.86%) we <
observed at stations 2 and 5, respectively. There was’@

79.5

statistically significant variation in the percentage of dissolve’s 59.5; RN s
oxygen, both throughout the collection dates (F(7.32) =5.16 @ 39 5 §
<0.0005), the tide variation (F(1.38) = 13.78; p <0.0007), ar §
among the studied stations (F(4.35) = 3.51; p <0.0164). 19.5 NN § Nm N
[l a

The highest percentage of total G@the water occurred at -0.5
station 5 (7.118%) during the high tide of July 06 and the lowe
at station 1 (149.8%) during the high tide of the July 13. The
total carbon dioxide in the water varied significantly throughoutigure 2. Rainfall during the studied period.

06/30-07/06 07/07-07/13  07/14-07/20  07/22-07/28
Days
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Figure 3. Graphic representation of the following analyses of variance: A) Total heterotrophic bacteria throughout the studi
period; B) bacterial biomass throughout the studied period; C) cultivable heterotrophic halophobic bacteria along the collect
stations; D) total coliforms throughout the studied period; E) total coliforms with regard to the tideeardIRhroughout the
studied period.
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The maximum value of bacterial biomass (186.99 ug'C.L 11=19.23%
was observed during the high tide of July 28 and the minimy 52T ™ © 7 T 7 770 1T T 7 T T T T T T]
value (1.48 ug C.B in the low tide of July 20, both at station 5 i 7
There was a significant variation of the bacterial bioma i 5b ]
throughout the studied period (F(7.32) = 2.97; p <0.0163) (Fk 3.21- 2b3p 2 BB _
3B) and the variation was not significant among the tid., F sb POM SE /TH T
variations (F(1.38) = 0.63; p <0.4307) and collection statiofiz [ TC QFc 3b oL 1
(F(4.35)=0.49; p <0.7400). 1.2 4b HD pH4b 4b |
The highest value of cultivable heterotrophic halophob|& | *° '° HS - N(E | lsb2b A
bacteria (1.6 x OUFC.mL:) was registered at station 5 durindS oF 5'3’/5];:1{1:/ E DQZb 3bld =
the high tide of July 13 and the lowest value (LOWEL. ML) | oo cO, 4 Syrygian high 1 7
on the same day and in the same tide, at station 1. The haloph - 5b 5b  1b 3b3 4b 1de 3b 17
frequencies were significantly different at the sampled statio i lbzblb 3b 1
(F(7.32) = 1.24; p <0.3038) (Fig. 3C) and not significant wit _2'8'_| . .2b o 1|b 2b | l_‘
regard to the tide (F(1.38) = 0.08; p <0.7779) and to the collecti 33 a3 0' g a7
stations (F(4.35) = 3.41; p <0.0185). Component 1
The highest values of cultivable heterotrophic halophilic Station 1: 1p: High tide, 1b: Low tide;
bacteria were found at station 5 during the low tide of July 20, ahd Station 2: 2p: High tide, 2b: Low tide;
the lowest values at station 1 during the high tide of July 13. The Station 3: 3p: High tide, 3b: Low tide;
variations with regard to the studied period (F(7.32) = 2.12;|p Station 4: 4p: High tide, 4b: Low tide;
<0.0694), to the tides (F(1.38) = 2.58; p <0.1168) and to the collectjon Station 5: 5p: High tide, 5b: Low tide.
stations (F(4.35) = 1.27; p <0.3019) were not significant. T — - — 1, _
During the low tide of July 06 the highest values of total> Sallnlty, TE= Tempergture,_DO - D|s.solved o_xygen., AH =
coliforms were registered (> 2.4 x“1RIPN.100 mL) at all Hydro.gen |on|(? pOt(intlaL SE - Seston; POM = .Pa.rtlctlate
stations. The same occurred at station 5 during the high tid ga.nlc mﬁtter, PL = PIUV'OS'W’ Q@_Carbon dioxide; T 1.
of July 13 and July 28, and at stations 2, 3 and 4, during the |3V\|Ide’ CL - '[otal ch!oro_phyll, TH —_Total hetero_tropr Ic.
tide of the last day of collection. The smallest value was of 3.?""“9“‘?‘: BB = Ba_cFenaI t_momass, HS B Heterot_rophlc ae Ob'c
X 10 MPN.100 ml* at station 1 during the high tide of July 13 alOph'“C bacteria HD._ Heterotrophlc_ aerobic halophpbic
The variation of the total coliformes was significant throughowP acteria; TC = Total coliforms; FCE coll

the studied period (F(7.32) =5.57; p <0.0003) (Fig. 3D) and amoRigure 4. Distribution of the sampled stations, and of the biotic
the tides (F(1.38) =5.29; p <0.0271) (Fig. 3E) and not significaand abiotic values of the studied period, in the space of the
(F(4.35) = 0.35; p <0.8389) at the sampled stations. main components.

During the high tide of July 13 the largest valuekofcoli
was registered (>2.4 x 10IMP.100 mLY) at station 5. The
smallest value was of 10 MPN.100 riegistered during the with chlorophyll in neap high tide of stations 1 to 4. With regard
high tide of July 13 at station 1. The variation ofheoliwas to station 5, no variation could be seen between spring and
significant throughout the studied period (F(7.32) = 4.31; peap high tide. Except for the spring high tide of July 28, positive
<0.0019) (Fig. 3F). Among the tide variations (F(1.38) = 1.74; gorrelations of the waters of this station could be verified with
<0.1947) and stations (F(4.35) = 0.35;p <0.8421) the variatioaarbon dioxide, rainfall, heterotrophic aerobic halophilic and
were not significant. halophobic bacteria and with the total coliforms Bndoliand

Fig. 4 shows the Principal Component Analysis (PCA). Theegative correlations with pH, salinity, dissolved oxygen and
first component accounted for 30.41% of the variation antitle. In the spring high tide of July 28, there was a positive
showed positive correlation with pH, salinity, dissolved oxygetorrelation with the seston, the total heterotrophic bacteria, the
and tide during spring high tide and negative correlation witbacterial biomass and, on a smaller scale with the chlorophyll.
neap low tides of stations 1, 2, 3 and 4. The same compon&he temperature values were similar at all the stations and they
showed, at the same stations, a negative correlation with thid not influence the analysis.
total carbon dioxide, rainfall, heterotrophic aerobic halophilic and
halophobic bacteriand total andk. coliin spring high tide and DISCUSSION
a positive correlation with spring and neap low tides.

The second component accounted for 19.23% of the variation Continental shelf waters are more saline, more alkaline and
and showed a negative correlation with seston, totpborer in nutrients than those of the estuaries. As Perequé
heterotrophic bacteria, bacterial biomass and, on a smaller sciffal creek is located close to the entrance of the Paranagua
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Estuarine Complex, it is influenced directly, during the higkneap tide) and at station 5 during the low tide of July 20 (neap
tide, by the continental shelf waters. During the low tides, ide). The period that preceded July 06 was characterized by a
drains water from the water table, rainfall and of domestimold front with high rainfall. It is likely that the heavy rains
effluents. This influence is clearly seen by the high salinitprovoked the transport of POM from nearby regions to the
pH and dissolved oxygen values observed in the sampleed of the tidal creek. The high values found in the water
stations closest to the outlet of Perequé tidal creek mainlydaollected at station 5 on July 20, were punctual and mainly
spring tides. The results show that station 5, located in thelated to the small influence of the neap tide, typical of this
more internal area of the tidal creek, on the contrary, is lesation.
affected by the tides. This fact may be linked to the recent Kolm and Absher (15) found a correlation between the
construction of a bike lane, with movement of sand anzltivable heterotrophic aerobic bacteria and high rainfall in
consequent silting up of this area. surface waters of the Bays of Paranagua and Antonina. Similar
The coast of Parand is characterized by considerabésults could be observed in waters of Perequé tidal creek,
temperature and rainfall variations between winter and summeith regard to the cultivable heterotrophic aerobic bacteria,
Maak (21) characterized the environment as being transitiomait not with the total heterotrophic bacteria. These results
tropical. Moreover, all the rainfall periods are caused by cottbnfirm the description of Hoppe (13) that cultivable
fronts coming from the south that move in a northward directioheterotrophic aerobic bacteria reply more quickly to
provoking decrease in air temperatures and, consequentlyeinvironmental variations and organic pollution than the total
surface water temperatures of the region. During the studibdterotrophic bacteria.
period the highest temperature values, at all the sampled stationsAlthough the objective of the analyses was not to establish
were registered on July 20 (neap tide), with a maximum at statipatterns for swimming waters, we observed Hstherichia
5, during the low tide. Considering that in the neap tide tlmli values exceeded the maximum allowed by the Resolution
range is small, with little change of water, and that on July 274, Article 3 of CONAMA (Conselho Nacional do Meio
the weather was fair, with few clouds, and sampling at low tidembiente) (2000) in the first neap low tide at all the sampled
was carried out around midday, we may conclude that the higtations. Values above those permitted for the area were also
temperatures observed were due to interrelationship of theegistered at station 4, during the second neap low tide, and at
factors. On the other hand the PCA showed that the temperatstisgions 2, 3 and 4 in the spring low tides. In the first neap
variation did not influence the bacterial variation throughoutigh tide (July 06) the values of stations 4 and 5 were also
July, 1999. above the maximum permitted. In the second neap high tide
Seston is composed by three categories of particles: minethg values oE. coli from the stations 2, 3 and 5 were below
transported from the continent to the water; detritus, composée: maximum value allowed by law. In the spring high tide
of organic and inorganic particles and planktomnly the values of station 5 were above the maximum permitted.
(bacterioplankton, phytoplankton and zooplankton) (9)hese results give evidence that a direct relationship probably
Rheinheimer (25) described its importance for bacteriakists between the tide and the amouri.ofoliin the study
development mainly in waters poor in nutrients. In the presestea. The high values &:. coliregistered at all stations in the
study a positive correlation was verified among sestotgw tide of July 06 may be directly or indirectly related with the
chlorophyll, total heterotrophic bacteria and bacterial biomasainfall.
at station 5, during the spring tide of July 28 and at stations 2 In the same way that the sampled stations are inappropriate
and 3, in low tide of the same day. In the other sampling statidios bathing purposes they are also inappropriate for natural or
and studied periods the correlation was negative or there vilsiensive cultivation of marine foods “in natura”, as described
no correlation. According to Mantovani and Novo (22) the the 20" Resolution, Article 8 of CONAMA (1986).
dissolved organic matter (DOM) can interact with the algae and These results allow us to conclude that it would be unwise
bacteria, as a source of energy or organic carbon. Therefdregultivate and/or consume organisms from Perequé tidal creek,
Kolm and Lesnau (16) supposed that in areas rich in nutriemt&inly, with reference to station 2, frequently used for
there is free bacterial life feeding on the dissolved organic matserbsistence fishing. Bathing and fishing should be avoided
(DOM). As Perequé tidal creek is very rich in DOM from thelong the whole Perequé tidal creek during or after periods of
adjacent mangroves, mainly during the low tides, it is likely thattense rainfall and at stations 2, 3 and 4 during the neap low
the total heterotrophic bacteria have a free life in this area aindes.
feed DOM. Moreover, the results showed that in the period and in the
The cultivable heterotrophic halophilic and halophobistudied area, heterotrophic aerobic bacteria and totaEand
bacteria and the total coliforms aid coli, contradictorily, coli values were influenced by the spring tide, mainly after
presented high positive correlation with the particulate organieriods of intense rainfall. The neap tides influenced the total
matter (POM) at all stations during the low tide of July O®eterotrophic bacteria and the bacterial biomass.
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