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ABSTRACT

The aim of this paper was to verify hydrological and hydrochemical changes in the Iquipari Lagoon
water column, during three months, as related to an artificial sand bar opening. A drastic reduction
in water volume occurred 28 hours after the sand bar opening, exposing the bottom sediment. This
was densely colonized by submerged aquatic plants, which were dominant in the ecosystem metabolism,
specially near the sand bar. An increase in salinity values, and dissolved and total nutrient concentra-
tions, was observed during the sand bar opening period. In contrast, chloramuyitentration
decreased. These changes were associated with: 1) mix of remained brackish and marine waters; 2)
nutrient release from sediments by physical processes; and 3) submerged plant death. After the sand
bar closure, lagoon metabolism was completely regulated by a dense phytoplankton community. We
observed that the sand bar opening resulted in an extensile replacement of the lagoon’s water and
a change in the community mainly responsible for the ecosystem metabolism.
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RESUMO

Abertura de barra em uma lagoa costeira (Iquipari) na regido Norte Fluminense:
alterac6es hidrologicas e hidroquimicas

O presente trabalho teve por objetivo avaliar as altera¢des hidroldgicas e hidroquimicas na coluna
d’agua da lagoa costeira de lquipari, ao longo de trés meses, quando esta foi submetida a processt
artificial de abertura de barra. Nas 28 horas que se seguiram a abertura da barra, o volume de aguz
foi drasticamente reduzido. Os sedimentos de fundo, densamente colonizados por plantas aquaticas
submersas que dominavam o metabolismo da lagoa costeira, foram em grande parte expostos ao ar
principalmente nas porcdes mais préximas ao mar. Observou-se, durante o periodo em que a barra
esteve aberta, grande elevacéo da salinidade e da concentracdo de nutrientes dissolvidos e totais, ¢
em contraste, reducdo da biomassa fitoplancténica. Estes fatos estao associados a: 1) mistura da agu
salobra remanescente com a marinha; 2) processos fisicos de liberagédo de nutrientes do sedimento
e 3) morte das plantas submersas. Apds o fechamento da barra, foi constatado intenso desenvolvimentc
da comunidade fitoplanctbnica, que passou a dominar o metabolismo do ecossistema, especialmente
nas por¢Bes mais proximas ao mar. Verificou-se que a abertura da barra resultou em substituicdo quase
total das aguas da lagoa costeira e alterou o tipo de comunidade predominante no metabolismo do
sistema.

Palavras-chaveabertura de barra, lagoa costeira, hidrologia, hidroquimica.
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INTRODUCTION bar opening process which lasted 12 days (Sep-
) ] tember 10-22). This was because of the intense
Coastal lagoons have peculiar functional a”djevelopment of a mixed bank Nbjas marinal.,
structural characteristics due to their localization, submerged aquatic macrophyte and macroalgae
between land and sea. They generally show larggs the generaChara (Vaill.) A. Br. at the closest

temporal and spatial variations in hydrochemicalportiOn of the bar, which impeded both navigation
characteristics and considerable biological diversity fishing.

(Yanez-Arancibia, 1987; Castet al., 1996). The
shallowness of these systems promotes a Shoﬁydrological dynamics

nutrient turnover (Nixon, 1981, 1982), resulting Prior to the sand bar opening, the relationship
in high primary productivity (Knoppers, 1994) and petween the lagoon water level and the average
high fishing production (Y&nez-Arancib&t al,  gea Jevel was calculated based on a topographical
1994). o _ _ profile of the sand bar, obtained through an adap-
The artificial opening of sand bars SEH®Y  (ation of Emery’s methodology, described in Cunha
the coastal lagoons from the sea is a common prag; Guerra (1996), and with information from a table
t|c_e in the northern region of Rio de Janeiro Stateys tiges (DHN, 1996). Peculiar physiographical
Itis intended to both control water level and/orcharacteristics of the lagoon allowed its division
improve commercial fishing activity (Oliveit iy four sectors, as presented in Fig. 1. Total water
al., 1955; Oliveira & Krau, 1955; Aguiaro & yolume before the opening was estimated by the

Caramaschi, 1996; Saad, 1996). However, thgaihymetry of transversal profiles for each sector
environmental impact entailed by this managemeqtnump“ed by its area.

has received little attention (Saad, 1996; Suzuki A water level ruler was installed in sector
etal, 1998; Kozlowsky-Suzuki, 1998). These sandyy pefore the sand bar opening on 8 September
bar openings can cause radical alterations iRggg. \water level was then measured daily throu-
physmpchemma}, chem|c§1I, and physical condmonsghout the period before the sand bar opening, at
including drastic reduction of the water volume o\ and high tides during the period in which the
and profound alterations in the biotic communitiesy5; remained open, and daily for one month fol-
due to brackish water overflow and salt wateroying sand bar closure. This procedure allowed
influx. . . evaluation of lagoon volume variations during this

. Todetermine the hydrological and hydroche-yesearch, The volume variations were used to deter-
mical changes caused by the artificial sand bagine water and nutrient fluxes during the open
opening event in Iquipari Lagoon, selected |'m”0|°'period and the time necessary after the sand bar

gical variables in the water column before, duringcjsyre for the lagoon to recuperate its level prior
and after the opening were monitored. to the sand bar opening.

The rainfall data for the studied period was

MATERIAL AND METHODS obtained at a meteorological station in Campos
dos Goytacazes, a city located about 30 km from
Study area the Iquipari lagoon.

Iquipari Lagoon is a small, isolated, coastal
lagoon situated in the northern region of Rio deHydrochemical characterization
Janeiro State, in the city of Sdo Jodo da Barra, @ Water samples were collected at the four
between 214'20” and 2$48'12"S and 41°01'34” sampling stations (Fig. 1) on: two occasions before
and 41°02’'04"W (Fig. 1). Pastures and areas ofhe sand bar opening (August 23 and 30, 1996);
native vegetationréstingd cover its water shed. one occasion during the period in which the bar
The Lagune is based on quartenary fluvial-maringemained open (December 17, at the peak of high
sand deposits. Its water surface has been estimatadd low tides); and two other occasions after the
at 1.4 knmd with an extension of 10 km, based onnatural closure of the sand bar (September 27 and
satellite images obtained from the National InstituteOctober 21, 1996). Measurements of pH, water
of Space Research (INPE), in August 1992. Intemperature, salinity, and dissolved oxygen were
September 1996 the lagoon was submitted to a satidkenin situ with portable equipment.
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IQUIPARI LAGOON

Sand Bar

—21°45’

Atlantic
Ocean

41°2

Fig. 1 — Iquipari Lagoon map obtained from satellite photos WRS 216/075 B and D, TM5 (INPE, 08/01/1992). The lim-
its of studied sectors I, Il, Ill, and IV are indicated by straight lines and the sampling station indicated by (*).
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The water column was sampled with a van RESULTS AND DISCUSSION
Dorn bottle at a subsurface depth of about 0.5 m,

Subsamples of 50 ml were used for deter- ydrological dynamic

- . . o The topographic profile of the sand bar (Fig.
mining total alkalinity by potentiometric titration 2) shows that before its opening the Iquipari Lagoon

(Gran, 1952).
i water level was around 1.5 m above the average
Other subsamples were filtered under vacuum

using in a GF/F filter (0.7 um) and then frozen forsea level. This measurement indipated that a.great
L X . amount of water would flow out into the marine
later determination of dissolved nutrient concen- ) . .
i 5 ) system during the sand bar opening. Integration
trations (ortho-phosphate —R®,", ammonium ¢ e sand bar topographic profile with a schematic
nitrogen — NNH ;, and reactive silica — SiO2, accor- profile of the lagoon’s central channel obtained
ding to methodologies described in Grasskbo#il by bathimetry (Fig. 3) clearly showed that a portion
(1983) and Strickland & Parsons (1978). Nitrateof about 4.5 km in the extreme south of the lagoon
(N-NO3) and nitrite (NNO;) were determined using was above the average sea level, suggesting the
the FIA, ASIA ISMATEC methods. The material total outflow water from sectors | and II.
retained by the filter membranes was used to de-  The sand bar opening corroborated this hypo-
termine chlorophylh (Nusch & Palme, 1975) and thesis: 28 hours after the estimated lagoon water
particulate organic carbon (POC) (Carmouze, 1994)olume was 318,000 InSince the estimated vo-
Non-filtered subsamples were used for ascertainingime before the opening was 1,109,000 are-
total nutrients (N-total, P-total) according to metho-duction occurred of about 70% in the original

dology described in Carmouze, 1994. volume.
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Fig. 2 — Topographic profile of the sand bar of Iquipari Lagoon. Elevation is reported for the mean sea level (zero).
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Fig. 3 — Schematic profile of the of the Iquipari Lagoon main channel integrating the topographic profile of the sand bar
and bathymetry. Note that horizontal scale of the sand bar profile is compressed. The elevation is reported for the mean
sea level (zero). The pointed linasandb indicate lagoon water level before and 28 hours after sand bar opening. Posi-
tion of the sampling stations is indicated by I, Il, Ill, and IV.
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While the sand bar remained open, the lagoorular Typha domingensiBers, complicating the
functioned as an estuary with an average of 168,000hysical delimitation of this area of the lagoon as
me.day* displacement controlled by the daily tide a consequence of the large littoral zone. Besides
cycles. For the 12-day period in which the sandhe ample availability of nutrients in this region,
bar remained open, this amount corresponded tealues of chlorophyla were low (12 pg.t), which
a volume superior to that of total lagoon water priorindicated limited phytoplankton growth, attributed
to the sand bar opening (1,880,000. rhhis sizeable to dark water. Thus the food web would be main-
water exchange shows that the lagoon water wasined principally by organic matter coming from
almost completely substituted in relatively little the inundated adjacent areas. This first sector was
time. almost completely drained during the sand bar ope-

After the closure of the sand bar, the estimateaing. About two month after the closure, lower
water volume was reduced to less than 20% of thealues of oxygen saturation (8.5%) and higher values
initial total (214,000 rf) causing aerial exposition of alkalinity (3.11 mEq.L), N-NH; (37 pM) and

of sediments in sectors | and II. Only a Sma”, narrOV\P_totai (15 mM) were Observed, indicating an inten-
central channel, through which freshwater came frongjfication of the organic matter decomposition

seepage, remained. Due to the fact that the |390Cmocess in this sector.

has no tributaries, the filling and maintenance of Sector Il displayed a mix of dark and clear

the lagoon water column was mainly throughwaters, allowing development of the phytoplankton
groundwaterrun off, and direct rainfall. community, which had reached a biomass of 68

Estimated freshwater flow into the lagoon pgChla.L-t(Fig. 5) before the sand bar opening.
after the bar closure was 30,000.day™. This  This resulted in lower concentrations of dissolved
should have returned it to the initial water levelnutrients than those in sector | (0.4 pMPOZ™:
after approximately 1 month. 0.5 UM N-NOj; and 0.5 pM NNH ). Also, in the

greater depth (1.2 m) of station I limited the deve-
Hydrochemical dynamic lopment ofT. domingensislimited to the lesser

Before the sand bar opening Iquipari Lagoorshore.
could be hydrochemically characterized as fresh- Sector 1ll comprises the main body of the
water (salinity from 0.3 to 0.9 p.s.u.), and basedagoon and presents abrupt margins and the greatest
on the water color and dominant plant communitydepth (2.0 m). Its water is clear; prior to the sand
this lagoon would be divided physiographically bar opening, the phytoplankton community pre-
in four sectors (Fig. 1), as described below.  sented high biomass (73 pgCalo?) as opposed

The first lagoon sector (sector |) presentedo the low concentrations of dissolved nutrients
dark brown coloration (Bf, =264 mg.L*, accor- (0.2 yM PPO?"; 0.5 pM N-NO; and 0.3 UM N-
ding to Cuthbert & Del Giorgio, 1992), suggestingNH}) (Fig. 6).

a significant influx of groundwater, rich in organic Low dissolved nutrient amount and the high
acid compounds and originally from the sandbankontents of chlorophyl, total nitrogen (> 140
and the adjacent wetlands. The groundwater in thigM), total phosphate (> 7.0 uM), and particulate
region presents high nutrient concentrations andrganic carbon (> 5.5 mg) in sectors Il and IlI
low values of pH and dissolved oxygen (Suzukisuggest the existence of an efficient internal system
et al, 1998). As a consequence, sampling stationf nutrient regeneration related to decomposers
| presented, before the sand bar opening, higheible to quickly restore the dead organic matter
concentrations of dissolved nutrients (2.7 UM P{Azamet al., 1983; Caumette, 1996). The great
PO?; 1.0 pM N-NO; and 10 pM NNH}), as well  phytoplankton biomass suggests that the water
as lower pH (7.2) and dissolved oxygen contentgnetabolism is dominated by this community spe-
(62%) than the other sector stations. cially in station Il1.

The large fluctuation of dissolved oxygen and In sector 1V, the closest one to the sand bar
pH values during the period prior to the sand bagnd where the water color is clear due to marine
opening (Fig. 4) suggests intense biological activityinfluence (Schwarzboldt al, 1986), intense deve-
in this part of the lagoon. The shallowness of thdopment of a large submerged stand (~2.5 km of
water column (maximum = 0.8 m) resulted in exu-e€xtension) ofNajas marinaandCharasp. was
berant growth of aquatic macrophytes, in parti-observed. They probably inhibited development
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of the phytoplankton community by nutrient com- In sampling stations Il to 1V, during the sand
petition (Wetzel, 1983) (< 1.4 uM PO} 0.5 yM  bar opening period, the studied hydrochemical
N-NO; and 0.3 uM NNH}), in an area which had variables presented strong oscillations and a ten-
presented low biomass before the sand bar openirgncy to return quickly to initial conditions after

(5.5 pgChla.L* - Fig. 7). closure (Figs. 5to 7).
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Fig. 4 — Bathymetry profile (a) and hydrochemistry of Iquipari Lagoon water in sector | before, during (dark bar on horizontal
axis), and after sand bar opening: (b) salinity (p.s.u.) and dissolved oxygen saturation (%); (c) pH and total alkalinity
(mEqg.L™); (d) ortho-phosphate and ammonium nitrogen (uM); and (e) total nitrogen and total phosphate (uM), chloro-
phyll a (ug.L*) and POC (mg.t).

Braz. J. Biol., 6821): 51-62, 2002



HYDROLOGY AND HYDROCHEMISTRY OF IQUIPARI LAGOON 57

Sector Il

Width (m)

Depth (m)

—&— Bottom —0— After closure (9/22/96) ---O- - - Before opening (9/8/96)
3. (b + 150 10+ (9 -4
c 9t 3 2

2 1100 g =
> = T T
E % s gl 2 =
< = =
7 ls0 3 °

a 74 1
0 —— ' 0 6 +— +
23/Aug/96  Sep Oct 20/Nov/96 23/Aug/96 Sep Oct 20/Nov/96
—— Salinity —— DO (%Sat) —0— pH —@— Total alk.(mEq.L")

10 + (d) 150 500 - () 20
L 8 400
£ 100 § e =
2 6 T 72 2 300 IS
< g = 10 &
4 200
4 lso £ 5 3
S 2 = S 100 o

0 L 0 +— ; Y

23/Aug/96  Sep Oct 20/Nov/96 23/Aug/96  Sep Oct 20/Nov/96

—2— N-total (uM) ~ —@—— Chloa (ug.L")

—O— Ortho-phosphate (UM) —B— N-ammonium. (UM)
---®-- - P-total (UM) <+ X--- POC (mg.L")

Fig. 5 — Bathymetry profile (a) and hydrochemistry of Iquipari Lagoon water in sector Il before, during (dark bar on
horizontal axis), and after sand bar opening: (b) salinity (p.s.u.) and dissolved oxygen saturation (%); (c) pH and total
alkalinity (mEq.L?); (d) ortho-phosphate and ammonium nitrogen (uM); and (e) total nitrogen and total phosphate (uM),
chlorophylla (pg.L*) and POC (mg.t).
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Fig. 6 — Bathymetry profile (a) and hydrochemistry of Iquipari Lagoon water in sector Ill before, during (dark bar on
horizontal axis), and after sand bar opening: (b) salinity (p.s.u.) and dissolved oxygen saturation (%); (c) pH and total
alkalinity (mEq.L?); (d) ortho-phosphate and ammonium nitrogen (uM); and (e) total nitrogen and total phosphate (uM),
chlorophylla (pg.L?), and POC (mg.t).
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Sectors Il to IV presented a water column ofand P-total = 19 uM) and POC (11 mg)l. as
inconstant depths due to the tides during the sanshown in Fig. 6. Growth of the phytoplankton
bar opening period. They also presented, in thiBiomass also resulted in increased pH (8.97) and
period and soon after it, increased electrical condudetal alkalinity (3.81 mEg.t) values, and depletion
tivity, which even in sector IV never exceeded 12of dissolved nutrients.
mS.cm. This suggests marine influence of moderate The sand bar opening of the Iquipari Lagoon
intensity, reflected by a mixture of marine and re-in September 1996 caused a system whose meta-
maining brackish water at that time. Two monthsbolism had been partially dominated by aquatic
after the natural closure of the bar, the lagoon watenacrophytes and submerged macroalgae to change
was fresh again (0.4 to 1.3 mS@&mnmaking clear into one totally dominated by an active phyto-
that there was a major fresh water influx into theplankton community. Probably this situation will
system, specially from groundwater sources. invert as time goes on and if the interval between

Water column reduction caused drastic al-openings are long enough. This could happen due
terations in the physicochemical, chemical, ando the slow macrophyte and macroalga growth and
biological characteristics of the lagoon water desto limiting factors, e.g., competition for nutrients;
pite minor marine influence during the bar openingpredators; and parasitism to which the phytoplankton
period. Movement of the water masses causedommunity is subjected.
sediment resuspension and porewater advection;  The sand bar opening also caused export of
these processes together with the death and decotarge amounts of organic and inorganic materials
position of the aquatic macrophytes and submergestored in the lagoonal system to the adjacent coastal
algae, resulted in a great increased concentratiomarine system, a process representing great nutrient
of dissolved and total nutrients in the water columnloss (Table 1).

Usually low values for ortho-phosphate and ammo- The estimated outflow of dissolved nutrients,
nia nitrogen increased 12 times over, reachindased on both concentration values a week before
values up to 11 and 154 pM, respectively (Figsthe sand bar opening and exported water volume,
5to 7). indicates a flow of less than 1% of that exported

The great availability of dissolved nutrients daily by the river Paraiba do Sul (Figueiredo, 1999).
and the absence of potential competitors (macroHowever, it is important to observe that this cal-
phytes and macroalgae) caused intense growth cllation — based on the momentary stock of the
the phytoplankton community immediately after water column — did not take into account the nu-
the sand bar closure, specially in sectors Il, Il trients carried away by sediment resuspension,
and IV. The phytoplankton community presentedporewater advection, and partial exportation of
in sector Il the largest development, as reflectedhe macrophytes and macroalgae biomass during
by the high biomass of 545 pugChlb* and high  the sand bar opening period. This may represent
concentrations of total nutrients (N-total = 346 uMa great nutrient loss from the system.

TABLE 1

Total flux of water (m?®) and nutrients (Kg) to marine coastal area during first 28 hours after the sand bar
opening in Iquipari Lagoon.

V before | V 28h v 3 . . 3 -
Sector (m?) after ﬂ%\ﬁfd P-PO, | SiG; | N-H;| N-NO N-NO; | P-Total | N-Total | POC Chloa
\Y 252,000 57,000 195,000 0.5 0.9 0.8 1.4 0.8 48.4 221.1 565.5 14
1} 561,000 | 224,000 337,000 18 7.3 14 24 0.5 742 688.8 2,359.0 24.6
1l 247,000 37,000| 210,000 14 8.6 1.5 1.5 0.3 391 4557 1,302.0 14.3
| 49,000 49,000 4.4 102.3 6.9 0.7 0.3 14.6 631 132.3 1.0
Total | 1,109,000 318,000 791,000 8.1 1191 10.6 5.9 19 176.2 1,428.8 4,858.8 41.2
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CONCLUSIONS CUNHA, S. B. & GUERRA, A. J. T., 199€eomorfologia,
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hydrochemical conditions. The great increase in 1983 Methods of seawater Analisy2. ed., Verlag Che-
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