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ABSTRACT

The global metabolism and exchange of gases with the atmosphere were measured during a diel cycle in two tropical
coastal lagoons, using the curves of carbon dioxide and dissolved oxygen. Heterotrophic metabolism (net CO,
production and net O, consumption) was observed in a black water lagoon (Comprida), and autotrophic metabolism
(net O, production and net CO, consumption) in a clear water lagoon (Imboassica). These differences were attributed to
the limnological characteristics of both ecosystems, especially to dissolved organic carbon and the attenuation
coefficient of light, which are much higher in the first environment. During the diel cycle analyzed there was a net
release of carbon dioxide into the atmosphere in the first lagoon and a net uptake by the water in the second one. Thus,
theimportance of coastal lagoons for the global carbon budget deserves further studly.
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INTRODUCTION

The madd lagoons are anong the most important
aguatic ecosystems in Brazil, being found from the
gate of Rio Grande do Sul up to the date of
Maranh&o. These ecosystems are relatively shallow
(depth usually less than 5 meters), being expaosed to
the constant action of winds (Esteves et al., 1988).
Nowadays, many lagoas receive specia attention
because they are being subjeded to an intense
anthropogenic action which, not unusualy, leals to
an extensve degree of degradation caused by
eutrophication (Knoppers, 1994).

Fadors related to their origin (marine or fluvio-
marine), to the degree of connection with the ocean

" Author for corresponcence

and to the kind of influx result in a considerable
variety of coastal lagoons. In a typdogy proposed
by Egteves et d. (1983), lagoons of bradish and
clear waters and of brackish and dark waters as well
as lagoons of fresh and clear waters and of fresh and
dark waters may be found.

The total metabolism of an ecosystem is equal to the
difference between how much is produced and
consumed o respired. Environments with a
production geder than respiration duing 24 tours
period may be nsidered autotrophic, while
environments  with  respiration  geater than
production diuring 24 hous period may be
considered heterotrophic (Carmouze €. al., 1991).
The metabolism of the lagoons may differ dueto the
influx of organic matter and nurients, anong other
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factors. The analysis of the daily budgt of gases
such as dissolved oxygen and carbon doxide may
be regarded as an important tool in evaluating the
metabadlism of these ecsystems, since the dynamics
of these gases is directly related to primary
production and respiration/decomposition.
Therefore, the results of the daly budgets of
disolved oxygen o cabon doxide point directly to
the levels of autotrophy or heterotrophy of the
aquatic ecosystems. Among the techniques
employed, the evaluation d the daily budget in the
body of water as awhole, with samples obtained “in
stu”, i. e, not incubated, has been used with success
(Carmouze et d., 1991; Landim de Souza and
Couto, 1997; Paes da Silva and Thomaz, 1997).

In the present study, the metabdism of two coasta
lagoons (Imboassica ad Comprida) was
simultaneoudy evauated in a 24 hour cycle. The
chosen lagoons differ considerably in their
concentrations of dissolved organic carbon, light
penetration and primary producers (Tab. 1).

STUDY AREA

The two lagoons studied are located in the
municipdities of Carapebus and Macaérespectively
(22 and 2° 30S and 47 30" and 42 W), State of
Rio de Janeiro (Fig. 1). The Comprida lagoon (area
of 0.13 km?) has dark waters and a depth of 1.8
meters and the Imboassica lagoon (area of 3.26 kn?)
has clea waters and depth of 1.1 meters. The later
lagoon has received an influx of domestic effluents
rich in P and N which are, however, retained in the
littoral region (Lopes-Ferreira, 1995). It had a dense
stand of Chara sp. during ou samplings.

The region's climate is AW type, acarding to the
Koppen classfication, warm and  humid,
mesothermic, with heat well distributed throughout
the yea, with a maximum average temperature of
29.9 °C in February and minimum average of 25.4
°C in duly (FIDERJ, 1977). The greatest amount of
rainfall occurs in spring and summer, the smallest
being detected in the winter morths. According to
the classfication of Kjerfve (1986) the
geomorphdogcd type of these lagoons is “choked
lagoons’ (Branco, 1998).

Thomaz, Sidinei M. et al.

METHODS

The light penetration — photosynthetically adive
radiation — was measured with a Lycor aguatic
radiometer. The method wsed for measuring the
metabalism of the lagoons (“free water”, according
Carmouze 1994), is based onthe daily curves of the
concentrations of total inorganic carbon doxide and
of the dissolved oxygen. This method, introduced in
the beginning of the 50's (Odum, 1957; Tadlling,
1957, has as main advantages the non-incubation of
samples in flasks and the fact that the result
represents the commurities as a whole (planktonic
and benthic) (Knoppes, 1994). This approach is
especidly valid in the @se of Imboassica lagoon,
colonized by Chara sp. The metabolism of the two
easystems was evauated with the data obtained in
four samplings, redlized smultaneoudy in bah
lagoons, at 18:00 on 0819.1997 and at 06:00, 12:00
and 18:00 on 08.20.1997. The smultaneity of the
samplings and the proximity of the lagoons, exposed
to the same mndtions of temperature, wind and
solar radiation, favors comparisons between these
systems.

For edtimating the tota metabdism of the two
lagoons, samples of water were llected at 3 depths
in Compridalagoon (subsurface 0.8 and 1.5 meters)
and at two depths in Imboasgcalagoon (subsurface
and Q8 meters). For each sample, the mncentrations
of total inorganic cabon were determined,
aacording to the procedure described in Carmouze
(1999, and d dissolved oxygen, according to
Golterman et a. (1978. These data were
transformed to concentration by surface area (m°)
and applied in the BIOLAT program (Carmouze,
1994. According to this author, the rates of net
production a net minerdization registered in a
determined period, measured through the method of
total metabolism, correspond to the differences
between the variations of CO, or of O, in the water
column and the net flows of exchange of these gases
in the water-atmosphere interface. The exchanges
between the aqueous medium and the atmosphere
were edtimated according to the Fick’s law and the
transfer coefficients by unities of time cnsidered
the foll owing relationships.
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Figure 1 - Location of Imboassca ad Compridalagoons, in the State of Rio de Janeiro.

For carbon doxide:

pH between 6and 9and wind velocity (V) <5 m/s: 0.008 m/h
pH between 6and 9andwind velocity > 5 m/s: 9.5 x 10* x V2 x m/h

pH < 6 and wind velocity <5 nvs: 0.0195 m/h

pH < 6 and wind velocity > 5 m/s: 23.7 x 10*x V2 x m/h

For dissolved oxygen:
wind wvelocity < 5m/s: 0.029 m/h
wind wveocity > 5m/s: 0.0034 xV? x m/h

Theleve of autotrophy or heterotrophy of these lagoons was eval uated according to the gas budget through a

24 hour period.

RESULTSAND DISCUSSION

The anua average ncentrations of total-P,
Kjeldahl tota-N and dsolved aganic carbon
(DOC) obtained in the two lagoons are shown in
Table 1. Imboassica lagoon had higher pH, electricd
conductivity and salinity values and lower values of
the coefficient of light extinction and of the
concentrations of tota-P, Kjeldahl total-N and DOC
when compared to Comprida lagoon. The higher
light penetration (35% of the surface radiance reach
the sediment — Fig. 2) alows for the development of
benthic dgae (Chara sp.) a Imboassica lagoon. On
the other hand, the high concentrations of DOC in
Comprida lagoon dffed directly the light
penetration, causing the high coefficient of light
extinction of this lagoon (Tab. 1 and Fig. 2). These
differences in the limnological charaderigtics of

these two environments persist throughout the yea
(Petrucio, 1998).

The sampling period (August) may be @mnsidered of
low biologicd activity for this region, due to the
lower values of temperature and to the smaller
values of solar radiation (Carmouze ¢ al., 1991).
Even so, the concentrations of oxygen and carbon
dioxide oscill ated considerably due to the biological
adivity through the nictemera period. At
Imboassica lagoon, a build-up in the oxygen levels
and afal in thetotal carbon dioxide were registered
during the light period (Fig. 3). This fact was more
prominent in the dternocon period (1200 to 1800),
when the biological activity resulted in a net
production of 107.7 mM O, m? and an wptake of 150
mM CO, m* (Fig. 3a). On the other hand, Comprida
lagoon exhibited a heterotrophic metabolism even in
the light period, with anet uptake of 11.3 mM O, m?
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and aproduction of 522 mM CO, m? between 06:00
and 18:00 (Fig. 3b).

Table 1 - Abiotic variablesin the studied lagoons.

Variables Imboassica Comprida
Temperature (°C) 233* 24,0*
Coef. of extinction (m™) 0,697+ 4,598*

pH 9,03* 5,12*
Conductivity (mScm™)  12.2* 4.4*
Salinity 10* 3*
Total-P (ug/l) gr* 13+
Kjeldahl total-N (ug/l) ~ 210+* 660
DOC (mg/l) 14,3* 19,1%*

*daily average of the sampling
** annual average (Farjalla, 1999
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Figure2 - Profiles of photosynthetically active radiation
obtained in the two studied lagoons.

The results of the dally metabolism (biologicd
adivity) of the gaseous exchanges between the
water column and the @mosphere obtained in the
Imboassca ad Comprida lagoons are quite
different (Tab. 2). Independently of the method used
(disolved oxygen a cabon doxide), the primary
production was greder than the uptake in
Imbaoassica lagoon and the oppaosite was found in
Comprida lagoon. In ather words, in the nictemeral
cycle studied, the first lagoon had an autotrophic
metabadism while the second had a heterotrophic
metabalism.
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Figure 3 - Total metabolism (biological activity)
measured through the nictemeral evolution o the
concentrations of dislved axygen and carbon doxide in
the water column of the Imboassca (a) and Comprida (b)
lagoons. Postive values represent net production and
negative, net uptake, in the mnsidered period.

Based on a yealy cycle, the masta lagoons may
present al types of energetic budget, from the
autotrophic to an entirely heterotrophic metabaism
(Carmouze et d., 1991; Knoppers, 1994).
Considering the great inflow of DOC and the
reduced light penetration in Comprida lagoon, we
may hypathesize that the high degree of
heterotrophy found in this study also ocaurs at other
times of the yea. The higher penetration of light
alied to the wlonization by benthic macroalgaein
Imboassica lagoon may, on the other hand,
proptiate the dominance of an autotrophic
metabadism in this lagoon through a seasona cycle.
Nevertheless, we measured only ore diel cycle and
our results have to be considered with caution. Thus,
the carbon budget and the metabdism of both
lagoons has gill to be aldressed consdering an
entire seasonal cycle.

Heterotrophic metaboism has been measured in
other coastal lagoons with dark waters (Landm de
Sowa and Couto, 1997) and seemn to he
charaderistic of this kind d easystem. This
behavior may be dtributed to the influx of
al ochthonous DOC, as humic compounds, used by
the bacteria community, increasing the rates of
secondary production (uptake) related to the primary
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production (Tranvik, 1989). In digotrophic aguatic
ensystems with dark waters, for instance the
secondary baderia production may be upto 8times
greater than the primary production (Tranvik, 1989).

Table 2 - Daily budget of the biologicd activity and o
the gaseous exchanges between the water and the
amosphere, measured by the evolution of the
concentrations of disolved axygen and of total inorganic
carbon. Positive values represent an increase and negative
vaues represent adeaease of the gasin the water.

Imboassca Comprida

Primary production:

-mM O, m?2d* +835 -10,9
-mM CO, m?d* 71,5 +232,0
Gaseous exchanges:

-mM CO, m?d? +56,7 -246,0

Ancther fad worthy of note, resulting from the net
heterotropty of Comprida lagoon, is the
congderable diffusion of CO; into the amosphere
(Tab. 2), which was also shown in aher coastal
lagoons with dark waters (Landim de Souza and
Couto, 1997). Therefore, the importance of these
emsystems for the global budget of carbon doxide
deserves further study.
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RESUMO

O metabolismo dobal e as trocas gasosas com a
atmosfera foram medidos durante um ciclo diurno
em duas lagoas costeiras tropicais usando as curvas
do doxido ce carbono e do oxigénio dissolvido.
Metabolismo heterotréfico (producéo liguida de
CO, e mnsumo liquido de O,) foi observado em
uma lagoa de &uas escuras (Comprida) e
metabadismo autotrofico (producdo liquida de O, e
consumo liquido de CO,) em uma lagoa de &uas
claras (Imboassca). Essss diferengas foram
atribuidas as caracterigticas limnddgicas de ambos
0s emssistemas, espedamente ao carcbono argénico

disolvido e wmeficiente de atenuacdo luminosa,
maiores ha primeira lagoa. Durante o ciclo diurno
andisado, houve liberacdo liquida de dioxido de
cabono @ra a #@mosfera na primeira lagoa e
transferéncia da atmosfera para aégua na segunda.
Assim, a importancia de lagoas costeiras para 0
balango gobal de cabono merece ser investigado
com ateng&o.
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