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RESUMO: A importincia da produgso primiria da comunidade de Cardfitas em uma lagoa costel-
i tropleal sujeita a impactos antrépicos (RJ, Brasil). Esta pesquisa fol reallzada na lagoa
nboassica, localizada na cidade de Macaé (22°24'S & 42°42'W), (RJ, Brasll), com
bjetivo de estimar a producdo priméria da comunidade de cardfitas, e discutir seu
apel sobre a manutengio de dguas claras durante seu crescimento. A lagoa sofre
npactos de entrada de poluigao orgédnica e também com grande freqiiéncla ocorre
rtificlalmente uma varlacao drastica de nivel de dgua para controle de enchentes.
, estimativa da produc¢do primérla da macroalga fol avaliada ap6s uma varlagao
rusca do nivel de dgua da lagoa, e através de dois métodos: o primeiro por incuba-
5es em frascos claros € escuros, em montagens com dgua filtrada e né&o filtrada,
:om determinacgdo da variagao de oxlgénio dissolvido, € o segundo pela variagao
la blomassa total. Combinando os valores da variagdo de biomassa com dados da
:oncentracao de nutrlentes presentes nas plantas foi estimada também a quantida-
fe de nutrientes absorvida durante cada Intervalo de coleta. AS coletas foram men-
jals entre Marco/@7 a Julho/97, periodo de recomposigido da coluna de dgua e gran-
je crescimento das Cardfltas'. apds uma abertura artificlal da barra da lagoa ocorrl-
ja em Janeiro/97. Os resultados das incuba¢des indicaram que nao ocorre uma
iiferenca significativa entre a situagao com agua filtrada e n&o filtrada, 0 que de-
monstra uma pequena contribuigdo do fitoplancton para a produgéao final. Os valo-
ras de PPL determinados pela variagao de oxigénio dissolvido variaram entre 0,01 2
2.53 mgC.mg" PS.h'. O pico maximo de PPL calculado pela variacao de blomassa
ol de 5.8 gPS.m? .d', o que significa incorporar neste periodo em sua biomassa
dlariamente 210 gPha’! e 1 KgN.ha'. Esta absorgao, quando comparado a entrada de
nutrlentes na lagoa, mantém as concentracdes baixas na coluna de agua. Isto deve
ser um fator importante para o pequenc crescimento fitoplancténico, representado
por uma alta transparéncia da dgua e uma baixa concentra¢ao de clorofila-a.
Palavras-chave: Macréfitas aquiaticas, Cardfitas, Produgéo primaria, Polui¢ao.

ABSTRACT: The rols of Charophytes primary production in a coastal lagoon subjected to human
Impacts {RJ, Brazll). This research was done at Imboassica lagoon, In the clty of Macaé
(22 °24'S and 42°42'W), (RJ, Brazil), aiming to estimate the primary production of the
Charophytes community, analyzing their role In the maintenance of clear water during
their growth. This lagoon receives Input of organic pollution and the sandbar Is
frequently breached to control shoreline fiooding with an artiflcial drastic water level
varlation. Primary production was measured after a drawdown, using two
methodologles: light and dark incubations, with filtered and unfiltered water, by
dissolved oxygen variation, and total blomass varlation. Ccombining biomass variation
values and nutrlent concentration of plants, the amount of nutrients uptake during
sampling interval was also estimated. The samplings were done monthly, between
March/07 and July/@7, In the period of water column recomposition and great growth of
Charophytes, after a sandbar breaching in January/97. The incubation results show that
there Is no significant difference between unfiltered and filtered water situations, with
low contribution of phytoplankion to final production. Through the incubations, the
values of NPP fluctuated between 0.91 and 2.53 mgC.mg'DW.h". The maximum values

Acta Limnol. Bras., 1415060, 2002 5 @



of NPP by biomass variation were approximately 5.6 gbw.m?2.d"', which means a daily
uptake of 210 gPha' and 1 kgN.ha' in its blomass. This high uptake maintains the
nutrient concentrations in the water at low levels, preventing the phytoplanktonic
growth, represented by high water transparency and low chlorophyll-a concentratlon.
Key-words: Aquatic macrophytes, Charophytes, Primary production, Pollution.

Introduction

This research took place at Imboassica lagoon, located in the city of Macaé, RJ
(Brazil) (22°24'S and 429%2" W). Its mean depth is 1.09m (Panosso et al., 1998), with
high transparency and alkalinity (Petruclo, 1998), and it is a predominantly oligohaline
environment (Branco, 1998; Petrucio, 1898), favorable to the development of dense
stands of the submersed macroalgae Chara. The species Chara angolensis A. Braun
and C. flbrosa ex Bruz. Emend. R.D. wood occur In mixed stands (Palma-Silva, 1999).

This lagoon has been subjected to several human impacts, which caused
changes of large scope in the structure of several communities, as shown by Branco
(1998} for the zooplankton, by Melo & Suzukl (1898) for the phytoplankton, by Frota &
Caramaschi (1998} for fishes, by Albertoni et al. {(1999) for shrimps, by Albertoni et
al. (2001) for macroinvertebrates, by Palma-Silva (1998; 1999) and Palma-Silva et al.
(2000) for aquatic macrophytes. The two kinds of human impacts under observation
are the artificial drawdown, a control measure of the lagoon water level, and the
input of *in natura” domestic sewage in the lagoon {Farla et al., 1098; Esteves, 1998;
Albertoni et al., 1999: Frota & Caramaschi, 1998; KozlowsKky-Suzuki, 1998),

Aquatic macrophytes are a very important component of the metabolic pro-
cesses in several shallow coastal lagoons. At Imboassica lagoon, Furtado (1994),
Lopes-Ferreira (1995), Furtado & Esteves (1096:1097), Furtado {1998), have shown the
Importance of the community of emergent and floating aquatic macrophyies.

Schuette & Alder (1929) acknowledged the role of Charophytes as the most
important primary producer in many lakes. In more recent years, the importance of
these submersed macroalgae was related to their role in the maintenance of clear
water in oligo and mesotrophic lakes of the northern hemisphere, as they present
two alternate conditions, a turbid stage dominated by phytoplankton and a stage
with clear waters dominated by submersed macrophytes (Timms & MoOsSs, 1984;
Blindow, 1992; Blindow et al, 1893; Scheffer et al., 1993; Scheffer, 1088; Stephen et
al., 1998; vVan den Berg, 1999).

The nutrient assimilation in the water column and their role in cycling by aquatic
macrophytes, decreasing their availability to the phytoplankton, has been Investigated
by several authors (Reddy et al, 1989; Ozimek et al, 1990; Kufel & Ozimek, 1994; van
den Berg et al. , 1998; Van den Berg, 1900).

At Imboeoassica lagoon, It was observed that in routine samplings the presence
of Charophytes is associated with periods of high Secchi values and iow chlorophyll-
a values. Aiming to expand the knowledge of Charophytes community role in
Imboassica lagoon after a drawdown, and the later reestablishment of the water
level with a continuous input of domestic sewage, the rates of primary production
obtained by In situ incubation and by biomass varlation were estimated. The role of
this community as a nutrient pool was estimated by macroalgae biomass nutrient
concentration, and the amount of nutrients incorporated by this biomass during the
growth.

Material and Methods

This research was periormed between March/97 and July/97, after an artificial
drawdown that took place in January/97, The estimates of primary production by
Charophytes incubation were performed in one day in the first week of each month
by the oxygen method, with incubations In light and dark flasks. The incubations
tock place in the morning, near a monltoring station in the central zone of the lagoon
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7ig. 1). Previous samplings showed that, consldering flasks volume and oxygen
ariatlon, the ideal time for Incubation was one hour. In each sampling date, 2
stimates of production were taken with incubation periods of one hour; the first
icubation beginning at 8:00 AM and the second at 10:00 AM, both with flitered {plankton
et, 0.23 pum mesh) and unfiltered water. In each sampling period 20 flasks were
sed, with a volume of 150 ml in each flask, and a portion of the plant apex with
bout 7 cm of length,

Thus, 5 replicates were arranged for each incubation period for the following

Imboassica
river

3ewage

Imboassica lagoon

Aflantic Ocean

Figure 1; imboassica lagoon and the site of Incubations (X).

treatments: light flask with unflitered water; light flask with filtered water; dark flask
with unfiltered water, and dark flask with filtered water. The estimates of Net Primary
Production (NPP), Respiration (R) and Gross Primary Production {GPP), were
determined using the formulae presented by Menezes (1884).

sShortly before the Incubation Chara spp were collected, and the flasks were set
up and later attached to a buoy at a depth of 40 10 50 cm. The concentrations of
initlal dissolved oxygen were determined by fixatlon of the water used In the
Incubation, and the final concentrations were withdrawn from each incubating flask.
In the laboratory, the macrophytes were withdrawn for the establishment of their dry
weight.

The following environmental varlables were estimated in the samples: pH
with a digital pHmeter, salinity with a refractometer, temperature with a digital
thermistor, alkalinity with the titulometric method proposed by Gran and described
by Carmouze (1994}, total nitrogen of the water column according to Mackereth et al
{1978). and total phosphorus of the water column according to Golterman et al. (1978).
The estimate of the photosynthetically active radlation (PAR) intensity was monitored
by a radlometer LI-Cor Li-185B with a spherical sensor, with three measurements in
each incubation period. The concentrations of dissolved oxygen were obtalned by
the method of winkler, modified by Golterman et al. (1978). The concentration of
chlorophyll-a was estimated as proposed by Nusch & Palme (1975).

Charophytes mean biomass In the area close to the incubation site was obtained
with squares of 25x25 cm (n=6), sampled randomly. All plants, including the
underground material, were withdrawn manually. After collection, the samples were
washed in the field and again in the laboratory under running water on a lmm mesh
sleve. vValues of NPP were obtained by biomass variation In two consecutlve samples.
The amount of incorporated nutrients at each interval was calculated by means of
blomass NPP values and macroalgae biomass nutrient concentration.

The dry welght of Charophytes was obtained In an oven at 50 °C for 48 hs, and
detected In a digital scale (0.01mg). The nutrient concentration In the Charophytes
biomass was determined by the following methods: carbon, by sample combustion
on a muffle furnace (westlake, 1965), nitrogen by the micro-Kjeldahl method (Allen et
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al., 1974), and phosphorus with the method proposed by Fassbender (1973). The
C:N:P ratio for charophytes biomass was calculated based on these values.

The results of Net Primary Production (NPP). Respliration (R) and Gross Primary
Production (GPP), are presented with medlan, minimum and maximum values, and
the comparisons were made using the Kruskal-wallis test, between the Incubations
of the same sampling date. The Spearman correlation test {p«0.05) was used to quantify
the covariance matrix of the NPP and the monitored environmental varlables.

Results

The results had few lnstances of significant differences between the groups of
values, showing a small time Influence in the time of the beginning of the incubation
and the filtering of the water (Tab.l).

Table 1: chara spp median, minimum and maximum values {mgC.mg'Dw.h* for each incubation
perlod, in all sampling dates in Imboassica lagoon. “A" = flasks with {litered water
incubated a1 ©:00 AM. “B* = the same at 10:00 AM; “C" = f{lasks incubated with unflitered
waler at 9:00 AM, and ‘D" = the same at 10:00 AM. “p" Indicates the treatment with
significant differences (¥} = (p « 0.05}), and {**) = (p ¢ 0.01} (Kruskal-wallis and Dunn tests).

NPP R GPP
Med Min Max P Med Min Max p Med Min Max P
A 2.00 1.B4 223 ——— 0.84 0,71 0.8 -——- 290 2688 3.10 -—
B 205 L72 237 -— 0.75 0.82 100 ~—— 288 230 318 -——
March |C 188 1.88 2.38 --—— 0.81 0.70 0.904 - 282 242 3.25 -
D 200 L70 253 - 0.74 0.68 086 --— 288 240 348 ——
A 132 118 187 - 0.71 0.67 0.86 (AxD)* 2.18 1868 2.37 (AxD)*
B 142 119 146 -——— 0.82 0.78 089 -——- 2.10 2.04 236 (BxD)*
April C 1.20 103 155 --— 087 081 12 -—-—— 214 197 2.60 ———
D 1,54 139 1.8 -—-— 0.80 0.88 1.01 (AxD)* 2.56 2.31 2.84 (DxAxB)
A 097 0092 L20 — 1.27 0.07 L47 (AxD)* 2.21 1.80 2.67 esmmmmn
B 124 070 150 - 1.21 0.82 1.46 — 2.32 2.14 248 ——————-
May C lL48 0908 163 -~ .13 LOO L43 —nn 2.83 217 2.68 ——
D 121 0091 172 —- .00 0.82 114 (DxA)* 220 1.B3 2.72 ———
A 168 0.8 205 — 0.74 0.57 131 (AxXD)* 249 1.55 207 ———
B 113 1.08 lL44 (BxD)** 0.09 087 118 — 2.12 0.81 2.62 —eemenses
June cC L7l L22 184 — 0.83 071 068 —— 258 193 282 ——saeseen
D 156 154 L1681 (DxB)** 091 080 LI8 (DxA)* 2.50 2.21 208 ————-
A 1LO8 085 LIS (AxDy* 0.87 0.73 111 —— 1.91 188 202 (AxD)*
B 125 105 137 —— 098] 056 122 ——-— 207 180 2.50 —-
July C 1.24 002 1.4] ——uen 062 082 105 ——— 214 174 233 -
D LIP 112 1.82 (DxA)** 1.20 0.82 136 ———- 228 2.00 2.02 (DxA)*

The NPP rates had a significant difference in June/87 (p ¢ 0.01) between the
treatment wlith Chara spp In filtered water from the lagoon and the treatment In
unfilitered water, both beginning at 10:00 AM. The other significant result (p ¢« 0.05)
was observed In July/67, between the Incubations with filtered water at 9:00 AM and
those with unfiltered water at 10:00 AM.

For the R rate results, signlficant values (p « 0.05) were observed in April/a7,
May/g7 and June/07, between the treatments with Chara spp incubated at 8:00 AM
with filtered water and the Incubations at 10:00 AM with unfiltered water. However, in
the treatments with highest median values in each case, it can be noticed that in May/
97 the highest values occurred In the Incubation at 8:00 AM with filtered water, while
in the other months this result was the opposite.

The GPP rates had significant differences (p ¢« 0.05) in April/97 between the
treatments with filtered water at 9:00 AM and 10:00 AM and the incubation of 10:00 AM
in unfiltered water. Significant differences (p « 0.01}) were found between the treatments
with filtered water at 9:00 AM and 10:00 AM.
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Comparing the net, total primary production and resplration rates, between the
same Incubation treatments, also indicate a small variation between the different
months. The significant differences in NPF rates were hetween March/97 and May/97,
and between March/e7 and July/e7 for the unfiltered and flitered water treatments
incubated at 9:00 AM. For respiratlon rates, the results showed differences (p « 0.05)
between April/o7 and May/07 for the unfillered water treatment at 9:00 AM, and between
March/e7 and June/o7 for the unfiltered water treatment incubated at 10:00 AM, and
between March/o7 and July/e7 for the filtered water treatment incubated at 10:00 AM. The
differences in GPP were detected between March/o7 and April/o7 and between March/
97 and June/o7, both of them for the unfiltered water treatment incubated 9:00 AM.

Therefore, when considered as a group, all values of each rate In the different
months. had a greater number of data significantly different (Tab.ll).

Table II: signlficance values for Chara spp comparing of NPE R and GFP at Imboassica lagoon,
considering all sampling dates. (* = p:0.05) (** = p¢ 0.01) (*** = p:0.001} and (Ns, non
significant) (Kruskal-wallis test).

Comparison NPP R GPP
March/a7 x April/o7 L] Ns i)
March/07 x May/97 e e L
March/97 X June/a7 . Ns L
March/e7 x July/o7 bl L] L
April/g7 x May/07 Ns Lo Ns
ADIri/@7 x June/e7 Ns Ns Ns
Apriro7 x Julyre7 Ns Ns Ns
May/07 x June/97 Ns L] Ns
May/97 X July/o7 Ns NS Ns
June/@7 x July/e7 Ns Ns Ns

The results showed that some NPP values were positively related to the
concentration of nitrogen (r=0.41) and chlorophyll-a (r-0.25), and negatively related
to phosphorus (r=-0.27) and PAR (r=-0.39). The variation of NPP, GPP and R rates
throughout the year is presented In Figure 2. The greatest values of NPP and GPP
were observed In March/97. In April/a7, there was a significant decrease In the rates
of NPP and GPP which increased slightly In the months of May/e7 and June/97 and
dropped again in July/97. The R rates had a very slight Increasing trend from March/
©7 to May/07, when It reached its maximum value, dropping later to levels slightly
higher than the initial ones. The values of the environmental variables in each sampling
date are presented in Tab.lll.

—e—NPP

ugC.mg 'DW. h'*

March.97 April 97 May.97 June .97 July.97

Figure 2: Net Primary Production (NPP). Gross Primary Production {(GPP) and Resplration (R) of
chara spp. at Imboassica lagoon.
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Table 1II: water column environmental varlables In each date of Chara spp Incubation, at Imboassica

lagoon.
Salinlty AlIKalinity N, [ Irradlance Temp. pH Chilorophyll-
. » a
(% o) LB/l (mg/st) (pgn) (LEfm:is) {-c)

(ug/n
March/eT7r 10 446.6 1.10 19.24 830 20.0 8.25 3.74
Aprilro7 =] 705.1 0.77 30.08 345 #5.7 #8.53 2.27
May/RT 5 T43.4 0.45 19.24 1230 25,1 8.31 3.11
June/07 2 537.1 0.31 19.41 1200 20.0 #8.02 1.04
July/o7 1 764.2 0.49 20.80 1200 23.0 7.989 3.04

The NPP results estimated by the biomass variation (8DW.m?2.d"} the blomass
nutrient concentration, and C:N:P ratio of Chara spp show the quick growth of the
macroalgae and the great variation in the nutrient concentration. The greatest values of
mean accumulated biomass (March-April with 4.6 and April-May with 5.9 gDwW.m=2.d"
occurred in the period of Initial growth. Biomass values seem to establish around
500 gDW.m*. The monthly accumulated biomass by Charophyte community In
Imboassica lagoon was variable, but considering the dreatest value obtalned in the
period (5.9 gDW.m=2.d 7) as well as the nutrient concentration in the bjomass, It was
estimated that about 21 mgPm=2.d' and 100 mgN.m=2.d" are incorporated by the stands,
what is equivalent to 210 gPha* and 1kgN.ha !, dally {Table IV).

Table 1V: Chara spp biomass and nutrient conceniration values at imboassica lagoon.

Biomass Accumulated Carbon Nitrogen Phosphorus C:N:P
gDW.m-= Blomass my.g'DW mg.g"'DW mg.g'DW
in this period
_gDW.m-.d"
March©o7 143 304.6 16.6 0.19 1603:87:1
Abril/o7 280 4.6 354.3 19.4 1.26 281:15:1
May/97 456 5.9 3086.0 17.2 3.59 85:5:1
June/87 507 1.7 301.4 19.7 2.78 108:7:1
July/e7 518 0.4 207.1 20.7 1.40 212:15:1
Discussion N

In several lakes, the Charophytes occupy significant areas of the sedlment, and
have. therefore, an important limnological role (Hutchinson, 1975). The great values
of biomass found in Imboassica lagoon (Palma-Silva, 1999} indicate the importance
of this macroalgae in this system.

According to Knoppers (1994), coastal lagoons have high rates of primary
production, ranging from 200 to 500 gC.m2y ", but comparisons with lagoons
dominated by macroalgae are difficult, since they received scarce attention and there
are few estimates of their primary production.

In this research, by incubation method, the results of different replicates of the
same treatment did not show strong differences, probably due to the previous
drawdown which, promoting large-scale mortality in the macrophytes, causes
homogencous growth In the stands and also reduces the presence of epiphytes. This
result shows that the phytoplankton community did not present a significant
contribution to primary production in the lagoon, despite the positive correlation
with chlorophyll-a values and NPP

The expected NPP values for submersed aquatic macrophytes In fertile locatlons
In periods of optimum growth range from 2 to 10 mgC.mg'DW.h"! (westlake, 1975). The
results by oxygen varlation method, ranged from 0.81 to 2.53 mgC.mg -'DW.h*, being
low when compared with the expected values for submersed macrophytes. However,
they are similar to the results of Kautsky (1088), who, using the method of oxygen varlation,
found values of primary production between 0.5 e 2.8 mgC.mg'DW.h" for Chara aspera,
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<. baltica, C. fragilis and C. tormentosa. The values presented by Herrera-Sllveira (1994)
‘or the production of C. flbrosa in a Mexican coastal lagoon reached 498 gC.m?Zy",
also showed similar estimates.

The Incubations were executed with the apex of the plant, apparently in good
shape for primary production, but the total biomass was not in the same condition,
and In the deeper regions the plants usually had less chlorophyll {Andrews et al,
1e84; Carneiro, 1902). Then, as suggested by Kalresalo et al. (1989), monthly biomass
measurements, are probably a better estlmate of the growth,

The NPP estimates, through biomass variation during growth period, showed
great varlations, between 0.4 and 5.9 gDW.m?2y'. Considering 3.1 gpw.m?.d" as a
median value, a NPP of 1,116 gbw.m?y' was reached.

According to Forsberg (1958}, the production of Nitella mucronata by biomass
variation reaches values between 0.7 and 2.5 ghDw.m2.d’', and Forsberg (1960) quotes
the production of 8.6 gDW.m?2.d" for C. fragills. Howard-williams {1978), found for
C. globularis an annual production of 263 gDw.m? .y!, and the results of Kufel &
Ozimek (1964) for Chara sp reached a production of 10.8 mgDw.g'.d'. For Nitella
opaca, Kairesalo et al. (1989) found the production of 153 mgC.m?*d*.

charophyte blomass at Imboassica lagoon becomes stabilized around 500
g#DW. m?3, result consistent with Carneiro (1992), which found a biomass varlation
for Cchara hornemannii , at Piratininga lagoon (RJ) in a year cycle, between 13.3 and
564 gDw.m?2,

The biomass variation of Chara spp at Imboassica lagoon in the growth period
may withdraw a great amount of nutrients from the water column. The ability of stocking
soluble phosphorus is one of the competitive advantages of Chara. In the case of
reactive soluble phosphorus Input to the water column, the uptake of 15 to 100% by
these plants shows a great ability of this nutrient removal, acting as a phosphorus
buffer and preventing phytoplankton massive growth (Kufel & Ozimek, 1994).

According Lop:z3s-Ferreira (1998} the amounts of nutrients dumped by the main
sewage channel of the lagoon are, daily, 70 Kg N and 7 Kg F and these concentrations
are reduced by more than 90% when the sewage goes through an area densely
colonized by emergent and floating macrophytes. So, it was estlmated that the input
of nutrients in the limnetic region of the lagoon is close to 7 Kg N and 700 g F each
day. Considering the great area of colonization by Charophytes in the bottom of the
lagoon (Palma-Silva, 1998), it was assumed that these concentrations are quickly
uptaken by this community in thelr growth period. These results give Charophyte
community the ability to malintain a clear water environment at Imboassica lagoon,
at least in the period of greater growth, showling Its potential role in strategies of
maintenance and recuperation of the water quallty.

In the same perlod of this research, Kozlowsky-Suzukl (1998) found in a site
close to the end of the sewage channel, maximum values 15.9 ug.l' of chlorophyll-a.
In thls site, the biomass of Chara Is smaller and has a greater concentration of
nitrogen and phosphorus (Palma-Silva, 1990).

Estimates of the phytoplanktonic production at Imboassica lagoon reached an
average of 340 mgC.m2.d', with 2 domlnance of the class » 35 pm (Roland, 1998). Our
research did not flnd an important role for the phytoplanktonic production, since the
values of the Incubations with unfiltered and filtered water had few significant
differences (Table 1), and the concentrations of chlorophyll-a (Table IIl) were always
low, In spite of a positive correlation between NPP and chlorophyll-a (r, = 0.25).

The analysis of the results Indicate that the significant differences between the
incubations in the same sampling date are small, but the differences between each
sampling date were clearer when all treatments were considered. These observations
suggest that some environmental variables, or even the plant growth metabolism,
may be related to this monthly variation.

The positive correlation with nitrogen and negative correlation with
phosphorus are not conclucive to a simplistic explanation, and can indlcate the
ability of phosphorus uptake of this community, which resulted in the establishment
of nitrogen as the limiting nutrlent, but this subject needs more detailed investigation.
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The Imboassica lagoon presents, In average, a great penetration of light in
the water column, reaching close to the bottom (Petrucio, 1998). According to Esteves
et al. (1988), the high values of dissolved oxygen found in Imboassica lagoon may be
attributed to the greater penetration of light in the water column, which can result in
a greater net primary productivity in thls environment. The great concentration of
dissolved oxygen may also result in a greater remova! of phosphorus from the water
into the sediment {Wetzel, 1993), and this can be related to the negative correlation
between the NPP of Chara spp and the concentration of phosphorus in the water
column. .

The estimates of primary production by oxygen variation method were
considered low within the range found for this genus in the literature, The varlation
of the monthly biomass In the months of fast growth after drawdowns, provides
good results and allows the evaluation of the nutrient uptake and its role In the
lagoon metabolism.

The Charophytes ability to grow, even with high C:N:P ratio, associated with
its quick growth after the artificial drawdowns, absorbing a great amount of nutrients
may have resulted in an environment with low nutrient availability for the phytoplankton.
This fact reflects the low concentrations of chlorophyll-a and the small contribution
of the phytoplankton for the total primary production.
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