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In temperate regions it is clearly noticed the seasonal 
variations of biomass, organic and inorganic chemical com-
position of the aquatic macrophytes and, therefore, primary 
productivity (Duarte and Ferreira, 1997; Fernández-Alaez 
et al., 2002). Nevertheless, in tropical regions the seasonal 
variations are not always noticed (Camargo and Esteves, 
1995; Esteves et al., 2005). However, in environments with 
a wide water level variation there are evident seasonal fluc-
tuations, which may cause changes in chemical composition 
and biomass in aquatic macrophytes (Da Silva and Esteves, 
1993; Santos and Esteves, 2002). 

Egeria densa is a rooted macrophyte species, with rapid 
growth, that reaches the top of water column. It is some-

1. Introduction

Aquatic macrophytes play an important ecologic role 
mainly in shallow environments such as the littoral zones 
of the lacustrine ecosystems and wetlands. In general, 
macrophytes are basically related to the increase of space 
heterogeneity, which provides diverse habitats for macroin-
vertebrates (Albertoni et al., 2001), birds (Sandsten et al., 
2005) and fishes (Nakatani et al., 1997; Cassatti et  al., 
2003). Besides, they serve as substratum for periphyton 
(Fernandes and Esteves, 2003) as well as to enlarge the 
littoral zones and to protect the margins (San-Jensen, 
1998); they may also act in nutrient and pollutant reten-
tion (Engelhardt and Ritchie, 2001; Klumpp et al., 2002; 
Rigollet et al., 2004). 
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Abstract: The aim of this study is to evaluate primary production of E. densa in Campelo Lagoon 
(21° 37’ S 41° 10’ W and 21° 41’ S 41° 11’ W), a shallow coastal lagoon which presents high turbidity 
of biogenic origin (phytoplankton), and the relationship of seasonality and limnologic variables on this 
process. Primary production and hydrologic variables were evaluated within three hydrologic periods (Dry 
2003, Rainy 2004, Dry 2004). It was not noticed any seasonal difference of net primary production that 
varied between 3.31 mgO2.g

–1DW.h–1(Dry 2003) and 5.27 mgO2.g
–1DW.h–1 (Dry 2004). Chlorophyll high 

values (26.7 and 34.1 µg.L–1, Dry 2003 and Rainy 2004) did not affect primary production of E. densa. 
Nutrient concentration stability during the whole period and the use of sediment nutrients by E. densa 
allowed the coexistence of macrophyte and high phytoplankton biomass in Campelo lagoon.
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Resumo: A lagoa do Campelo é uma lagoa rasa de planície costeira que apresenta elevada turbidez 
de origem biogênica (fitoplanctônica), margens colonizadas por Typha dominguensis e o sedimento quase 
inteiramente coberto pela macrófita aquática submersa Egeria densa. O objetivo deste trabalho é avaliar a 
produção primária da E. densa na lagoa do Campelo e verificar a influência da sazonalidade e das variáveis 
limnológicas neste processo. A produção primária e as variáveis hidrológicas foram obtidas em três períodos 
hidrológicos (Seco 2003, Chuvoso 2004, Seco 2004). Não foi observada diferença sazonal da produção 
primária variando entre 3,31 mgO2.g

–1PS.h–1(Seco 2003) e 5,27 mgO2.g
–1PS.h–1 (Seco 2004). Os valores 

elevados de clorofila (26,7 e 34,1µg.L–1, Seco 2003 e Chuvoso 2004, respectivamente) não afetaram a 
produção primária da E. densa. A estabilidade da concentração de nutrientes durante todo o período 
estudado e a utilização dos nutrientes do sedimento pela E. densa permitiu a coexistência da macrófita e 
da elevada biomassa fitoplanctônica na lagoa do Campelo.

Palavras-chave: lagoa costeira, macrófita aquática, produção primária líquida, turbidez biogênica.
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what demanding to the sub aquatic radiation, and it also 
tolerates habitats with high turbidity (Bini et al., 1999). 
When finding optimal conditions to grow, this species 
forms monospecific banks, eliminates native species and 
reduces species diversity in the community (Hamoroto 
and Ikusima, 1988). 

The aim of this study is to evaluate primary production 
of submerged aquatic macrophyte E. densa in Campelo 
lagoon, located in the north of Rio de Janeiro State and 
characterized by high biogenic turbidity, as well as the in-
fluence of seasonality and limnologic variables on primary 
production. 

2. Material and Methods

2.1. Study area

Campelo lagoon origin is related to the delta forma-
tion of the Paraíba do Sul River, geologically based over 
quaternary fluvial-marine deposits (Figure 1). Along its 
littoral zone, it can be noticed that the sediment extension 
is almost entirely covered by Egeria densa meadows and 
there is dense colonization of emergent macrophyte Typha 
dominguensis Pers. 

Located in a sub-humid-dry region, the Campelo 
Lagoon lies near the city boundaries of Campos dos 
Goytacazes and São Francisco do Itabapoana (21° 37’ S 
41° 10’ O and 21° 41’ S 41° 11’ O). The Campelo lagoon 
watershed is covered by pastures and subsistence agriculture. 
In its southern part, the lagoon receives freshwater from 
the Paraíba do Sul River through Vigário channel. In its 
northern part, there is Antonio Resende channel, through 
which the lagoon receives water from the sea. In 2001 this 
channel was blocked, which promoted the hydrochemical 

changes in the lagoon and permitted E. densa colonization 
that covered almost all the lagoon sediment.

2.2. Methodology for primary production measurements

E. densa primary production was evaluated at three time 
periods: dry 2003 (June-August), rainy 2004 (January-
March) and dry 2004 (June-August). 

For primary production quantification, in situ incuba-
tions were performed, utilizing light and dark bottles, incu-
bated at 30 cm depth, five times in each period. The bottles 
(200 mL glasses) were filled up with Campelo’s lagoon 
water previously filtered (Whatman GF/F, under vacuum) 
to remove phytoplanktonic organisms. Macrophyte apical 
branches (~7 cm) were carefully washed to remove periphy-
ton and then, incubated in triplicate during two-hour inter-
vals (10-12 hours - morning, 12-14 hours - afternoon). 

After incubation, one water sample from each bottle 
was collected to determine dissolved oxygen content 
through Winkler method (Golterman, et al., 1978). Initial 
oxygen concentration (filtered water before incubation) 
was also determined. Dry weight of macrophyte branches 
was determined after they had been dried at 60 °C in an 
air circulation oven until they reached constant weight 
(ca. 24 hours).

Net primary production, respiration and gross primary 
production were calculated by using the following equations 
described in Vollenweider (1974) (Equation 1):

NPP = (c-i) v/(t*PS); R = (i-e) v/t*PS) and, 

GPP = NPP + R 	
(1)

where: NPP-net primary production in mgO2 g
–1DW h–1, R: 

respiration mgO2 g
–1DW h–1, GPP: gross primary produc-

tion mgO2 g
–1DW h–1, c: dissolved oxygen concentration 

Figure 1. Study area.
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in light recipient (mg.L–1), and: dissolved oxygen in dark 
recipient (mg.L–1), i: initial dissolved oxygen concentration 
(mg.L–1), v: recipient volume (L), t: incubation time (hours) 
and DW: dry weight of macrophyte (g).

On each sampling day, initial and final values of water 
temperature (°C) and electric conductivity (µS.cm–1) were 
determined by using the WTW model LF96 conductiv-
ity meter, pH with Digimed DM-PV potentiometer and 
photosynthetically active radiation-PAR with spherical sub 
aquatic sensor LiCor 193SB radiometer in the incubation 
depth (30 cm deep). Total alkalinity was determined ac-
cording to Gran´s procedures (1952). Temperature, pH 
and alkalinity data were utilized to determine availability 
of dissolved inorganic carbon with the use of Carbdoc1 
algorithm (Carmouze, 1994). 

At the same depth, a water aliquot was collected and 
filtered in duplicate through vacuumed Whatman GF/F 
filter for chlorophyll a and N and P determination. Filters 
were frozen at –20 °C and used to determine chlorophyll-a, 
as described by Nusch (1980). Filtered water samples were 
frozen at –20 °C to determine dissolved inorganic nutrients 
(N and P). A non filtered sample aliquot was also stored 
for total phosphate and nitrogen analyses. Orthophosphate 
concentration (P-orto) was determined by molybdenum-
blue colorimetric method (Carmouze, 1994). Ammoniacal 
nitrogen was determined by indophenol blue colorimetric 
method (Grasshoff et al., 1983). Nitrate was determined 
by reducing to nitrite in Cd-Cu column (N-naphthyl sul-
fanilamide coloured complex) through the Flow Injection 
Automatic Analyzer (FIA) ASIA Ismatec System. The 
dissolved inorganic nitrogen (DIN) was determined by 
adding ammonium and nitrate. Total phosphate (TP) was 
determined after acid digestion by potassium persulfate 
(Carmouze, 1994) and determination as per P-Orto. To 
determine total nitrogen (TN), the sample was subjected 
to basic digestion by potassium persulfate and determina-
tion performed to nitrate likewise (Carmouze, 1994). All 
values are presented as averages of time- period subject to 
study (n = 5).

ANOVA (one way) was applied to test for significant 
differences of primary production and respiration values 
of E. densa between the sampling time and the seasonality 
effect over limnological variables. The post hoc Tukey test 
was applied with a significance level of 0.05 (Zar, 1999). 

3. Results

Net primary production variation, respiration and gross 
primary production of E. densa macrophyte in Campelo 
lagoon in the Dry 2003, Rainy 2004 and Dry 2004 peri-
ods are indicated in Figure 2. In the sampling performed 
in the morning (10-12 hours), no significant differences 
between the sampling periods regarding NPP, R and GPP 
were noticed. NPP varied between 4.63 mgO2 g

–1DW.h–1 
for the Dry 2003 period and 5.27 mgO2 g

–1DW h–1 for 

the Dry 2004 period (F = 0.177, p = 0.844). Respiration 
maximum values (1.26 mgO2 g

–1DW h–1) were observed 
in the Rainy/2004 period, whereas minimum ones in the 
Dry/2004 period (0.73 mgO2 g

–1DW h–1). Gross primary 
production varied from 5.68 mgO2 g

–1DW h–1 (Dry/2003) 
to 5.99 mgO2 g

–1DW h–1 (Dry/2004). (Figure 2a). ANOVA 
didn’t show difference in either respiration or gross primary 
production (F = 0.943, p = 0.418, to R and F = 1.56, 
p = 0.267 to GPP (F = 0.93, p = 0.433). 

The afternoon sampling interval, between 12-14 
hours, followed the same pattern observed in the morn-
ing, with higher values in the Dry 2004 (Figure 2b). NPP 
values varied from 3.31 mgO2 g

–1DW h–1(Dry/2003) to 
4.75 mgO2 g

–1DW h–1 (Dry/2004). Respiration varied be-
tween 0.79 mgO2 g

–1DW h–1(Rainy/2004) and 1.25 mgO2 
g–1DW.h–1 (Dry/2004). GPP varied from 4.23 mgO2 g

–1

DW.h–1 (Rainy/2004) to 6.23 mgO2 g
–1DW h–1(Dry/2004). 

ANOVA did not show any difference in NPP (F = 2.72, p = 
0.114), R (F = 2.70, p = 0.111) between the periods.

Water temperature was about 6 °C lower in the dry 
2003 and 2004 periods than in the rainy 2004 period. 
Electric conductivity and total alkalinity had higher 

0
1
2
3
4
5
6
7
8

Dry 03 Rainy 04 Dry 04

mg
O 2.gD

W
–1

.h–1

NPP R GPP

a

0
1
2
3
4
5
6
7
8

Dry 03 Rainy 04 Dry 04

mg
O 2.gD

W
–1

.h–1

NPP R GPP

b

Figure 2. Net primary production of E. densa in the a) morning  
and b) afternoon during period sampling. The bar error indicates 
standard deviation.
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Wetzel (1993), reduction of primary production in aquatic 
environments is related to the photorespiration process, 
which possibly increases in the afternoon period due to 
the rise of luminous intensity and oxygen growing tension 
from photosynthesis and temperature origin.

The prevailing form of DIC in the lagoon is bicarbonate, 
as it can be inferred by high pH values. This available DIC 
form may influence photosynthesis activity, since bicar-
bonate utilization requires energetic consumption, which 
reduces photosynthesis activity (Pezzato, 2002; Pierini and 
Thomaz, 2004b). DIC lowest values were noticed in the 
Rainy 2004 period (548 µmol.L–1), presumably due to 
dilution process caused by rains. According to Browse et al. 
(1979), photosynthesis saturation point for E. densa – when 
CO2 addition does not reflect an increase in the photosyn-
thetic rate – varies 350-400 µmol. Thus, DIC did not seem 
to be a limiting factor to primary production. 

According to alternative state theory proposed by 
Scheffer et al. (1993), in shallow aquatic ecosystems, 

values in the dry 2003 and 2004 periods (294 µS cm–1 
and 221 µS.cm–1 and 1,691 µEq.L–1 and 911 µEq.L–1 
respectively) with reduction in the rainy 2004 period 
(123 µS.cm–1 and 582 µEq.L–1 respectively). ANOVA 
showed that the sampling periods are different for electric 
conductivity and total alkalinity (electric conductiv-
ity F = 410.4; p < 0.0001; total alkalinity F = 258.8, 
p < 0.0001).

During the study period, pH values were generally 
above 8.3 and did not show significant differences between 
dry and rainy periods. Dissolved oxygen concentration 
was higher in the dry periods (9.6 mg.L–1 in dry 2003 and 
12.9 mg.L–1 in dry 2004) when compared to the rainy 2004 
period (average of 8.2 mg.L–1). Statistics analysis showed 
significant difference between the rainy 2004 and dry 2004 
periods (F = 8.7; p < 0.05) (Table 1).

Dissolved inorganic carbon (DIC) is strongly influ-
enced by pH and alkalinity. Then, values followed alkalin-
ity standard, with maximum value of 1536 µmol.L–1 in 
the dry 2003 period, reduction in the rainy 2004 period 
(543 µmol.L–1) and later increase in the dry 2004 period 
(803 µmol.L–1), with relevant difference among the three 
sampling periods (F = 129.2, p < 0.0001). Statistics analysis 
ANOVA did not show significant difference among the 
sampling periods for PAR which always presented values 
above 450 µmol.photons.m–2.s–1 (Table 1).

Chlorophyll-a values showed small variation between 
the Dry 2003 and Rainy 2004 periods (25.7 µg.L–1 and 
34.1 µg.L–1, respectively  – Table 1). In the Dry 2004 period 
lower values of chlorophyll a were noticed (6.3 µg.L–1), and 
they were significantly different from the others (F = 29.5, 
p < 0.001) .

Dissolved inorganic nitrogen (DIN) varied between 
2.9 µmol.L–1 (Rainy 2004) and 5.0 µmol.L–1 (Dry 2003). 
Total nitrogen concentration (TN) presented the highest 
value in the Dry 2003 period (54.2 µmol.L–1) as well as 
similar values in the Rainy 2004 and Dry 2004 periods 
(32.7 µmol.L–1 and 34.1 µmol.L–1, respectively). Statistic 
test showed that for DIN as well as for TN the first sam-
pling period (Dry 2003) differed from the others (F = 5.86, 
p < 0.01, for DIN and F = 16.35, p < 0.0001, for TN, 
Figure 3).

There was not relevant difference of the phosphate forms 
among the sampling periods for orthophosphate and total 
phosphate with mean values of 0.16 and 0.77 µM, respec-
tively (F = 2.22; p > 0.05, to ortophosphate and F = 3.42; 
p > 0.05 total phosphate, Figure 4).

4. Discussion 

A primary production reduction between morning and 
afternoon had already been described in other lab studies on 
macroalgae and macrophytes (Pezzato, 2002) According to 
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standard deviation.
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Table 1. Physical and physicochemical variables and Chlorophyll-a in a Campelo Lagoon, during sampling period. Values mean and 
standard deviation (in parenthesis). Values followed by different letters indicate significant differences (p < 0.05), among periods, n = 3.

 Water 
temperature (°C)

pH Electric cond. 
(µS.cm–1)

O2 
(mg.L–1)

 Total alcalinity 
(µEq.L–1)

DIC 
(µmol.L–1)

PAR 
(µmol.photons.m–2.s-1)

Chlorophyll a
(µg.L–1)

Dry 2003 23a
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9,1a
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295c
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1691c

(50)
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25.7b
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123a
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582a

(30)
543a
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(210)
34.1b

(7.6)
Dry 2004 23a

(2.4)
9,4a

(0.4)
221b

(17.7)
12.9b

(2.5)
911b

(59)
803b

(82)
551a

(189)
6.3a

(1.6)

Table 2. Minimum and maximum values of the net production 
primary (NPP) in different species of submerged macrophytes 
in field experiments.

NPP (mgO2.g–1DW.h–1)
Species Minimum Maximum Author
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Moschini-Carlos (1997)
Utricularia foliosa 3.24 25.55 Assumpção (2001)
Egeria densa
(Mambu River)

2.76 5.40 Pezzato and Camargo 
(2004)

Egeria densa 2.24 6.18 This study
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