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minant L. peruviana (Poaceae) with reduction in water 
quality (Sponchiado and Schwarzbold, 2008). This pro-
cess is accelerated by annual crops in the adjacent areas, 
with input of nutrients, which favor aquatic macrophyte 
multiplication. 

L. peruviana is an aquatic macrophyte with distribution 
in wet environments and shallow lentic waters. It is a peren-
nial species, amphibious, rooted, monoecious, with good 
capacity for regrowth, reproduction by seeds and stolons, 
vegetative growth all year and bloom in Spring and Summer 
(Boldrini et al., 2005). Their leaves cover soil or form semi-
floating masses over shallow water (Kissmann, 1991; Irgang 
and Gastal, 1996; Pompêo and  Moschini-Carlos, 2003). 
In terrestrial form, it is recognized as food for cattle, and in 

1. Introduction 

Large plains areas in Southern Brazil have been gradually 
occupied by irrigated rice cultivation, along with extensive 
cattle raise (Velez-Martin et al., 1998). Simultaneously, 
ponds were constructed to serve as water deposits for use 
in these activities.

Ponds were constructed by man from the impoundment 
of water, for economic purposes (Esteves, 1998). These en-
vironments are ecologically immature and tend to a natural 
succession, that increases aquatic communities due to their 
high rates of organic matter production and by their role 
in the cycling of nutrients, while supporting secondary 
production (Mercante et al., 2004; Starling, 2005).

The shallow pond margins in the rice plantation areas 
are gradually colonized by aquatic plants being the do-
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(Luziola peruviana); Methods: The biomass of L. peruviana was estimated by sampling 15 square plots 
of 0.25 m2. The fish were introduced in October and taken out in April of the following year, over four 
consecutive years, from 2004 to 2008. In this period were placed on average 241 fish.ha–1, with initial 
weight of 369 g. A map of the surface area occupied by the plant was obtained from an aerial photograph 
(1:2000) before the introduction of the fish. Yearly estimate of grazed area was carried out ‘in situ’, along 
10 transect lines with stakes placed within 20 m of each other; Results: The annual stock of L. peruviana 
in the pond was 0.985 kg of dry mass of stems and leaves per m2. The average plant biomass consumed was 
42.5 kg of dry mass.fish–1, in a grazed area of 43 fish.m–2; Conclusions: The grass carp was found effective 
in controlling the proliferation of L. peruviana in the shallow pond. The condition for this control is the 
existence of the water level allowing the access of fish to the plants for your consumption.
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Resumo: Objetivo: Controle biológico da grama-boiadeira (Luziola peruviana) com a carpa 
capim (Ctenopharyngodon idella); Métodos: A biomassa de L. peruviana foi estimada com amostragem 
de 15 quadrados de 0,25 m2. Os peixes foram colocados em outubro e retirados em abril do ano 
seguinte, com repetições durante quatro anos consecutivos, de 2004 a 2008. Foram colocados em média 
241 peixes.ha–1 por período e peso médio de 369 g.peixe–1. O mapa da superfície do açude ocupada 
pelas macrófitas foi obtido de foto aérea (escala 1:2000) antes da colocação dos peixes. A medição anual 
da área pastejada foi feita “in loco” baseado na distribuição de estacas com intervalos de 20 m ao longo 
de 10 transectos; Resultados: A biomassa (MS) disponível da grama boiadeira representou um estoque 
anual de 0,985 kg de MS de colmos e folhas por m2. A média da biomassa consumida da macrófita foi 
de 42,5 kg MS.peixe–1, representando uma área pastejada de 43 m–2.peixe–1.ano–1; Conclusões: A carpa 
capim foi eficiente no controle da L. peruviana em açude raso. A condição para este controle é a existência 
de água no nível que permita o acesso dos peixes às plantas para o seu consumo.
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flooded or wet areas, as an aquatic plant. It is found from 
southern United States to Argentina (Balbuena et al., 1994). 
It thrives in Southern Brazil, favored by the humid subtropi-
cal climate and topography (either the plain topography, 
or slightly hilly formation).

Some producers in that region began to introduce grass 
carp (Ctenopharyngodon idella) using this grass as their 
food source. 

This species of fish has been used for efficiently control-
ling the proliferation of aquatic macrophytes (Aliev, 1976; 
Pípalová, 2002; Pípalová, 2003; Sutton and Vandiver, 2006) 
and filamentous algae (Hajra, 1987) in several regions of 
the world. Studies are needed to verify the efficiency of 
grass carp to remove the biomass produced by L. peruviana. 
The grass carp is a herbivorous fish in lowland rivers of 
eastern China with low speed and rich in aquatic vegeta-
tion. This species can tolerate temperatures from 0 to 33 °C 
(Arrignon, 1979; Makinouchi, 1980), and brief periods of 
low concentration of dissolved oxygen around 0.4 mg.L–1 
(Söderberg, 1995), important characteristics for survival in 
ponds in the summer.

The purpose of this study is to assess the capacity of 
grass carp in controlling the proliferation of L. peruviana 
in irrigated rice ponds.

2. Material and Methods 

This research was conducted from October/04 to 
April/08 in a pond located in São Jerônimo, RS, Brazil 
(29° 59’ 01.53’’ S and 51 40’ 52.16’’ W). The climate is 
subtropical humid. Average Summer temperatures varied 
from 13.5 to 24.6 °C. The average annual precipitation is 
1,467 mm (Bergamaschi et al., 2003).

The pond accumulates from rainwater and drainage 
of adjacent areas to provide the irrigation of rice, which is 
grown from December to March. To reach its maximum 
level it requires six months of rainfall (April to October). 
The pond has a surface area of 7.62 ha, with maximum 
depth of 1.24 m and it was built in 1994, with clay. 

The map of the pond surface and with initial distribu-
tion of aquatic macrophytes was obtained from aerial photo 
in October/04, before placing the fish and georeferenced 
on the scale of 1:2,000. 

In order to monitor grazing activity, 10 georeferenced 
lines were located across the pond, and along these, 
94 stakes were placed, within 20 m of each other.

The maps of the grazed area were obtained during the 
four years of study, through in situ measurements , with the 
stakes of reference, always in October before the introduc-
tion of fish and in April after their removal.

Total biomass available of L. peruviana was estimated 
from the sampling method on 15 points consisting of square 
plots of 0.25 m2 (Wetzel and Likens, 1991), randomly 
distributed in the pond. Biomass data were obtained from 
the collection of all plants on the plots. After splitting the 

stalks and leaves, which are the parts eaten by fish, they 
were washed, and dried in an oven at 70 °C until weight 
stabilization.

Limnological characterization of the surface water of 
the pond was performed through monthly collections of 
samples in ten points, in the longitudinal transect with 
and without aquatic macrophytes, at 20 cm depth, dur-
ing 14 months (from October/04 to April/05, and from 
October/05 to April/06) . The following variables were 
analyzed: dissolved oxygen, total nitrogen, ammonia ni-
trogen, nitrate, total phosphorus, orthophosphate, pH, 
alkalinity, phenol, turbidity, color, conductivity and surface 
temperature, according APHA (1998) methods.

The determination of the remaining volumes of water 
from October to April was based on morphometric methods 
(Wetzel and Likens, 1991).

The fish introduction always took place in October, a 
period that coincides with the maximum water level in the 
pond and at the stage where the shoots and leaves of grass 
have reached the water surface. For the study periods of 
herbivory, 890 fish were placed in October/04, 1,200 fish 
in October/05, 1,100 fish in October/06, and 1,379 in 
October/07, with average weights of 381, 320, 320 and 
515 g respectively. 

The withdrawal of the fish was always held in April of 
the subsequent year, by means of a trawl after lowering the 
level of the pond with complete removal of the fish after 
180 days of herbivory. The selection of fish was weighed 
in by random sampling, with individual weighing of 
100 fish at the beginning and 50 fish at the end, in each 
year of study.

 For the calculations, the following variables and equa-
tions were used:

 • Average consumption of aquatic macrophyte biomass 
by fish (AC):
AC = DM × GA/FNF, expressed in kg.fish–1, where: 
DM = dry mass of macrophyte in kg.m–2;
GA = grazed area in m2, FNF = final number of fish. 

• Area controlled by fish (ACF) - the average area with 
macrophytes grazed by fish: 
ACF = GA/FNF, in m–2.fish–1

3. Results 

The average and standard deviation of the limno-
logical variables registered over the years 2004/2005 and 
2005/2006, were: dissolved oxygen = 5.2 ± 2.57 mg.L–1, 
total nitrogen = 2.4 ± 1.77 mg.L–1, ammonia nitro-
gen = 0.9 ± 0.79 mg.L–1, nitrate = 0.3 ± 0.43 mg.L–1, 
total phosphorus = 0.135 ± 0.004 mg.L–1; orthophos-
phate = 0.092 ± 0.024 mg.L–1, pH = 6.4 ± 0.70; 
 color = 350 ± 150 Hazen; electrical conductivity = 27.2 ± 
9.06 μS.cm–1; phenols = 0.004 ± 0.001 mg.L–1, surface 
water temperature (20 cm depth) = 25.7 ± 3.42 °C.
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 The loss of water volume in the first three periods of the 
study was due to evapotranspiration, infiltration and natural 
use for rice plantation. Only in the last period of the study, 
there was no water loss to rice irrigation (Figure 1).

The areas grazed in April in the four periods of study 
were 1.72, 1.88, 2.25 and 5.15 ha respectively (Figure 2), 
corresponding to a biomass removal of 16.95, 18.52, 
22.17 and 50.74 ton DM.year–1 from 2004 to 2008 
(Table 1).

The average biomass stock of L. peruviana (stems 
and leaves) was DM 0.985 kg.m–2.year–1 spatially 
 representing a biomass available in the pond of DM 
9,852 kg.ha–1.year–1. 

4. Discussion 

Communities of aquatic macrophytes of lentic habitats 
are usually composed of species adapted to changes in 
water level, some are amphibious plants, supporting both 
submerged and emerged conditions. (Thomaz and Bini, 
2003; Thomaz et al., 2004). In constructed ecosystems, 

such as hydroelectric reservoirs and irrigation ponds, 
changes in water level are determined by demand of use. 
Irrigation ponds in Rio Grande do Sul are deposits of water 
that, generally, have seasonal level variations, defined as: a 
period of high waters, coinciding with the highest rainfall 
in winter and spring, followed by a period of low waters 
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Figure 1. Remaining volumes of pond water (m3) in São Jerônimo, 
RS, from October to April, 2004/2005, 2005/2006, 2006/2007 
and 2007/2008. 

Table 1. Quantity and average weights of grass carp placed in the weir, controlled area by fish in the periods between 2004 and 
2008. 

Period 2004/2005 2005/2006 2006/2007 2007/2008 Average
Initial fish nº 890 1200 1100 1379 1142
Final fish nº 420 506 502 1040 617
Initial fish weight (kg) 0.321 ± 0.078 0.320 ± 0.041 0.320 ± 0.030 0.515 ± 0.069 0.369
Fish density.ha-1 55 66 76 144 85
Nº of fish placed.ha-1 117 157 144 181 150
Macrophyte consumed (kg DM.fish–1)  (kg.fish–1) 40.3 36.6 44.2 48.9 42.5
Controlled area by fish (m2) 41 37 45 50 43
Biomass removal (ton DM.year–1) from 2004 to 2008 16.95 18.52 22.17 50.74 27.10
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Figure 2. Pond maps indicating grazed area and not grazed 
remaining area, in 2004/2005, 2005/2006, 2006/2007 and 
2007/2008. 
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However, after each period of grazing, there was a 
gradual increase in the area without macrophytes of 1.15 to 
1.52 ha, 1.67 and 1.70 ha, respectively (Figure 2). This 
gradual decrease in vegetation area in the repeated practice 
of placing fish for grazing in subsequent years may indicate 
the condition of control or even eradication. If the aim is to 
control mapping of the increase or decrease in the coverage 
areas of macrophyte is a necessary practice, and, the decision 
on recommended density and biomass of fish may be based 
on this mapping. Interruptions of allotment of fish, for 
several years, could result in new colonization of the areas 
where the booths had been controled. Only monitoring 
over several years will evaluate the changes that occur. 

The introduction of exotic species requires careful moni-
toring to avoid inadvertent changes in the structure of the 
community of native fish (Hrabik et al., 1998), changes in 
habitat, competition, hybridization, introduction of patho-
gens and diseases (Hall and Mills, 2000). Although in the 
pond under study all fish were removed after 180 days and 
the drainage was made through the PVC pipe with a mesh 
net to prevent escape of fish to another environment. 

5. Conclusions

The herbivory of L. peruviana by grass carp was effective, 
featuring an effective biological control in manning, average 
weight per fish and period, used in this study. 

The knowledge about the different uses of water from 
the pond, associated with conditions of rainfall in the 
region, and the characteristics and morphometric levels of 
water available, are basic conditions for the effectiveness of 
grazing for these herbivores fish. 

Although L. peruviana presents capacity of regrowth, 
the study suggests a trend of gradual reduction of the colo-
nized area, in repeated grazing, to characterize eradication 
in these conditions. 
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