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Abstract 

The common carp Cyprinus carpio is an omnivorous, highly fertile fractional spawner and a generalist species that can live in a wide range 
of biotic and abiotic conditions. The combination of these features contributes to their high invasiveness potential allowing its rapid spread 
and increased biomass. The species has already established in 91 out of 120 countries where it has been introduced, especially due to 
aquaculture and ornamental activities. This work, based on the presence of C. carpio inhabiting the Patos-Mirim system, Rio Grande do Sul, 
Brazil, provides the first evidence of advanced stages of gonadal development in both sexes, reinforcing the view that the species can adapt 
to regional environmental conditions and suggests high potential for establishment of self-sustaining populations in this system. 
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Introduction 

Fishes are among the most introduced group of 
aquatic animals in the world (i.e. 624 species, 
Gozlan 2008). The introduction of a non-native 
species in an ecosystem is generally likely to 
present an ecological risk if the species is able to 
integrate itself successfully, resulting in possible 
detrimental effects on native species or even on 
ecosystem functioning (Gozlan et al. 2010). The 
common carp Cyprinus carpio (Linnaeus, 1758) 
has been nominated as one of the 100 of the 
"World's Worst" invaders (GISP 2005).  

C. carpio is native to Eastern Europe and 
Central Asia. It is a generalist, eurythermal, and 
euryhaline fish, which can live in a wide range 
of biotic and abiotic conditions. In its natural 
environment, this species can survive cold 
winters and salinity levels up to 5 psu, and it can 
tolerate low concentrations and super saturation 
of dissolved oxygen (Banarescu and Coad 1991). 
The species is omnivorous and tends to consume 

food of animal (larvae and aquatic insects, macro 
invertebrates and zooplankton) and plant origin 
(Weber and Brown 2009). C. carpio grows 
rapidly, achieves sexual maturation in the second 
year of life, is highly fertile (<2 million eggs per 
female) and is a fractional spawner (Balon 
1975). The combination of these features allows 
rapid spread and increased biomass of the 
species contributing to their invasiveness 
potential (Troca and Vieira 2012). 

Non-native species have primarily been 
introduced into new ecosystems through human 
activity, either deliberately or unintentionally 
(Gozlan et al. 2010). It is known that the great 
bulk of global fish introductions and trans-
locations have been carried out for aquaculture 
purposes (Welcomme 1988, Naylor et al. 2001, 
De Silva et al. 2009). C. carpio is used in 
aquaculture worldwide, and has already been 
introduced to 120 countries and established in at 
least 91 (Casal 2006). This species has most of 
the  attributes  expected for a successful invasive 
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Figure 1. The Patos-Mirim System 
in coastal in southern Brazil. Barra 
do Ribeiro Village (A) São Gonçalo 
Channel (B) and Tapes (C). 

 
species. It has a well documented successful 
invasion history with wide distribution and 
abundance (Koehn 2004). 

C. carpio is one of the most widespread 
introduced species in the Americas, with high 
probability of habitat expansion (Zambrano et al. 
2006). In Brazil, it was introduced at the end of 
the nineteenth century, according to the 1898 
official records for commercial aquaculture 
(Welcomme 1988). C. carpio has been intro-
duced to most of the country and has established 
sustainable populations in the states of Rio de 
Janeiro, Rio Grande do Norte and Santa Catarina 
(I3N Brasil 2012). 

In Brazil this exotic fish can escape into 
natural waterways because fish farming is com-
monly practiced adjacent to these environments 
(Orsi and Agostinho 1999). At present, C. carpio 
is the second most cultivated freshwater fish 
species in the country (~81,000 ton/year) and the 
Rio Grande do Sul state is the principal producer 
(58%) (IBAMA 2007). Farming of C. carpio is 
presently practiced adjacent to Patos Lagoon 
(less than 0.01km from the edge of the lagoon in 
some cases) (Troca 2009) and the species has 
been reported from this watershed (Garcia et al. 
2004, Milani and Fontoura 2007, Leal et al. 
2009). To date there has been no report of 
C.  carpio reproducing in this ecosystem. This 
paper presents evidence of reproductive activity 
of C.  carpio in the Patos-Mirim System and 
discusses the consequence of these results. 

Material and methods 

The Patos Lagoon is ca. 250 km long and 60 km 
wide, covering an area of 10,360 km2 along the 
coastal plain of Rio Grande do Sul in southern 
Brazil (Figure 1). The estuarine zone is restricted 
to the southern portion of the lagoon (ca. 10% of 
total area) (Seeliger et al. 1998). The lagoon’s 
drainage basin (201,626 km2) is one of the 
largest in Latin America. The lagoon and 
adjacent coastal area support one of the most 
important fisheries in the warm-temperate 
southwestern Atlantic, with about 5,000 artisanal 
and 3,000 industrial fishermen temporarily or 
permanently involved in fishing activities in this 
region (Haimovici et al. 2006). The estuary is an 
important nursery for several of the most 
important species in these fisheries (Chao et al. 
1985,Vieira and Castello 1996).  

The Mirim Lagoon is shared between Brazil 
and Uruguay. It has an area of 3,749 km2, and is 
linked to the Patos Lagoon through the São 
Gonçalo Channel, forming the biggest lagoon 
system in South America. Mirim Lagoon basin 
performs an important role in the maintenance of 
water balance in the adjacent Taim's wetlands, 
which are recognized as a Biosphere Reserve by 
the UNESCO and as feeding and breeding 
grounds for migrant birds, fishes and reptiles 
(Alba et al. 2011). 
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Figure 2. Female Cyprinus carpio (A) caught in April 2011 in the 
São Gonçalo Channel with mature gonads (B). Measured TL 
(total length) = 67.0 cm, BW (body weight) = 10,620 g and GW 
(gonad weight) = 1,926.5 g. 

 
Figure 3. Histological section of a Cyprinus carpio ovary 
showing high frequency of oocytes with complete vitellogenesis 
(Hematoxylin-Eosin). 

C.  carpio specimens were collected by 
fishermen hired by a local project for monitoring 
the occurrences of non-native species in the 
catches. The project was conducted between 
January 2010 and December 2011, with sampling 

conducted every two months. The specimens 
collected are stored whole frozen or fixed in 10% 
formaldehyde. The gonads were removed and 
histologically processed according to the 
protocol by Beçak and Paulete (1976). 

Results 

The present work reports the capture of four 
individual of Cyprinus carpio with mature 
gonads in the Patos-Mirim System. The first 
female was caught in September 2010 by 
artisanal fishermen in Barra do Ribeiro village 
(30°17′27″S, 51°18′11″W), measuring TL (total 
length) = 50.5 cm, BW (body weight) = 2,396 g 
and GW (gonad weight) = 58.5 g. The second 
female measured TL=67.0 cm, BW = 10,620 g 
and GW = 1,927g (Figure 2), and was captured 
in April 2011 in the São Gonçalo Channel 
(32°03′15″S, 52°30′30″W). Two mature males 
were caught in November 2011 in Tapes 
(30°40′41″S, 51°23′36″W) measuring TL = 45.0 
and 60.8 cm and BW = 2,917 and 2,844 g 
respectively. The histological analysis revealed 
that the ovaries were in an advanced stage of 
development and had numerous vitellogenic 
follicles (Figure 3). Only two individuals were 
deposited in the ichthyological collection of the 
Federal University of Rio Grande (FURG 2558, 
FURG 2656). The gonads of all individuals were 
preserved and deposited in the same collection 
(FURG 2693-2696). 

Discussion 

The reproductive cycle and pattern of gonadal 
development of C. carpio in natural ecosystems 
greatly depends on the ambient temperature. 
Spawning occurs at a water temperature of 
around 18°C (Billard and Breton 1978). The 
climate regime at Patos Lagoon favours the 
reproductive cycle of this species (Piedras et al. 
2006, Garcia et al. 2008), especially between 
October and April when the average water 
temperature is above17°C (Zanotta et al. 2010).  

According to Weber and Brown (2009), 
C.  carpio prefers calm and shallow waters, such 
as flooded grasslands, to spawn. Its eggs have an 
adherent wrap and the larvae survive in the 
submerged vegetation of shallow waters even at 
high temperatures. This microhabitat is 
commonly found in the shallows waters of Patos-
Mirim System and in wetlands located along its 
margins (Seeliger et al. 1998).  
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C.  carpio has an invasion history in 
neighboring countries with similar climate, such 
as Uruguay and Argentina (Rosso 2006, Aigo et 
al. 2008). In the La Plata River basin C. carpio is 
considered the most abundant exotic species and 
also an important fishery resource (Norbis et al. 
2006). In the upper reaches of the Patos Lagoon 
it has established in the Sinos River basin (Leal 
et al 2009), Jacuí River and Guaíba Lake (Garcez 
and Sanchez-Botero 2005). 

The ecological consequences of its presence in 
a natural ecosystem are serious. In particular, the 
presence of C. carpio has been shown to affect 
(1) rooted macrophyte densities, mainly through 
physical disturbance and increased turbidity; (2) 
benthic invertebrate densities, through predation 
and habitat modification; (3) phytoplankton 
biomass, by altering the availability of various 
nutrients through excretion and bioturbation; (4) 
zooplankton abundance, either indirectly through 
their effects on phytoplankton or directly 
through planktivory by juvenile carp C. carpio; 
and (5) the abundance of native fish species, 
through multiple indirect effects including those 
described above (Kulhanek et al. 2011). The 
reduction of abundance of native fishes is of 
particular concern considering the socio-
economic importance of fisheries in the Patos 
Lagoon (Milani and Fontoura 2007; Vieira et al. 
2010) 

The low incidence of C. carpio in the catches 
of artisanal fisheries indicates that the species 
has not yet established in the lower part of the 
Patos lagoon and Mirim systems, but risk 
analyses show high invasive potential for this 
species in the region (Zambrano et al 2006; 
Troca and Vieira 2012). One hypothesis to 
explain the failure to establish a sustainable 
population is the low propagule pressure exerted 
on the system. Mardini et al. (1997) identified 
about 26,000 fish farmers in the state of Rio 
Grande do Sul, but only 2,000 of these are 
located in the southern counties (Piedras and 
Bager 2007; Troca 2009). Furthermore, Troca 
(2009) demonstrate that only less than 5% of 
these (a total of 84 properties) cultivate carp 
C.  carpio. 

This paper documents evidence of the initial 
establishment of C.  carpio and future work 
should be carried out in order to monitor this 
invasion. Surveys should, particularly focus on 
breeding areas to determine the presence of 
juveniles, which could confirm the successful 
establishment of the species in this system. 
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