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Common carp Cyprinus carpio possess multiple traits that contribute to their success as an invasive
species. They have been introduced across the globe, and abundant populations can have numerous
negative effects. Although ecological niche-based modelling techniques have been used to predict the
potential range of C. carpio invasion in U.S.A., occurrence and abundance patterns have not yet been
considered on a regional scale. In the present review new locations are documented, the status of the
southernmost population has been studied and the probability of new lakes and reservoirs being colo-
nized by C. carpio has been obtained and related to environmental conditions. The new localities for
C. carpio have expanded its distribution westward, into the Andean Region, and present results from
the South American southernmost population have shown a well-established population. Analysis of
presence data provided two principal results: (1) the probability of a site being with C. carpio can be
inferred using environmental variables and (2) the probability of a site being with C. carpio is a use-
ful tool for the prediction of future invasions. Selective fishing on the Negro basin could constitute a
potential mitigation measure, decreasing the abundance of the species and thus reducing the species’
potential for southward expansion. These results reinforce the idea that artisanal fisheries, food produc-
tion and conservation interests should be taken into account by local government management agencies
in any discussion regarding the southern distribution of C. carpio in the near future.
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INTRODUCTION

The common carp Cyprinus carpio L. 1758 is currently considered one of the most
ecologically harmful invasive species and is ranked among the eight most invasive fish
taxa of the world by the International Union for the Conservation of Nature (Lowe
et al., 2000). It possesses multiple traits that contribute to its success as an invasive
species, such as broad environmental tolerance, early sexual maturity, high reproduc-
tive capacity, short generation times, fast individual growth rates and a generalist diet
(Schade & Bonar, 2005; Ahmad et al., 2011). Its effect is mainly due to its ability to
alter aquatic habitats through high levels of nitrogen excretion and disturbance of the
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bottom sediments of lakes and reservoirs where it has been introduced. Cyprinus car-
pio can modify the level of chlorophyll-a (Parkos et al., 2003; Chumchal et al., 2005;
Matsuzaki et al., 2007), increase turbidity, degrade water quality, reduce macrophyte
and benthic invertebrate densities (Zambrano & Hinojosa, 1999; Parkos et al., 2003;
Matsuzaki et al., 2007; Kulhanek et al., 2011) and decrease habitat heterogeneity
(Perrow et al., 1999). These habitat modifications affect native aquatic species (De
Vaney et al., 2009), leading to a decline in endemic species (Koehn ez al., 2001;
Angeler et al., 2002; Parkos et al., 2003; Tapia & Zambrano, 2003; Pinto et al., 2005;
Haynes et al., 2012), even to the point of local extinction (Ogutu-Ohwayo, 1990;
Canonico et al., 2005). The severity of these negative effects has been shown to be
highly dependent on local C. carpio biomass (Jeppesen et al., 2000; Egertson &
Downing, 2004; Chumchal et al., 2005; Weber et al., 2010; Kulhanek et al., 2011).
Studies have suggested that catchment management practices, which reduce nutrient
input, may ultimately hinder C. carpio abundance, size structure or growth rates
(Egertson & Downing, 2004; Weber et al., 2010).

The native distribution of C. carpio encompasses a vast area, stretching eastward
from eastern Europe, across Russia and China (Zambrano et al., 2006). This species
has been introduced across the globe both intentionally, for aquaculture, commercial
and recreational fisheries, and ornamental purposes, and unintentionally, due to the
release of live bait and pet fishes (Balon, 1995; Koehn, 2004; Sorensen & Bajer, 2011;
Forsyth et al., 2013). Cyprinus carpio occupy many different micro-habitats, have high
fecundity, spawn in shallow, slow-flowing water (De Vaney et al., 2009) and have
high eco-physiological tolerances. They prefer areas with a winter air temperature cold
enough to freeze lakes, but where summer water temperatures reach 25° C, the tempera-
ture needed for their reproduction (Maitland & Campbell, 1992; Kulhanek et al., 2011).
Although C. carpio prefer shallow, warm, slow-moving water bodies and exhibit high
tolerance to eutrophic waters, populations have been found in a broad range of envi-
ronmental conditions (Balon, 1995; Koehn, 2004; Schade & Bonar, 2005; Kulhanek
et al.,2011). Ecological niche-based modelling techniques have previously been used
to predict the full potential invasion range of C. carpio in North and South America.
Annual maximum air temperature and concentration of chlorophyll-a were the main
variables that explained C. carpio presence (Zambrano et al., 2000).

Global warming has already affected the distribution of the Patagonian fish fauna,
with new southward locations detected in Patagonia for several Neotropical fish species
(Aigo et al., 2008). Although the distribution of Neotropical fishes towards high lati-
tudes seems to be limited by thermal constraints (Cussac et al., 2009; Gonzélez Naya
et al., 2011), this appears not to be the case for C. carpio. This species has the potential
to become established in subtropical and temperate systems, and in the highlands within
the tropics (Zambrano et al., 2006; Kulhanek et al., 2011). Zambrano et al. (2006)
observed that South American areas prone to further invasion are located principally in
the south (Argentina, southern Brazil and southern Chile). Cyprinus carpio has been
recorded in central Chile (Habit et al., 2006) and central Argentina (Colautti, 1997),
the Negro River basin being the southernmost recorded location (Alvear et al., 2007).

In the present work, new locations of C. carpio in the Andean Region (Lopez et al.,
2008) are documented, the status of the southernmost population (Negro River basin)
is studied and the probability of new lakes and reservoirs becoming sites with C. carpio
is assessed and related to environmental conditions and to the physiological variables
of the species.

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, 89, 403—-416



CYPRINUS CARPIO DISPERSION IN SOUTH AMERICA 405

MATERIALS AND METHODS

Although fragmentary, published information about the fishes of Patagonia has been useful
for improving understanding of historical biogeographical patterns (Aigo et al., 2008; Cussac
et al., 2009; Habit et al., 2010). Following Pascual et al. (2002), presence and absence data on
C. carpio in Argentina were compiled; thus building the most recent distribution database for
the species in the region. Information on lakes and reservoirs (depth, area, Secchi disc, total
phosphorus, total organic nitrogen and chlorophyll-a) and presence data for C. carpio were
reviewed from literature for reservoirs and lakes of Argentina (Quirds, 1991; Poi de Neiff et al.,
1999; Cabido et al., 2004; Liotta, 2005; Mancini & Grosman, 2008; Mancini et al., 2009;
Schwerdt & Lopez Cazorla, 2009; Rosso & Quirds, 2010). In addition, data were considered
from a previous survey, performed between 1996 and 2008 within the framework of the
U.S. National Science Foundation (NSF) PIRE programme (OISE 0530267) for collaborative
research on Patagonian Biodiversity (http://patagonia.byu.edu/). Details of sampling procedures
were presented in Ruzzante et al. (2011), Unmack et al. (2012) and Crichigno et al. (2013). To
give a brief account, fish were collected in spring and summer sampling, with seines operated
during the day and sets of gillnets placed at between three and five sites per lake (two to five
nights per lake). Gillnets were set before dusk and hauled after dawn the following morning.
Aspects of climate were also used, including 1961—-1990 annual means of annual precipitation
and maximum (MaxAAT), minimum (MinAAT) and mean (MeanAAT) annual air temperatures
(all at 0-5° native resolution c. 2500km?), obtained from the Intergovernmental Panel on
Climate Change (www.ipcc.ch). The final database consists of 20 C. carpio-invaded lakes and
reservoirs (with at least one positive record) and 86 lakes and reservoirs with no records of C.
carpio presence (see Table SI, Supporting Information).

The population of the Negro River basin was sampled with seven sets of gillnets of mono
(44—180 mm stretch mesh) and polyfilament (30— 108 mm stretch mesh), at three neighbouring
connected capture sites; Canal Arroyito in Limay River (39° 06’ S; 68° 34’ W), Dique Ballester
in Neuquén River (38° 43’ S; 68° 10’ W) and Allen in Negro River (39° 01’ S; 67° 48’
W) from late winter (September) 2011 to autumn (April) 2013. A total of 12 samples were
obtained. Standard length (Lg) and mass (M) data (n=134) were recorded and processed
in order to obtain estimations of growth and condition factor (Cp =M Lg™*). A Von Berta-
lanfty growth function (VBGF) was fitted to the data. Data of captured individuals (n =134,
80—-650 mm Lg, number of samples = 13, size class 5 cm) were fitted with the non-parametric
scoring of VBGF fit using the response surface procedure in ELEFAN I [FAO-ICLARM
Stock Assessment Tools, Gayanilo et al. (1994)]. Allometric growth was studied in terms of
a multiplicative model M =a Lg® in order to estimate parameter b. The existence of seasonal
variations of Cp was tested using Kruskal-Wallis one-way ANOVA on ranks (SigmaStat;
http://sigmastat.software.informer.com/).

The data were first analysed with principal component analysis (PCA) in order to identify
the environmental variables that most explained the variance between capture sites. Following
this, discriminant analysis (DA), considering lakes and reservoirs with and without records of
C. carpio (Fig. 1), calculating previous probabilities using the size of the groups, and including
all variables in the analysis (discriminant function, DF), allowed testing of the environmental
differences between categories (with and without C. carpio) and identification of the variables
most closely associated with such differences (Seber, 1984; Norusis, 1986). Also, DA provided
the probability of each lake and reservoir being a with C. carpio site. The relationship between
this probability and the MaxAAT, the main variable explaining the potential distribution of C.
carpio in the world (Zambrano et al., 2006), was explored using regression analysis.

RESULTS

Five new localities for C. carpio were recorded, expanding the known range of the
species into the Andean Cuyan Province of Lopez et al. (2008) [EI Carrizal Reservoir
(33° 18’ S; 69° 42" W), Lake Urrelauquen (38° 06’ S; 66° 48" W), Ullum Reservoir
(31° 30’ S; 70° 36’ W), see Table SI (Supporting Information)] and into the Patagonian
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FiG. 1. Isotherms (1961 to 1990 annual means representing mean annual air temperature, MeanAAT, , num-

bers intercalated in °C), lakes and reservoirs with (O) and without (@) Cyprinus carpio in Argentina. .____. N
the major Patagonian rivers, in bold: 1, Neuquén; 2, Negro; 3, Limay; 4, Lower Chubut; 5, Mean and Upper
Chubut; 6, Senguer-Chico; 7, Deseado, 8-Chico; 9, Santa Cruz; 10, Coig; 11, Gallegos. 2% the popula-
tions of Canal Arroyito in Limay River (39°06'S; 68°34’W), Dique Ballester in Neuquén River (38°43’S;
68°10'W) and Allen in Negro River (39°01'S; 67°48'W).
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Fi6. 2. Cyprinus carpio individuals captured in Negro River basin. Standard length (Lg) frequency plot (boxes;
n=134) and Von Bertalanffy growth function (L, =69.50 cm, K =0.51) fitted to Ly; date superimposed.
4= observed cohorts.

Province, upstream of the records of Alvear et al. (2007) in the Negro basin (Canal
Arroyito on the Limay River and Dique Ballester on the Neuquén River).

The analysis of Lg frequencies of individuals showed an L =69-50cm, K =0-51,
a t, rooted in spring (November) and at least four size modes for each sampling date;
indicating that the littoral captures consisted of several different cohorts (Fig. 2). Water
temperatures at capture showed a range (7-7—21-6° C) that can be compared with pre-
vious data from the literature.

Allometric relationships (M = a Lg") of the C. carpio caught at Canal Arroyito, Dique
Ballester and Allen (a =—4-672 + 0-064, estimate +95% c.1.; b =2-993 + 0-044, esti-
mate +95% c.1.) does not allow rejection of the hypothesis of isometry (b=3). No
slope changes were observed over the range of body size (log;, M =log a+ b log,, L,
2 =0993, n= 134), and therefore, no information about the size of first sexual matu-
rity could be proposed. Seasonal variation of the Cp. did not show significant differences
between seasons (K—W one-way ANOVA on ranks, n =134, H=5-857, P> 0-05).

PCA of the environmental data of all lakes and reservoirs accounted for more than
70% of the total variance, extracting three principal components (PCs). Temperature
and variables related to the trophic status of lakes and reservoirs, such as Secchi disc,
total organic nitrogen, chlorophyll-a and total phosphorus were the most important
(Table I).

DA between sites with and without C. carpio produced one discriminant function
(DF) with 81-9% of cases correctly classified (n =105, P <0-01; Table II). It must be
noted that MinAAT, MeanAAT and MaxAAT were the most important variables fol-
lowed by chlorophyll-a concentration (Table I). DF also produced two new variables:
the probability of being a site with C. carpio (PSWC) and the predicted membership
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TaBLE 1. Principal component analysis (PCA, quartimax rotation) of environmental data of
lakes and reservoirs. Loading for the environmental variables onto principal components 1-3
(PC1-PC3) and the variance explained. Values in bold indicate the highest contribution of each
environmental variable to the three principal components. Discriminant analysis between lakes
and reservoirs with and without Cyprinus carpio presence. All variables included (DF, Wilks’
A=0-772, P <0-01). Coefficients of each standardized canonical discriminant function (DF1),
variance explained and canonical correlation are indicated. Spearman’s p correlation between
each variable and the PSWC. Only significant results are indicated

PCA DF
PCl1 PC2 PC3 DF1 Spearman’s p/P<

MaxAAT 0-962 0-029 -0-019 0-779 0-784/0-001
MeanAAT 0-957 0-042 —0-031 1-703 0-770/0-001
MinAAT 0-898 0-166 —0-091 —1-922 0-710/0-001
Secchi disc —-0-790 -0-332 —-0-123 0-059 —0-683/0-001
Mean depth —0-582 —0-352 0-032  —0-283 —0-506/0-001
Mean annual rain —0-509 0223  —0-455 0-384 —0-266/0-01
TON 0-289 0-877 —0-011 0-189 0-491/0-001
Clo-a 0-329 0703 -0-115 0-409 0-728/0-001
TP 0-067 0-523 0-080  —0-265 0-520/0-001
Area —0-029 0-079 0-910 0-369 —/—
Variance explained (%) 40 19 11 100
Total variance explained (%) 40 59 70
Eigenvalues 0-295
Canonical correlation 0-447

MaxAAT, maximum annual air temperature; MeanA AT, mean annual air temperature; MinA AT, minimum
annual air temperature; TON, total organic nitrogen; Clo-a, chlorophyll-a; TP, total phosphorous.

for each lake or reservoir (predicted site with or without C. carpio). All the sites with
PSWC >0-5 were predicted to be sites with C. carpio. Significant correlations between
the PSWC and environmental variables were observed (Table I). The lakes and reser-
voirs with C. carpio (currently or predicted) have MeanAAT higher than 10-11° C
(Fig. 3).

TaBLE II. Classification results, counts and percentages. Original and forecast classification of
lakes and reservoir with (yes) and without Cyprinus carpio (no). Discriminant function with all
variables included (DF) was used

Group forecast Per cent of original

Presence of cases correctly
C. carpio Yes No Total classified
Original
Yes Count 5 14 19
% 26-3 737 19
No Count 5 81 86
% 5-8 94.2 100
819
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FI1G. 3. Presence of Cyprinus carpio with regard to temperature. (a) Probability of being a site with C. carpio
in the discriminant function of 105 lakes and reservoirs of Argentina in relation to mean (®; MeanAAT),
minimum (O; MinAAT) and maximum (A ; MaxAAT) annual air temperatures. (b) Box and whisker plots
(mean, quartiles and data outside of 5 and 95 percentiles) of MeanAAT, MinAAT, and MaxAAT in the
20 lakes and reservoirs with C. carpio. Between (a) and (b), the range of water temperature at capture in
the confluence of Limay, Neuquén, and Negro Rivers are indicated (—>) in relation to tolerance (Koehn,
2004), spawning (Koehn, 2004), optimum growth (30 to 32°C, Jobling, 1981; 25°C, Metz et al., 2003) and
preferred thermal ranges (29 to 32°C, Jobling, 1981) recorded in the literature (—-s).
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DISCUSSION

Cyprinus carpio was introduced in the south of the Neotropical region (Lopez et al.,
2008), for ornamental purposes, at the beginning of the 20th century (Mac Donagh,
1948). Ringuelet et al. (1967) observed the presence of C. carpio in La Plata River,
reservoirs and shallow lakes in central Argentina. Although there is no information
about the origin of the individuals, the first dispersion into the Andean Region was
observed by Cazzaniga (1980) in the Colorado River, and Alvear et al. (2007) reported
its southward dispersion in three sampling sites downstream in the Negro River. The
five new localities for C. carpio reported here (from north to south, Ullum Reservoir,
El Carrizal Reservoir, Lake Urrelauquen, Dique Ballester on Neuquén River and Canal
Arroyito on the Limay River) were foreseeable, as they lie within the latitudinal range
previously observed for the species (Liotta, 2005). It is noteworthy that they expand
the specific distribution westward, into the Andean region, and upstream in the Negro
River basin. It is important to mention that at the northernmost sites (Ullum Reservoir,
El Carrizal Reservoir and Lake Urrelauquen) with high abundance of C. carpio, the his-
torically abundant native Percichthys trucha (Valenciennes 1833) (Cahiza, 2003) was
almost absent (Gongalves et al., 2010). In the Negro River, C. carpio showed signifi-
cant trophic overlap (Schoener index), in summer with P. trucha (in only one sampling
site), and in spring with the native silverside Odontesthes hatcheri (Eigenmann 1909)
(Alvear et al., 2007; Crichigno et al., 2013; Conte-Grand et al., 2015). Future studies
will be needed in order to identify piscivory of native or other exotic fishes (salmonids)
on C. carpio in Patagonia.

The present results, upstream from the confluence of the Limay and Neuquén Rivers
into the Negro River, show a well-established population, with several cohorts, similar
to that observed by Colautti (1997) in the Salado River basin (Provincia de Buenos
Aires). The allometric relationships can change between ontogenetic periods. Size
intervals for these periods can be estimated by finding the lengths at which these
allometric relations changed (Balon, 1990; Kovac et al., 1999; Barriga et al., 2002).
Although allometry did not provide information about sexual maturity in this case, it
should be taken into account that C. carpio attains sexual maturity at age 2+ years in
the Salado River basin (Colautti, 1997) and can be sexually precocious, even as young
as ¢. 6 months, and sometimes at a mass <100 g (Basavaraju et al., 2002). Colautti
(1997) suggested a positive relationship between the gonado-somatic index and Cg in
the Salado River basin, but a significant seasonal variation in the Cp was not observed
in the Negro River basin population.

As expected, almost all lakes and reservoirs with C. carpio studied here are within the
thermal tolerance range of the species (Koehn, 2004), and their MaxAATs are within
the thermal spawning range (Koehn, 2004). It must be noted, however, that the Max-
AAT of almost all lakes and reservoirs with C. carpio lie below the thermal range of
growth and preference (Jobling, 1981; Metz ef al., 2003; Fig. 3). In agreement with the
condition of the southernmost population, the range of water temperatures at capture
in Canal Arroyito in the Limay River, Dique Ballester in Neuquén River and Allen in
Negro River lies within the tolerance range (Koehn, 2004) and partially overlaps with
the spawning range (Koehn, 2004), but lies below the range of optimum growth tem-
perature (25-32° C, Jobling, 1981; Metz et al., 2003) and below the range of preferred
temperature (29-32° C, Jobling, 1981) (Fig. 3).
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PCA results showed that the lakes and reservoirs considered here are clearly ordered
by temperature and trophic variables. This fact is relevant since Quirds (1991) and
later Aigo et al. (2008) showed that the relationship between relative abundances of
species and environmental variables (latitude, longitude and area of lakes) was signifi-
cant in Patagonia. In the same way, the relationship between number of native and alien
species and environmental variables (latitude and perimeter area™! ratio) was signifi-
cant (Aigo et al., 2008). In agreement with Egertson & Downing (2004), DA showed
that temperature and chlorophyll-a are important variables for predicting, on a cor-
relative basis, the presence of C. carpio. The lakes and reservoirs of Argentina with
C. carpio (observed or predicted) considered here have MeanAAT higher than 10° C.
As expected, all lakes and reservoirs with C. carpio lie within the thermal tolerance
range of the species, and their MaxAATs are within the thermal spawning range. It
must be noted, however, that the MaxAAT of all lakes and reservoirs with C. carpio in
Argentina are below the thermal range of growth (partially) and the thermal range of
preference (Fig. 3).

The DA of presence data provided a PSWC that is a useful tool for prediction of
future invasions, but predictions should also consider other factors, such as aquatic
connectivity, road access and land use (Habit et al., 2012). Within the Negro River
basin, southward expansion seems to be limited by the Arroyito Dam, the first on the
Limay River (from downstream to upstream; Fig. 1). No other river system runs from
south to north in the area, and so the Arroyito Dam is key to the control of the southward
invasion.

Zambrano et al. (2006) predicted C. carpio distribution throughout Patagonia based
on MaxAAT. In addition, minimum annual temperature was a significant predictor of
C. carpio occurrence, as it affects spawning activity and can also cause winter fish
kills, both of which limit the distribution of this species (Balon, 1995). Kulhanek et al.
(2011) found that low winter temperatures may currently restrict C. carpio. Present
capture data for the Negro River show water temperatures below preference and opti-
mum growth, but climate warming could help future southward advances in the area
(Aigo et al., 2008, 2014; Cussac et al., 2009; Baez et al., 2011). In particular, it should
be considered that the present analysis is based on 1961—1990 mean values and that
these temperatures have increased in the intervening years by between 0-5 and 1-5° C
in Patagonia (www.smn.gov.ar/serviciosclimaticos/?mod=cambioclim&id=1).

Understanding the patterns and population dynamics of freshwater fish invasion is
therefore important for predicting the trends, timing and pathways of population expan-
sion, and hence optimizing management action that seeks to minimize range expansion,
and to control or eradicate these species (Brown & Walker, 2004; Arim et al., 2006;
Forsyth et al., 2013). For example, a significant point regarding C. carpio dispersion in
the region is the use of live bait. Cyprinus carpio is excluded from the list of permissi-
ble live bait in central Argentina (Provincia de Buenos Aires, DISPOSICION DPP No.
468; www.maa.gba.gov.ar/pesca/leg_archivos/D468-99.pdf) and the use of live bait
is not permitted in Argentine Patagonia (Reglamento de Pesca Deportiva Continen-
tal Patagonico; http://desarrollosustentable.tierradelfuego.gov.ar/wp-content/uploads/
2013/08/Reglamento-Pesca-2013-2014.pdf/).

Even though it is not allowed, the cultural practice of live bait use could be the
way C. carpio overcame the obstacle of the Arroyito Dam. Recent observation of the
presence of the Neotropical Cheirodon interruptus (Jenyns 1842) in the endorheic
basin of the Valchetta Stream (H. Lopez, pers. comm.), south of the Negro River basin,
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and data on the movement of nine species between the Colorado and Negro basins
(Aigo et al., 2008), including C. carpio, highlight the risk of this practice. In addition
to preventing the transport of C. carpio, other measures are possible. In northern
Argentina several rivers are exploited efficiently through selective fishing, supporting
a valuable fishery that exported up to 2403 t of C. carpio per year between 2007 and
2012 (Ministerio de Agricultura, Ganaderia y Pesca; www.minagri.gob.ar). Similar
action on the Negro basin could result in a potential mitigation measure (De Vaney
et al., 2009), leading to a decrease in the abundance of this species, thus reducing
their potential for southward expansion. It should not be overlooked that C. carpio
is a major resource in terms of food production in the world (FAO; www.fao.org/
fishery/affris/species-profiles/common-carp/natural-food-and-feeding-habits/en) and
that their introduction, culture and fishery could be the goal of well-defined govern-
ment policies regarding national food security (Quirds & Mari, 1999). The stocking of
lakes and reservoirs is a practice deeply rooted in government management, including
the stocking of C. carpio in Argentina (Ministerio de Agricultura, Ganaderia y Pesca
Argentina, 2011). The present results reinforce the idea that the trade-off between
food production and conservation is an issue that should be faced in the near future,
with special regard to the southern distribution of C. carpio in South America.
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Supporting Information

Supporting Information may be found in the online version of this paper:
TaBLE SI. Lakes (L) and reservoirs (R) with and without Cyprinus carpio. Data include
latitude, longitude, chlorophyll-a and 1961-1990 means for maximum (MaxAAT),
minimum (MinAAT) and mean (MeanAAT) annual air temperatures (all at 0-5° native
resolution ¢. 2500 km?) obtained from the Intergovernmental Panel on Climate Change
(www.ipcc.ch). Predicted presence was obtained from DA

References

Ahmad, S. M., Shah, F. A., Bhat, F. A., Bhat, J. I. A. & Balkhi, M. H. (2011). Thermal adapt-
ability and disease association in common carp (Cyprinus carpio communis) acclimated
to different (four) temperatures. Journal of Thermal Biology 36, 492—497.

Aigo, J. C., Cussac, V. E., Peris, S., Ortubay, S., Gémez, S., Lépez, H., Gross, M., Barriga, J. &
Battini, M. (2008). Distribution of introduced and native fish in Patagonia (Argentina):
patterns and changes in fish assemblages. Reviews in Fish Biology and Fisheries 14,
387-408.

Aigo, J., Lattuca, M. E. & Cussac, V. (2014). Susceptibility of native perca (Percichthys trucha)
and exotic rainbow trout (Oncorhynchus mykiss) to high temperature in Patagonia: dif-
ferent physiological traits and distinctive responses. Hydrobiologia 736, 73—82.

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, 89, 403—-416



CYPRINUS CARPIO DISPERSION IN SOUTH AMERICA 413

Alvear, P. A., Rechencq, M., Macchi, P. J., Alonso, M. E,, Lippolt, G. E., Denegri, M. A., Navone,
G., Zattara, E. E., Garcia Asorey, M. I. & Vigliano, P. H. (2007). Composicién, distribu-
cién y relaciones troficas de la ictiofauna del rio Negro, Patagonia Argentina. Ecologia
Austral 17,231-246. Available at http://www.scielo.org.ar/scielo.php?script=sci_arttext&
pid=S1667-782X2007000200005&Ing=es/.

Angeler, D. G., Alvarez-Cobelas, M., Sanchez-Carrillo, S. & Rodrigo, M. A. (2002). Assess-
ment of exotic fish impacts on water quality and zooplankton in a degraded semi-arid
floodplain wetland. Aquatic Sciences 64, 76—86.

Arim, M., Abades, S. R., Neill, P. E., Lima, M. & Marquet, P. A. (2006). Spread dynamics of
invasive species. Proceedings of the National Academy of Sciences of the United States
of America 103, 374-378.

Béez, V. H., Aigo, J. C. & Cussac, V. E. (2011). Climate change and fish culture in Patagonia:
present situation and perspectives. Aquaculture Research 42, 787-796.

Balon, E. K. (1990). Epigenesis of an epigeneticist: the development of some alternative con-
cepts on the early ontogeny and evolution of fishes. Guelph Ichthyology Reviews 1, 1-48.

Balon, E. K. (1995). The common carp, Cyprinus carpio: its wild origin, domestication in aqua-
culture, and selection as colored nishikigoi. Guelph Ichthyology Reviews 3, 1-55.

Barriga, J. P, Battini, M. A., Macchi, P. J., Milano, D. & Cussac, V. E. (2002). Spatial and
temporal distribution of landlocked Galaxias maculatus and Galaxias platei (Pisces:
Galaxiidae) in a lake in the South American Andes. New Zealand Journal of Marine
and Freshwater Research 36, 345—-359.

Basavaraju, Y., Mair, G. C., Kumar, H. M. M., Kumar, S. P., Keshavappa, G. Y. & Penman,
D. J. (2002). An evaluation of triploidy as a potential solution to the problem of preco-
cious sexual maturation in common carp, Cyprinus carpio, in Karnataka, India. Aqua-
culture 204, 407-418.

Brown, P. & Walker, T. I. (2004). CARPSIM: stochastic simulation modelling of wild carp
(Cyprinus carpio L.) population dynamics, with applications to pest control. Ecological
Modelling 176, 83-97. )

Cabido, D., Cabido, M., Flores, A., Roqué Garzén, J. M. & Rosacher, C. (2004). Areas Naturales
Protegidas de Cordoba. Cordoba: Ediciones del Copista.

Cahiza, P. A. (2003). Ictioarqueologia de las lagunas de Guanacache (Mendoza, Argentina).
Identificacién y estacionalidad de captura a partir del andlisis de otolitos sagitales. Rela-
ciones de la Sociedad Argentina de Antropologia 28, 167—183. Available at http://sedici.
unlp.edu.ar/handle/10915/24979/.

Canonico, G. C., Arthington, A., McCrary, J. K. & Thieme, M. L. (2005). The effects of intro-
duced tilapias on native biodiversity. Aquatic Conservation: Marine and Freshwater
Ecosystems 15, 463-483.

Cazzaniga, N. J. (1980). Caracterizacion quimica y faunistica de canales de drenaje del valle
inferior de Rio Colorado (Partido de Villarino y Patagones, Provincia de Buenos Aires).
Ecosur 8, 25-46.

Chumchal, M. M., Nowlin, W. H. & Drenner, R. W. (2005). Biomass-dependent effects of com-
mon carp on water quality in shallow ponds. Hydrobiologia 545, 271-277.

Colautti, D. C. (1997). Ecologia de la carpa, Cyprinus carpio, en la cuenca del Rio Salado,
Provincia de Buenos Aires. PhD Thesis, Universidad Nacional de La Plata, Buenos Aires,
Argentina.

Conte-Grand, C., Sommer, J., Orti, G. & Cussac, V. (2015). Populations of Odontesthes
(Teleostei: Atheriniformes) in the Andean region of Southern South America: body
shape and hybrid individuals. Neotropical Ichthyology 13, 137—150.

Crichigno, S., Conte-Grand, C., Battini, M. & Cussac, V. (2013). Cephalic morphological
variation in freshwater silversides, Odontesthes hatcheri and Odontesthes bonariensis
in Patagonia: introgression and ecological relationships. Journal of Fish Biology 83,
542-559.

Cussac, V. E., Fernandez, D. A., Gémez, S. E. & Lépez, H. L. (2009). Fishes of Southern South
America: a story driven by temperature. Fish Physiology and Biochemistry 35,29-42.

De Vaney, S. C., McNyset, K. M., Williams, J. B., Peterson, A. T. & Wiley, E. O. (2009). A tale
of four “carp”: invasion potential and ecological niche modeling. PLoS One 4, e5451.
doi: 10.1371/journal.pone.0005451

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, 89, 403—-416



414 S. CRICHIGNO ET AL.

Egertson, C. J. & Downing, J. A. (2004). Relationship of fish catch and composition to water
quality in a suite of agriculturally eutrophic lakes. Canadian Journal of Fisheries and
Agquatic Sciences 61, 1784—1796.

Forsyth, D. M., Koehn, J. D., Mac Kenzie, D. I. & Stuart, I. G. (2013). Population dynamics of
invading freshwater fish: common carp (Cyprinus carpio) in the Murray-Darling Basin,
Australia. Biological Invasions 15, 341-354.

Gayanilo, F. C., Sparre, P. & Pauly, D. (1994). The FAOICLARM stock assessment tools (FISAT
ID) user’s guide. FAO Computerized Information Series (Fisheries) 7, 1-126.

Gongalves, R. J., Souza, M. S., Aigo, J., Modenutti, B., Balseiro, E., Villafafie, V. E., Cussac, V.
& Helbling, E. W. (2010). Responses of plankton and fish from temperate zones to UVR
and temperature in a context of global change. Ecologia Austral 20, 129—153. Available
at http://www.scielo.org.ar/pdf/ecoaus/v20n2/v20n2a05/.

Gonzdlez Naya, M. J., Ramirez, L., Gémez, S. E. & Menni, R. C. (2011). Temperature and
massive fish deaths in southern South America. Revista del Museo Argentino de Ciencias
Naturales 13, 131-134.

Habit, E., Dyer, B. & Vila, 1. (2006). Current state of knowledge of freshwater fishes of Chile.
Gayana 70, 100—113.

Habit, E., Piedra, P., Ruzzante, D., Walde, S., Belk, M., Cussac, V., Gonzalez, J. & Colin, N.
(2010). Changes in the distribution of native fishes in response to introduced species and
other anthropogenic effects. Global Ecology and Biogeography 19, 697—710.

Habit, E., Gonzalez, J., Ruzzante, D. E. & Walde, S. J. (2012). Native and introduced fish
species richness in Chilean Patagonian lakes: inferences on invasion mechanisms using
salmonid-free lakes. Diversity and Distributions 18, 1153—1165.

Haynes, G. D., Gongora, J., Gilligan, D. M., Grewe, P., Moran, C. & Nicholas, F. W. (2012).
Cryptic hybridization and introgression between invasive Cyprinid species Cyprinus car-
pio and Carassius auratus in Australia: implications for invasive species management.
Animal Conservation 15, 83-94.

Jeppesen, E., Jensen, J. P., Sondergaard, M., Lauridsen, T. & Landkildehus, F. (2000). Trophic
structure, species richness and biodiversity in Danish lakes: changes along a phosphorus
gradient. Freshwater Biology 45,201-218.

Jobling, M. (1981). Temperature tolerance and the final preferendum-rapid methods for the
assessment of optimum growth temperatures. Journal of Fish Biology 19, 439—455.

Koehn, J. D. (2004). Carp (Cyprinus carpio) as a powerful invader in Australian waterways.
Freshwater Biology 49, 882—894.

Koehn, J. (2001) The impacts of weirs on fish. In: The Proceedings of The Way Forward on
Weirs. pp. 59-66. Presented on 18—19th August 2000, at the Centenary Lecture Theatre,
Royal North Shore Hospital, St. Leonards, NSW. Inland Rivers Network: Sydney.

Kovac, V., Copp, G. H. & Francis, M. P. (1999). Morphometry of the stone loach, Barbatula bar-
batula: do mensural characters reflect the species’ life history thresholds? Environmental
Biology of Fishes 56, 105—115.

Kulhanek, S. A., Leung, B. & Ricciardi, A. (2011). Using ecological niche models to predict the
abundance and impact of invasive species: application to the common carp. Ecological
Applications 21, 203-213.

Lépez, H. L., Menni, R. C., Donato, M. & Miquelarena, A. M. (2008). Biogeographical revision
of Argentina (Andean and Neotropical Regions): an analysis using freshwater fishes.
Journal of Biogeography 35, 1564—1579.

Mac Donagh, E. J. (1948). Sobre la cria de carpas y pejerreyes en la provincia de San Luis.
Notas del Museo de la Plata 13, 313-324.

Maitland, P. S. & Campbell, R. N. (1992). Freshwater Fishes. London: Harper Collins Publish-
ers.

Mancini, M. & Grosman, F. (2008). El pejerrey de las lagunas pampeanas. Andlisis de casos ten-
dientes a una gestion integral de las pesquerias. Rio Cuarto: Editoriales de Universidad
Nacional de Rio Cuarto y de la Universidad Nacional del Centro.

Mancini, M., Haro, G. & Lépez, H. (2009). Sobre la presencia de la carpa herbivora
Ctenopharyngodon idella (Valenciennes, 1844) en la provincia de Cérdoba (Argentina).
Natura Neotropicalis 40, 87—94.

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, 89, 403—-416



CYPRINUS CARPIO DISPERSION IN SOUTH AMERICA 415

Matsuzaki, S. S., Usio, N., Takamura, N. & Washitani, 1. (2007). Effects of common carp on
nutrient dynamics and littoral community composition: roles of excretion and bioturba-
tion. Fundamental and Applied Limnology 168, 27-38.

Metz, J. R., van den Burg, E. H., Bonga, S. E. & Flik, G. (2003). Regulation of branchial
Na+/K+-ATPase in common carp Cyprinus carpio L. acclimated to different temper-
atures. Journal of Experimental Biology 206, 2273-2280.

Norusis, M. J. (1986). SPSS/PC+ Advanced Statistics. Chicago, IL: SPSS Inc.

Ogutu-Ohwayo, R. (1990). The decline in the native fishes of lakes Victoria and Kyoga
(East Africa) and the impact of introduced fishes, especially Nile perch, Lates niloti-
cus and Nile tilapia Oreochromis niloticus. Environmental Biology of Fishes 27,
81-96.

Parkos, J. J. II1, Santucci, V. J. Jr. & Wahl, D. H. (2003). Effects of adult common carp (Cyprinus
carpio) on multiple trophic levels in shallow mesocosms. Canadian Journal of Fisheries
and Aquatic Sciences 60, 182—192.

Pascual, M., Macchi, P., Urbanski, J., Marcos, F., Riva Rossi, C., Novara, M. & Dell’ Arciprete,
P. (2002). Evaluating potential effects of exotic freshwater fish from incomplete species
presence—absence data. Biological Invasions 4, 101-113.

Perrow, M. R., Jowet, A. J. D., Leigh, S. A. C., Hindes, A. M. & Rhodes, J. D. (1999).
The stability of fish communities in shallow lakes undergoing restoration: expec-
tations and experiences from the Norfolk Broads (U.K.) Hydrobiologia 408/409,
85-100.

Pinto, L., Chandrasena, N., Pera, J., Hawkins, P., Eccles, D. & Sim, R. (2005). Managing invasive
carp (Cyprinus carpio L.) for habitat enhancement in at Botany Bay, Australia. Aquatic
Conservation: Marine and Freshwater Ecosystems 15, 447—462.

Poi de Neiff, A. S., Neiff, J., Patifio, C. & Ramos, A. (1999). Estado tréfico de dos lagu-
nas en planicies anegables con areas urbanas de la Provincia de Corrientes. Facena 15,
1-18.

Quirés, R. (1991). Factores que afectan la distribucién de salménidos en Argentina.
COPESCAL, FAO, Documento Técnico 9, 163—173.

Quirds, R. & Mari, A. (1999). Factors contributing to the outcome of stocking programmers in
Cuba reservoirs. Fisheries Management and Ecology 5, 241-254.

Ringuelet, R. A., Aramburu, R. H. & Alonso de Ardmburu, A. (1967). Los peces argentinos de
agua dulce. La Plata: Comision de Investigaciones Cientificas de la Provincia de Buenos
Aires.

Rosso, J. J. & Quirds, R. (2010). Patterns in fish species composition and assemblage struc-
ture in the upper Salado River lakes, Pampa Plain, Argentina. Neotropical Ichthyology 8,
135-144.

Ruzzante, D. E., Walde, S. J., Macchi, P. J., Alonso, M. & Barriga, J. P. (2011). Phylogeogra-
phy and phenotypic diversification in the Patagonian fish Percichthys trucha: the roles of
Quaternary glacial cycles and natural selection. Biological Journal of the Linnean Society
103, 514-529.

Schade, C. B. & Bonar, S. A. (2005). Distribution and abundance of nonnative fishes in streams
of the Western United States. North American Journal of Fisheries Management 285,
1386—1394.

Schwerdt, M. & Lopez Cazorla, A. C. (2009). Nuevas citas y ampliacion de la distribucion de
la ictiofauna del Sistema de las Encadenadas del Oeste, provincia de Buenos Aires. In
Ambientes y recursos naturales del sudoeste bonaerense: Produccion, contaminacion y
conservacion (Cazzaniga, N. J. & Arelovich, H. M., eds), pp. 433—443. Bahia Blanca:
EDIUNS.

Seber, G. A. F. (1984). Multivariate Observations. New York, NY: John Wiley & Sons.

Sorensen, P. W. & Bajer, P. (2011). Common carp. In Encyclopedia of Biological Invasions (Sim-
berloff, D. & Rejmanek, M., eds), pp. 100—104. Berkeley, CA: University of California
Press.

Tapia, M. & Zambrano, L. (2003). From aquaculture goals to real social and ecological impacts:
carp introduction in rural central Mexico. Ambio 32,252-257.

Unmack, P. J., Barriga, J. P, Battini, M. A., Habit, E. M. & Johnson, J. B. (2012). Phylogeog-
raphy of the catfish Hatcheria macraei reveals a negligible role of drainage divides in
structuring populations. Molecular Ecology 21, 942-959.

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, 89, 403—-416



416 S. CRICHIGNO ET AL.

Weber, M. J., Brown, M. L. & Willis, D. W. (2010). Spatial variability of common carp pop-
ulations in relation to lake morphology and physicochemical parameters in the upper
Midwest United States. Ecology of Freshwater Fish 19, 555-565.

Zambrano, L. & Hinojosa, D. (1999). Direct and indirect effects of carp (Cyprinus carpio L.) on
macrophyte and benthic communities in experimental shallow ponds in central Mexico.
Hydrobiologia 408, 131-138.

Zambrano, L., Martinez-Meyer, E., Menezes, N. & Townsend Peterson, A. (2006). Invasive
potential of common carp (Cyprinus carpio) and Nile tilapia (Oreochromis niloticus) in
American freshwater systems. Canadian Journal of Fisheries and Aquatic Sciences 63,
1903-1910.

Electronic References

Liotta, J. (2005). Distribucién geografica de los peces continentales de la Republica Argentina.
ProBiota, Serie Documentos No. 3. Available at http://sedici.unlp.edu.ar/handle/10915/
10949/

Lowe, S., Browne, M., Boudjelas, S.& De Poorter, M. (2000). 100 of the World’s Worst
Invasive Alien Species. A Selection from the Global Invasive Species Database. Gland:
The Invasive Species Specialist Group (ISSG) a specialist group of the Species Sur-
vival Commission (SSC) of the World Conservation Union (IUCN). Available at
http://www.issg.org/database/species/reference_files/100English.pdf/

Ministerio de Agricultura, Ganaderia y Pesca Argentina (2011). Informe Nacional sobre el
repoblamiento de cuerpos de agua continentales. Available at http://www.minagri.gob.ar/
site/pesca/pesca_continental/O4=informes/03Cuencas%20Fluviales%20%20General/
_archivos/110920_Informe_Nacional%20sobre%20Repoblamiento_de%20Cueros %20
de%20Aguas_Continentales_(2011).pdf/

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, 89, 403—-416



