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Fish fauna characterization after the onset of a turbid condition 
in a clear vegetated shallow lake
Caracterización de la ictiofauna tras el establecimiento de un estado turbio en un 
lago somero vegetado de aguas claras

Cristian Battagliotti 1*, Mariano González-Castro 2 y Juan José Rosso  3

ABSTRACT
Shallow lakes are known to present either alternative states, clear or turbid water condition. Both sce-
narios can be usually found in the Pampa Plain, but less frequently one previously clear lake is witnes-
sed to become a turbid environment. Kakel Huincul is a shallow lake that supports important recrea-
tional fisheries. Previous ichthyological contributions for this system indicate the existence of seven fish 
species inhabiting a clear water environment. Unfortunately, the lake has become very turbid in the last 
decade and the possible changes in the fish assemblages associated with this have not yet been assessed. 
In this context, we aimed to explore the fish fauna of this ecosystem after the onset of its turbid condi-
tion and to assess some relevant limnological parameters, based on a monthly survey performed from 
May 2022 to April 2023. Water was characterized by high values of both dissolved oxygen (8.9 ± 1.6 
mg/L) and electric conductivity (6538 ± 2205 µS/C), whereas turbidity permanently oscillated within a 
high turbid range (145.6 ± 99.0 NTU). A total of 16 fish species were collected. All collected specimens 
belong to native species, except for the common carp Cyprinus carpio. The common carp and two Lo-
ricariidae species are first records for this lake. The occurrence of the previously unreported invasive 
common carp could be linked to the recent transition from clear to turbid water phase experienced by 
this ecosystem.
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RESUMEN
Los lagos someros presentan dos estados de equilibrio alternativos, aguas claras o turbias. En la Lla-
nura Pampeana, ambos escenarios son comunes, pero con menos frecuencia se observa que un lago 
previamente claro se convierta en un ambiente turbio. La laguna Kakel Huincul es un ambiente somero 
que sostiene importantes pesquerías recreacionales. Trabajos ictiológicos previos reportan la existen-
cia de siete especies de peces en un sistema vegetado y de aguas claras. Sin embargo, en los últimos 
diez años la laguna se ha vuelto de agua turbia sin haberse evaluado aún las posibles variaciones en 
el ensamble de peces asociadas a este proceso. En este contexto, el objetivo del presente trabajo es 
caracterizar la fauna ictícola del ecosistema luego de su transición hacia un ambiente de aguas turbias y 
evaluar patrones limnológicos relevantes durante un programa de muestreo mensual de un año (mayo 
2022 – abril 2023). La laguna se caracterizó por poseer altos valores de oxígeno disuelto (8.9 ± 1.6 mg/L) 
y conductividad (6538 ± 2205 µS/C), mientras que la turbidez del agua osciló dentro de un rango de va-
lores elevados (145.6 ± 99.0 NTU). Se colectaron en total 16 especies de peces. Todas, excepto la carpa 
común Cyprinus carpio, fueron nativas. El presente trabajo representa el primer registro para la laguna 
de estudio de la carpa común, así como para dos especies de la familia Loricariidae. La ocurrencia de 
la carpa posiblemente esté relacionada con la reciente transición del sistema de lago somero de agua 
clara a un lago turbio.

Palabras clave: aguas turbias, Cyprinus carpio, ensamble de peces, llanura pampeana.

INTRODUCTION

The freshwater fish fauna of Argentina is composed of 
543 freshwater fishes (Rosso and Liotta 2021) distributed 
throughout its territory in a wide range of climates and soil 
types, being one of the countries with greatest diversity of 
biogeographic units in the world (Bertonatti and Corcu-
era 2000). According to López et al. (2002), Argentina has 
eleven continental ichthyogeographic ecoregions, where 
the Salado River basin represents the southern range for 
many Neotropical fish species. Further inland, freshwa-
ter ecosystems are characterized by a pauperized parano- 
platense fish fauna (Ringuelet 1975).

The Pampa Plain is a mosaic of aquatic environments 
within one of the most intensive cultivable arable lands 
in South America. In this landscape, there are more than 
1400 shallow lakes with a main axis larger than 500 m 
(Gómez and Toresani 1998). These freshwater ecosystems 
are typically inhabited by 28 fish species under mean hy-
drological conditions (Rosso 2006). A clear vegetated lake 
in this region is characterized by a fish assemblage with 
higher abundances of piscivores such as thrairas of the ge-
nus Hoplias (Gill 1903), whereas turbid environments are 
dominated by zooplanktivores species such as silversides 

(genus Odontesthes Evermann & Kendall 1906), small 
filter-feeding silurids, and detritivores as Cyphocharax 
voga (Hensel, 1870) (Quirós et al. 2002). One of the main 
drivers for the structuration of the fish assemblages in the 
Pampa Plain is the degree of eutrophication largely influ-
enced by patterns of soil use in the landscape (Quirós et 
al. 2006). Fish are not only known to respond to environ-
mental patterns but also influence ecosystem processes. 
Indeed, some experimental approaches have already doc-
umented the effects of some fish species in the trophic con-
dition of the ecosystems (Boveri and Quirós 2002). In this 
respect, proper knowledge of fish assemblages and lim-
nological conditions in shallow lakes of the Pampa Plain 
seems mandatory for a comprehensive understanding of 
their dynamics as well as a base for better management 
and conservation tools.

Shallow lakes are known to experience two alternative 
equilibrium states that form two different scenarios: a 
clear-vegetated water or a turbid water environment 
(Scheffer et al. 1993). In the Pampa Plain, the transition 
between these alternative states involves a complex inter-
action between climatic characteristics, nutrient concen-
trations, and land use and is intimately related to changes 
in main limnological conditions and fish fauna (Quirós 
2005, Boveri and Quirós 2002, 2007).
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Kakel Huincul is a permanent shallow lake of the Pampa 
Plain recognized for supporting recreational fisheries. It 
was historically dominated by clear waters and dense mats 
of macrophytes (Sánchez et al. 2017) but just recently it 
has entered a transition from a clear to a turbid environ-
ment (Izaguirre et al. 2022, Sánchez Vuichard et al. 2022). 
Few studies have been carried out to assess the ichthyolog-
ical fauna of this lake (Berasain and Barchesi 1998, Argemi 
and Berasain 2007). Nevertheless, all of them were carried 
out before the first evidence for the transition from clear to 
turbid waters (Sánchez et al. 2017).

In this scenario, this study aims to characterize, for the 
first time, the fish fauna composition of a formerly clear 
water shallow lake after the onset of a turbid condition 
state and comment about the likely role of fishes during 
this transitional process.

MATERIALS Y METHODS

Study area

The Kakel Huincul (KH) is a permanent shallow lake 
with a mean depth of 1.5 m, and elevated nutrient levels  
(Silvoso et al. 2011). This lake belongs to the “Salado del 
Sur – Villamanca” ecoregion (López et al. 2002), but it is 
not directly influenced by the Río Salado basin or any other 
surface drainage. On the contrary, its water level is affect-

ed by the rainfall-evaporation cycle and during extraordi-
nary floods by surface water from Channel two which flows 
into Samborombón Bay (Fig. 1). The climate is considered 
extremely humid (Aliaga et al. 2017), with an annual  
average rainfall of 987 mm and an average temperature of 
15.1°C, with maximum in January (109.2 mm and 28.5°C) 
and minimum in July (62.1 mm and 3.8°C) (Estación Me-
teorológica Aeródromo de Dolores, 36°19’ South, 57°43’ 
West, Servicio Meteorológico Nacional 2022). According 
to Izaguirre et al. (2012) and Sánchez et al. (2017), KH is 
characterized as a clear-vegetated water body with abun-
dant submerged macrophytes. As in other parts of the 
country, agriculture was implemented in this zone in the 
1960s, and it was later intensified at the end of the 1980s, 
with an acceleration of the eutrophication process related 
to the adoption of soybean crops starting in 1995 (Sánchez 
Vuichard et al. 2022).

DATA COLLECTION

Different environments of KH (main lake and littoral envi-
ronments) were sampled monthly from May 2022 to April 
2023 to maximize the collection of different species. Water 
temperature, water conductivity, total suspended solids, 
salinity, dissolved oxygen and turbidity were measured in 
the main lake at 0.5 m depth during each sampling event 
using a multiparameter probe Horiba U-53.

Figure 1. Study area, the Kakel Huincul (KH) lake. Buenos Aires, Argentina.
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Field sampling was conducted under a scientific fishing 
permit issued by the Ministerio de Agroindustria of Bue-
nos Aires Province (Permission No. RESO-2022-44-GDE-
BA-SSAGYPMDAGP). Fish sampling was performed using 
different nets and fishing devices: trammel nets (20 m), 
beach seine nets (10 m), and long lines (9 m). As field 
sampling conditions (accessibility, meteorology) were not 
always constant, fishing gears and techniques employed 
were not homogeneous throughout the study period. This 
constraint precludes obtaining informative comparative 
data about fish assemblage as species abundance and size 
structure. Irrespective of that, our main goal here was to 
provide a first comprehensive assessment of fishes’ com-
position inhabiting an iconic fishing environment in the 
Pampa Plain, only known by two previous studies (Be-
rasain and Barchiesi 1998, Argemi and Berasain 2007). 
Monthly sampling was not aimed at evaluating temporal 
patterns of fish abundance but to improve the probabili-
ty of collecting some species likely occurring in particular 
seasons. Fish captured were euthanized by an overdose 
in benzocaine solution, fixed in 10 % formalin solution, 
and preserved in 70 % ethanol. Fish species were identi-
fied following Ringuelet et al. (1967), López et al. (1987), 
Casciotta et al. (2005), Rosso (2006) and Miquelarena et 
al. (2008). Valid species names, their authorities, year of 
publication, and synonyms were listed following Mirande 
and Koerber (2020) and Fricke et al. (c2024). Voucher 
specimens were deposited at the fish collection of the In-
stituto de Investigaciones Marinas y Costeras (UNMDP), 
in Mar del Plata, Argentina.

For comparative purposes, the fish fauna of the fol-
lowing shallow lakes was considered: Los Chilenos  
(Berasain and Velasco 2023), Quillalauquen and El Hinojal 
(Berasain and Velasco 2019, 2022), La Barrancosa  
(Bertora et al. 2019), La Salada de Monasterio (Berasain et 
al. 2019), Sauce Grande (Bertora et al. 2021), Mar Chiquita 
(Salado River Basin), Gómez and Carpincho (Rosso and 
Quirós 2010), Alsina (Miquelarena and López 1995) and 
Chascomús (Berasain and Velasco, 2021, Nuozzi et al. 2022). 
Also, selected limnological parameters available from pre-
vious works in the KH lake were explored.

RESULTS

Among the environmental variables analyzed, water tem-
perature averaged 20.4 ± 8 (°C, SD), water conductivity 
averaged 6538 ± 2205 (µS/cm, SD), and turbidity aver-
aged 145.6 ± 99 (NTU, SD) (Table 1). A marked increment 
in water turbidity and electric conductivity was observed 
when compared with values from previous years.

Fish sampling yielded a total of 16 species (Fig. 2), belong-
ing to eleven families and five orders (Table 2). Characi-
formes and Siluriformes were the richest orders with five 
and six species, respectively (68 % of the total species col-
lected) (Fig. 3a). Characidae was the most representative 
family with six species (Fig. 3b). The remaining fish fam-
ilies contained one species except for the Heptapteridae 
and Loricariidae, which were represented by two species 

Table 1. Environmental characteristics in the Kakel Huincul lake during sampling (2022-2023) and comparative previous values. *Values from  
Silvoso et al. 2011 (samples during 2005/6) and Sánchez et al. 2017 (samples during 2010).

Mean Minimum Maximum 2005/2006* 2010*

Temperature (°C) 20.4 8.3 31.2 10.7 – 24.3 23.5 - 25.8

Conductivity  
(µS/cm)

6538 4330 9730 1540 – 2187 3930 – 4950

Total suspended 
solids (mg/L)

4.0 2.7 6.1 2 – 12 41

Salinity (ppt) 3.4 2.3 5.5 - -

Dissolved Oxygen 
(mg/L)

8.8 6.0 11.4 - 6.7 - 8.2

Turbidity (NTU) 145.6 28.1 315.0 2 - 4 22-28
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each. Seven of the sixteen species are the first records for 
this lake. All collected fishes are native, except for Cypri-
nus carpio Linnaeus, 1758. Comparatively, the species 
richness of Kakel Huincul was among the highest in the 
region (Fig. 4).

DISCUSSION

A marked increment in water turbidity was observed when 
comparing the current environmental conditions of KH 

lake with previous works (Silvoso et al. 2011, Sánchez et 
al. 2017). In the Pampa Plain, high electrical conductivity 
values are associated both, to extensive drought periods or 
to the resuspension of minerals in a turbid water state as 
opposed to a clear one (Quirós et al. 2002). The increase 
in area of arable land surrounding the Kakel Huincul lake 
(Sánchez Vuichard et al. 2022) together with, at least, 
four-year period (2019 - 2023) of Niña meteorological 
conditions (ENSO phenomenon, Vera et al. 2023) may ex-
plain large values of water conductivity registered during 

Figure 2. Fishes from the Kakel Huincul lake, Buenos Aires, Argentina. a. Cnesterodon decemmaculatus, b. Jenynsia lineata, c. Psalidodon pampa, d. 
Oligosarcus jenynsii, e. Cheirodon interruptus, f. Bryconamericus iheringii, g. Hoplias argentinensis, h. Cyphocharax voga, i. Cyprinus carpio, j. Corydoras 
paleatus, k. Hypostomus commersoni, l. Loricariichthys anus, m. Pimellodella laticeps, n. Rhamdia quelen, o. Odontesthes bonariensis.
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our study. There was not so clear pattern in suspended sol-
id values, but differences in the experimental techniques 
may be explaining this discrepancy (while this study ob-
tained all environmental variables from a multi-parame-
ter instrument, others made specific measurements using 
dissolved solids measurement techniques). However, in-
terestingly this increment in water turbidity was visually 
evidenced by the person in charge during the last fifteen 
years. The change from a clear to a turbid lake can be due 
to a multifactorial effect (Scheffer et al. 1993), consistent 
with an increase in the land devoted to agricultural activ-
ities, as occurred in this area in the last 25 years (Sánchez 
Vuichard et al. 2022). This scenario promotes accelera-
tion in the eutrophication process, increasing the values of 
nutrients (phosphorus and nitrogen), and phytoplankton 
biomass and lowering drastically the water transparency 
(Izaguirre et al. 2022). Once a shallow lake becomes tur-
bid and loss macrophytes, the role of wind-induced resus-
pended sediments in the overall water transparency may 
become critic (Scheffer et al. 1993, Quirós et al. 2006).

On the other hand, the appearance of the common carp 
(not recorded in Argemi and Berasain 2007) could also be 

Table 2. List of species collected in the Kakel Huincul lake, Buenos Aires province, Argentina. *indicates first record

Order Family Species Author

Cyprinodontiformes

Poeciliidae Cnesterodon decemmaculatus * (Jenyns, 1842)

Anablepidae Jenynsia lineata * (Jenyns, 1842)

Rivulidae Austrolebias robustus * (Günther, 1883)

Characiformes

Characidae

Psalidodon pampa (Casciotta, Almirón & Azpelicueta, 2005)

Oligosarcus jenynsii (Günther, 1864)

Cheirodon interruptus (Jenyns, 1842)

Bryconamericus iheringii * (Boulenger, 1887)

Erythrinidae Hoplias argentinensis Rosso, González-Castro, Bogan, Cardoso,  
Mabragaña, Delpiani, & Díaz de Astarloa, 2018

Curimatidae Cyphocharax voga (Hensel, 1870)

Cypriniformes Cyprinidae Cyprinus carpio * Linnaeus, 1758

Siluriformes

Callichthyidae Corydoras paleatus (Jenyns, 1842)

Loricariidae
Hypostomus commersoni * Valenciennes, 1836

Loricariichthys anus * (Valenciennes, 1835)

Heptapteridae
Pimelodella laticeps (Eigenmann, 1917)

Rhamdia quelen (Quoy & Gaimard, 1824)

Atheriniformes Atherinopsidae Odontesthes bonariensis (Valenciennes, 1835)

a significant contributing factor to the observed increase 
in water turbidity over recent years. This species is well 
known for its harmful effect on water quality, by increas-
ing turbidity and nutrient concentrations affecting the 
trophic dynamics of the ecosystem (Vilizzi et al. 2015). 
In the Pampa Plain, these changes are likely to create 
an unfavorable environment for large piscivores such as 
thrairas (Hoplias argentinensis Rosso, González-Castro, 
Bogan, Cardoso, Mabragaña, Delpiani, & Díaz de Astar-
loa, 2018) and enhance the thriving of zooplanktivorous 
such as inland silversides (Odonthestes bonariensis (Va-
lenciennes, 1835)) (Quirós 2005). This new record of the 
common carp in KH could be related to lateral displace-
ments during the high floods, as well as to the creation of 
non-mediated agricultural irrigation canals (Maiztegui et 
al. 2019), as has already been seen in other surrounding 
lagoons with no hydrological connectivity with freshwa-
ter ecosystem of the pampa plain (González-Castro et al. 
2015). As the scope of this survey did not include aspects 
of fish size and abundance, before-after analyses evaluat-
ing the role of particular species in the dynamics of water 
transparency were not possible. Therefore, this could be 
considered as a new thread in the gap to be studied.
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Figure 4. Fish species richness in the Kakel Huincul lake and selected shallow lakes of the Pampa Plain.

Figure 3. Number of species for each order (a) and family (b) expressed as percentages of the total species collected in the Kakel Huincul lake
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Together with the non-native common carp, fifteen other 
species were recorded in KH. The observed species rich-
ness was higher than in previous studies (Berasain and 
Barchesi 1998, Argemi and Berasain 2007) due to the first 
record of seven species, including C. carpio. We also re-
port for the first time for this lake two large, armored cat-
fish of the family Loricariidae, Hypostomus commersoni 
Valenciennes, 1836 and Loricariichthys anus (Valenci-
ennes, 1835) as well as three species within the order Cyp-
rinodontiformes (Cnesterodon decenmaculatus (Jenyns, 
1842), Jenysia lineata (Jenyns, 1842) and Austrolebias 
robustus (Günther, 1883)), and one in the order Characi-
formes (Bryconomericus iheringii (Boulenger, 1887)). The 
presence of some of these species, particularly Loricarii-
dae, suggests a recent contact with the fish fauna of the 
Salado River basin which could enter this system by over-
flow during high floods and the opening of the communi-
cation with Channel two. The role of artificial channels as 
waterways for fish species displacement and colonization 
was already observed in aquatic ecosystems of the Pampa 
Plain (Bertora et al. 2018) and lower Paraná River (Marzu-
oli et al. 2023).

Lake KH presents a high species richness when compared 
to other shallow lakes of the Pampa Plain (Fig. 4). Of par-
ticular interest is the fact that KH, being historically iso-
lated from the Salado River basin, nowadays parallels the 
species richness of several lakes as Salada Grande, Hino-
jal and Chascomús that were historically connected with 
the Salado River. Perhaps, the occasional connection with 
Channel two and by this course with the lower Salado Riv-
er basin at the Samborombón Bay, helps explain the high 
species richness of the KH. Similarly, lake Alsina, which is 
artificially connected to the Salado River by the Valliman-
ca stream, presents a high count of species richness.

Overall, the diversity observed in KH closely resembled 
what is expected in a highly diversified fish community 
of shallow lakes in the Pampa Plain (Rosso 2006). Lake 
KH is an important center for sport fishing in the region. 
Sustained monitoring over time is necessary to charac-
terize the dynamics of this important shallow lake under 
ongoing environmental change. Here we focused on con-
ducting a field sampling program intended to collect in-
formation about species composition of a poorly known 
fish assemblage in a drastically changing environment. 

We modestly believe this is a critical first step towards a 
better understanding of the likely role of fish fauna in the 
recent environmental modifications of this environment. 
But certainly, further quantitative studies accounting for 
main patterns of fish species abundances and size classes 
are needed. This would certainly contribute to appropriate 
management as well as provide valuable information for 
similar regional ecosystems.
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