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Abstract The aim of this study was to characterize
occurrence of extreme temperature and depth conditions
affecting fish community in a shallow lake as result of
local climate variability, in turn influenced by the ENSO
and PDO phenomena. Extreme depth and water temper-
ature events (modeled from local weather conditions)
were characterized from 1966 to 2012 to estimate
changes in Chascomús lake fish communities. The
ENSO and PDO influences on the occurrence probabil-
ity of these ecosystem changes were investigated. Four
significant changes inChascomús Lake fish assemblage
were identified during period assessed, as response to
extreme temperature and depth events. Extreme high
depth conditions would have changed fish community
during 1987 and 2002, leading to a configuration char-
acterized by the absence of the most emblematic fish
species in Chascomús Lake, the pejerrey (Odontesthes

bonariensis). On the other hand, extreme low water
temperatures would have promoted a fish community
characterized by the dominance of this last species dur-
ing 1966–1986, 1997–2001 and 2008–2013 periods.
Furthermore, extreme shortening in pejerrey spawning
season was significantly related with decrease of its
relative abundance. The occurrence probability of the
extreme physical conditions modifying Chascomús
Lake fish communities was significantly explained by
ENSO (by depth influences) and by PDO (by water
temperature influences). Thus, this study showed strong
correlations between the ENSO and PDO influences and
the occurrence probability of the extreme physical con-
ditions changing fish community in Chascomús Lake.

Keywords Climate variability . ENSO-PDO . Shallow
lakes .Extremetemperatureanddepth .Fishassemblage .

Pejerrey reproduction

Introduction

Shallow lakes represent the most frequent type of lentic
water body along the global landscape (Downing et al.
2006). These aquatic ecosystems are of a high value not
only for biodiversity conservation, but also by
supporting several valuable activities such as sport and
commercial fishing. These activities give to the fish
community a relevant role for the economical impor-
tance of these environments.

Because of their low depth and relatively small size,
prevailing changes in local weather shape tightly the
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water temperature and depth patterns in shallow lakes
(Mooij et al. 2005, 2008; Bohn et al. 2011, 2016; Elisio
et al. 2015; Tao et al. 2015; Nsubuga et al. 2017). In
turn, modifications in these parameters can produce
significant changes in the structure of fish and other
biological communities (Greten and Adrian 2001,
2002; Scheffer et al. 2001; Ficke et al. 2007; Colautti
et al. 2015).

In the Pampas region of Argentina, shallow lakes are
the most spread continental water bodies (Diovisalvi
et al. 2015; Bohn et al. 2016). These lakes generate
important economical resources for many localities in
the region, mainly associated with recreational fisheries
(Baigún and Anderson 1994; Baigún and Delfino 2003).
Several species such as tararira (Hoplias malabaricus),
bagre sapo (Rhamdia quelen), and common carp
(Cyprinus carpio) are recognized as important game
fishes in these lakes, but the main attractive fish for
anglers is the pejerrey (Odontesthes bonariensis,
Baigún and Delfino 2003).

The structure of fish community in Pampean shallow
lakes, with pejerrey as a key species, present important
inter-annual changes associated with the weather-driven
physical variations of these water bodies (Menni 2004;
Berasain et al. 2005, 2015; Rosso and Quirós 2009;
Colautti et al. 2015). Specifically, the occurrence of
extreme temperatures (affecting fish mortality) and
flooding conditions (affecting conductivity, connectivi-
ty, and fish migration) have been recognized as the main
events determining the fish assemblage in these ecosys-
tems (Menni 2004; González Naya et al. 2011; Colautti
et al. 2015). Furthermore, modifications in fish repro-
ductive outputs as consequence of changes in tempera-
ture patterns (Van der Kraak and Pankhurst 1997; Zieba
et al. 2010; Zucchetta et al. 2012), would also contribute
to shape these communities. Particularly for pejerrey,
not only the length of spawning season, but also the sex
ratio of progeny can change annually depending on the
water temperature regimens (Strüssmann et al. 2010;
Miranda et al. 2013; Elisio et al. 2015).

Air temperature and rainfall have been demonstrated
as the most important climatic variables driving the
inter-annual changes of temperature and depth patterns
in Pampean shallow lakes (Fernández Cirelli and
Miretzky 2004; Bohn et al. 2011, 2016; Diovisalvi
et al. 2015; Elisio et al. 2015). Thus, extreme regimens
of these weather variables can modulate the occurrence
of the extreme physicochemical events in these lakes. In
this sense, it is well known that ENSO (El Niño

Southern Oscillation) and PDO (Pacific Decadal Oscil-
lation) are the two leading phenomena of atmosphere-
ocean coupled variability in the Pacific Ocean
(Gershunov and Barnett 1998) affecting climate in sev-
eral parts of the world. In particular, the warm and cold
phases of ENSO are well known as BEl Niño^ and BLa
Niña^ respectively. Both ENSO and PDO are responsi-
ble of large part of the year-to-year variability of air
temperature and rainfall anomalies in many regions of
South America (Grimm et al. 2000; Mantua and Hare
2002; Andreoli and Kayano 2005; Kayano and Andreoli
2007; Da Silva et al. 2011; Grimm 2011), including the
Pampas region of Argentina (Barros et al. 2004, 2008).
Particularly in this last region, significant negative
(positive) rainfall anomalies have been associated to
BLa Niña^ (BEl Niño^) events (Grimm et al. 2000;
Barros et al. 2004, 2008; Grimm 2011), and these
anomalies appear to be enhanced (weakened) when
PDO is in the same (opposite) phase than ENSO
(Barros et al. 2004; Andreoli and Kayano 2005;
Kayano and Andreoli 2007; Da Silva et al. 2011). In
addition, although much less documented, ENSO influ-
ences air temperature anomalies in the region, and prob-
abilities of cold (warm) events are enhanced during BLa
Niña^ (BEl Niño^) episodes (Rusticucci and Vargas
2002). In accordance with the above climatic patterns,
a recent study demonstrated that ENSO modulates,
through its influences on rainfall regimens, the mor-
phometry of Pampean shallow lakes, being associated
the increasing (decreasing) of lake areas, to BEl Niño^
(BLa Niña^) events (Bohn et al. 2016). Thus, the con-
sideration of the ENSO and PDO phenomena appears to
be important to understand the occurrence of the ex-
treme temperature and depth events in Pampean shallow
lakes leading to the changes in fish community.

Chascomús Lake (35°36′, 58°02’W, mean depth
1.53 m, surface 3000 ha; Dangavs 1976) is the most
studied Pampean shallow lake (Diovisalvi et al. 2010).
This water body is connected to other six shallow lakes
which in turn drain to the Salado River (Diovisalvi et al.
2010). Connectivity of these lakes can change signifi-
cantly as response to the hydrological state associated
with the rainfall regimen (Quirós et al. 2002). The
structure of fish community in Chascomús Lake pre-
sents significant inter-annual changes. Particularly, two
alternative fish assemblage configurations were identi-
fied by Colautti et al. (2015) in Chascomús Lake be-
tween 1999 and 2013, characterized by the dominance
or almost absence of pejerrey. This shift would be
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caused by the mortality and migration events driven by
the occurrence of extreme temperatures and flooding
conditions (González Naya et al. 2011; Colautti et al.
2015). Also, changes in pejerrey abundance could occur
as consequence of reproductive disruption provoked by
the inter-annual changes in temperature (Elisio et al.
2015) and salinity patterns (Berasain et al. 2015). The
understanding and prediction of these extreme condi-
tions affecting fish community in this and other Pampe-
an lakes is a very important point to consider for the
economical development programs of many counties in
this region. A recent study has modeled the water tem-
perature and depth conditions in Chascomús Lake from
1966 to 2012, using as predictor variables local air
temperature and rainfalls (Elisio et al. 2015). The
modeled data evidenced the occurrence of significant
inter-annual oscillations in both depth and water tem-
perature, and as consequence in the length of pejerrey
spawning season (Elisio et al. 2015). In this sense, the
aim of this study was to assess the information obtained
by Colautti et al. (2015) and Elisio et al. (2015) on a
global climate variability scenario, analyzing how influ-
ences of ENSO and PDO can drive the environmental
events that modify fish community in a Pampean shal-
low lake.

Materials and methods

Historical extreme anomalies in water temperature,
depth and length of pejerrey spawning season
in Chascomús Lake

Data of daily maximum and minimum water tempera-
ture, monthly maximum depth and yearly date of the
end of pejerrey spawning season inChascomúsLake (as
the Julian day at which occurred at least eight previous
consecutive days in which maximum daily water tem-
peratures surpassed 21 °C) from 1966 to 2012 were
taken from the models performed by Elisio et al.
(2015). Anomalies for the different variables were based
on the mean values obtained over the whole 1966–2012
period. Anomalies in the date of end of pejerrey
spawning season were considered as anomalies in the
length (days) of this reproductive event.

Extreme anomalies for each variable were considered
in accordance with the criterion previously established
by Rusticucci and Vargas (2001). Positive anomalies for
depth and daily maximum water temperature were

considered extremes when values were higher than the
75% percentile value of the yearly maximum anomaly
values distribution of each variable, while negative
anomalies for depth and daily minimum water temper-
ature were considered extremes when anomalies were
lesser than the 25% percentile value of the yearly min-
imum anomaly values distribution of each variable. The
proportion of days with positive and negative extreme
temperatures associated with extreme low depth condi-
tions was calculated. Similarly, the 75% and 25% per-
centile values of the anomalies distribution of the yearly
length of pejerrey spawning season were considered to
characterize the occurrence of extreme conditions in this
variable.

The critical temporal window for the occurrence of
extreme positive and negative anomalies in Chascomús
Lake temperature was delimited as the months in which
days associated with each anomaly condition were reg-
istered. Persistence of extreme positive and negative
anomalies was calculated as the number of days in
which each water temperature extreme anomaly was
registered during each year (considered from November
to October in order to encompass the critical period for
the occurrence of both positive and negative extreme
anomalies). The frequency of occurrence of each ex-
treme lake temperature condition was calculated as the
number of years elapsed between consecutive years in
which the same extreme temperature event was
registered.

An extreme depth event was considered as a contin-
uous period in which an extreme anomaly of the same
sign was registered. The persistence of extreme depths
was calculated as the number of months encompassed
during each event. The frequency of occurrence of each
extreme depth anomaly was calculated as the number of
months (divided by 12 and expressed in years) elapsed
between the different consecutive events of the same
extreme anomaly.

Extreme positive and negative anomalies in the esti-
mated length of pejerrey spawning season in
Chascomús Lake was assessed based on the intensity
of each extreme anomaly (number of days of shortening
or prolongation) and the frequency of occurrence as the
number of years elapsed between consecutive years
with the same extreme anomaly.

The minimum, maximum, 25% and 75% percentile
distribution of persistence (only for temperature and
depth) and frequency of occurrence was calculated for
each extreme event of each variable.
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Assessing of Chascomús Lake fish assemblage
and peyerrey relative abundance in response to extreme
temperature and depth events

Based on the study performed by Colautti et al. (2015),
two different groups of fish assemblage configuration
were considered according to the relative abundance of
pejerrey fish. Group 1 was characterized by the presence
of pejerrey as dominant species, while Group 2 was
characterized by the absence or very low abundance of
this species. When fish assemblage was represented by
the Group 1 configuration, pejerrey relative abundance
was compared between consecutive years considering
two qualitative categories: lower or higher was assigned
when pejerrey relative abundance registered in a given
year decreased or increased compared to that registered
in the preceding year, respectively.

Changes in Chascomús Lake fish assemblage were
estimated from 1966 to 2013 in response to the occur-
rence of extreme events in depth (associated with high
accumulated rainfall and flooding conditions) and water
temperature, based on the following criterion previously
established by Colautti et al. (2015). The occurrence of
an extreme low water temperature event during a given
year was considered to cause mortality in most fish
species less pejerrey, leading to fish assemblage to a
Group 1 configuration in the next year, while the occur-
rence of extreme high depth events was associated with
re-colonization of most species and a change to a Group
2 configuration. When fish assemblage was expected to
be in a Group 1 configuration, changes in pejerrey
relative abundance were estimated as follow. If the
estimated length of pejerrey spawning season was ex-
tremely short during a given year, a decrease of its
relative abundance was predicted during the next year
(qualitative category estimated: lower), while the oppo-
site response or a stability condition was predicted if the
estimated length of pejerrey spawning season in the
previous year was normal or extremely long (qualitative
category estimated: higher or equal).

The estimated responses of Chascomús Lake
fish assemblage and changes in the relative
pejerrey abundance were compared with the data
previously reported by Colautti et al. (2015). Con-
sidering those results, data of fish assemblage were
taken from Fig. 2 and qualitative change in
pejerrey relative abundance were taken from Fig. 3,
following the next criterion: higher or equal was
categorized when percentage value of pejerrey

relative abundance during one year was higher or
equal than the value observed during the preceding
year, while lower was categorized when percentage
value of pejerrey relative abundance during one
year was lower than the value observed during
the preceding year. Data taken from the Colautti
et al. (2015) results arise from analysis of annual
averages species relative abundance calculated
from caught of seasonally or bimonthly experimen-
tal fishing carried out in two different lake sites by
using trap nets during one night. The proportion of
coincidence between observed and estimated data
was calculated.

ENSO and PDO

The monthly values of the Niño-3.4 Index from January
1966 to December 2012 were downloaded from the Na-
tional Oceanic and Atmospheric Administration (NOAA,
http://www.cpc.ncep.noaa.gov/products/analysis_
monitoring/ensostuff/ONI_change.shtml). This index is
based on the sea surface temperature (SST) anomalies
spatially averaged on the El Niño 3.4 region (5° S-5° N,
90–150° W). The SST anomalies are calculated based on
multiple centered 30-year base periods, recalculated each
5 year, to filter the influences of long-term trends associ-
ated with the Bglobal warming^ (see references in the
website above). The ENSO index was then monthly
defined as the average of the Niño-3.4 Index values
during five consecutive months.

The monthly values of the PDO index from January
1966 to December 2012 were downloaded from the
database available in the Joint Institute for the Study of
the Atmosphere and Oceans (JISAO) website
(http://research.jisao.washington.edu/pdo). This index
represents the time series of the leading pattern of
monthly SST variability computed in the North Pacific
Ocean, poleward of 20°N, obtained from an Empirical
Orthogonal Function (EOF) analysis (e.g. Mantua and
Hare 2002). SST long-term trends, as defined by the
monthly SST anomaly global average, were previously
removed to avoid Bglobal warming^ influences.

Influence of ENSO and PDO on the occurrence
of extreme environmental events associated
with changes in the fish community in Chascomús Lake

Water temperature and mainly depth conditions are a
delayed result of local changes in air temperature and
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rainfalls, which in turn, are influenced by the conditions
of the ENSO and PDO. Thus, different temporal lags
were considered to describe the largest influence of the
climatic conditions on the occurrence of extreme events
in the variables considered. In this sense, both ENSO
and PDO monthly indexes were assessed from 1 to 32
previous months. For the case of extreme low water
temperatures, PDO and ENSO indexes were correlated
with the monthly accumulated degrees of extreme
anomalies considering only from June to August (the
critical temporal window for the occurrence of these
events, see Table 1). For the case of extreme depths,
the PDO and ENSO indexes were correlated with the
monthly value of the extreme depth anomalies. Due to
the occurrence of high temperature events causing the
shortening or prolongation of pejerrey spawning season
in Chascomús Lake were registered between November
and December (Elsio et al. 2015), the extreme events for
this variable were correlated with the different condi-
tions of ENSO and PDO calculated from December.
When no extreme event was registered in a given month
(for temperature and depth) or year (for length of
pejerrey spawning season), a value of 0 was assigned.
The Pearson correlation coefficient (r) was calculated
for each correlation assessed and its statistical signifi-
cance was evaluated by the Student’s t-test. The tempo-
ral lag of PDO and/or ENSO condition showing signif-
icant correlation and highest r for each case were select-
ed and considered for the posterior analysis.

Generalized Linear Models (GLMs) were developed
to analyze the occurrence probability of an extreme low
temperature or a high depth event during a given month
(for the case of temperature, considering only from June
to August) depending on the PDO and/or ENSO condi-
tion variable selected in the previous analysis. Also, a
GLM was developed to assess the occurrence

probability of an extreme shortening in pejerrey
spawning season. A binomial distribution for response
variable and a logit-link function were used to develop
the models. The adjustment of GLM parameters was
evaluated using the Student’s t-test. When both ENSO
and PDO indexes showed significant correlations with
the same variable in the above analysis, two different
GLMs were assessed (one with the previously selected
ENSO predictive variable and other one with the select-
ed PDO predictive variable) and the model with the
highest R2 was chosen.

Results were considered statistically significant at P
< 0.05. Statistical analyses were performed using
GraphPad Prism, ver. 5.0 (GraphPad Software, San
Diego, CA, USA), and R, ver. 3.1.0 (R Foundation for
Statistical Computing, Vienna, Austria) software.

Results

Occurrence of extreme water temperature and depth
events in Chascomús Lake

Extreme anomalies in Chascomús lake maximum depth
(>2.97 m for extreme positive anomalies and <1.41 m
for extreme negative anomalies) were observed in 116
of the 564 months assessed over 1966–2012 period.
Most months with extreme depths (80 months) had
positive extreme anomalies, while only 36 months had
the opposite extreme depth condition. All positive ex-
treme anomalies in depth were observed between 1986
and 2003, with an occurrence frequency lower than
5 years. The 75% of these extreme events lasted be-
tween 1 and 21.5 months. In contrast, the negative
extreme anomalies in depth were spread over the whole
assessed period (1966–2012) with an occurrence fre-
quency between 0.3 and 8.3 years, and had in general
a lower persistence, lasting most of times (75%) be-
tween 1 and 5.75 months (Fig. 1 and Table 1).

For the case ofChascomús Lake temperature, extreme
anomalies (>29 °C for extreme positive anomalies and
<4.9 °C for extreme negative anomalies) were observed
in a total of 155 days (approximately 10% of total days
encompassed in the 1966–2012 period). Extreme high-
water temperatures were observed during 76 days that
occurred in spring-summer (between November and
March). Conversely, extreme low temperatures, were
observed during winter in 79 days (between June and
August). The occurrence frequency of extreme positive

Table 1 Occurrence of extreme depth anomalies in Chascomús
lake from 1996 to 2012

Extreme depth anomalies Minimum - 25% percentile – 75%
percentile – Maximum

Persistence per
event (months)

Occurrence
frequency (years)

Positive 1–2 0.2–0.3

21.5–34 5 – at least 20.3

Negative 1–1.25 0.3–1.8

5.75–14 8.3–18.8
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anomalies in temperature varied between 1 and 15 years
(with a mean frequency between 2 and 9 years), and the
persistence during each event varied between 1 and
30 days, lasting the half of times between 4 and 13 days.
It must be noted that most of these extreme events
(80.3% of days) occurred associated with low extreme
depth conditions. The occurrence frequency and persis-
tence of extreme negative anomalies in temperature were
like the observed for the case of positive ones, being
between 1 and 16 years and between 2 and 19 days,
respectively. However, only 39.2% of days in which
occurred these last extreme temperatures were associated
with extreme negative anomalies in depth (Fig. 1 and

Table 2). No extreme water temperature anomalies were
observed associated with high extreme depth conditions
(Fig. 1).

Estimated extreme anomalies in the length of pejerrey
spawning season in Chascomús Lake as response
to the changes in the November–December temperature
regimens

The estimated extreme anomalies in the length of
pejerrey spawning season in Chascomús Lake involved
more than 22 days of differences between opposite
extreme events. The occurrence frequency for both ex-
treme anomalies was similar, with an equal 25% per-
centile value of 1 year, and a 50% and 75% percentile
value that differed by only 1 year between opposite
events (2 and 7 years for positive anomalies, and 3 and
6 years for negative anomalies, respectively). The more
marked difference between both extreme anomalies was
observed in the maximum frequency value, which was
10 years for positive anomalies and 18 years for nega-
tive anomalies (Fig. 2). Only 3 of the 11 years in which
extreme shortening of pejerrey spawning season was
estimated were associated with extreme negative depth
anomalies in Chascomús Lake during November and/or
December.

Fig. 1 Occurrence and persistence of extreme anomalies in Chascomús Lake water temperature and depth between January from 1966 and
December from 2012

Table 2 Occurrence of extreme water temperature anomalies in
Chascomús lake from 1966 to 2012

Extreme
temperature
anomalies

Seasonal
window of
occurrence

Minimum - 25% percentile –
75% percentile – Maximum

Persistence per
seasonal window
(days)

Occurrence
frequency
(years)

Positive November to
March

1–4 1–2

13.25–30 9–15

Negative June to
August

2–2 1–1

8–19 4–16

Environ Biol Fish



Estimated changes in Chascomús Lake fish assemblage
and pejerrey relative abundance in response to extreme
conditions in temperature and depth

Four significant episodes of changes in Chascomús Lake
fish assemblage were predicted between 1966 and 2013
as response to the occurrence of extreme temperature or
depth conditions. Estimations showed that a fish assem-
blage with pejerrey as representative species (Group 1,
according to Colautti et al. 2015) persisted between 1966
and 1986, a long period in which occurred several days
with very lowwater temperatures coincidingwith normal
or low depth conditions. After some months with ex-
tremely high depth conditions between 1986 and 1988,
the Group 1 of fish assemblage changed to a configura-
tion characterized by absence or very low abundance of
pejerrey (Group 2, according to Colautti et al. 2015). This
last fish assemblage persisted for at least 10 years char-
acterized in general by long flooding periods. The occur-
rence of 4 days with extremely low water temperatures
during the winter of 1996 made that fish assemblage
returned to the Group 1 configuration during 1997, last-
ing until 2001 when a new episode of extremely high
depth occurred. This last environmental event made that
fish assemblage changed again to the Group 2 configu-
ration during 2002 and lasting until 2007 when extreme
and persistent cold-water temperature episodes occurred
returning the fish assemblage to a Group 1 condition.
This fish assemblage lasted at least until 2013 (Fig. 3).
Based on the above estimations, the Group 1 fish assem-
blage was the dominant situation (almost 67% of the total
period assessed) lasting 32 years distributed in three

different periods of an average duration of at least
10 years. In contrast, the Group 2 configuration of fish
community lasted only 16 years (the half time compared
to the Group 1), distributed in two different periods of 10
and 8 years of duration. It must be noted that the estimat-
ed changes of fish assemblage presented a 100% of
coincidence with the data taken from Colautti et al.
(2015) study (Fig. 3).

During the periods in which persisted the Group 1
fish assemblage, annual changes in pejerrey relative
abundance estimated as response to the occurrence of
extreme anomalies in the length of its spawning season
presented a 100% of correspondence with the annual
changes observed in Chascomús Lake [data taken from
Colautti et al. 2015 study]. In accordance with changes
in reproductive season, the relative abundance of
pejerrey in Chascomús Lake presented short periods of
no more than 2 years of increasing followed by decreas-
ing. However, it was also observed a 14 years period
between 1973 and 1986, in which estimations per-
formed indicated a situation of stability or even an
increase in pejerrey relative abundance (Fig. 3).

Influences of ENSO and PDO on the occurrence
of extreme temperature and depth conditions modifying
fish assemblage and pejerrey relative abundance
in Chascomús Lake

The occurrence and intensity of monthly extreme tem-
perature and depth events in Chascomús Lake showed a
significant relationship with the previous condition of
ENSO and/or PDO indexes. Both ENSO and PDO

Fig. 2 Occurrence and intensity of extreme anomalies in the estimated length of pejerrey spawning season in Chascomús Lake between
January from 1966 and December from 2012
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indexes showed a significant influence on the occur-
rence and intensity of extreme depths in Chascomús
Lake (Fig. 4a). Monthly values of ENSO and PDO
indexes averaged over 21 and 17 previous months,
respectively, showed the maximum explanation level
of occurrence and intensity of extreme depth anomalies.
However, compared to PDO (data not shown), ENSO
explained better the occurrence probability of extreme
positive anomalies in depth, which would lead to a fish
assemblage of Group 2. The occurrence probability of
an extreme positive anomaly in Chascomús Lake depth
increased significantly with the rise of the ENSO index
averaged during 21 previous months (Fig. 4b).

Extreme low temperatures in Chascomús Lake, lead-
ing to a fish assemblage of Group 1, were significantly

associated with the PDO and not with the ENSO con-
ditions. The PDO index averaged over the 22 previous
months was the best predictor variable to explain the
monthly accumulated extreme negative anomalies in
water temperature (Fig. 5a). A significant increase in
the occurrence probability of an extreme low water
temperature event was observed when the PDO index
averaged over 22 previous months became more nega-
tive (Fig. 5b).

On the other hand, the extreme anomalies in the
length of pejerrey spawning season in Chascomús Lake
as response to the November and December temperature
regimens were significantly related with the PDO, and
not with ENSO phenomenon (Fig. 6a). Particularly, the
occurrence probability of an extreme shortening in

Fig. 3 Changes in fish assemblage and pejerrey relative abun-
dance in Chascomús Lake between 1966 and 2013 (upper plot).
Observed data were taken from Colautti et al. (2015), while
estimated data correspond to the response predicted in the present

study according to the occurrence of extreme anomalies in the
length of pejerrey spawning season (middle plot), extreme nega-
tive anomalies in water temperature, and extreme positive anom-
alies in depth (lower plot)
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pejerrey spawning season, which would affect negative-
ly its relative abundance, was significantly predicted by
the average of PDO index during the last 5 months
considered from December. A significant increase in
the occurrence probability of an extreme shortening in
pejerrey spawning season was observed when PDO
condition became more negative (Fig. 6b).

Discussion

The present study showed strong correlations between
the activity of two global climatic phenomena (ENSO
and PDO) and the local occurrence of extreme depth and
temperature conditions n a Pampean shallow lake that
can affect the structure of fish community.

Extreme anomalies inChascomús lake water temper-
ature were observed only during specific months along
the year. Extreme high temperatures (>29 °C) occurred

between November and March (warm season), mean-
while extreme low ones (<4.9 °C) occurred only be-
tween June and August (cold season). This seasonal
difference in the occurrence pattern of the high and
low extreme temperatures in Chascomús Lake is the
result of the marked air temperature seasonality typical
of temperate climate in South America (Eidt 1969). In
contrast, extreme depths resulting of high accumulated
rainfalls occurred along the year. It must be noted that
rainfalls not only conditioned the occurrence of extreme
depths in Chascomús Lake, but also influenced the
occurrence of extreme water temperatures through the
modification of the thermal inertia of lake, according to
the model performed by Elisio et al. (2015). Particularly,
it is important to highlight that high depths in
Chascomús Lake appeared to be effective to avoid the
occurrence of extreme water temperature conditions.

From the extreme anomalies in the lake physical
conditions, the present study focused only on the

Fig. 4 Influence of ENSO and
PDO on monthly extreme
positive anomalies in Chascomús
Lake depth. Changes in R2 for the
correlations performed between
monthly extreme positive
anomalies in depth and the
different number of previous
months of ENSO and PDO index
average (a). Asterisk = significant
statistically correlations for all
analysis performed (p < 0.05).
Probability of occurrence and
monthly extreme positive
anomalies in Chascomús lake
depth as a function of the 21
previous months of ONI average
(b). Black line indicates the
average values of probabilities for
the predictor-variable range eval-
uated (GLM). The dashed lines
indicate 95% confidence intervals
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occurrence of extreme low temperatures during winter
(causing differential fish mortalities), early spring high
temperature conditions (modifying length of pejerrey
spawning season) and high depths (promoting fish mi-
gration and recolonization) as the main environmental
events structuring fish community in Chascomús Lake.
These environmental events have also been considered
important drivers of fish community changes in other
studies discussing the potential impacts of climate change
on different aquatic ecosystems (Ficke et al. 2007;
Brander 2010; Jeppesen et al. 2010; González Naya
et al. 2011). Present estimations showed that a Group 1
fish assemblage persisted between 1966 and 1986, period
characterized by the occurrence of several extreme low
water temperature events tolerated by the pejerrey
(Gómez et al. 2007) and causing mortality of most fish
species typical of warmer regions, such as Parapimelodus
valenciennis, Cyphocharax voga, Hypostomus
commersoni, H. malabaricus and C. carpio (González
Naya et al. 2011). In this sense, it is important to mention

that Chascomús lake is localized on the southern margin
of the subtropical Potamic Axis ichthyological ecoregion,
and the southward distribution of fish species inhabiting
this ecoregion appeared to be limited by low tempera-
tures (Cussac et al. 2009). On the other hand, extreme
high depth conditions occurred during 1986 could have
promoted migration and recolonization of most species in
the lake (mainly P. valenciennis and C. voga), displacing
the dominance of pejerrey, and leading to the fish assem-
blage to a Group 2 configuration. The frequent high
depth conditions between 1987 and 1995 avoided the
occurrence of extreme low temperatures, favoring thus
the persistence and dominance of P. valenciennis and
C. voga. Also, high depth events probably promoted
emigration of pejerrey to areas of higher salinity condi-
tions into the Salado River watershed (Rosso and Quirós
2009). It must be noted that the increase of rainfall
leading to the high depth events produces a dilution of
the lake and a significant decrease of salinity, which
would be unfavorable for pejerrey (Tsuzuki et al. 2000;

Fig. 5 Influence of ENSO and
PDO on monthly accumulated
extreme negative anomalies in
Chascomús lake water
temperature. Changes in r for the
correlations performed between
monthly accumulated extreme
negative anomalies in water
temperature and the different
number of previous months of
ENSO and PDO index average
(a). Asterisk = significant
statistically correlations (p < 0.05).
Probability of occurrence and
monthly accumulated extreme
negative anomalies in Chascomús
Lake water temperature as a
function of the 22 previousmonths
of PDO average (b). Black line
indicates the average values of
probabilities for the predictor-
variable range evaluated (GLM).
The dashed lines indicate 95%
confidence intervals
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Rosso and Quirós 2009; Kopprio et al. 2010; Berasain
et al. 2015). The persistence of this last fish assemblage
(Group 2 configuration) would have lasted until the oc-
currence of a new low extreme water temperature event
during 1996, favoring again the pejerrey increase and
dominance, and returning fish community to a Group 1
assemblage in 1997. From this last year to 2013, twomore
events of fish community changes were estimated for
Chascomús Lake. The first change (from the Group 1 to
the Group 2) would have occurred during 2002 driven by
the flooding observed in 2001, meanwhile the last change
(returning fish community to the Group 1 configuration)
would have occurred in 2008 driven by the selective fish
mortality occurred during 2007 as consequence of the
extreme low temperature events observed.

It must be remarked that gather wild evidences
supporting the ecological changes predicted as response
to environmental variability represents a very important
challenge for the reliability of predictions made in this
kind of studies. In this sense, all fish mortality events
and fish assemblage changes registered in Chascomús

Lake (Gómez 2014; Colautti et al. 2015) were properly
reflected by the changes estimated in the present study
by using the occurrence of extreme temperature and
depth conditions as predictive variables. However, al-
though only temperature and depth were considered as
the main drivers of Chascomús Lake fish assemblage
changes, other factors such as dissolved oxygen, pH,
conductivity, ionic composition and toxicity of pollut-
ants should be considered to fully understand the dy-
namic of fish communities (Ficke et al. 2007; Gómez
et al. 2007; Jeppesen et al. 2010; Gómez 2014).

While fish community in Chascomús Lake was rep-
resented by the Group 1 configuration, data presented
by Colautti et al. (2015) showed evident yearly changes
in pejerrey relative abundance. Noteworthy, these inter-
annual changes in pejerrey relative abundance were
explained by the occurrence of extreme anomalies in
the length of pejerrey spawning season as response to
the early occurrence of high water temperature condi-
tions during spring. Interestingly, this last result supports
in part the inferences made in other studies in relation to

Fig. 6 Influence of ENSO and
PDO on extreme anomalies in the
estimated duration of pejerrey
spawning season in Chascomús
lake. Changes in r for the
correlations performed between
the extreme anomalies in the
estimated length of pejerrey
spawning season and the different
number of previous months of
ENSO and PDO index average
(a). Asterisk = significant
statistically correlations (p < 0.05).
Probability of occurrence and
extreme negative anomalies in the
estimated length of pejerrey
spawning season in Chascomús
Lake as a function of the 5
previous months of PDO average
(b). Black line indicates the
average values of probabilities for
the predictor-variable range
evaluated (GLM). The dashed
lines indicate 95% confidence
intervals
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the expected influences that climate change has on
pejerrey reproduction in the wild (Soria et al. 2008;
Strüssmann et al. 2010; Elisio et al. 2012, 2015;
Miranda et al. 2013). Thus, it appears that the dynamics
of pejerrey population in Chascomús Lake under ab-
sence of flooding conditions will depend not only on the
other fish species populations and the inter-specific
interactions, but also largely on the inter-annual changes
of its reproductive performance as response to the ex-
treme shortening of its spawning season. It is worth
noting that fish reproductive changes in response to
temperature variations is one of the most addressed
aspect of the climate change influences on aquatic eco-
systems (Pörtner et al. 2001; Nõges and Järvet 2005;
Ballón et al. 2008; Mooij et al. 2008; Pankhurst and
Munday 2011; Miranda et al. 2013).

Even though the influences of ENSO and PDO on
local climate have been approached in several works,
implications of these influences on the physical condi-
tions of Pampean shallow lakes and consequent changes
on its biological communities have been scarcely evalu-
ated. In this sense, this study showed how influences of
both global climate phenomena are related with the oc-
currence of extreme physical events in Chascomús Lake
modifying significantly its fish community. Results
showed that the probability of occurrence of an extreme
positive anomaly in Chascomús Lake depth, leading to
the fish community to a Group 2 configuration (absence
of pejerrey) increased significantly when ENSO (and in a
lesser extent PDO index) was mostly in its positive phase
during at least 21 months. This period of delay in the
ENSO influences is consistent with the fact that
Chascomús Lake depth is the result of 20 months-accu-
mulated rainfall (Elisio et al. 2015). Moreover, this result
is in agreement with the well known positive rainfall
anomalies observed in the geographical region
encompassing Chascomús County under the influences
of the extremewarm phase of ENSO (associated with BEl
Niño^) and also PDO (Grimm et al. 2000; Barros et al.
2004, 2008; Andreoli and Kayano 2005; Kayano and
Andreoli 2007; Da Silva et al. 2011; Grimm 2011).

On the other hand, PDO and not ENSO was related
with the occurrence of extreme low water temperatures in
Chascomús Lake. The occurrence probability of this ex-
treme thermal anomaly, increased significantly when
PDO index was mostly in its negative phase during at
least 22 months. Because of part of the extreme low
temperatures were associated with extreme low depths
or even avoided by extreme high depths, the influences

that PDO has on this variable would be generated in part
by the negative anomalies of local accumulated rainfalls
(decreasingChacomús lake depth) under the influences of
the negative PDO phase (Barros et al. 2004; Andreoli and
Kayano 2005; Kayano and Andreoli 2007; Da Silva et al.
2011). However, it appears that the influences that PDO
has on the occurrence of extreme low water temperatures
in Chascomús Lake would be driven mostly by the influ-
ences that this phenomenon has on the local air tempera-
tures during winter. In this sense, it was demonstrated that
previous conditions of PDO index correlate positively
with the anomaly values of monthly air temperatures in
Chascomús County between June and August (Elisio
personal comments). Moreover, PDO showed a signifi-
cant influence on the occurrence probability of an extreme
shortening in the pejerrey spawning season inChascomús
Lake, associated also with a decrease in its relative abun-
dance during the next year. This influence would be
associated mainly with the effects that PDO has on the
local air temperature patterns during November and De-
cember period, andwould be scarcely relatedwith the low
depth conditions driven by scarce rainfall. In fact, only 3
of the 11 years in which extreme shortening in pejerrey
spawning were observed, were associated with extreme
low depths. The mechanisms by which PDO leads to
cause anomalies in air temperature patterns are beyond
of the scope of the present study. Nonetheless, it appears
that these mechanisms are not completely elucidated and
should be addressed in future studies.

In conclusion, the present study suggested through
strong correlations between climatic phenomena and
ecological variables, that the ENSO and PDO influences
can affect significantly the occurrence probability of
extreme depth and temperature events in a shallow lake
driving changes in the structure of its fish community,
probably induced by selective mortality, migrations, and
reproductive performance variations.

Acknowledgements This study was supported by grants to
L.A.M. (ANPCyT: PICT 2012-1537, CONICET: PIP 1673/12).

References

Andreoli RV, KayanoMT (2005) ENSO-related rainfall anomalies
in South America and associated circulation features during
warm and cold Pacific decadal oscillation regimes. Int J
Climatol 25:2017–2030. https://doi.org/10.1002/joc.1222

Environ Biol Fish

https://doi.org/10.1002/joc.1222


Baigún C, Anderson RO (1994) The use of structural indices for
the management of pejerrey (Odontesthes bonariensis,
Atherinidae) in Argentine lakes. N Am J Fish Manag 13:
600–608

Baigún CRM, Delfino RL (2003) Assessment of social and eco-
nomic factors for management of summer pejerrey recrea-
tional fisheries in Pampean Lakes (Argentina). Lake Reserv
Manag 19 : 2 42–250 . h t t p s : / / d o i . o r g / 1 0 . 1 080
/07438140309354089

Ballón M, Wosnitza-Mendo C, Guevara-Carrasco R, Bertrand A
(2008) The impact of overfishing and El Niño on the condi-
tion factor and reproductive success of Peruvian hake,
Merluccius gayi peruanus. Prog Oceanogr 79:300–307.
https://doi.org/10.1016/j.pocean.2008.10.016

Barros VR, Clarke R, Silva Días P (2004) El Cambio Climático
Global. Libros del Zorzal Publisher, Buenos Aires

Barros VR, DoyleME, Camilloni IA (2008) Precipitation trends in
southeastern South America: relationship with ENSO phases
and with low-level circulation. Theor Appl Climatol 93:19–
33. https://doi.org/10.1007/s00704-007-0329-x

Berasain GE, Colautti DC, Remes LenicovM, Velasco CA (2005)
Variaciones estacionales e históricas de las especies ícticas de
la Laguna Chascomús. Biol Acuat 22:47–57

Berasain GE, Colautti DC, Remes Lenicov M, Argemi F, Bohn
VY, Miranda LA (2015) Impact of water salinity on
Odontesthes bonariensis (Actinopterygii, Atherinopsidae)
fisheries in Chasicó Lake (Argentina). Hydrobiologia 752:
167–174. https://doi.org/10.1007/s10750-014-1980-8

Bohn VY, Perillo GME, Piccolo MC (2011) Distribution and
morphometry of shallow lakes in a temperate zone (Buenos
Aires Province, Argentina). Limnetica 30:89–102

Bohn VY, Delgado AL, Piccolo MC, Perillo GME (2016)
Assessment of climate variability and land use effect on shal-
low lakes in temperate plains of Argentina. Environ Earth Sci
75(818). https://doi.org/10.1007/s12665-016-5569-6

Brander K (2010) Impacts of climate change on fisheries. J Mar
Syst 79(3-4):389–402. https: //doi.org/10.1016/j .
jmarsys.2008.12.015

Colautti D, Baigún C, Llompart F, Maiztegui T, Garcia de Souza J,
Solimano P, Balboni L, Berasain B (2015) Fish assemblage
of a Pampean shallow lake, a story of instability.
Hydrobiologia 752:175–186. https://doi.org/10.1007
/s10750-014-2062-7

Cussac VE, Fernández DA, Gomez SE, López HL (2009) Fishes
of southern South America: a story driven by temperature.
Fish Physiol Biochem 35(1):29–42. https://doi.org/10.1007
/s10695-008-9217-2

Da Silva A, Drumond A, Ambrizzi T (2011) The impact of El
Niño on South American summer climate during different
phases of the Pacific Decadal Oscillation. Theor Appl
Climatol 106:307–319

Dangavs NV (1976) Descripción sistemática de los parámetros
morfométricos considerados en las lagunas pampásicas.
Limnobios 1:35–59

Diovisalvi N, Berasain G, Unrein F, Colautti D, Fermani P, Llames
ME, Torremorell AM, Lagomarsino L, Pérez G, Escaray R,
Bustingorry J, Ferraro M, Zagarese HE (2010) Chascomús:
estructura y funcionamiento de una laguna pampeana turbia.
Ecol Austral 20:115–127

Diovisalvi N, Bohn VY, Piccolo MC, Perillo GME, Baigún C,
Zagarese HE (2015) Shallow lakes from the Central Plains of

Argentina: an overview and worldwide comparative analysis
of their basic limnological features. Hydrobiologia 752:5–20.
https://doi.org/10.1007/s10750-014-1946-x

Downing JA, Prairie YT, Cole JJ, Duarte CM, Tranvik LJ, Striegl
RG, McDowell WH, Kortelainen P, Caraco NF, Melack JM
(2006) The global abundance and size distribution of lakes,
ponds, and impoundments. Limnol Oceanogr 51:2388–2397.
https://doi.org/10.4319/lo.2006.51.5.2388

Eidt RC (1969) The climatology of South America. In: Fittkau EJ,
Illies J, Klinge H, Schwabe GH (eds) Biogeography and
ecology in South America. Springer, Netherland, pp 54–81

Elisio M, Chalde T, Miranda LA (2012) Effects of short periods of
warm water fluctuations on reproductive endocrine axis of
the pejerrey (Odontesthes bonariensis) spawning. Comp
Biochem Physiol A 163:47–55. https://doi.org/10.1016/j.
cbpa.2012.05.178

Elisio M, Vitale A, Miranda LA (2015) Influence of climate varia-
tions on Chascomus shallow lake thermal conditions and its
consequences on the reproductive ecology of the Argentinian
silverside (Odontesthes bonariensis—Actinopterygii,
Atherinopsidae). Hydrobiologia 752:155–166

Fernández Cirelli A, Miretzky P (2004) Ionic relations: a tool for
studying hydrogeochemical processes in Pampean shallow
lakes (Buenos Aires, Argentina). Quat Int 114:113–121.
https://doi.org/10.1016/S1040-6182(03)00046-6

Ficke A, Myrick C, Hansen L (2007) Potential impacts of global
climate change on freshwater fisheries. Rev Fish Biol Fish
71:1–32

Gershunov A, Barnett TP (1998) Interdecadal modulation of
ENSO teleconnections. Bull Am Meteorol Soc 79:2715–
2725. https://doi.org/10.1175/1520-0477(1998)079<2715
:IMOET>2.0.CO;2

Gómez SE (2014) Analysis fish kills in the twentieth century,
Argentina, South America. Bioikos 28:95–102

Gómez SE,Menni RC, González NayaMJ, Ramírez L (2007) The
physical–chemical habitat of the Buenos Aires pejerrey,
Odontesthes bonariensis (Teleostei, Atherinopsidae), with a
proposal of a water quality index. Environ Biol Fish 78:161–
171. https://doi.org/10.1007/s10641-006-9086-4

González Naya MJ, Ramírez L, Gómez SE, Menni RC (2011)
Temperature and massive fish deaths in southern South
America. Rev Mus Argentino Cienc Nat 13:131–134.
https://doi.org/10.22179/REVMACN.13.216

Greten D, Adrian R (2001) Differences in the persistency of the
North Atlantic oscillation signal among lakes. Limnol
Oceanogr 46:448–455. ht tps : / /do i .org /10 .4319
/lo.2001.46.2.0448

Greten D, Adrian R (2002) Effects of climate warming, North
Atlantic Oscillation, and El Niño-Southern oscillation on
thermal conditions and plankton dynamics in northern hemi-
spheric lakes. SciWorld J 2:586–606. https://doi.org/10.1100
/tsw.2002.141

Grimm AM (2011) Interannual climate variability in South
America: impacts on seasonal precipitation, extreme events,
and possible effects of climate change. Stoch Environ Res
Risk Assess 25(4):537–554. https://doi.org/10.1007/s00477-
010-0420-1

Grimm AM, Barros VR, Doyle ME (2000) Climate variability in
Southern South America associated with El Niño and La
Niña events. J Clim 13:35–58. https://doi.org/10.1175
/1520-0442(2000)013<0035:CVISSA>2.0.CO;2

Environ Biol Fish

https://doi.org/10.1080/07438140309354089
https://doi.org/10.1080/07438140309354089
https://doi.org/10.1016/j.pocean.2008.10.016
https://doi.org/10.1007/s00704-007-0329-x
https://doi.org/10.1007/s10750-014-1980-8
https://doi.org/10.1007/s12665-016-5569-6
https://doi.org/10.1016/j.jmarsys.2008.12.015
https://doi.org/10.1016/j.jmarsys.2008.12.015
https://doi.org/10.1007/s10750-014-2062-7
https://doi.org/10.1007/s10750-014-2062-7
https://doi.org/10.1007/s10695-008-9217-2
https://doi.org/10.1007/s10695-008-9217-2
https://doi.org/10.1007/s10750-014-1946-x
https://doi.org/10.4319/lo.2006.51.5.2388
https://doi.org/10.1016/j.cbpa.2012.05.178
https://doi.org/10.1016/j.cbpa.2012.05.178
https://doi.org/10.1016/S1040-6182(03)00046-6
https://doi.org/10.1175/1520-0477(1998)079<2715:IMOET>2.0.CO;2
https://doi.org/10.1175/1520-0477(1998)079<2715:IMOET>2.0.CO;2
https://doi.org/10.1007/s10641-006-9086-4
https://doi.org/10.22179/REVMACN.13.216
https://doi.org/10.4319/lo.2001.46.2.0448
https://doi.org/10.4319/lo.2001.46.2.0448
https://doi.org/10.1100/tsw.2002.141
https://doi.org/10.1100/tsw.2002.141
https://doi.org/10.1007/s00477-010-0420-1
https://doi.org/10.1007/s00477-010-0420-1
https://doi.org/10.1175/1520-0442(2000)013<0035:CVISSA>2.0.CO;2
https://doi.org/10.1175/1520-0442(2000)013<0035:CVISSA>2.0.CO;2


Jeppesen E, Meerhoff M, Holmgren K, González-Bergonzoni I,
Teixeira-de Mello F, Declerck SAJ, De Meester L,
Søndergaard M, Lauridsen TL, Bjerring R, Conde-Porcuna
JM, Mazzeo N, Iglesias C, Reizenstein M, Malmquist HJ,
Liu Z, Balayla D, Lazzaro X (2010) Impacts of climate
warming on lake fish community structure and potential
effects on ecosystem function. Hydrobiologia 646:73–90.
https://doi.org/10.1007/s10750-010-0171-5

Kayano MT, Andreoli RV (2007) Relations of South American
summer rainfall interannual variations with the Pacific
Decadal Oscillation. Int J Climatol 27(4):531–540.
https://doi.org/10.1002/joc.1417

Kopprio GA, Freije RH, Strüssmann CA, Kattner G, Hoffmeyer
MS, Popovich CA, Lara RJ (2010) Vulnerability of pejerrey
Odontesthes bonariensis populations to climate change in
pampean lakes of Argentina. J Fish Biol 77(8):1856–1866.
https://doi.org/10.1111/j.1095-8649.2010.02750.x

Mantua NJ, Hare SR (2002) The Pacific decadal oscillation. J
Oce anog r 58 : 35–44 . h t t p s : / / d o i . o rg / 10 . 1023
/A:1015820616384

Menni RC (2004) Peces y ambientes en la Argentina continental.
Monografías del Museo Argentino de Ciencias Naturales 5.
La Plata

Miranda LA, Chalde T, Elisio M, Strüssmann CA (2013) Effects
of global warming on fish reproductive endocrine axis, with
special emphasis in pejerrey Odontesthes bonariensis. Gen
Comp Endocrinol 192:45–54. https://doi.org/10.1016/j.
ygcen.2013.02.034

Mooij WM, Hülsmann S, De Senerpont Domis LN, Nolet BA,
Bodelier PLE, Boers PCM, Dionisio Pires ML, Gons HJ,
Ibelings BW, Noordhuis R, Portielje R, Wolfstein K,
Lammens EHRR (2005) The impact of climate change on
lakes in the Netherlands: a review. Aquat Ecol 39:381–400.
https://doi.org/10.1007/s10452-005-9008-0

Mooij WM, De Senerpont Domis LN, Hülsmann S (2008) The
impact of climate warming on water temperature, timing of
hatching and young-of-the-year growth of fish in shallow
lakes in the Netherlands. J Sea Res 60:32–43. https://doi.
org/10.1016/j.seares.2008.03.002

Nõges P, Järvet A (2005) Climate driven changes in the spawning
of roach (Rutilus rutilus (L.)) and bream (Abramis brama
(L.)) in the Estonian part of the Narva rivers basin. Boreal
Environ Res 10:45–55

Nsubuga FWN, Botai JO, Olwoch JM, Rautenbach d W, CJ
KAM, Tsela P, Adeola AM, Sentongo AA, Mearns KF
(2017) Detecting changes in surface water area of Lake
Kyoga sub-basin using remotely sensed imagery in a chang-
ing climate. Theor Appl Climat 127:327–337. https://doi.
org/10.1007/s00704-015-1637-1

Pankhurst NW, Munday PL (2011) Effects of climate change on
fish reproduction and early life history stages. Mar Freshw
Res 62:1015–1026. https://doi.org/10.1071/MF10269

Pörtner HO, Berdal B, Blust R, Brix O, Colosimo A, De Wachter
B, Giuliani A, Johansen T, Fischer T, Knust R, Lannig G,
Naevdal G, Nedenes A, Nyhammer G, Sartoris FJ, Serendero
I, Sirabella P, Thorkildsen S, Zakhartsev M (2001) Climate

induced temperature effects on growth performance, fecun-
dity and recruitment in marine fish: developing a hypothesis
for cause and effect relationships in Atlantic cod (Gadus
morhua) and common eelpout (Zoarces viviparus). Cont
Shelf Res 21:1975–1997. https://doi.org/10.1016/S0278-
4343(01)00038-3

Quirós R, Rennella AM, Boveri MB, Rosso JJ, Sosnovsky A
(2002) Factores que afectan la estructura y el funcionamiento
de las lagunas pampeanas. Ecol Austral 12:175–185

Rosso JJ, Quirós R (2009) Interactive effects of abiotic, hydrolog-
ical and anthropogenic factors on fish abundance and distri-
bution in natural run-of-the-river shallow lakes. River Res
Appl 25:713–733. https://doi.org/10.1002/rra.1185

Rusticucci M, Vargas W (2001) Interannual variability of temper-
ature spells over Argentina. Atmos 14:75–86

Rusticucci M, Vargas W (2002) Cold and warm events over
Argentina and their relationship with the ENSO phases: risk
evaluation analysis. Int J Climatol 22:467–483. https://doi.
org/10.1002/joc.743

Scheffer M, Straile D, van Nes EH, Hosper H (2001) Climatic
warming causes regime shifts in lake food webs. Limnol
Oceanogr 46:1780–1783. https://doi.org/10.4319
/lo.2001.46.7.1780

Soria FN, Strüssmann CA, Miranda LA (2008) High water tem-
peratures impair the reproductive ability of the pejerrey fish
Odontesthes bonariensis: effects on the hypophyseal–gonad-
al axis. Physiol Biochem Zool 81:898–905. https://doi.
org/10.1086/588178

Strüssmann CA, Conover DO, Somoza GM, Miranda LA (2010)
Implications of climate change for the reproductive capacity
and survival of atherinopsid fish species. J Fish Biol 77:
1 8 1 8–1834 . h t t p s : / / d o i . o r g / 1 0 . 1111 / j . 1 0 9 5 -
8649.2010.02780.x

Tao S, Fanga J, Zhao X, Zhao S, Shen H, Hu H, Tang Z, Wang Z,
Guo Q (2015) Rapid loss of lakes on the Mongolian plateau.
PNAS 112:2281–2286. ht tps : / /doi .org/10.1073
/pnas.1411748112

Tsuzuki MY, Aikawa H, Strüssmann CA, Takashima F (2000)
Comparative survival and growth of embryos, larvae, and
juveniles of pejerrey Odontesthes bonariensis and
O. hatcheri at different salinities. J Appl Ichthyol 16:126–
130. https://doi.org/10.1046/j.1439-0426.2000.00227.x

Van der Kraak G, Pankhurst NW (1997) Temperature effects on the
reproductive performance of fish. In: Wood CM, Mc Donald
DG (eds) Global warming: implications for freshwater and
marine fish. Cambridge University Press, Cambridge, pp 59–
176. https://doi.org/10.1017/CBO9780511983375.008

Zieba G, Fox MG, Copp GH (2010) The effect of elevated
temperature on spawning of introduced pumpkin seed
Lepomis gibbosus in Europe. J Fish Biol 77:1850–1855.
https://doi.org/10.1111/j.1095-8649.2010.02778.x

Zucchetta M, Cipolato G, Pranovi F, Antonetti P, Torricelli P,
Franzoi P, Malavasi S (2012) The relationships between
temperature changes and reproductive investment in a
Mediterranean goby: insights for the assessment of climate
change effects. Estuar Coast Shelf Sci 101:15–23

Environ Biol Fish

https://doi.org/10.1007/s10750-010-0171-5
https://doi.org/10.1002/joc.1417
https://doi.org/10.1111/j.1095-8649.2010.02750.x
https://doi.org/10.1023/A:1015820616384
https://doi.org/10.1023/A:1015820616384
https://doi.org/10.1016/j.ygcen.2013.02.034
https://doi.org/10.1016/j.ygcen.2013.02.034
https://doi.org/10.1007/s10452-005-9008-0
https://doi.org/10.1016/j.seares.2008.03.002
https://doi.org/10.1016/j.seares.2008.03.002
https://doi.org/10.1007/s00704-015-1637-1
https://doi.org/10.1007/s00704-015-1637-1
https://doi.org/10.1071/MF10269
https://doi.org/10.1016/S0278-4343(01)00038-3
https://doi.org/10.1016/S0278-4343(01)00038-3
https://doi.org/10.1002/rra.1185
https://doi.org/10.1002/joc.743
https://doi.org/10.1002/joc.743
https://doi.org/10.4319/lo.2001.46.7.1780
https://doi.org/10.4319/lo.2001.46.7.1780
https://doi.org/10.1086/588178
https://doi.org/10.1086/588178
https://doi.org/10.1111/j.1095-8649.2010.02780.x
https://doi.org/10.1111/j.1095-8649.2010.02780.x
https://doi.org/10.1073/pnas.1411748112
https://doi.org/10.1073/pnas.1411748112
https://doi.org/10.1046/j.1439-0426.2000.00227.x
https://doi.org/10.1017/CBO9780511983375.008
https://doi.org/10.1111/j.1095-8649.2010.02778.x

	Influences...
	Abstract
	Introduction
	Materials and methods
	Historical extreme anomalies in water temperature, depth and length of pejerrey spawning season in Chascomús Lake
	Assessing of Chascomús Lake fish assemblage and peyerrey relative abundance in response to extreme temperature and depth events
	ENSO and PDO
	Influence of ENSO and PDO on the occurrence of extreme environmental events associated with changes in the fish community in Chascomús Lake

	Results
	Occurrence of extreme water temperature and depth events in Chascomús Lake
	Estimated extreme anomalies in the length of pejerrey spawning season in Chascomús Lake as response to the changes in the November–December temperature regimens
	Estimated changes in Chascomús Lake fish assemblage and pejerrey relative abundance in response to extreme conditions in temperature and depth
	Influences of ENSO and PDO on the occurrence of extreme temperature and depth conditions modifying fish assemblage and pejerrey relative abundance in Chascomús Lake

	Discussion
	References




